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Objective: To analyze the time series in the correlation between search terms related to tuberculosis (TB) and actual incidence data in China. To screen out the “leading” terms and construct a timely and efficient TB prediction model that can predict the next wave of TB epidemic trend in advance.

Methods: Monthly incidence data of tuberculosis in Jiangsu Province, China, were collected from January 2011 to December 2020. A scoping approach was used to identify TB search terms around common TB terms, prevention, symptoms and treatment. Search terms for Jiangsu Province, China, from January 2011 to December 2020 were collected from the Baidu index database.1 Correlation coefficients between search terms and actual incidence were calculated using Python 3.6 software. The multiple linear regression model was constructed using SPSS 26.0 software, which also calculated the goodness of fit and prediction error of the model predictions.

Results: A total of 16 keywords with correlation coefficients greater than 0.6 were screened, of which 11 were the leading terms. The R2 of the prediction model was 0.67 and the MAPE was 10.23%.

Conclusion: The TB prediction model based on Baidu Index data was able to predict the next wave of TB epidemic trends and intensity 2 months in advance. This forecasting model is currently only available for Jiangsu Province.

KEYWORDS
 tuberculosis, Baidu index, prediction, multiple linear regression, timely


Background

Tuberculosis (TB) is an infectious disease of the lung caused by Mycobacterium tuberculosis, which is mainly transmitted through the respiratory tract and poses a serious threat to human life and health. It’s also the second leading cause of death from infectious diseases. According to the WHO Global Tuberculosis Report 2022, 10.6 million new cases of tuberculosis were reported worldwide in 2021. This represents a 3.6% increase in morbidity compared with 2020. TB deaths increased for the second year in a row since 2019, reversing the declining trend in TB deaths over the past decade. The global TB epidemic is more severe than before.

The incidence of Chinese tuberculosis was the third highest among countries with a high burden of tuberculosis. In China, the mortality rate of tuberculosis was the second highest among the statutory reporting of infectious diseases. The prevalence of tuberculosis was still far from the strategic goal of “Ending TB by 2035.” The early prevention and the timely model for predicting new TB outbreaks can propose early warning of TB outbreaks and monitoring of symptoms. Therefore, effective control of the prevalence and development of TB can minimize the impact on people’s lives and health. Jiangsu Province is located on the east coast of mainland China (Figure 1), spanning 30°45′–35°08′N latitude and 116°21′–121°56′E longitude, with a total area of 107,200 square kilometers. The rate of Internet penetration in Jiangsu Province is 61.5%. The Internet penetration rate of southern regions have reached over 65%, exceeding the national average. The larger sample size of the Internet search data can effectively reduce the data bias caused by insufficient data volume.

[image: Figure 1]

FIGURE 1
 Geographical location of Jiangsu Province.


Internet query data has been widely used as a new source of data related to early warning and prediction of infectious diseases. Ginsberg et al. (1) used Google to build an influenza prediction model by automatically acquiring search terms. It’s predicted results were 1–2 weeks earlier than traditional CDC surveillance. Li et al. (2) used Twitter data to predict influenza epidemic trends with strong real-time performance. Althouse et al. (3) used Google search engine to monitor dengue-related search terms and built two linear regression models respectively, which was confirmed good correlation between model predicted values and actual surveillance data. In China, Li et al. (4) used Google search engine data and achieved good prediction results through cross-validation analysis. There have been lots of related studies on infectious disease prediction and early warning based on search data at home and abroad. To summarize the above research, we can find that most of the infectious disease surveillance and early warning studies based on Internet data were focused on infectious diseases such as influenza, dengue fever and AIDS (5–8). Meanwhile, Milinovich Gabriel (9) showed that prediction models using Internet data performed better in infectious diseases transmitted through the respiratory tract. But there are few studies on prediction of tuberculosis based on Internet data in China. This is the first time such an Internet search term based early warning surveillance system for TB has been developed. Xue Gong showed that the spatial distribution of Baidu index in China was higher in the eastern region than other region (10). As a result, Jiangsu Province has a large data base, to a certain extent, so it is able to reduce error bias.

According to the 50th Statistical Report on the Development of the Internet in China released by the China Internet Network Information Center, as of June 2022, the Internet penetration rate reached 74.4% and the size of Internet users was 1.051 billion, of which the size of search engine users reached 770 million, accounting for 77.8% of all Internet users. In China, Baidu has become the mainstream search engine. Its market coverage has been accounted for 89.1%. Baidu Index is a China-specific version of Google Trends launched in 2006 (10). Its functions are broadly similar to the Google Trends. Since 2010, when Google Search ceased its services in mainland China, Baidu Index has become the most popular search analysis tool in China (11). Web search data can directly or indirectly reflect the behavior and psychology of Internet users. Some studies on socio-economic activities have attempted to dissect the connotative relationship between search data and the predicted objects. With the rapid development of the Internet and information technology, susceptible people tend to choose to “seek medical consultation” on the Internet (12). So, the search term index covers a large number of early latency and health behavior search information of susceptible people. There are some shortcomings in the existing infectious disease surveillance system (13, 14). Firstly, the traditional infectious disease surveillance and early warning system has a single source of data, which comes from clinical incidence, laboratory surveillance data provided by medical institutions, CDC and sentinel hospitals. Secondly, the acquisition of data was aggregated by departments at all levels after reporting, leading to a relative lag in the early warning gateway and a lack of certain timeliness (15). While the Internet monitoring system avoids the cascading design of traditional monitoring model (16). This paper explains the association between search data and case numbers in terms of individual health status, health information needs and online health information seeking behavior. Whether they are susceptible, latent or infected, people with symptoms of TB will have a need for health information. Baidu, as a common search engine, has become the first choice for searching information, so the Baidu index contains a large number of health information search behaviors. In addition, network search data has the advantages of large sample size, rapid response and ease of access, allowing data to be obtained and predictions to be made in the early symptom period.



Methods


Correlation analysis

Correlation analysis is a statistical method for studying the correlation between two and more random variables that are at equal levels. In this study, Pearson’s correlation coefficient was used to describe the correlation between TB data and relevant search terms. In Eq. 1, Xi means the Baidu index of the search term, Yi is the incidence of TB. The value of r is in the range of [−1,1]. The larger the |r| means the higher the correlation between the BDI and actual incidence. The initial screening criteria of this study is |r| ≥ 0.5, which means the moderate or higher correlation.

[image: image]



Correlation time series change characteristics

Time series correlation analysis is the calculation of the correlation coefficient between the time series of the alternative and benchmark indicators after shifting the time units. The calculation formula is given in Eq. 2.

[image: image]

In the Eq. 2, d is the lead time, i is the reference time, rd is the time difference correlation coefficient. If rd is negative, it is the “leading feature,” rd is “0” and “positive” means “synchronous” and “lagging” feature, respectively. This study used the time sequence change feature to filter out the search terms with “leading” feature.



Multiple linear regression forecasting

Multiple linear regression is used to analyze the linear relationship between a single dependent variable and multiple independent variables. Based on tolerance and variance inflation factors to determine the multiple covariance between the dependent and independent variables. See Eq. 3 for expression.

[image: image]

In the Eq. 3, y is the number of predicted incidences of tuberculosis, [image: image] is the model parameter, [image: image] is the Baidu index of the search term, and [image: image] is the error term that represents the effect of random factors. The study involved 11 variables, so used stepwise regression to avoid overfitting the prediction model.




Results


Prevalence profile

The cumulative number of reported cases of TB in Jiangsu Province from 2010 to 2020 was 399,508, with an annual average of 39,950 cases. Trend, seasonal and random error analysis of monthly incidence data from January 2010 to December 2019 (Figure 2) revealed a clear seasonality in the number of monthly TB cases. The epidemic peaks from March to July each year, followed by a declining trend in the number of cases, with random errors fluctuating within a certain range.

[image: Figure 2]

FIGURE 2
 Tuberculosis prevalence in Jiangsu Province (2011–2020).




Correlation analysis and time-series change characteristics

By calculating the correlation between the search terms and the actual morbidity data, the initial screening was carried out according to the |r| ≥ 0.5 and deleted the search terms with too low a frequency. In the end, 11 search terms with high correlation were initially screened. Its differences were statistically significant, and the search term correlation coefficients are shown in Table 1.



TABLE 1 Correlation coefficients for initial screening search terms.
[image: Table1]

Then the correlation coefficients of 11 search terms in “leading 2 months” (d = 2) were calculated and compared with the simultaneous ones. The differences were statistically significant, p < 0.05. As shown in Table 2, the six search terms with “leading” characteristics were screened. Figure 3 shows the trend between the “leading” search terms and the actual incidence data. Before 2015, the Chinese Internet was still in its infancy. In the same time, the Internet healthcare was still in its infancy. Medical treatment, medical information and disease knowledge science were the main themes at this stage. People were not yet familiar with using Baidu to search for knowledge related to tuberculosis. So the model missed a peak in 2015. After a period of a new pandemic, the frequency of search terms for “respiratory symptoms” increases rapidly until the beginning of 2020. The lag in reporting of case numbers. So the data show that the search terms exceed the beginning of COVID in 2020.



TABLE 2 Correlation coefficients for “2 months ahead” search terms.
[image: Table2]
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FIGURE 3
 Trend between search term Baidu index and actual data.




Multiple linear regression model


Modeling

There was a “2-month time” lag between the input and the output variables. The “leading” search term Baidu index in January was used to predict the prevalence and intensity of TB in March. The input variables were the Baidu index of “leading” search terms from January 2011 to October 2020, and each input variable was statistically different from the other (p < 0.05). The output variable was the monthly incidence prediction data from March 2011 to December 2022, of which the proportion of the training set is 90%. The independent variable is the Baidu index (x1, x2, x3, …, x6) of the leading search terms [“persistent low fever (持续低烧),” “night sweats (盗汗),” “cough (咳嗽),” “sore throat (咽喉痛),” “loss of appetite (食欲不振),” “early symptoms of tuberculosis (肺结核的早期症状)”]. The dependent variable is the actual incidence of tuberculosis (y). The regression model was obtained by selecting the “input” method for all the independent variables. According to the SPSS 26.0 output, a multiple linear regression model was obtained:

[image: image]

Finally, the results showed that F is 37.968 and the difference was statistically significant (p < 0.05), indicating a linear relationship between the independent and dependent variables.



Forecast results

According to the forecast results in Table 3, the relative error of the forecast for other months is mostly between 10 and 20%, which is relatively small and the forecast effect is relatively accurate. Considering the offset caused by the “Spring Festival effect,” there was large the relative error of the forecast prediction in March.



TABLE 3 Multiple linear regression model prediction results.
[image: Table3]



Evaluation of the results

The degree of fit of the model was evaluated using the mean absolute value (MAE) and the mean absolute percentage error (MAPE) to evaluate the error of the model, which represents the mean of the absolute errors between the predicted values, and the smaller and the better the prediction (Table 4).



TABLE 4 Multiple linear model prediction errors.
[image: Table4]

Figure 4 shows the visualization of “leading 2-month” model predicted values. Firstly, in terms of the overall predictive value, the fit and predictive effect of the multiple linear regression model is satisfactory, with little difference between the predicted and actual values, and the goodness of fit test result is 0.672, which means the variable can explain 67.2% of the variation in the dependent variable. It indicates the predictive model has some extrapolation. At the same time, the predicted results were basically the same as the epidemic trend of the actual situation. The predicted emergence of the epidemic wave was basically consistent with the time point of the actual incidence. The multiple linear regression has good predictive ability and can predict the epidemic trend of tuberculosis in a timely and effective manner.

[image: Figure 4]

FIGURE 4
 Visualization of predicted results.






Conclusion


There is a linear relationship between the search term Baidu index and the actual morbidity data

In terms of search behavior, the search terms chosen for this study were consistent with the logic of search behavior. The search terms used in this study cover the four main categories of prevention, treatment, symptoms and common terms for tuberculosis, which can make full use of the health information of suspected infected and susceptible people before they go to the clinic. Bringing forward the predicted juncture to the incubation period or early onset. Secondly, the correlation analysis confirmed that there was a linear correlation between the Baidu index data and the actual data. Among them, 11 search terms were highly correlated with the actual incidence, indicating the potential effectiveness of the Baidu index in predicting the prevalence of tuberculosis. Among the search terms initially screened, those with “synchronous” and “lagging” characteristics were eliminated by calculating the time series change of correlation, by filtering the search terms with “leading” characteristics, the prediction point is further advanced to the pre-pandemic period.



The forecast results are time-sensitive

Due to the “2-month time” lag between the input and output variables of the model, the TB prediction model developed in this study is able to predict the next wave of TB epidemic trends and intensity 2 months in advance, which is different from traditional prediction models. The traditional models were based on previous incidence data. It’s principle is to predict outcomes by analyzing patterns in historical data. The data source of this study is the Baidu index, which has the characteristics of real-time, rapid and large amount of internet search data. According to their own symptoms, the incubation period of tuberculosis and susceptible people generates health information search behavior, Then, according to the search behavior, the generation of Baidu index is real-time. It can effectively capture the dynamic changes of the real prevalence situation and monitor the infection and prevalence of tuberculosis in a timely manner. Therefore, the prediction model has a strong timeliness and can effectively capture the health information of latent and susceptible people and can predict the pandemic trend of TB in 2 months in advance.




Discussion

In this paper, we construct a prediction model for infectious diseases using web search data, which is the same as the conclusion of other researchers. The search data can be a better complement to traditional surveillance data (17–23).

The innovation of this paper is the temporal correlation of search terms, which can predict the trend and intensity of the next wave of TB epidemic 2 months in advance. This is different from the findings of other researchers, where existing search terms are analyzed only at the level of correlation size without further exploration (24–29). In contrast, this paper provides an in-depth analysis of the time-series variation characteristics of search terms.



Limitations


Further screening of search terms with high specificity

The next step in the study is to identify search terms with high specificity. In this paper, the search terms “how to treat tuberculosis” and “tuberculosis treatment drugs” were selected mainly because people tend to search for more practical and cost-effective treatments on the Internet，which based on their search habits and disease progression. The search terms selected in this study were only classified from four aspects: “prevention,” “treatment,” “symptoms” and “commonly used words,” without considering other search terms. The search terms in this study mainly included pre-visit information of medical records. Solutions are sought online after the onset of some symptoms in the early stages of the disease. The specialized terms such as “BCG,” “chest x-ray “can only be learned after the consultation, and patients will follow the medical advice after the consultation rather than searching online. Therefore, the terminology of clinical diagnosis was not included in this study. It is not comprehensive enough and may lead to the omission of some search terms with high specificity. The next study should take the non-linear relationship into account, analyzing the relationship between the search terms and the actual data. In addition, eliminate the redundant data and retain the data with high specificity.



Extrapolation of the Baidu index-based prediction model to predictions related to respiratory diseases

The search terms selected for this study included common symptoms of respiratory infectious diseases. But, this study only explored the relationship between the search terms and the incidence data of tuberculosis, without further extending to other respiratory diseases. Future studies should not only focus on the specificity of the search terms, but also should take the universality into account.

The results and findings of this study could be assessed for other respiratory diseases. To capture and detect trends in the prevalence of infectious diseases in a timely manner, and predict the peak of outbreaks in advance to minimize the impact of disease transmission on patients’ lives and property.



Baidu index predictions should be extrapolated to other parts of China

Due to the differences in Baidu indexes between different provinces in China, the findings of this paper show that the forecasting method is feasible only in Jiangsu Province. Further studies should extend the model from this study to other areas of China.
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Background: Tracheobronchial tuberculosis (TBTB) is a common form of extrapulmonary tuberculosis that affects the tracheobronchial tree. However, the mechanism has not been fully elucidated. Comparisons of clinical characteristics in various age groups can aid in the understanding of TBTB.

Methods: This retrospective study was conducted at the Public Health Clinical Center of Chengdu between July 2017 and December 2021, including adults and children with TBTB. Clinical data were extracted from medical records. T/T' test, Mann-Whitney U test, Chi-square test, or Fisher's exact test were used in this study.

Results: This study enrolled 347 patients with TBTB (175 adults and 172 children). Adult females were more susceptible to TBTB, whereas gender-based differences were not observed in children. Children had a higher occurrence of irritant dry cough and fever, and acute hematogenous disseminated PTB, and specific types of EPTB, but a shorter interval before diagnosis, and lower diagnostic yields compared to adults (P < 0.05). Adults presented more extensive lung lesions and cavitations as compared to children. Granulation hyperplasia and lymph fistula were more frequently observed in children, as well as airway stenosis, but less severe.

Conclusions: The study revealed important variations exist in multiple respects between adults and children with TBTB.

KEYWORDS
tracheobronchial tuberculosis, pediatric, children, adult, epidemiology


1. Introduction

Prior to the emergence of COVID-19, tuberculosis (TB) was among the leading causes of death resulting from infectious diseases. In 2021, an estimated 10.6 million individuals worldwide developed TB, with children (under 15 years of age) accounting for 11% of cases (1). In 2020, China carried 7.4% of the global TB burden (1). Notably, there are regional variations in TB incidence within China, with the western region exhibiting higher rates than the eastern and central regions (2). Sichuan Province, situated in Southwest China, is home to the Chengdu Public Health Clinical Center (PHCC), which is a designated hospital for tuberculosis. Patients suffering from TB from neighboring provinces such as Guizhou, Yunnan, and Tibet often seek treatment at PHCC, making the TB patients at PHCC representative of the Southwest China region.

Tracheobronchial tuberculosis (TBTB) is a form of TB that affects the tracheobronchial tree. Despite its prevalence, the pathological process of TBTB has not been fully understood. Studies have shown that 6–50% of patients with pulmonary tuberculosis (PTB) also have TBTB (3–7). In China, TBTB is the primary cause of benign airway stenosis. However, the exact pathogenesis of TBTB is still unclear and there is limited evidence on the relationship between age and clinical features of TBTB. To our knowledge, differences in epidemiological and clinical characteristics between children and adults with TBTB have not been previously investigated. This study aims to describe the differences in TBTB epidemiological and clinical characteristics between adults and children, examine the relationship between age and TBTB clinical characteristics, and provide insights for clinical decision-making or investigation of TBTB immune mechanism.



2. Methods


2.1. Study design and participants

This study is a hospital-based cross-sectional study including inpatients who were recruited from PHCC (Chengdu, China) between July 2017 and December 2021. According to the guidelines recommended by the Chinese Medical Association (8), all patients were bacteriologically or clinically diagnosed as TBTB as shown in the case definition section. This includes adults (≥18 years) and children ( ≤ 14 years) who underwent bronchoscopy on admission and were diagnosed with TBTB. We excluded patients with viral infections, those who had undergone bronchoscopy before admission, or those with incomplete medical records.



2.2. Case definition of PTB and TBTB

This study adopted the WHO PTB diagnostic criteria (1). Currently, there is no gold standard for the diagnosis of TBTB in the world. Therefore, the diagnosis of TBTB cases was made by qualified physicians according to the guideline for diagnosis and treatment of TBTB in China (8) for reference, (1) Clinical symptoms of TB, especially irritable cough, expectoration, hemoptysis or dyspnea; (2) Acid-fast bacilli (AFB) positive, mycobacterium PCR or Gene Xpert MTB/RIF assay (Xpert) positive in a sputum smear, brush smear or bronchial alveolar lavage fluid (BALF); (3) Mtb culture positive; (4) bronchoscopy positive; and (5) bronchoscopic biopsy. In 2000, Chung's study divided TBTB into seven subtypes by bronchoscopy: actively caseating, edematous-hyperemic, fibrostenotic, tumorous, granular, ulcerative, and nonspecific bronchitic (3). However, the subtype of TBTB in China is different from Chung's and is adopted in this study. Subtypes of TBTB (8): (1) Inflammatory infiltration; (2) Ulceration necrosis; (3) Granulation hyperplasia; (4) Cicatrices stricture; (5) Tracheobronchialmalacia; (6) Lymph fistula. Moreover, bronchoscopic appearances of each subtype can be referred to published study (9).



2.3. Data collection

Epidemiological, demographic and clinical data were extracted from electronic medical records. Baseline laboratory tests and bronchoscopy were performed on admission. All data were reviewed by two physicians (QC and TH), and a third researcher (WH) assessed whether there were differences in interpretation between the two lead reviewers.



2.4. Laboratory examination

All patients were tested for human immunodeficency virus (HIV) testing (HIV DNA PCR if < 18 months, HIV antibody if >18months) (10). Respiratory samples including sputum and BALF were tested at PHCC. Samples were detected by smear microscopy for AFB and Gene Xpert, and pretreated for purification and homogenization according to WHO laboratory standard guidelines (11), and then BACTEC MGIT960 system (Becton Dickinson & Co., Franklin Lakes, NJ, USA) was used for MTB culture.



2.5. Bronchoscopy examination

All patients underwent flexible bronchoscopy with BALF on admission. TBTB type as described in the Case definition of PTB and TBTB and lesion areas were collected. The grades of obstruction were described as previously reported: mild (< 50%), moderate (50–75%), or severe (>75%) (12). BALF samples obtained were sent for smear microscopy, Xpert, and mycobacterial liquid culture.



2.6. Statistical analysis

Continuous variables that conformed to a normal distribution were expressed as mean ± standard deviation, and variables that were not normally distributed were expressed as the median. Categorical variables were expressed as n(%). T/T' test, Mann-Whitney U test, Chi-square test or Fisher's exact test were used appropriately to compare the differences between pediatric and adult TBTB patients. A two-tailed p < 0.05 was considered statistically significant. All statistical analyzes were performed using SPSS version 21.0 (SPSS Inc, Chicago, IL, USA).




3. Results


3.1. Patient characteristics

From July 2017 to December 2021, Chengdu PHCC admitted 347 TBTB inpatients including 175 adults (50.4%) and 172 children (49.6%), with 157 males (45.2%) and 190 females (54.8%). The median age of all patients was 17 years, range 1–67 years. There were 326 (93.9%) patients who came from suburbs or rural. Compared with adults, children in suburban or rural areas had a higher proportion of TBTB (97.1% vs. 90.9%, P = 0.015). Adult TBTB patients had a lower proportion of BCG vaccination compared with children (4.0% vs. 14.5%, P = 0.001). More than half of pediatric TBTB patients (52.3%) had primary TB, whereas almost all adult TBTB patients (99.4%) had secondary TB. The proportions of acute hematogenous disseminated PTB and most EPTB (tuberculous pleurisy, extrathoracic tuberculous lymphadenitis, tuberculous peritonitis, tuberculous meningitis) in children with TBTB were higher than those in adults (all P < 0.05). The incidences of pneumonia, anemia, hypertension, and diabetes in adult TBTB patients were higher than those in children (all P < 0.05). Only two adults were co-infected with HIV. The clinical presentation of TBTB was nonspecific. Children with TBTB were more likely to have dry cough and fever, while adults had a higher proportion of dyspnea and hemoptysis (all P < 0.001). The time from symptom onset to diagnosis of TBTB was longer in adults compared with children (P < 0.001). There was no significant difference between adults and children with TBTB in terms of sex and TB history (P > 0.05). Demographic and clinical characteristics of adult and pediatric TBTB patients are presented in Table 1.


TABLE 1 Demographic and clinical characteristics of adult and pediatric TBTB patients.
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3.2. Bacteriological examination outcomes and yields of laboratory methods for TBTB diagnosis

The results of Mtb bacteriological examination outcomes and rifampicin resistance are presented in Table 2. Only 13.4% of children with TBTB had positive sputum smear. The diagnostic yields of smear/culture/Gene Xpert in sputum and BALF were significantly higher in adults with TBTB than those in children (P < 0.05), respectively. Among 102 adult TBTB patients with negative sputum smears (of whom 61 had negative BALF smear), the diagnostic yields of sputum culture and Gene Xpert were 26.5% (27/102) and 41.2% (42/102), respectively, and the diagnostic rates of BALF were 46.1% (47/102) and 55.9% (57/102). In 46 patients with negative sputum and BALF culture, the diagnostic yields of Gene Xpert with both samples were 10.9% (5/46) and 39.1% (18/46), respectively (data not shown). Among 149 TBTB children with negative sputum smears, the diagnostic yields of sputum culture and Gene Xpert were 22.1% (33/149) and 35.6% (53/149), and in BALF were 25.5% (38/149) and 51.7% (77/149), respectively. Among the 134 TBTB children with negative sputum and BALF, the diagnostic yields of Gene Xpert with sputum and BALF were 32.8% (44/134) and 46.3% (62/134), respectively. Moreover, in 97 patients with negative sputum and BALF culture, the diagnostic yields of Gene Xpert were 26.8% (26/97) and 39.2% (38/97), respectively (data not shown). Adult TBTB patients had a higher proportion of rifampicin gene resistance compared with children (P < 0.01).


TABLE 2 Bacteriological examination outcomes of adult and pediatric TBTB patients.
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In addition, Gene Xpert in BALF had the highest diagnostic yield (70.6%) (P < 0.05) (Table 3). Furthermore, the diagnostic yields of sputum culture (45.5%) and sputum Gene Xpert (53.9%) were significantly higher than sputum smear (27.7%) (P < 0.05). Whereas, the diagnostic yields of BALF culture (47.0%) were significantly higher than BALF smear (25.6%) (P < 0.05).


TABLE 3 Comparison of diagnostic yields of different laboratory methods.
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3.3. Imaging features

The CT findings of adult and pediatric TBTB patients are shown in Table 4. Among them, atelectasis accounted for 13.5%, and 36.6% had cavitary lesions. Lesions involving unilateral lung and multiple lobes were more common (75.4%) in adult TBTB patients compared to children (P < 0.05). There were no significant differences in other TBTB-related imaging features (including airway stenosis, obstructive pneumonia, and roughness of bronchial wall) between adults and children (P > 0.05).


TABLE 4 CT imaging features of adult and pediatric TBTB patients in current study.
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3.4. Bronchoscopic examination

The results of bronchoscopy in TBTB adults and children are shown in Table 5. Ulceration necrosis (30.3%) and granulation hyperplasia (39.0%) were the most common subtypes in adults and children with TBTB, respectively. The granulation hyperplasia and lymph fistula subtypes were more common in children with TBTB than in adults (49.0% vs. 14.9%, 21.2% vs. 0%, P < 0.001). Adults had more inflammatory infiltration and cicatrices stricture subtypes compared with children (29.7% vs. 18.0%, 25.1% vs. 14.5%, P < 0.05). Mtb often affects the upper lobe bronchi bilaterally. The left upper lobe bronchus (36.9%) was more affected than the other bronchi in this study. Seventy-nine point five percent of the total had tracheobronchial stenosis. Tracheobronchial stenosis was more severe in children with TBTB than in adults (84.3% vs. 74.9%, P < 0.05).


TABLE 5 Bronchoscopic examination characteristics of adult and pediatric TBTB patients.
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4. Discussion

This study is the first to investigate differences in the epidemiological and clinical characteristics of TBTB between adults and children in Southwest China. This study was conducted at Chengdu PHCC, a major TB hospital with TBTB patients radiating the whole southwest region of China, including but not limited to Sichuan, Tibet, Yunnan and Guizhou. The relative risk for PTB in the western region were significantly higher than those in the eastern and central regions (2). Therefore, TBTB patients in Chengdu PHCC may represent the Southwest region to some extent.

In the present study, adult females appeared to be more susceptible to TBTB, consistent with previous researches (13, 14) showing gender is a risk factor for developing TBTB. One possible explanation for the greater susceptibility of adult women to TBTB may be related with the relatively narrow airways and the habit of not coughing, which leads to the retention of Mtb-carrying sputum in the lumen. Furthermore, this may be related to female-specific differences in endocrine status and immune response that require further study. In the current study, it was observed that children with TBTB did not show any gender-based differences in susceptibility, the possible reason may be due to minimal sex differences among children. The current study found that up to 90% of adults and children with TBTB were from suburb or rural areas. The reason may be related to factors such as limited medical resources, limited economic capacity, and low education level in these areas, which lead to low BCG vaccination rate (90.8% in this study), delay in consultation time, missed diagnosis, and misdiagnosis. The incidences of acute hematogenous disseminated PTB and some types of EPTB in children with TBTB were higher than those in adults, which may reflect that children's immunity is lower than that of adults. In children with TBTB, irritant dry cough and fever were found to be more common, whereas adults with TBTB were more likely to experience sputum production, dyspnea, and hemoptysis. However, the underlying reasons for these differences between age groups require further exploration.There may be several reasons for the longer time from symptom onset to diagnosis in adults with TBTB compared with children. Adults have a higher tolerance for respiratory symptoms, and adults in suburban and rural areas may delay seeking healthcare for financial reasons. Children who develop symptoms at school, especially in groups, were taken to the hospital for PPD, interferon-gamma release assay (IGRA), AFB, and chest X-ray. Besides, it cannot be ruled out that the course or mechanism of TBTB in children differs from that in adults (immune response, etc.), leading to a more rapid progression of symptoms and earlier treatment in children.

This study showed that the diagnostic yields of Xpert from sputum and BALF specimens in both adults and children with TBTB were significantly higher than other detection methods (P < 0.05), suggesting that Xpert is the most effective initial diagnostic tool for TBTB patients. The diagnostic rate of AFB in adult TBTB sputum specimens was 41.7%, consistent with previous researches (0–53%) (4, 7, 15). However, the diagnostic yields of AFB and culture from sputum or BALF samples were lower in children with TBTB than in adults, suggesting that achieving bacteriological confirmation is more challenging in children with TBTB than in adults. The diagnostic rates of Xpert for TBTB children with negative sputum and BALF were 32.8% and 46.3%, respectively, indicating that Xpert has obvious advantages over traditional methods such as AFB and Mtb culture in TBTB children. Nevertheless, it needs to be taken into account that Xpert is expensive and has limited applicability in economically under developed countries.

In general, imaging examinations are very helpful in the diagnosis of PTB, but there are certain deficiencies in the identification of TBTB, unless there is airway obstruction, manifested as direct or indirect signs, such as atelectasis, airway stenosis, obstructive pneumonia and roughness of bronchial wall, otherwise imaging examination may not be able to detect endobronchial lesions, and the diagnostic accuracy is much lower than that of bronchoscopy. The incidences of atelectasis in children (11.4%) and adults (15.7%) with TBTB in this study were similar. Adult TBTB patients had more extensive lung lesions and more cavities than children, which is considered to be related to more secondary pulmonary tuberculosis in adults and longer course of TBTB leading to farther spread of lesions in the airway and more serious illness.

There are obvious differences between adults and children in TBTB subtypes in this study. The main subtypes in adults with TBTB were inflammatory infiltration (29.7%), ulceration necrosis (30.3%), and cicatrices stricture (25.1%), similar to the previous study (9). However, children with TBTB presented more granulation hyperplasia and lymph fistula than adults in this study. In the previous study, according to the classification of Chung et al. (3), tumorous type (92.4%) was the most common subtype among 157 children with endobronchial tuberculosis (16), and tumorous type may be equivalent to granulation hyperplasia and lymph fistula in China (8). Primary tuberculosis-based lymph fistula is the possible reason for the high proportion of lymph fistula subtype, while the high proportion of granulation-proliferating in children with TBTB is more likely to be related to the difference in immunity between adults and children, which needs to be further explored.

In this study, most of the lesions on bronchoscopy involved the upper lobe bronchi of the lung, and the proportion of lesions penetrating the left main bronchus was higher than that of the right main bronchus (21.9% vs. 14.4%). The possible reason is that the upper lobes of both lungs are prone to secondary pulmonary tuberculosis. The angle between the left main bronchus and the trachea is relatively large, and the lumen is slender, which is easily squeezed by the aortic arch and esophagus, making it easier to retain bacterial secretions, resulting in difficult drainage of the left bronchus and making the lesion more likely to invade the left main bronchus. The incidence of TBTB involving the right upper lobe bronchus in children was lower than that in adults, but the etiology is still unknown and further investigation is needed. There was no significant difference in the area involved in TBTB lesions between adults and children (P > 0.05).

Tracheobronchial stenosis is the most common complication of TBTB (17, 18), which may lead to poor drainage, obstructive pneumonia, atelectasis, etc. The incidence of tracheobronchial stenosis is about 20–91% (4, 9, 13, 14). In this study, the overall incidence of tracheobronchial stenosis was 79.5%, and the possible reason is that more patients had bronchoscopy by passive screening instead of active screening, similar to the previous research (9). Notably, children with TBTB had a higher incidence of airway stenosis compared with adults (84.3% vs. 74.9%), but less severe, which may partially explain why adults had more severe respiratory symptoms such as dyspnea. The possible reason may be that children have narrower airways and are more prone to stenosis, but they received bronchoscopy and medical care earlier than adults, so the stenosis was less severe than that of adults in this study.

In summary, we found that adult females appeared to be more susceptible to TBTB while children with TBTB had gender evenly. Up to 90% of TBTB patients came from suburb or rural areas. The incidences of acute hematogenous disseminated PTB and some types of EPTB, irritant dry cough, and fever were higher in children than in adults, while expectoration, dyspnea, and hemoptysis were more common in adults.The time from symptom onset to diagnosis in adults with TBTB was longer than in children. Xpert is the most effective initial diagnostic tool for TBTB patients. The diagnostic yields of AFB and culture from sputum or BALF samples were lower in children than in adults. Adult TBTB patients had more extensive lung lesions and more cavitation than children. Granulation hyperplasia and lymph fistula occurred more frequently in children than in adults. Compared with adults, children with TBTB had a higher incidence of airway stenosis, but the severity was less severe.

The current study still has several limitations. First, the study is only a retrospective study with a relatively small sample size. Second, this study is a single-center study, and there is a possibility of bias. Moreover, pulmonary function data were not available for this study, according to TBTB patients had a risk of transmission by aerosol, and pulmonary function tests were not routinely performed. Furthermore, assessing differences between adults and children with TBTB requires larger samples and multi-center studies with longer follow-ups after diagnosis.



5. Conclusion

In this study, we compared differences in epidemiological and clinical features between adults and children with TBTB in Southwest China. There are differences in gender distribution, clinical symptoms, EPTB, comorbidities, types of TBTB, lesions involving the lungs and bronchi, and airway stenosis in adults and children with TBTB. In addition, Long-term follow-up is needed in the future to further explore the influence of age on the treatment and prognosis of patients with TBTB.
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Introduction: Contact investigation is a proven intervention for tuberculosis (TB) case finding and prevention. Although widely endorsed by national public health authorities and the World Health Organization, many countries struggle to implement it effectively. The objective of the study is to describe and characterize the barriers and facilitators of TB contact investigation in Cali, Colombia from the perspective and experience of the key stakeholders involved.

Methods: We collected data from group discussions during two workshop sessions with clinic and public health staff involved in TB contact investigation (June 2019 and March 2020 respectively) and semi-structured interviews with TB cases and their household contacts (July 2019 to April 2020). We undertook an inductive thematic analysis with the RADaR technique to characterize the barriers and facilitators of the TB contact investigation process.

Results: The two workshops included 21 clinics and 12 public health staff. We also conducted 26 semi-structured interviews with TB cases and their household contacts. Using thematic analysis, we identified four common themes: Healthcare Operations, Essential Knowledge, Time Limitations and Competing Responsibilities, and Interpersonal Interactions. The main barriers to conducting household visits were low data quality, stigma and mistrust, safety concerns for health workers, and limited resources. The main barriers to TB uptake by contacts were competing responsibilities, low TB risk perceptions among contacts, and difficulty accessing diagnostic tests for contacts. In contrast, good communication and social skills among health workers and accurate TB knowledge facilitated successful household visits and TB test uptake, according to key stakeholders.

Conclusion: This study provides a deeper understanding of TB contact investigation barriers and facilitators in a high-prevalence urban setting in a middle-income country from the perspective and experience of key stakeholders. The study shed light on the barriers that hinder household contacts engagement and TB test uptake such as issues of systemic capacity and TB knowledge. Also, highlighted facilitators such as the importance of interpersonal communication skills among health workers in the public and private sector. The insights from this study can serve as a valuable resource for public health organizations seeking to enhance their contact investigation efforts and improve TB control in similar settings.

KEYWORDS
 contact investigation, tuberculosis, qualitative research, barriers and facilitators, communications, TB test uptake


1. Introduction

Tuberculosis (TB) is a subacute or chronic infectious disease caused by Mycobacterium tuberculosis that affects approximately 10 million people annually (1). Despite efforts to reduce its incidence, TB remains a major global cause of morbidity and mortality.

Early identification of new cases and prompt access to treatment are essential to reducing TB incidence. According to the World Health Organization (WHO), the global TB treatment coverage rate in 2021 was only 61% (1). TB contact investigation can help improve this figure by identifying undiagnosed individuals with TB and linking them to treatment while also providing those exposed to TB but do not yet have the disease with effective preventive strategies (1, 2). In 2012, the WHO formally recommended active household contact investigation as the routine protocol for high-burden countries (3). Notwithstanding, contact investigation programs face barriers that decrease their potential effectiveness. In large cities in Latin America, these barriers include geographical and social diversity, poverty, urbanization and migration, and decentralized and highly privatized healthcare systems (4).

Although generalizations across different settings can be challenging, studies have identified various barriers to TB contact investigation in low and middle-income settings. First, limited resources such as lack of access to healthcare services, inadequate healthcare infrastructure, shortages of trained professionals, and diagnostic tools (5–9). Second, socioeconomic factors such as poverty, unemployment, and inadequate housing conditions contribute to difficulties in locating and reaching household contacts, while limited financial resources and inadequate social support systems complicate individuals’ adherence to TB testing (10–13). Third, behavioral factors including cultural beliefs, stigma, low health literacy leading to low risk perception and misconceptions about TB, and language barriers create additional obstacles to effective communication and understanding during contact investigation (8, 14–17). Recognizing and addressing barriers in context is crucial to improving TB control efforts and developing more effective contact investigation strategies.

Colombia is considered an intermediate-prevalence country for TB. However, only two-thirds of all incident TB cases are reported to the public health authorities (1). In 2022, there was a 10% increase in TB incidence in Colombia compared to 2019; 2020 and 2021 had reduced reporting rates due to COVID-19 prioritization of public health resources (18). National regulations and guidelines require that newly diagnosed TB cases be reported, with information on possible contacts, to a centralized national surveillance system (SIVIGILA) (19). The local public health authority (Secretariat of Public Health; SoPH) aggregates these reports and initiates the official contact investigation process. Current guidelines recommend screening and testing for active TB disease and referral for evaluation and treatment of latent TB infection. Currently, Colombia’s contact investigation policies for TB is based on active surveillance strategies including household visits (19). However, in Cali, the local yield of contact investigation, defined as the proportion of new TB cases notified to public health authorities among all contacts screened, is less than 1% (20) and in marked contrast to the expected rate of 3.1% for lower-middle income settings (7, 21).

As part of our continuous efforts to enhance the implementation of TB contact investigation, we conducted a qualitative study in collaboration with key stakeholders. This study aimed to identify and characterize the barriers and facilitators of TB contact investigation in Cali, Colombia. By engaging with stakeholders including clinic staff, SoPH personnel, and TB cases along with their household contacts, we sought to gain valuable insights into the factors influencing the engagement of household contacts and their uptake of TB testing.



2. Methods


2.1. Study setting

The study was conducted in Cali, a city of 2.5 million inhabitants and Colombia’s third-largest metropolitan area. In 2020, the estimated local TB incidence was 40 per 100,000 (22), almost double the national incidence (23).

The research team has established a longstanding collaboration with the SoPH in various previous projects related to TB. Over the years, we have worked closely with the SoPH to investigate and address key challenges in TB control, ranging from contact investigation strategies to improving engagement and testing among household contacts.



2.2. Study sample

The selection of participants for this study was based on their roles, experiences, and perspectives relevant to the research objectives. The study sample comprised three groups with different roles on the CI process. These included:

1. Clinic staff: this group consisted of healthcare workers at hospitals, clinics, or health posts, who are involved in the delivery of TB healthcare services including diagnosis, treatment, and data collection monitoring, or reporting.

2. SoPH staff: this group included public health officials and community health workers (CHWs) who are part of the TB prevention and contact investigation program.

3. Cases and contacts: this group comprises individuals who are TB cases and their household contacts. They are the primary focus of the contact investigation process.

The data collection methods consisted of workshops (including group discussions), and in-depth interviews. Workshop participants were clinic staff involved in TB healthcare services and SoPH staff from the TB contact investigation program. Two separate workshops were conducted with these two groups to gather their perspectives and experiences through group discussions. Both cases and their household contacts were interviewed to gain insights into their interactions with clinic and SoPH staff and understand their decisions regarding seeking TB testing.



2.3. Recruitment and data collection procedures for the clinic and SoPH staff workshops

The SoPH TB program head initiated the recruitment of clinics’ staff by issuing official invitation letters to directors of the largest public and private healthcare institutions that offer TB services. This letter briefly explained the purpose of the study and extended an invitation to clinics staff involved in TB-related services to attend a one-day workshop on how to improve CI in Cali. Additionally, the TB program staff of the clinics were contacted through follow-up phone calls to confirm their participation and schedule. The first workshop, held at a local university (Icesi) in June 2019, utilized this approach.

For the second workshop, the research team (GD, BF, and CR) sent verbal and email invitations to all SoPH staff actively involved in TB contact investigation activities. This second workshop took place at a local university (Icesi) in March 2020, mirroring the format of the first workshop.

Two researchers, a sociologist (JF) and a psychologist (CR) experienced in group facilitation, led the workshops. Each lasted about 6 hours and included multiple group discussions and breakout sections (24). The objectives of the workshops were threefold: firstly, the participants were tasked with identifying all the necessary steps for the successful completion of contact investigation. Secondly, they were encouraged to describe the barriers and facilitators associated with each of these steps from their own perspectives. Lastly, the participants were encouraged to propose strategies aimed at overcoming these barriers and enhancing the facilitators. Audio recordings were made for the group discussions during the main sessions of the workshops, excluding the breakout sessions. However, it is important to note that the recording of the first workshop was unsuccessful, resulting in the absence of audio data for that session. Instead, facilitators’ notes were diligently taken during and immediately after the workshop to capture the relevant information. The audio recording for the second workshop was successfully obtained and subsequently transcribed verbatim, ensuring a comprehensive record of the discussions.



2.4. Recruitment and data collection procedures for the cases and contacts group

To recruit the participants from the cases and contacts group, we generated a random sample from a database of contact information for all cases diagnosed with TB in 2017 and their household contacts (provided by the SoPH). To ensure heterogeneity, the sample was stratified by insurance type (public or private), residential zone within Cali, and records of contacts completing referral for TB testing. The potential participants were initially contacted by phone. After acceptance, an appointment for the study interview was scheduled. We excluded participants who were incarcerated or homeless.

Between July 2019 to April 2020, we conducted a total of 26 semi-structured interviews with participants in the cases and contacts group. Initially, we conducted the interviews at participants’ preferred location (mostly at their homes). However, due to the COVID-19 pandemic that emerged in March 2020, we conducted the remaining (7) interviews via telephone in compliance with public health policy/recommendations. The content of the interview guide was directed to explore participant experiences while receiving TB-related services including: (i) perceptions of interactions with clinic staff, and SoPH, (ii) perceptions and experiences related to the household visit, and (iii) their reasons and motivation for accepting or declining the household visits, and reasons why the contact did or did not complete TB testing. All interviews were conducted by researchers trained in qualitative interviewing methods (JF, CR, and JJ). The interviews were audio-recorded, subsequently transcribed verbatim, and continued until data saturation was achieved.



2.5. Data analysis

The data analysis did not adhere to a specific theoretical framework or approach but incorporates methodological elements that bear similarities to phenomenology and grounded theory. The analytic approach was inductive and iterative, consisting of two stages. The data analysis team for the first stage included a sociologist/anthropologist (JF) a psychologist (CR), and two microbiologists (GD and BF), all with advanced degrees in their respective fields. This stage involved a qualitative iterative data exploration with inductive open and axial coding that culminated in a 30-page report to the Colombian Ministry of Science, Technology, and Innovation.

The second stage of data analysis involved an expanded team consisting of two additional researchers with doctoral degrees (JP epidemiology; LG behavioral psychology) and experience in qualitative data analysis. The second stage goal was to further synthesize the report using thematic analysis (25, 26) and the Rigorous and Accelerated Data Reduction (RADaR) technique (27). Briefly, the RADaR technique involves the develop all-inclusive data tables in spreadsheets and iterative reductions in the data. The data analytic team for the second stage met weekly and data-reduction decisions were based on unanimous agreement.




3. Results


3.1. Description of the study sample

The first workshop was attended by 21 participants from 14 clinics (out of 18 invited). Seven of the clinics were private and seven were public. The profiles of the participants included project managers, supervisors, program coordinators, area coordinators, professional nurses, and one auxiliary nurse. Similarly, 12 members of the TB section of Cali’s SoPH, agreed to participate and attended the second workshop, including 10 CHWs, one physician, and one professional nurse.

The 26 interviews included 15 individual interviews (2 individual cases and 13 individual contacts), and 11 group interviews [7 cases and their contact(s), and 4 contacts only], for a total of 40 participants (9 cases and 31 contacts). The median age of this group was 50 (range 24–80). About two-thirds were female, and most were of White-Mestizo race. Most had private insurance (67.5%). Most participants (83%) resided in lower-income neighborhoods (Table 1).



TABLE 1 Description of the cases and contacts participant group sample (n = 40).
[image: Table1]



3.2. Context-specific steps of TB contact investigation

As a secondary product of the group discussions during the workshop, the participants summarized the TB contact investigation steps in Cali, which we divided into the provider, public health, and contact phases (Figure 1). Identifying the steps was necessary in part to assess the fidelity of the implementation of national regulations based on WHO guidelines (results not included), but also to facilitate identification and characterization of the barriers and facilitators in every step.

[image: Figure 1]

FIGURE 1
 Context-specific steps and related activities of the TB contact investigation process as described by the stakeholders involved. SoPH, Secretary of Public Health; TB, tuberculosis; cases and contacts cases and contacts.




3.3. Thematic analysis

The data analysis identified four themes and ten sub-themes (Table 2). The Healthcare Operations theme concerned characteristics at multiple levels of the healthcare system (i.e., national, regional, and local) that can influence the outcomes of contact investigation. The Essential Knowledge theme concerned information required to complete a given step of contact investigation. The Time Limitations and Competing Responsibilities theme included any situation or activity in which a required activity could not be completed given the available time and the need to fulfill other duties. The Interpersonal Interactions theme focused on how one’s relationships with others could impact contact investigation outcomes.



TABLE 2 Barriers and facilitators of TB contact investigation identified by study participants.
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3.4. Theme 1: healthcare operations

We identified three sub-themes: Data Quality and Inter-Institutional Coordination, Resource Needs, and Access to Households, each of which is described further below.


3.4.1. Data quality and inter-institutional coordination

This sub-theme focused on national or local policies or institutional procedures that could promote or impede smooth and timely progression through the contact investigation process.

Missing or inaccurate data from TB cases was a common barrier during the Provider and SoPH Phases. CHWs attributed poor data quality to inefficient data systems and the low priority given to data management among many other clinic tasks. For example, TB-related surveillance data is centrally managed through the national surveillance system platform, and SoPH staff lack the authority to correct data errors. As a result, SoPH officials were forced to try to contact clinic staff to clarify or update the correct information in the database, with unreliable results:


"When we find out that there is missing or inaccurate information about a case, we then call the providers (to solve missing information). Sometimes due to their own tasks, or … sometimes they just evade you and do not want to give you the information." (CHW 04)
 

Another possible source of access to diagnostic delays is Colombia’s individual-level insurance system in which access to testing often varies widely between individuals and even within households. CHWs and cases and contacts noted that the steps required for the contacts to obtain a test order from their provider complicate test-seeking behaviors and delay access to testing. In one scenario, a contact reported that a physician refused to provide a test order, saying that each person had to contact their insurer for them to obtain a test order. Conversely, having the same insurer for all family members facilitated the process.


"Yes, of course, when the whole family group has the same (insurer), it (getting tested) is easier." (CHW 10)
 



3.4.2. Resource needs sub-theme.

This sub-theme focused on how additional or reallocated resources could improve contact investigation. For example, the lack of a standardized script for CHWs to use when scheduling visits posed a potential barrier. One CHW indicated that scripts did not exist, while another quipped, “Yes, we all have our own script.”

Lacking a dedicated SoPH telephone line for scheduling household visits was another barrier, in that it forced SoPH staff to use their own mobile phones for work activities. CHWs occasionally received return calls outside work hours including requests for information or health services outside the scope of contact investigation that infringed on personal time or threatened their personal safety.


"This is a problem (using our phones), sometimes they (cases and contacts) call at 6 or 7 pm to ask for (information about medical services) … (Another CHW added)" … It happened to me that (a contact) harassed me by phone and (stalked) me for a while." (CHW 08 and CHW 09)
 



3.4.3. Access to households sub-theme

This sub-theme concerned the challenges faced in reaching households to conduct home visits. As such, it primarily focused on potential barriers, although we identified some potential facilitators.

Difficulties obtaining the correct phone numbers for cases and contacts sometimes necessitated arriving at homes without formally scheduling a visit in advance. Unannounced visits sometimes upset the person (s) receiving the visit and could negatively impact interactions and the ability to complete the evaluation of all household contacts for TB testing.


"Sometimes, you just get there (without previous notification), sometimes they accept the visit, other times they reject it if they see that we are from the SoPH." (CHW 04)
 

CHWs mentioned other household access barriers, including unsafe neighborhoods, poorly maintained roads, rugged terrain, and lack of transportation to some city areas. To address safety concerns, CHWs sometimes arranged to interview TB cases at nearby clinics or other public locations, but this types of arrangement prevented concurrent evaluation of household contacts. Another strategy to address safety concerns was to work with local community leaders.


"(To access the households, we) need to walk (long distances), hire transportation … depending on the location, there may be safety concerns. Then we need to be accompanied by police or local leaders." (CHW 04)
 




3.5. Theme 2: essential knowledge

In this theme, we identified two sub-themes, General TB Knowledge and Skills Needs for Clinic and SoPH Staff. Evidence of this theme occurred in all three phases. Each sub-theme is defined below.


3.5.1. General TB knowledge sub-theme

All participants considered knowledge about TB pathophysiology, diagnostic procedures, transmission risk, prevention measures, and treatment options essential to all phases of the contact investigation cascade.

Sometimes, healthcare providers may not include TB in the differential diagnosis, which can delay testing. One contact felt that the person with TB had not been diagnosed promptly because the providers were not knowledgeable about TB screening and diagnosis:


"None of them (clinic providers) were certain that it was TB because he (the person with TB) had no symptoms." (Contact 11)
 

Another example where insufficient awareness of TB risks influenced the contact investigation process was observed when cases and contacts refrain for seeking testing due to the absence of symptoms:


"I was not (even) worried (about having active TB) because I did not have any symptoms." (Contact 31)
 

However, household contacts also described instances where having accurate TB knowledge facilitated the contact investigation process. TB education and counseling that occurred at enrollment in the TB program allowed TB cases to share this knowledge with others subsequently. Relatives also sometimes accompanied TB cases during enrolment, providing another opportunity to disseminate useful TB information to others in the household.


"My dad explained to me about tuberculosis, the recommendations, and the (assessments), based on what he was told at the doctor’s (office)." (Contact 15)
 

In addition to the importance of having accurate information about TB, participants described instances where misinformation about TB transmission risk and prevention could promote fear and stigma in households of TB cases. Cases, contacts, and CHWs provided examples such as incorrect routes of transmission or prevention practices that led to stigmatizing experiences or engaging in ineffective prevention strategies.


"When we arrived (at the health center), and we provided the history (clinical records document), the girls (staff) were all scared. The chief nurse made us leave … (they said) that he (the person with TB) could not be on the street like that, that he had to wear a high-efficiency mask because he could infect someone. I was told that he could not eat with the (same) utensils that we ate, that he had to be isolated (for) at least 20 days, where he could not be in contact with anyone; then he felt bad and, as we had ignorance of how to handle that type of disease, we believed it was true and isolated him a little." (Contact 06)
 



3.5.2. Skills needs for clinic and SoPH staff sub-theme

This sub-theme focused on the skills demonstration experiences of clinic and SoPH staff to solve CI issues.

To effectively address problems in data quality, SoPH staff must understand the structure of underlying social networks at the provider institutions in order to obtain and secure the needed information.


" … one solution (to missing data) is to visit the provider clinic and talk directly to the TB program chief (usually a nurse) to obtain the required information … By phone, sometimes they (clinic staff) evade you like 'She is busy, she is not here, ' things like that …." (CHW 11)
 

CHWs also demonstrated interaction skills when they encountered negative responses from individuals they telephoned, by applying their interpersonal skills to establish positive relationships with cases and contacts and motivate contacts to seek testing. In contrast, experiences where clinic staff demonstrated lack of knowledge and communication skills can negatively influence seeking testing behaviors by contacts.


"Sometimes, (when calling to schedule the visit) they hang up, they refuse the call or even swear at you, this makes establishing the first contact a difficult task." (CHW 05)
 

Some CHWs also expressed pride in their excellent social and communication skills, noting the need to be sensitive when index cases and their families were distressed by the recent TB diagnosis or other related problems. They considered these communication skills necessary for building trust and improving the chances of scheduling and conducting the household visit. One CHW noted that a common experience when scheduling the initial home visit was that “many times they (TB cases) are frightened, then I try to calm things down …. “.




3.6. Theme 3: time limitations and competing responsibilities

Within this theme, we identified two sub-themes, Competing Demands for Clinic Staff and SoPH staff, and Competing Demands for cases and contacts, as defined below.


3.6.1. Time constraints of clinic staff and SoPH personnel sub-theme

This sub-theme included barriers of time constraints for both staff in clinics and public health sector. Work overload for clinic health care workers can place time constraints and may have led some to use shortcuts when completing or updating the necessary forms, often undermining data quality.


"The doctors (physicians) are given only 20 minutes (per patient); they have to fill up the (forms), there are a lot of activities, and (there is) too little time." (CHW 01)
 

CHWs also reported time constraints negatively influencing engagement activities with cases and contacts.


"(Scheduling the visit) is challenging … because we have other activities (job responsibilities), many times the (person with TB) can (meet), but we can’t." (CHW 07)
 



3.6.2. Competing demands for cases and contacts sub-theme

This sub-theme focused on the competing demands affecting scheduling household visits or seeking and obtaining TB testing. It primarily involved steps in the SoPH Phase and the Contact Phase.

CHWs observed that reaching all contacts in a single household visit was sometimes challenging because of their competing job responsibilities or family obligations. The time required for navigating the healthcare system could also pose a barrier to testing.


“… Usually, when you arrive (at the household), there is only the patient, sometimes there is one person that takes care of her (him) if the patient is an old person or a child or a (special needs) person.” (CHW 05)

"Once, I wanted to go do it (get tested). I couldn't go because my boss didn't give me permission." (Contact 29)

“I (guardian of child contact) did not even want to waste my time trying to get the authorization (for the child’s TB test).” (Index case 05)
 




3.7. Theme 4: quality of interpersonal interactions

This theme included two sub-themes, Stigma and Trust, both central to the success or failure of a given interaction. These issues were especially critical to the success of the provider and SoPH phases.


3.7.1. Stigma sub-theme

This sub-theme focused on how anticipated or experienced stigma could pose a barrier to TB program enrolment and household visits. For example, some participants reported experiencing discrimination by clinic staff, which could lead them to avoid seeking care and feel mistrust towards the health system. Furthermore, CHWs noted that some clinic staff attempted to coerce TB cases into treatment by suggesting that there could be punitive actions from public health officials (i.e., SoPH). This threat could, in turn, undermine effective interactions with household members when CHWs visited their houses.


"They (clinic staff) say (to the patient), like, "If you do not get back to treatment, the SoPH comes, and you will get in trouble." (CHW 12)
 

Several participants described experiences in which anticipated stigma from family members or neighbors resulted in not disclosing their TB status or refusing a household visit. Some TB cases feared reprisals within their household or community, making it challenging to conduct household visit tasks. Others refused to participate when CHWs identified themselves as representing the SoPH. In those instances, CHWs were obliged to disregard standard SoPH procedures and conduct the visit-related activities elsewhere or at another time.


“She (the person with TB) refused the visit because I had distinctive clothes (SoPH uniform) … she said ‘I will receive the visit if you are wearing regular clothes … my neighbors are very gossipy, and I don’t want them to know (I am sick).’” (CHW 01)
 



3.7.2. Trust sub-theme

This sub-theme focused on how a lack of trust in the healthcare system posed a barrier to positive interpersonal interactions. CHWs noted that personnel continuity improved trust in the SoPH and facilitated contact investigation. Assigning the same CHW to conduct the follow-up contact investigation activities helped create more opportunities to establish rapport and gain household members’ trust. As such, CHWs were considered as critical to effective contact investigation as the initial household visit.


"When one (CHW) arrives at the house, then you can say ‘Hello, I was the one who called you, remember?’ … so they are more receptive … during the call, you can say the name of the person who is conducting the visit, so they know ahead of time." (CHW 02)
 





4. Discussion

To our knowledge, this is the first qualitative study of TB contact investigation in Colombia. Drawing on the perspective of those involved in TB contact investigation in Cali, Colombia, including clinic staff, public health staff, TB cases, and their household contacts, we have identified a variety of barriers to and facilitators of delivery of this important public health intervention. These findings may inform the development of effective contact investigation strategies not only for Colombia but also for other middle-income countries with low-to-moderate TB incidence and similarly structured healthcare systems (1).

Obtaining a description of the TB contact investigation steps from the key stakeholders was crucial as it allowed study participants to localize possible barriers and facilitators at specific steps. These findings provide firsthand knowledge that can inform a bottom-up approach to improving TB contact investigation in conjunction with local contextual considerations. Hereafter, we discuss the barriers and facilitators of contacts engagement during household visits and TB test uptake by household contacts.

Several barriers were noted to influence the success of engaging and evaluating household contacts. Consistent with the literature (5, 28), inefficiencies within the healthcare system limited the time that clinic staff could spend on tasks other than direct patient care; this, in turn, risked compromising both data accuracy and completeness. These time constraints often required extra efforts by SoPH and clinic staff to resolve data inaccuracies and delayed scheduling of the household visits. Potential interventions to improve the efficiency of data collection and transfer include staff education about the importance of data quality, allotting more time for data entry, and improving data-sharing policies between organizations (29). Policy changes aimed at streamlining the health system procedures for data collection and management could include using electronic systems where possible (29–31).

In our study and as reported elsewhere (14, 15, 32), refusing household visits or recommending unnecessary prevention practices was often based upon inaccurate TB knowledge, anticipated stigma from the local community, or general mistrust of the healthcare system. Stigma has been described as a critical barrier to contact investigation in many settings (14, 15, 32–34), and our findings were also consistent with these findings. A systematic review indicated that strategies such as education and support programs might reduce stigma (35). As described previously (36–38), the data indicated that mistrust in the health system was another barrier to accepting household visits. Future research should seek to understand the nature of this mistrust and whether educational campaigns can reduce this type of mistrust.

Other barriers to conducting home visits that were noted included safety concerns, hard-to-reach locations, and the need for additional resources. The local need for additional resources is a common problem for health programs in low and middle-income countries (7). Interventions that use modern communications technology (29) or mHealth strategies have been shown to improve access to health services in remote or unsafe locations (30, 31). Other strategies that have proven effective in such settings are community-based surveillance programs (39), interventions aided by electronic technologies (29), and increasing capacity (e.g., human resources, infrastructure, and communications) to improve surveillance systems (40).

Concerning the uptake of TB testing by contacts, we identified three main barriers. The first, as described elsewhere (41, 42), was that contacts with low TB risk perception or who were asymptomatic were less motivated to seek testing. This could have been based on inadequate knowledge about transmission risk or lack of early symptom recognition. TB education and public awareness campaigns and targeted outreach to high-risk groups offer strategies to decrease the impact of low risk perception on TB test uptake (43).

Competing responsibilities of cases and contacts was another barrier to seeking TB testing. As described elsewhere (10, 11, 44), cases and contacts were often forced to prioritize their work and family commitments over personal health care needs. Offering flexible testing hours and assistance such as childcare or transportation services may offer one way to reduce the impact of these barriers.

Lack of access to timely diagnosis was a barrier to TB test uptake. Despite the high coverage rate (close to 100%) of health services in Colombia (45), access to essential health services, including diagnostic testing, remains problematic due to the complex nature of the healthcare system and the bureaucracy involved in gaining access to services (46). Consulting physicians’ limited knowledge of and experience with TB was considered a critical factor in delays in diagnosis. TB is a less frequent cause of lower respiratory tract illness than other diseases (22). Consistent with the literature from other settings (6), providers potentially lacked of awareness of local TB epidemiology that then delayed referral for TB testing, diagnosis, treatment, and ultimately the initiation of contact investigation and testing of contacts. Continuing medical education on tuberculosis for providers serving high-incidence communities may improve their ability to diagnose TB cases earlier.

The primary facilitator identified for both outcomes, engagement of contacts through contact investigation and TB test uptake, was the use of good communication and social skills by the clinic and SoPH staff throughout the contact investigation process. For instance, good communication facilitated scheduling household visits and access to hard-to-reach neighborhoods. SoPH staff used good communication and social skills with clinic staff to improve data quality and tracking of cases and contacts and decrease the chances of unannounced household visits. Similarly, positive interactions were thought to increase the likelihood of TB testing uptake by household contacts. These findings are consistent with studies showing that high quality interactions built trust in health workers and improved the uptake of health services by cases and contacts (36, 37, 39, 47–49). Also, good communication between cases and contacts and health workers resulted in better transfer of TB knowledge and increased intentions to undergo TB testing. This is also consistent with the literature in which communication between household members regarding accurate information about transmissible diseases effectively increased health-seeking behaviors and prevented infections (50–52), including TB (53). Our findings suggest that increasing efforts in training and capacity-building programs for SoPH and clinic staff to develop their communication and social skills, including strategies for building rapport with community leaders, engaging with household members in a culturally sensitive manner, and promoting effective communication with healthcare providers (54–56). The study strongly supports previous findings that health workers should aim to establish and maintain trust with patients and communities by demonstrating empathy, respect, and responsiveness to their needs and concerns (57).

Several study limitations should be noted. First, the findings may have limited transferability beyond lower or middle income settings with moderate TB incidence and mixed health systems. Second, although we attempted to mitigate selection bias by randomly selecting potential participants among all TB cases and their household contacts reported in 2017, those who agreed to participate may not have fully represented the target population. Third, social desirability and recall bias may have influenced the trustworthiness of the findings. Finally, due to the poor quality of the first workshop’s audio-recording and the need to rely solely upon the facilitators’ notes, some information may not have been captured and may have affected the interpretation of the thematic analysis.



5. Conclusion

The study provides insights into barriers and facilitators of TB contact investigation in Cali, Colombia, from the perspectives of TB healthcare workers at clinics, SoPH staff involved in TB contact investigation, and from TB cases and their household contacts. The main barriers to TB test uptake by contacts were competing responsibilities, low risk perception among contacts, and difficulty accessing diagnostic testing. The main barriers to conducting successful household visits and engaging contacts were data quality, stigma and mistrust, safety concerns for health workers, and limited resources. The primary facilitator was good communication skills; it promoted positive interpersonal interactions, access to and acceptance of household visits, and TB test uptake. Interventions focusing on enhancing TB knowledge and communication skills, improving the collaboration between private insurers and public health authorities in serving cases and contacts, and increasing overall capacity in terms of human resources, physical infrastructure, and technological advancements can greatly enhance the engagement of household contacts and facilitate higher uptake of TB testing. These interventions, in turn, have the potential to significantly improve the detection rates among household contacts and contribute to more effective TB control efforts.
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Background: Nowadays, high fasting plasma glucose (HFPG) has been identified as the important risk factor contributing to the increased burden of diseases. But there remains a lack of research on tuberculosis (TB) mortality specifically attributable to HFPG. Thus, this study aims to explore the long-term trends in HFPG-related TB mortality in China from 1990 to 2019.

Methods: Data on HFPG-related TB mortality were obtained from the Global Burden of Disease (GBD) Study 2019. Analyzing the data using joinpoint regression and age-period-cohort methods adjusting for age, period, and cohort allowed us to assess the trends in TB mortality due to HFPG.

Results: The age-standardized mortality rates (ASMRs) of TB attributable to HFPG exhibited a downward trend in China from 1990 to 2019, with an average annual percentage change (AAPC) of −7.0 (95% CI, −7.5 to −6.6). Similar trends were found for male (AAPC of −6.5 [95% CI, −7.0 to −6.0]) and female (AAPC of −8.2 [95% CI, −8.5 to −7.9]), respectively. Local drifts curve with a U-shaped pattern reflected the AAPC of TB mortality due to HFPG across age groups. The greatest decline was observed in the age group of 60–64 years. The mortality rates related to HFPG first increased and then decreased with increasing age, peaking in the 55–59 age group. Our analysis of the period and cohort effects found that the rate ratios of TB mortality due to HFPG have decreased over the past three decades, more prominently in women. It is noteworthy that while both genders have seen a decline in HFPG-attributable TB mortality and risk, men have a higher risk and slightly less significant decline than women.

Conclusion: The present study shows that HFPG–related ASMRs and risk of TB in China decreased over the last 30 years, with similar trends observed in both men and women. In order to attain the recommended level set by the WHO, the effective strategies for glycemic control and management still needed to be implemented strictly to further decrease the burden of TB.

KEYWORDS
 tuberculosis, Global Burden of Disease, high fasting plasma glucose, mortality, joinpoint regression, age-period-cohort analysis


1. Introduction

Tuberculosis (TB) is a disease caused by an infection with Mycobacterium tuberculosis (MTB). Although the lungs are commonly affected by these bacteria, they can also invade other parts of the body, such as the bones, kidney and nervous system (1). Treatment for TB disease typically involves the administration of antibiotics, as the condition can be life-threatening if left untreated (2). TB still severely threatens the health of the world population (3). In China, the prevalence, incidence and mortality of TB have significantly reduced over the last 30 years. Based on the data obtained from the Global Burden of Disease Study 2017 (GBD 2017), a decline was observed in the prevalence (average annual percent change, AAPC: −0.5, 95% CI: −0.6% to −0.5%), incidence (AAPC: −3.2, 95% CI: −3.5% to −2.9%), and mortality (AAPC: −5.7, 95% CI: −6.2% to −5.3%) of TB in China from 1990 to 2017 (1). Zuo et al. utilized the Chinese Center for Disease Control and Prevention’s notifiable infectious disease reporting system to investigate the spatial–temporal characteristics and epidemiology of TB in China between 2004 and 2017. TB incidence decreased by 19.4% from 74.58/100,000 cases in 2004 to 60.08/100,000 cases in 2017. The AAPC was −3.3%, exceeded the global average of 2% (4). Nonetheless, TB remains an important issue of public health. China accounted for 8.4% of the total global incidence of TB, with approximately 840,000 new cases reported in 2019, placing it third among the thirty countries with the highest burden of this disease (5). With roughly 350 million individuals at risk for active TB disease, China bears the greatest global burden of latent TB infection (LTBI) (6). Moreover, both diabetes and hyperglycemia frequently lead to mortality and disability, either due to direct clinical consequences or an increased susceptibility to various diseases, including cardiovascular diseases, neurological disorders, respiratory infections, and TB (7–9). Due to population aging, increasing urbanization, and economic growth, China has witnessed one of the most dramatic rises in diabetes prevalence worldwide (10, 11). High fasting plasma glucose (HFPG) is a widely recognized indicator of hyperglycemia (12). In the GBD 2019 study, HFPG is characterized by fasting plasma glucose levels above 4.8–5.4 mmol/L, accounted for 11.3% of global all age-standardized deaths and 6.4% of disability-adjusted life-years (DALYs) across all causes (9). Previous evidence suggests that HFPG can contribute to an increased risk of several health outcomes, such as ischemic heart disease, stroke and chronic kidney disease (13). Furthermore, HFPG could increase risk of TB (14, 15).

TB patients who have diabetes or HFPG face a higher likelihood of experiencing more severe disease and unfavorable treatment outcomes when compared to TB patients without any co-morbidities (16, 17). For example, Boillat-Blanco et al. conducted a case–control study and found that TB patients with fasting hyperglycemia at enrolment had a higher risk of TB treatment failure or death (OR, 3.3; 95% CI, 1.2–9.3) (16). Specifically, long-term elevation in blood glucose levels can hinder the functioning of immune cells that play a crucial role in combating TB bacteria. Consequently, this weakened immune response provides an opportunity for TB bacteria to reproduce and spread more readily throughout the body, elevating the risk of developing active TB disease. Moreover, diabetes and hyperglycemia can hinder the body’s capacity to treat TB infections effectively (18–20). In comparison to other major risk factors like smoking and alcohol use, there appears to be a relatively lower level of disease awareness regarding HFPG. Smoking and alcohol use are typically associated with readily apparent and immediate health consequences, while HFPG is a condition characterized by elevated blood glucose levels that may not manifest noticeable symptoms in its early stages. As a result, individuals with HFPG may not experience immediate discomfort or obvious health problems, leading to limited awareness regarding the potential long-term health implications.

Thus, we used the data from the Global Burden of Disease Study 2019 (GBD 2019) to investigate and compare the temporal trends in TB-related mortality attributable to HFPG in China from 1990 to 2019. We employed joinpoint regression and age-period-cohort analysis for this purpose. The findings from this study could be valuable in guiding priority actions to prevent the TB burden attributable to HFPG and providing research-based evidence for managing HFPG in TB patients.



2. Methods


2.1. Overview and data sources

The GBD study which is a worldwide epidemiological undertaking sponsored by the Institute for Health Metrics and Evaluation, examines the impact of diseases and injuries in numerous countries across the globe. GBD 2019, the most recent version of the project, has amassed data on 369 diseases and injuries as well as 87 risk factors from the year 1990 to 2019 (21–23). The GBD research identifies three risk factors associated with TB, including HFPG (metabolic risk factor), smoking and drinking (behavioral risk factor). Moreover, the study offers precise explanations for these risk factors and outlines the TMREL. TMREL refers to the level of risk exposure that maintains the risk of disease at the population level to a minimum. HFPG is defined as any amount over the TMREL of 4.8–5.4 mmol/L (15, 21). We collected data on age-specific cases and mortality, and age-standardized mortality rates (ASMRs) for TB caused by HFPG in China from GBD 2019 for the period spanning 1990 to 2019 (24). The number of deaths was divided by corresponding mortality to obtain the population for each age group and year (25). Furthermore, the ASMRs should be determined using the global age distribution for 2019 as the standard population.



2.2. Statistical analysis

The analysis of temporal disease trends is an essential component of epidemiology that helps to inform the development of more precise prevention strategies, thereby enabling better control and management of diseases.

Firstly, we used the joinpoint regression model to examine the time trends in ASMRs of TB attributed to HFPG in China from 1990 to 2019. Long term trends of ASMRs were categorized into distinct segments and assessed the significance of the trends within every segment (25, 26). That is, the method could identify inflection points in the trend data and use them to divide the overall trend into smaller sub-segments, which evaluate the magnitude of the epidemiological trend (27). In the study, we could conduct an estimation of how the TB mortality attributable HFPG changes over time, and enable the identification of particular phases of growth or decline, provide valuable information on how the disease develops.

Then, we further conducted an age-period-cohort model to examine how a variable change over time, taking into account three temporal dimensions simultaneously. Specifically, the model estimated the effects of age, period, and birth cohort on the risk of HFPG-related TB mortality (28). The model distinguishes between age effects, which capture changes in the variable over an individual’s lifetime, period effects that represent environmental factors impacting the entire population, and birth cohort effects, which describe changes in the variable among people born in the same year who have experienced similar life events (29). The research investigated how HFPG affects TB mortality by analyzing various factors such as local drift, longitudinal age curve, period, and cohort rate ratios (RRs) (25). Specifically, the term local drift refers to the AAPC for each age group, taking into account the effects of period and birth cohort. Meanwhile, longitudinal age curve pertains to the age-specific rates that are adjusted for both cohort and period (25).

Moreover, in order to accurately analyze the effect of age, period, and cohort on the HFPG–attributable TB mortality, the data underwent a structuring process (30, 31). This involved organizing it into successive 5-year age groups (25–29, 30–34, …, 75–79), consecutive 5-year periods from 1990 to 2019 (1990–1994, 1995–1999, …, 2015–2019) and correspondingly generated consecutive birth cohorts. Notably, the period RRs or cohort RRs are adjusted for age and non-linear period or cohort effects in a given period or cohort when compared to a reference group (31–34). And we designated the reference groups as those comprising individuals aged 25–29 years, the period from 1990 to 1994, and belonging to the cohort born in 1965, respectively.

We conducted joinpoint regression analysis using joinpoint software version 4.8.0.1. The age-period-cohort analysis was conducted using the age-period-cohort web tool provided by the Biostatistics Branch, National Cancer Institute in Bethesda, MD. The tool can be accessed at https://analysistools.nci.nih.gov/apc/ (26, 27). Our statistical analyses were two-sided, and values with p < 0.05 were deemed statistically significant.




3. Results


3.1. Joinpoint regression analysis

Globally, the trends in ASMRs of HFPG-related TB mortality demonstrated decreasing trends from 1990 to 2019, with higher TB mortality in male than in female. The ASMRs reduced from 2.7/100,000 in 1990 to 1.5/100,000 in 2019, from 3.9 to 2.1 for male, and from 1.7 to 0.9 for female, respectively (Supplementary Table S1). During the same period, the ASMRs decreased from 1.5/100,000 in 1990 to 0.2/100,000 in 2019 (AAPC of −7.0 [95% CI, −7.5 to −6.6]) in China. From 1990 to 2019, there was similar trends observed in the ASMRs for males (declining from 2.10 to 0.30 with an AAPC of −6.5 [95% CI, −7.0 to −6.0]) and females (decreasing from 1.1 to 0.10 with an AAPC of −8.2 [95% CI, −8.5 to −7.9]) (Table 1 and Figure 1). Furthermore, the findings indicate that the most significant decrease occurred during the years 2004–2009 for both male and the entire population, and 2004–2010 for female. Specifically, female experienced a more substantial decline than male, as illustrated in Figure 2.



TABLE 1 Sex- and age-specific high fasting plasma glucose-attributable tuberculosis mortality in China in 2019 and the average annual percentage changes (AAPC) from 1990 to 2019.
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FIGURE 1
 Trends in age-standardized mortality rates (ASMRs) of tuberculosis attributable to high fasting plasma glucose from 1990 to 2019. (A) Trends of ASMRs for both sexes in China and globally. (B) Trends of ASMRs for male and female in globally. (C) Trends of ASMRs for male and female in China.


[image: Figure 2]

FIGURE 2
 Joinpoint regression analysis in sex-specific age-standardized mortality rate (ASMR) of tuberculosis attributable to high fasting plasma glucose in China during1990–2019. (A) China-all. (B) China-male. (C) China-female. An asterisk indicates that the annual percent change is statistically significantly different from zero at the α = 0.05 level.




3.2. Age-period-cohort analysis


3.2.1. Variation with age

To determine the age-specific effects of HFPG on TB mortality in China, we conducted an age-period-cohort analysis and calculated the AAPC. The U-shaped curve of local drifts for TB across age groups demonstrated the greatest decline among individuals aged 60–64 in whole population and men (Figure 3). Notably, women exhibited the most significant decrease in the 55–59 age group. Our results suggested that women experienced greater reductions than men across age groups.

[image: Figure 3]

FIGURE 3
 Local drift of high fasting plasma glucose-attributable tuberculosis mortality in China. The local drift value <0 revealed a decreasing trend, on the contrary, an increase ng trend. Error bars represent the 95% CIs for the local drift values.


Figure 4 shows the longitudinal age curves for HFPG-attributable TB mortality, which indicated that the mortality per 100,000 initially increases and then decreases with age. TB mortality increased from 0.1 in the 25–29 age group to 0.32 in the 55–59 age group (Table 2). The mortality peaks in the 55–59 age group and then begins to decline, and reach to 0.26 in age group 75–79. Regarding gender differences, the TB mortality in men increased from 0.11 in the 25–29 age group to 0.52 in the age group of 55–59 years. It also peaks in age group 55–59 and begins to decline, but rises from the 70–74 years and reached to 0.50 in age group 75–79. The TB mortality in women also first increased and then decreased with the increase of age. Nevertheless, it increased from 0.1 in the 25–29 age group to 0.13 in age group of 40–44 years. The mortality peaks in the 40–44 age group and then begins to decline, and reach to 0.08 in the 75–79 years old group. It’s important to highlight that male mortality were significantly higher than those of females across all age categories.

[image: Figure 4]

FIGURE 4
 Longitudinal age curves of high fasting plasma glucose-attributable tuberculosis mortality in China. Data provided for all, male, and female. Fitted longitudinal age-specific rates of high fasting plasma glucose-attributable tuberculosis mortality (per 100,000).




TABLE 2 Sex-specific high fasting plasma glucose-attributable tuberculosis mortality in China due to age effects.
[image: Table2]




3.3. Variation with period and cohort

The estimated period and cohort effects of HFPG-attributable TB mortality in China were depicted (Table 3). Figure 5 indicated a general decline in the risk of TB-related deaths attributable to HFPG from 1990 to 2019. Compared with the period of 1990–1994, the period RRs for TB has been consistently declining every period, which is 0.68 (0.66–0.70) in 1995 to 1999 and reach to 0.16 (0.15–0.16) in 2015–2019. Between 1990 and 2019, there were comparable trends observed in both men and women. Specifically, the mortality for men decreased from 0.72 (0.70–0.74) in 1995–1999 to 0.19 (0.18–0.20) in 2015–2019. For women, the rate decreased from 0.61 (0.57–0.64) in 1995–1999 to 0.10 (0.09–0.11) in 2015–2019. Compared with the cohort of 1965, the cohort RRs for TB were higher before 1965 but lower after 1965 (Figure 6). The data suggested that the decline in cohort effect was more prominent among women than among men.



TABLE 3 Sex-specific high fasting plasma glucose-attributable tuberculosis mortality in China due to period and cohort effects.
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FIGURE 5
 Period rate ratio (RR) of high fasting plasma glucose-attributable tuberculosis mortality in China. Data provided for all, male, and female. The RR of each period compared with the reference period (years 1990–1994) adjusted for age and nonlinear cohort effects. Error bars represent the 95% CIs for the period RR.
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FIGURE 6
 Cohort rate ratio (RR) of high fasting plasma glucose-attributable tuberculosis mortality in China. Data provided for all, male, and female. The RR of each cohort compared with the reference cohort (cohort 1965) adjusted for age and nonlinear period effects. Error bars represent the 95% CIs for the cohort RR.





4. Discussion

According to the current research, China’s ASMRs for TB related to HFPG were lower than the global average value. There was a significant decrease in ASMRs, period, and cohort RRs for TB attributable to HFPG over the period of 1990–2019, which was observed in both men and women. Even though men had higher mortality for TB, they experienced a smaller reduction in mortality compared to women. Moreover, The HFPG–related mortality of TB first increased and then decreased with the increase of age.

Nowadays, HFPG is regarded as the third highest risk factor for disease burden worldwide (21, 35). As the primary manifestation associated with HFPG, diabetes has posed a significant burden on society in terms of mortality, morbidity, and economic cost (7, 9). Due to the intricate pathophysiological effects of diabetes, the association between diabetes and TB cannot be attributed to a single mechanism. Several hypotheses have been proposed to explain their relationship, such as depressed cellular immunity, low levels of interferon-γ (IFN-γ), dysfunction of alveolar macrophages and pulmonary microangiopathy (36). The global diabetes epidemic poses a challenge to achieving Global End TB Targets. Evidence suggests that individuals with active TB and elevated blood glucose levels are at risk of experiencing negative outcomes, such as increased bacterial load in sputum and leucocytosis (37, 38). It is important to manage diabetes and maintain optimal glucose levels to reduce the likelihood for developing TB and significantly enhancing treatment effectiveness (39). The most significant decreasing in AAPC of HFPG-attributable TB mortality is in the 60–64 age group. This indicates that this particular age range is the critical period in a person’s life in terms of HFPG’s potential role in causing TB mortality. Therefore, interventions focused on managing diabetes and hyperglycemia during this stage of life would have the much significant impact on improving health outcomes for TB.

The Western Pacific Region is one of the six regions of the World Health Organization (WHO), which has been reported that the TB epidemic is more prevalent among the older adult (40, 41). In older adults, TB cases are frequently caused by the reactivation of dormant TB lesions. This reactivation is associated with changes in the immune system that occur during aging. For example, a reduction in the capacity to revive immunity that was acquired in the past (41, 42). While the TB mortality are still highest among older adult patients, particularly those aged 70 and above, there has been a decrease in mortality rates since 1990. Nevertheless, we observed the HFPG-attributable TB mortality first increases and then decreases with the increase of age, and peaked at 55–59 age group. Although advancing age is the main risk factor of TB death, high risk of death related to TB in the older adult might partly due to increased co-morbidities. Apart from diabetes, the contribution of HIV, drug use and chronic obstructive pulmonary disease is also important (43, 44). The GBD study highlights smoking, drinking, and HFPG as three risk factors associated with TB. However, ambient air pollution and other specific factors also could elevate the chances of the transmission and development of active TB. Notably, ambient air pollution is a significant public health issue and a primary contributor to the burden of disease. It is crucial to conduct a thorough assessment of the available data to understand the role of these risk factors in TB in future (45).

Our study showed that men had higher HFPG–related mortality of TB than women. Global data on morbidity and mortality indicate that men face a greater burden of TB than women, which is consistent with broader health patterns (46–48). On the other hand, nationally representative surveys conducted in China have shown that women exhibit lower prevalence of diabetes and prediabetes compared to men (11, 49). A recently study estimated the disease burden attributable to metabolic risk factors. It revealed that male patients with HFPG had a higher mortality than female patients in China (50). The elevated mortality in men may be attributed to variations in biological factors compared to women. For example, the impact of sex hormones on macrophage activation appears to differ by gender. Research has demonstrated that oestradiol, a female sex hormone, can significantly enhance the activation of macrophages. In contrast, androgen does not have the same effect (51, 52). Prior researches suggested that men who have lower levels of sex hormone-binding globulin are more susceptible to myocardial infarction, with free testosterone levels potentially playing a role in the development of major adverse cardiovascular events (53). It’s important to mention that testosterone has a significant impact on the susceptibility to TB based on sex (54–57). Results from an animal study revealed that orchidectomy performed after TB infection reduced the amount of bacteria and raised the level of IFN-γ and tumor necrosis factor alpha (TNF-α) (54). Moreover, testosterone levels might associate with diabetes status. Yoo et al. (57) indicated that the interplay between testosterone levels, diabetes status, and TB risk could result in men who have had diabetes for a longer duration being at the highest risk for TB. Additionally, mortality related to TB is linked to harmful health habits and risks can be significantly impacted by gender-specific norms and behaviors, which may vary between men and women. Men often exhibit delayed healthcare seeking behavior and may experience poorer treatment adherence compared to women (58, 59). In fact, a crucial obstacle in effectively managing glucose levels in TB patients is adhering to medication (60, 61). Hence, strategies for controlling HFPG should ought to be focused more on males.

The present study is of importance to public health as it provides a comprehensive analysis of the mortality trend of TB caused by HFPG in China during the years 1990–2019. In the past three decades, China has made remarkable progress in reducing both the occurrence and death rates of TB. Nonetheless, according to current TB control efforts in China, it is anticipated that the number of TB deaths will decrease to 26,038 in 2025, and 20,138 in 2030 (62). The number of TB-related deaths will remain considerably above the milestones and objectives established by the End TB Strategy (6, 62). In order to further decrease the burden of TB, it is essential to consistently enhance the prevention, diagnosis, and treatment of hyperglycemia in China, following the guidelines provided by the WHO. Moreover, public health policies can focus on strengthening healthcare infrastructure, ensuring an adequate healthcare workforce, and improving access to essential medicines, diagnostics, and treatments for both TB and HFPG. In future studies, it is important to evaluate the effectiveness of different strategies aimed at addressing the co-occurrence of TB and HFPG. By reducing the prevalence of HFPG and improving blood glucose control in HFPG patients, it helps to lower the risk of death from TB in individuals.

This study still has some limitations. Firstly, it did not incorporate information related to the data stratified by province and by urban and rural areas, which limited the ability to reveal more detailed information that influences TB mortality trends in China. Secondly, while the findings were derived from the GBD database, it was not possible to fully distinguish the independent impacts of HFPG, as it is always co-occurring with other risk factors including medication use, comorbidities like HIV/AIDS, socioeconomic status and risk factor management. Finally, estimation of the burden of TB mortality based on fasting glucose might underdiagnosis of the burden from subjects with postprandial hyperglycemia.



5. Conclusion

To sum up, the study shows declining trends of ASMRs and the risk of TB mortality related to HFPG in China from 1990 to 2019. Although these findings underscore the progress being made in combatting TB, it still has a long way to go to achieve the WHO’s End TB Strategy targets by 2030. Effective strategies for glycemic control and management are crucial for preventing TB in China, especially among middle aged and older adults and men. These strategies could include lifestyle changes such as diet and physical activity, as well as medication and regular blood glucose monitoring. Future researches are required to update and complement these estimates, and further explore underlying mechanisms.
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Background: Tuberculosis (TB) remains a major public health challenge. However, indicators of delays in assessing effective TB prevention and control and its influencing factors have not been investigated in the eastern coastal county of China.

Methods: All notified pulmonary tuberculosis (PTB) cases in the Fenghua District, China were collected between 2010 and 2021 from the available TB information management system. Comparison of delays involving patient, health system, and total delays among local and migrant cases. Additionally, in correlation with available Basic Public Health Service Project system, we performed univariate and multivariate logistic regression analyses identified the influencing factors associated with patient and total delays in patients aged >60 years.

Results: In total, 3,442 PTB cases were notified, including 1,725 local and 1,717 migrant patients, with a male-to-female ratio of 2.13:1. Median patient and total delays of local TB patients were longer than those for migrant patients; the median health system delay did not show any significant difference. For patient delay among the older adult, female (cOR: 1.93, 95% CI: 1.07–3.48), educational level of elementary school and middle school (cOR: 0.23, 95% CI: 0.06–0.84) had a statistical difference from univariable analysis; however, patients without diabetes showed a higher delay for multiple-factor analysis (aOR: 2.12, 95% CI: 1.02–4.41). Furthermore, only the education level of elementary school and middle school presented a low total delay for both univariate (cOR: 0.22, 95% CI: 0.06–0.82) and multivariate analysis (aOR: 0.21, 95% CI: 0.05–0.83) in the older patients.

Conclusion: The delay of TB cases among migrants was lower than the local population in the Fenghua District, which may be related to the “healthy migrant effect”. It highlights that women, illiterate people, and people without diabetes are key groups for reducing delays among older adults. Health awareness should focus on these target populations, providing accessible health services, and reducing the time from symptom onset to diagnosis.

KEYWORDS
 pulmonary tuberculosis, delay, logistic regression, surveillance systems, older people


1. Introduction

Tuberculosis (TB), caused by the Mycobacterium tuberculosis complex, remains one of the leading causes of death globally (1). Approximately a quarter of the global population is infected, with only 5–15% developing active TB (2). National Governments have undertaken concerted efforts in TB care and prevention to achieve the United Nations Sustainable Development Goals and the World Health Organization (WHO) End TB strategy, resulting in a 3.4% reduction per year in mortality rate and 1.9% reduction per year in global incidence rate (3). Despite the prevalence of the coronavirus disease (COVID-19), 9.87 million newly diagnosed TB cases worldwide have been reported, with an incidence rate of 127 per 100,000 in 2021 (4). Furthermore, China, the second country affected by TB, confronted an additional crisis derived from stagnant TB incidence, with an annual decline rate that was only half of what it had been before 2015 (5). Therefore, effective and efficient reduction of TB prevalence remains an enormous public health challenge.

Passive case-finding (PCF) is an essential approach for identifying active TB in major national TB control programs; often only those with obvious or severe symptoms of pulmonary TB (PTB) actively seek healthcare services (6). Several factors might influence the implementation of PCF, such as health-seeking behaviors, physician competency, and laboratory diagnostic capability, which could cause inevitable delays (7). Furthermore, delays in diagnosis and treatment could negatively impact prognosis and result in increased TB transmission in the general population, especially in low- and middle-income countries (8, 9). Thus, timely identification of factors influencing delays and ways to reduce delays would aid in optimizing available TB prevention and control strategies, with focus on eliminating TB (10).

In this study, we aimed to collect and present data from Fenghua District in eastern China to identify the delay characteristics of patients with TB. Additionally, an excellent health information system from Basic Public Health Service Project (BPHSP) has been established and operated for decades in this region, which could provide more precise portraits of patients with delays, including lifestyle, to implement further control and prevention strategies.



2. Methods


2.1. Overview

Fenghua District, located in the eastern area of Zhejiang Province, belongs to the Ningbo Municipality. It comprises eight communities and four towns, with an area of 1,253 km2. Based on the seventh population census, Fenghua District had a permanent population of 577, 505 with approximately 135,568 aged >60 years, accounting for 23.47% of the population. The location of Fenghua District is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 The location of Fenghua District.




2.2. Data collection

All notified PTB cases in Fenghua District were collected between 2010 and 2021 from the available TB information management system (TBIMS), a nationwide network reporting system in which all presumptive PTB cases are diagnosed and compulsively notified (11, 12). This system provides details, including demographic information, diagnosis, laboratory outcomes, and treatment outcomes of all notified cases. Furthermore, the BPHSP system was also constructed in Ningbo Municipality. With this, all residents aged >60 years were provided with voluntary annual health checkups. Additional details such as dietary habits, smoking status, and drinking habits were recorded using this system. We matched cases of TBIMS with BPHSP using a uniform identity card number to identify the relevance of various delays.



2.3. Definition

All PTB cases were laboratory-confirmed and clinically diagnosed. Laboratory-confirmed PTB was defined as a diagnosis with bacteriological evidence through sputum smear, sputum culture, or eligible rapid diagnostic technology. Clinically diagnosed PTB was defined as a diagnosis with clinical symptoms, chest imaging, epidemiological clues, and other tests (13). The national diagnostic criteria for PTB (WS288-2008 and WS288-2017) and the classification of TB (WS196-2001 and WS196-2017) in China were referenced to identify PTB cases. We defined smoking based on three categories: “Never smoker,” “Prior smoker,” and “Current smoker.” Drinking status in the previous year was classified into: non-drinkers, occasional drinkers (≤1 a week), and frequent drinkers (>1 a week). The body mass index (BMI) values were classified into: <18.5, 18.5–24, and ≥24 kg/m2. Diabetes was defined as a prior diagnosis (collected through health records) or through a positive fasting glucose test. Health insurance included basic health insurance for urban residents and others. The former had a low reimbursement rate, and deficiency in both cap line and deductible line than other insurance.



2.4. Epidemiological characteristics of PTB and the delays

We analyzed the epidemiological characteristics of patients with TB in the Fenghua District. The variables included census register, sex, age, occupation, interval from onset to visiting a TB designated hospital, and interval from visiting a TB designated hospital to confirming PTB. Additionally, we compared patients, health systems, and total delays between local and migrant patients with TB. Patient delay was defined as the interval between the appearance of TB symptoms and first visit to a health facility. Health system delay was defined as the time between the first visit to a health facility and confirmed PTB diagnosis in a TB designated hospital. We used 14 days as the cut-off point for analyzing patient and health system delays and 28 days for the total delay.



2.5. Univariate and multivariate logistic regression analysis for delay

We matched 202 patients with TB aged >60 years from the TBIMS and BPHSP. We performed univariate and multivariate logistic regression analyses to identify the factors influencing patient and total delays. The influencing factors included age, sex, educational level, marital status, occupation, smoking status, drinking status, BMI, physical exercise, treatment category, diabetes, and bacteriological results.



2.6. Ethical approval

All included PTB cases were anonymized prior to further analysis. The Ethics Committee of the Zhejiang Provincial Center for Disease Control and Prevention approved this study. Given that only PTB surveillance data were used, the requirement for informed consent was waived. All materials used strictly followed the Law of the Prevention and Treatment of Infectious Diseases in the People’s Republic of China.



2.7. Statistical analysis

A descriptive analysis of demographic information was performed to present the general epidemiological features. Continuous variables were presented as medians and interquartile ranges, and categorical variables were presented as counts and proportions. To compare the patient, health system, and total delays among local and migrant cases, a Mann–Whitney U test was performed and a chi-square test was performed to compare the delay proportion. Furthermore, Joinpoint 4.9.0.0 software was applied to calculate the annual percentage change (APC) in TB notification rate from 2010 to 2021 to identify a trend. The location of Fenghua District was determined using ArcGIS software (version 10.2, SERI Inc., Redlands, CA, United States). Additionally, the R v4.0.5 software1 and SPSS Statistics (version 20.0; IBM Corp., Armonk, NY, United States) were used for the statistical analyses. p < 0.05 was considered statistically significant.




3. Results


3.1. Demographic characteristics of TB patients

In total, 3,442 PTB cases were reported in the Fenghua District from 2010 to 2021, including 1,725 local and 1,717 migrant patients. There were 2,343 male cases and 1,099 female cases, with a male-to-female ratio of 2.13:1. The occupational distribution was predominantly farmers, accounting for 51.57% of all the reported cases. Most cases were concentrated in the 15–59 years group, with a proportion of 74.20%. The notification rate was 57.53/100,000 in 2010 and 47. 97/100,000 in 2021, showing an overall decreasing trend (APC = −2.09%, p < 0.05). More details were displayed in Table 1.



TABLE 1 Demographic characteristics of TB patients from 2010 to 2021 in Fenghua District.
[image: Table1]



3.2. Comparison of various delays between local and migrant patients

The median patient and total delays for local TB patients notified in the Fenghua District were longer than those for migrant patients; the median health system delay did not show any statistically significant difference. Moreover, the proportions of total delay and patient delay were higher in the local population than in the migrant group, although this difference was not observed in health system delays. Details are shown in Tables 2–4.



TABLE 2 Patient delay of local and migrant TB patients from 2010 to 2021 in Fenghua District.
[image: Table2]



TABLE 3 Health system delay of local and migrant TB patients from 2010 to 2021 in Fenghua District.
[image: Table3]



TABLE 4 The total delay of local and migrant TB patients from 2010 to 2021 in Fenghua District.
[image: Table4]

Additionally, we analyzed the diversity in patient characteristics between local and migrant patients across the three delays. For patient delay, the median delay time was longer in local than in the migrant patients except for the “0–14” age group and students. For health system delay, only patients aged >60 years presented a longer delay in the migrant group, while other variables were not identified as statistically significant. For the total delay, males, farmers, and age among the “15–59” age group had a higher delay in local than in the migrant group. This information is presented in Table 5.



TABLE 5 Delays of local and migrant TB patients from 2010 to 2021 in Fenghua District (median, IQR).
[image: Table5]



3.3. Univariate/multiple-factor logistic regression analysis identified influencing factors

Considering the higher disease burden caused by delays in the older adults, we collected information on this specific group using detailed health records from BPHSP. A total of 202 patients aged >60 years were included for further analysis. Univariate and multiple-factor analyses were performed to identify the significant variables between patient and total delays. Regarding patient delay, females [odds ratio (cOR): 1.93, 95% confidence interval (CI): 1.07–3.48], educational level of elementary school and middle school (cOR: 0.23, 95% CI: 0.06–0.84) showed statistically differences; however, patients without diabetes showed a higher delay for multiple-factor analysis (aOR: 2.12, 95% CI: 1.02–4.41). Furthermore, only the education level of elementary school and middle school presented a low total delay for the univariate (cOR: 0.22, 95% CI: 0.06–0.82) and multivariate analysis (aOR: 0.21, 95% CI: 0.05–0.83). This information is presented in Tables 6, 7.



TABLE 6 The influencing factors analysis of patient delay among the older persons.
[image: Table6]



TABLE 7 The influencing factors analysis of total delay among the older persons.
[image: Table7]




4. Discussion

Patient, health system, and total delays, have been widely used to assess the effectiveness of existing PTB control programs and identify programmatic impediments during PTB diagnosis (10). Delays in diagnosing PTB are a common challenge for all low- and middle-income countries, accounting for a large proportion of the global burden (4). Passive case-finding strategies lead to poor prognosis and high disease transmission. The WHO guidelines recommend that patients coughing for more than 2 weeks should be screened for tuberculosis (14). However, in China, the median delay in diagnosis is 29 days, which does not meet the WHO requirements for timely diagnosis (15). To achieve the goal of ending tuberculosis by 2035, some interventions and implementations, such as mass screening of target populations and health checkups, have been performed to achieve timely diagnosis and sufficient treatment.

Between 2010 and 2021, 3,442 PTB cases were reported in the Fenghua District. Most reported PTB cases were concentrated in young and middle-aged populations, and the overall notification rate was decreasing. This could be attributed to a range of strategies and actions implemented to prevent and control PTB and the government’s recent dedication and investment in public health (16). However, the proportion of cases in individuals aged >60 years is rapidly increasing, indicating an urgent need to address PTB in aging populations. It is estimated that by 2050, older adults population aged ≥65 years in China will account for a quarter of the total population (17). Additionally, an estimated 90% of TB cases will result from the reactivation of latent TB infection acquired earlier in life, rather than from recent transmission among the older adults (18–20). Therefore, attention should be paid to these issues, and more efficient and effective measures, such as treating latent infections and addition of specific nutrition, should be investigated in this group.

The proportion of migrant patients in the Fenghua District was 49.88%, comparable to the composition of PTB cases in Shanghai City (21) and higher than the average at the Zhejiang provincial level (22), reflecting the huge PTB risk caused by the trend of population mobility in China. Moreover, approximately 244 million immigrants in China (23) brought about new changes to TB control.

Our study revealed that the median patient and total delays were longer in local patients than in the migrant patients. This difference may be attributed to the “healthy migrant effect” and the “salmon bias” hypotheses (24, 25). The migrants in our study were younger than the local population and had a higher level of health awareness, potentially motivating them to proactively seek medical attention. Additionally, they tended to visit higher-level hospitals for medical treatment, reducing the likelihood of passive TB case detection. There were also comparatively longer delays in the older migrant population. This may be because that the local health education and public health services were not accessible to migrant patients, and the older adults also had lower health knowledge of PTB, leading to neglect of suspected symptoms. For the student population, implementing a daily health checkup would shorten patient delays in public schools, while students from migrant groups commonly studied in private schools might be some insufficient. Therefore, more attention should be paid to student populations during daily health examinations.

Considering the completeness of health data in the local older population, we conducted further analyses to identify the factors contributing to delays. Previous studies have investigated the correlation between delays and sex; however, the results have been inconsistent. For instance, Kee et al. observed that women had a significantly longer total delay than men in Malaysia (26); however, some studies conducted in Eastern Mediterranean countries did not observe any sex differences in total delay (27). Furthermore, our findings revealed that the proportion of females with delays was higher than that of males. This may be because of the physiological and psychological characteristics of women and men and differences in social division (28). Women generally have a lower socioeconomic status and are more likely to delay before seeking treatment after experiencing TB-related clinical symptoms related to TB (29, 30). Additionally, owning to their susceptibility and physiological differences, female patients may also experience milder symptoms than male patients, contributing to patient delays (31). Furthermore, our study observed that patients with primary and secondary education experienced lower patient and total delays than illiterate patients. This may be attributed to the fact that illiteracy can limit patients’ access to written health education and promotional materials, typically used to raise public awareness about TB (9, 10). This finding highlighted the importance of developing audiovisual and graphical promotional materials for health education, especially for illiterate patients. However, due to the limited sampling size of people with an education level of high school and above, the homologous finding maybe affected. Furthermore, the results showed that patients without diabetes also had a longer patient delay than those with diabetes, potentially as patients with diabetes were commonly followed up by specific physicians in the local community health center in each quarter, which could improve the early detection rate.

Our study had some limitations. First, the time of onset of symptoms and first visit of patients with TB were based on self-reports; therefore, there may have been recall bias. Additionally, this study was conducted in only one county within eastern China; thus, the findings only depict the features of that area. Finally, previous studies had inconsistent criteria regarding delays, using different cutoff points to define acceptable and long delays. Our study used the median as the cutoff point for the delay, which resulted in a lack of comparability with studies that used other classification methods. Nevertheless, our study used a substantial sample size and integrated monitoring data and residents’ health records, which enhanced the authenticity and completeness of the results.



5. Conclusion

The delay in identifying TB cases among migrants was lower than that among the local population in the Fenghua District, which may be related to the “healthy migrant effect.” Furthermore, our research highlighted that women, illiterate people, and people without diabetes are key groups in reducing delays among the older adults. Therefore, future research should focus on raising health awareness among key populations, providing accessible health services, and reducing the time from symptom onset to a definitive diagnosis.
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Objective: Metagenomic next-generation sequencing (mNGS) has been gradually applied to the diagnosis of tuberculosis (TB) due to its rapid and highly sensitive characteristics. Despite numerous studies on this subject, their results vary significantly. Thus, the current meta-analysis was performed to assess the performance of the mNGS on tuberculosis.

Methods: PubMed, Embase, Web of Science, and The Cochrane Library were searched up to June 21, 2023. Studies utilizing the mNGS for tuberculosis detection were included. The risk of bias was assessed by QUADAS-2, and a meta-analysis was performed with STATA14.0 software.

Results: Seventeen studies comprising 3,205 specimens were included. The combined sensitivity and specificity of mNGS for clinical specimens were 0.69[0.58–0.79] and 1.00[0.99–1.00], respectively. Subgroup analysis identified sequencing platform, diagnostic criteria, study type, sample size, and sample types as potential sources of heterogeneity. Cerebrospinal Fluid (CSF) has a lower sensitivity of 0.58 (0.39–0.75). In a population with a 10% prevalence rate, the accuracy of sensitivity reached 94%.

Conclusion: Metagenomic next-generation sequencing technology exhibits high sensitivity and speed in diagnosing Mycobacterium tuberculosis. Its application in mono and mixed infections peoples shows promise, and mNGS is likely to be increasingly used to address challenges posed by Mycobacterium tuberculosis complexes in the future.

KEYWORDS
 metagenomic next-generation sequencing, tuberculosis, clinical specimen, infectious disease, mixed infections


Introduction

Prior to the new coronavirus pandemic, TB represented the most significant burden of human infectious disease, with roughly 10 million new cases and 1.5 million deaths per year (1). The emergence of multi-drug-resistant tuberculosis (MDR-TB) and extensively drug-resistant tuberculosis (XDR-TB) due to the long-term use of isoniazid, rifampicin, and quinolones, has increased treatment difficulties and patient harm (2). Existing diagnostic methods for tuberculosis struggle to simultaneously offer rapid diagnosis and high precision. While the GeneXpert MTB/RIF test is a rapid and high-precision diagnostic method, it primarily detects Mycobacterium tuberculosis complexes and lacks the ability to diagnose multiple infections. In recent years, the metagenomic next-generation sequencing (mNGS) has been introduced as a new diagnostic method for detecting pathogens. mNGS provides unbiased pathogen detection directly from clinical specimens, and generates up to billions of reads in a single run, allowing comprehensive analysis of all base sequences in clinical specimens (3).

mNGS’s rapid diagnosis and high precision capabilities enable it not only to detect Mycobacterium tuberculosis, but also other potential pathogens, increasing the diagnostic accuracy in mixed infections (4). Compared to the GeneXpert MTB/RIF test, mNGS offers a clearer diagnosis in patients with severe symptoms [A proportion of severely infected patients present with Mycobacterium tuberculosis complexes combined with other microorganisms (5)]. Many cases have been reported where infectious agents were directly detected from body fluid specimens, such as cerebrospinal fluid and blood using next-generation sequencing technology (6–8). Although recent studies have reported the potential application of metagenomic Next-Generation Sequencing in diagnosing Mycobacterium tuberculosis complexes, the reported sensitivity and specificity vary across studies, necessitating a systematic review and meta-analysis.

This study performed a meta-analysis of the literature regarding metagenomic next-generation sequencing technology for the detection of Mycobacterium tuberculosis complexes in clinical specimens. We aimed to validate the diagnostic performance of metagenomic next-generation sequencing in detecting Mycobacterium tuberculosis complexes in clinical specimens. This study evaluated existing studies to derive consolidated conclusions regarding sensitivity and specificity to explore its true diagnostic value.



Method


Registration and ethics

The study was conducted in accordance with the PRISMA 2020 statement (9) and the protocol was registered on the International Platform for Systematic Reviews (ID: CRD42023400281).



Search strategy

We conducted a comprehensive search in the four major databases: PubMed, Embase, Web of Science, and The Cochrane Library, using the terms “tuberculosis” and “high-throughput nucleotides” and combine them with free words for a comprehensive search. The search was independently performed by two researchers, Yulian Li and Wentao Bian, with the consolidated results being aggregated. The full search strategy can be found in Supplementary Material S1.



Study selection

Inclusion criteria encompassed randomized trials, cohort or case–control studies, that utilized the metagenomic next-generation sequencing platform (mNGS) on clinical specimens with non-tuberculosis specimens serving as controls. We excluded animal experiments, reviews, conference summaries, case reports, non-English literatures and non-SCI academic journals. There were no restrictions on the year of publication.

Eligible populations included: (1) individuals suspected to be infected with the Mycobacterium tuberculosis complexes by clinicians; (2) Individuals who collect specimens prior to antituberculosis treatment as much as possible; (3) patients with data available through electronic medical records (routine data, such as sex, age, bacteriological or imaging examination, and whether they received anti-tuberculosis drug treatment). The index test was the detection of DNA in clinical specimens from suspected tuberculosis patients via the mNGS platform. Reference criteria included clinical symptoms, imaging reports, bacteriological reports, and anti-TB drug efficacy. According to guidelines jointly developed by the United States Centers for Disease Control and Prevention and the American Society for Infectious Diseases (10), specimens from patients with positive results other than mNGS were considered TB patient specimens. Specimens from patients with negative results on all tests except mNGS were considered non-tuberculosis patient specimens.

Two researchers (YL, WT) independently screened search results based on titles and abstracts. Any disagreements were resolved by a third researcher (JZ).



Data extraction

A 2 × 2 table was used to extract data from the studies: true positive, false positive, true negative, and false negative. Additional extracted data included country, research type, sample size, sequencing platform, sample type, and average age of patients. The process was carried out independently by two researchers (YL, WT), with any disagreements resolved by a third researcher (JZ).



Risk of bias assessment

The risk of bias in diagnostic accuracy was assessed using the QUADAS-2 tool (11). One researcher (YL) independently evaluated all included studies. This assessment was reviewed by another reviewer (WT), and any disagreements were resolved by a third researcher (JZ).



Data analysis

The primary outcome was a summary of the combined sensitivity and specificity of all studies. Secondary outcomes included subgroup analysis based on sequencing platform, diagnostic criteria, study type, sample size, and sample types based on pre-collected information. The grouping information was defined as different subgroups and added to the 2 × 2 table. Choose random or fixed effects models depending on the magnitude of heterogeneity. To evaluate secondary outcomes, at least four studies were required to calculate the sensitivity and specificity of previously defined subgroup variables. The Q-test p-value in the forest map was used to test for heterogeneity, with p < 0.05 considered statistically significant. I2 was used to describe the size of heterogeneity, and I2 > 50% was considered significant heterogeneity.

The subjects of the diagnostic studies were each sample collected from patients suspected of infection (including multiple specimens from the same individual). A receiver operating characteristic (ROC) curve was plotted to assess the average accuracy across all possible thresholds. A diagnostic value was considered high if the area under the curve (AUC) was greater than 0.9. To assess the stability of the results, a sensitivity analysis was performed using a combination of sensitivity and specificity after removing studies at high risk of bias. In addition, a Feigen diagram, plotted according to the disease prevalence rate, was used to evaluate the real-world effect of the diagnostic study. Due to the exclusion of certain studies, discrepancies may exist between the published studies and those not included in the analysis. To account for this, a publication bias test was performed using the funnel chart. p-values greater than 0.05 were considered not to have statistically significant publication bias. STATA14 software was used to analyze the data.




Results


Summary of study results

A total of 3,458 articles (comprising 1902 unique records) were retrieved from the database. Following a thorough review of these articles, 17 were included in the meta-analysis (12–28) (Figure 1). The basic characteristics of all included studies are shown in Table 1. All studies were conducted in China, with 13 retrospective studies and 4 prospective studies. The age range of tuberculosis patients in these studies was between 30 and 60 years old. Most studies were sequenced using the BGISEQ platform, with the read length ranging from 200 to 300 bp. Several studies used multiple specimens from the same patient to evaluate sensitivity and specificity. The specimens are divided into pulmonary specimens and extrapulmonary specimens. The study of pulmonary specimens focuses on bronchoalveolar lavage fluid, and extrapulmonary specimens mainly focus on cerebrospinal fluid. Negative specimens for evaluation included those infected with other pathogens or non-infectious specimens, which were identified through diagnostic methods other than mNGS. The final reference criteria was made by clinicians according to clinical guidelines, which required at least one positive indicator except for mNGS.

[image: Figure 1]

FIGURE 1
 Research and selection process.




TABLE 1 The characteristics of included studies.
[image: Table1]



Risk of bias assessment

Figure 2 presents the results of the risk of bias assessment. Eleven studies exhibited a low risk of bias, whereas 6 demonstrated a high risk of bias.

[image: Figure 2]

FIGURE 2
 Risk of bias assessment evaluation chart.




Data analysis

A total of 3,205 specimens were collected from the 17 studies. The combined sensitivity and specificity of the summarized primary results were 0.69 [0.58–0.79] and specificity 1.00 [0.99–1.00] respectively (Figure 3). Because there were 5 studies with a high risk of bias in the patient domain, 3 studies with a high risk of bias in the test domain, 3 studies with an unknown risk of bias in the reference domain, and 7 studies with unclear case flow and timing domains or High risk and large bias, moderately conclusive evidence downgraded (12, 13, 15, 19, 22–26). Supplementary Table S2 shows the subgroup analysis of potential sources for evaluating sensitivity and specificity. The results indicated that mNGS had high sensitivity and specificity but significant heterogeneity (p < 0.05). In the subgroup analysis of specimen types, the sensitivity of pulmonary specimens (0.75) > extrapulmonary specimens (0.61). Interestingly, when the specimen was BALF (bronchoalveolar lavage fluid), the sensitivity was (0.75), which may be due to the fact that BALF was the main clinical specimen in the study of pulmonary specimens. The sensitivity was lowest (0.58) when the specimen was CSF (cerebrospinal fluid). The sensitivity was highest (0.78) when studies with sample sizes <100 were included. However, the sensitivity was lowest when all prospective studies were included for analysis (0.58). Regarding specificity, in the subgroup analysis of specimen types, the specificity was (0.99–1.00) with a slight heterogeneity [48.84–66.52]. When specimens were BALF, specificity heterogeneity was not significant (I2 = 48.84, p = 0.08). Heterogeneity in specificity was not significant when all studies with less than 100 specimens were included, although the results require caution (I2 = 0.00, p = 0.66). To conclude, the heterogeneity of specificity (0.99) was not significant when all studies using the BGISEQ-50 platform were included (I2 = 8.49, p = 0.36).

[image: Figure 3]

FIGURE 3
 Meta-analysis of sensitivity and specificity.


All subgroup sensitivities showed significant heterogeneity according to previously defined subgroup variables: sequencing platform, diagnostic criteria, study type, sample size, and specimen type, and in terms of specificity, all subgroup specificities showed significant heterogeneity except for the BALF, BGISEQ-50, and sample < 100 subgroups, which may be the source of heterogeneity. In terms of measuring average accuracy at all possible thresholds, the receiver operating characteristic (Figure 4A) area under the curve was 0.98 (>0.9). The publication bias plot was symmetrical as a whole (Figure 4B), and the publication bias was not significant (p = 0.89). Finally, even with the exclusion of six studies with a high risk of bias, heterogeneity in sensitivity and specificity persisted.

[image: Figure 4]

FIGURE 4
 Receiver operating curve and publication bias. (A) Receiver operating curve; (B) publication bias.


According to the World Health Organization’s reported TB incidence of 0.055% in 2022 (29), the accuracy of Fagan’s chart sensitivity was 8%, and the specificity error rate was 0% (Supplementary Figure S2A). When using an environment with a prevalence of 10%, the accuracy of sensitivity was 94% and the specificity error rate was as low as 3% (Supplementary Figure S2B).




Discussion

Due to variations in the outcomes of past studies, the present meta-analysis, which collated results from 17 literatures, based on current data found that mNGS had the potential to diagnose TB in clinical specimens with high sensitivity and specificity 0.69 [0.58–0.79] and 1.00 [0.99–1.00]. Pulmonary specimens might be more diagnostic than extrapulmonary specimens. In areas of high TB incidence, its efficacy in diagnosing TB is noteworthy. Finally, the promise of mNGS in diagnosing patients with mixed infections was observed.

Diagnosing Mycobacterium tuberculosis complexes is notoriously challenging, often resulting in delayed treatment for patients. Rapid and sensitive diagnostic methods are needed. mNGS is a very effective diagnostic tool, outperforming traditional methods such as culture and acid-fast staining (1). Tuberculosis is mainly airborne (30), and in our study, we found that pulmonary specimens were better diagnostic than extrapulmonary specimens. Even the BALF samples were diagnosed more effectively than conventional diagnostic methods. In CSF specimens, the diagnosis was slightly less effective, but of some value in diagnosing tuberculous meningitis, with results similar to those of a previous meta-analysis of CSF (31). According to Dowdy et al., current experimental methods are not sufficient to diagnose all patients with TB. In high-burden countries, TB prevalence may be as high as 10% (32). The inclusion of TB prevalence in the analysis yielded sensitivity accuracy of 94% and specificity error rates as low as 3%, Supporting the use of mNGS by clinicians to screen patients suspected of Mycobacterium tuberculosis complexes infection. Chen et al. (12) eventually detected samples of Mycobacterium tuberculosis complexes and other microorganisms, and previous cases have also reported the diagnostic value of mNGS in patients with mixed infections (33). Thresholds for all studies were determined in advance, random-effects models were used to summarize all results and SROAUC was used to evaluate the diagnostic effects of mNGS experiments. Subgroup analysis and sensitivity analysis were used to explore the robustness of the results. Some studies had incomplete information, and thus the mean age and gender of patients were not included in the analysis.

Although the sequencing platform, diagnostic criteria, study type, sample size and sample type were all considered as potential sources of heterogeneity in our study, heterogeneity could not be fully explained. This may be related to library construction capabilities and pre-treatment of specimens (The thick cell wall of Mycobacterium tuberculosis complexes requires the pre-addition of reagents to disrupt the cell wall release of nucleic acid). The efficiency of nucleic acid extraction can vary among different methods (34). In addition, the time of specimen obtaining was not described in detail in most of the studies. The findings should be interpreted with caution due to the heterogeneity of the sensitivity and specificity pooled results, the limited number of studies and the fact that most studies focused on BALF and CSF specimens. This study is mainly a retrospective study, with a lower diagnostic efficacy demonstrated in prospective studies, emphasizing more prospective studies.

This research has some limitations. Six studies had a high risk of bias, five studies’ patients were discontinuous, posing a high risk of bias, and clinical characteristics of patients (gender, age, anti-tuberculosis drug use) were not analyzed due to incomplete information. As the study focused on BALF and CSF, although no subgroup analysis was performed, a low sensitivity was observed for sputum in pulmonary specimens (30.3%) and a high sensitivity for granulation tissue and pus in extra-pulmonary specimens (94.7%), although individual studies were not representative. This emphasizes the need for more studies with different types of clinical specimens. Furthermore, when incorporating the actual prevalence rate in China (29), the accuracy of the results decreased. Metagenomic Next-Generation sequencing is an expensive diagnostic tool, which may increase the financial burden on patients, and some patients may not have access to specimens with high bacterial content due to their condition limiting the adoption of this method. The diagnosis of tuberculosis requires a comprehensive reference standard for the clinician, and mNGS should be used only when the patient has a high suspicion of tuberculosis infection and specimens are available, as long as economic conditions allow.

In conclusion, this study pooled all previous results to assess the potential of mNGS for the diagnosis of TB in clinical specimens. In addition, it found that mNGS can be used in areas of high prevalence and patients with mixed infections, contributing to the comprehensive diagnosis of TB. In light of the 10-year setback in TB control due to COVID-19, the need for new diagnostics like mNGS is critical.



Conclusion

Metagenomic next-generation sequencing technology can increase the efficiency of diagnosing tuberculosis (TB) in clinical specimens and has shown significant efficacy, especially in areas with high TB prevalence. This approach is recommended as an additional to diagnose TB when patient specimens are available and when economic conditions allow. Future studies should extend the evaluation to different countries and regions and evaluate various types of clinical specimens, with a focus on severely infected and older adult patients.
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Objective: Tuberculosis (TB) is a major cause of ill health and one of the leading causes of death worldwide. The first step in developing strategies to reduce TB mortality is to identify the direct causes of death in patients with TB and the risk factors for each cause.

Methods: Data on patients with TB systemically collected from the National Surveillance System of South Korea from January 2019 to December 2020 were included in this study. We analyzed the clinical characteristics associated with TB and non-TB-related deaths, including TB-related symptoms, comorbidities, and radiographic and microbiological findings.

Results: Of the total of 12,340 patients with TB, 61% were males with a mean age of 61.3 years. During the follow-up period, the overall mortality rate was 10.6%, with TB-related deaths accounting for 21.3% of all TB deaths. The median survival time in the TB-related death group was 22 days. TB-related death was associated with older age, lower body mass index (BMI), dyspnea, fever, general weakness, bilateral radiographic patterns, and acid-fast bacilli (AFB)-positive smears. Non-TB-related deaths were associated with older age, male sex, lower BMI, comorbidities of heart, liver, kidney, and central nervous system (CNS) diseases, CNS TB involvement, the presence of dyspnea, general weakness, and bilateral radiographic patterns.

Conclusion: Patients with high-risk TB must be identified through cause-specific mortality analysis, and the mortality rate must be reduced through intensive monitoring of patients with a high TB burden and comorbidities.

KEYWORDS
 tuberculosis, death, symptom, comorbididites, cause-specific mortality, demographics


1. Introduction

Before the emergence of coronavirus disease, tuberculosis (TB) was the leading cause of death from a single infectious agent, namely, Mycobacterium tuberculosis (1). TB was projected to cause 1.6 million deaths in 2021, an increase in number compared to 2019 and 2020 (1). Despite the end-TB strategy goal of 35% reduction between 2015 and 2020, the net reduction was only 5.9% during such period (1), and the global case fatality rate in 2020 remained high at 15%. While effective therapeutic agents are available, TB mortality remains at a standstill, and an understanding of the specific causes of TB-related mortality is essential for dealing with this situation.

TB deaths are defined as those occurring during the treatment for TB, regardless of the cause (2). Therefore, most studies utilize all-cause mortality as an indicator of TB-related mortality (3–5). However, identification of the direct causes of death and the risk factors for each cause is the first step for developing strategies to reduce TB-related mortality. South Korea has an intermediate TB burden (59.0 per 100,000 people in 2019) and a low human immunodeficiency virus (HIV) prevalence (<0.1%) (6). The risk factors for TB deaths tend to vary depending on HIV prevalence (7). In HIV-endemic regions, HIV positivity, advanced immunosuppression, smear-negative disease, and malnutrition are risk factors for TB death (7). However, in regions with low HIV prevalence, the risk factors include older age, male sex, multiple comorbidities, smear-positive disease, and alcohol and substance abuse (7–12).

Most studies attempting to determine the actual causes of death during TB treatment relied on statistics from registries or death certificates and reported TB-related death rates ranging from 10 to 50.5% (13–16). However, most registries do not contain clinical or microbiological information, and death certificates may not reflect the actual causes of death due to reporting bias. Thus, improving TB outcomes by targeting risk groups requires a deeper understanding of the actual causes of death and the influence of comorbidities on the survival of patients with TB. Therefore, we conducted this study to describe the causes and identify the risk factors for death among patients with TB in a national TB cohort in South Korea. In addition, we attempted to predict the likelihood of TB- and non-TB-related mortality.



2. Materials and methods


2.1. Study participants

In South Korea, all physicians are required to report the diagnosis and treatment of TB by the time of first suspicion or diagnosis of the disease. Under the national public–private mix (PPM) TB control project, all patients affected by the disease are monitored and reported by TB nurse specialists at the PPM participating hospitals until treatment completion (17). Data on patients diagnosed with TB between January 2019 and December 2020 were collected from PPM hospitals. The exclusion criteria were (1) patients with a change in diagnosis and (2) patients lacking information regarding treatment outcome or cause of death. Baseline characteristics of the patients such as age, sex, body mass index (BMI), smoking and alcohol history, TB-related symptoms, including cough/phlegm, dyspnea, chest pain, hemoptysis, fever, general weakness, and weight loss, previous history of TB, and comorbidities were evaluated. The comorbidities assessed included the following: lung diseases, including asthma, chronic obstructive pulmonary disease, interstitial lung disease, bronchiectasis, and pneumoconiosis; heart diseases, including angina, myocardial infarction, valvular heart disease, and heart failure; liver diseases, including liver cirrhosis, hepatocellular carcinoma, and chronic viral hepatitis; kidney diseases, including chronic renal failure (glomerular fraction rate ≤ 30 mL/min/1.73m
2
 or serum creatinine ≥2.0 mg/dL), glomerulonephritis, kidney transplant recipients, and patients undergoing hemodialysis or peritoneal dialysis; and central nervous system (CNS) diseases, including history of stroke or cerebral hemorrhage, epilepsy, Parkinson’s disease, and dementia. In addition, the results of radiographic and microbiological tests, such as sputum acid-fast bacilli (AFB) smear and culture, were collected. The presence or absence of cavitary lesions was determined based on the results of chest radiographies or computed tomographies. During follow-up assessments, treatment outcomes, including death and the time to death for deceased patients, were also documented.



2.2. Definitions of death

In this study, TB death was defined as all-cause mortality that occurred from the date of TB diagnosis and before completing anti-TB treatment. All TB death cases were classified as TB-related or non-TB-related deaths by the attending physicians and TB nurse specialists in each hospital. TB-related deaths were defined as cases in which TB was either the primary or a significant contributing cause of death for deceased patients, which was judged based on the underlying causes listed in the death certificate filled by the attending physician and the medical records of each patient, as well as the absence of other equally probable causes of death. In contrast, non-TB-related deaths included cases of deceased patients with TB for whom such diseases were not cited as the cause of death.



2.3. Ethical approval

This study was conducted in accordance with the principles of the Declaration of Helsinki. The Institutional Review Board of the Ilsan Paik Hospital, Inje University approved the study protocol (IRB no. ISPAIK 2021–08-012) and waived the need for obtaining informed consent owing to the absence of risk imposed by the study for the participants. The Korea Disease Control and Prevention Agency (KDCA) has the authority to hold and analyze surveillance data for public health and research purposes; the agency approved the use of data and provided such without personally identifiable information from the patients.



2.4. Statistical analysis

The characteristics of the participants are presented as means and standard deviations for continuous variables and as relative frequencies for categorical variables. Continuous variables were compared using the t-test or analysis of variance (ANOVA), and categorical variables were compared using the chi-squared test or Fisher’s exact test. All statistical analyses were performed using the R software (version 4.2.1). A correlation network was constructed using Pearson’s correlation values; each variable was represented as a specific node; node size indicated the prevalence; and links between nodes indicated significant associations (p < 0.05), with blue and pink colors indicating positive and negative correlations, respectively. The igraph package was used to visualize the correlation networks. Multivariable logistic regression for the development of death was performed with age, sex, BMI, and other variables with p < 0.1 in the univariable analysis; the best model was selected using the backward elimination method.




3. Results


3.1. Baseline characteristics

Among the 13,448 patients registered between January 2019 and December 2020, 12,340 were enrolled in our study (Figure 1). The mean age of patients was 61.3 ± 19.0 years, and 7,540 (61.1%) were male, with a male to female ratio of 1.28. The study population included 8,760 (70.9%), 2,663 (21.6%), and 917 (7.4%) cases of pulmonary TB, extrapulmonary TB (EPTB), and both pulmonary and EPTB, respectively. Overall, 1,317 (10.6%) patients died during the follow-up period. The characteristics of the deceased patients and of those who survived are summarized in Table 1. Patients who died were older (59.9 ± 18.9 years vs. 73.5 ± 15.1 years, p < 0.001) and had a lower BMI (21.7 ± 3.4 vs. 20.4 ± 3.7, p < 0.001). Comorbidities such as diabetes, lung, heart, liver, kidney, and CNS diseases were more prevalent among the deceased patients (57.8% vs. 81.5%, p < 0.001). The proportion of EPTB cases was lower in the death group; however, among cases showing extrapulmonary involvement, TB pleurisy and CNS TB were more prevalent in deceased patients. Among the 1,684 patients with TB pleurisy, 616 (36.6%) had pulmonary involvement as well, while 1,068 (53.4%) did not. TB pleurisy was confirmed bacteriologically in 22.1% of cases, and the remaining cases were clinically diagnosed in the case of exudative pleural effusion with elevated adenosine deaminase and exclusion of parapneumonic effusion and malignancy by chest computed tomography (CT) scan and cytology. In contrast, TB lymphadenopathy (LNP), bone/joint TB, and urogenital TB were less prevalent. Dyspnea (15.7% vs. 32.7%, p < 0.001), fever (12.7% vs. 16.5%, p < 0.001), and general weakness (4.3% vs. 13.2%, p < 0.001) were more prevalent in the death group, whereas cough/phlegm, chest pain, and hemoptysis were less prevalent. The occurrence of weight loss did not differ significantly between the groups. In radiographic and microbiological assessments, the patients who died were more likely to have bilateral lesions and AFB-positive smears and cultures. Resistance to isoniazid was lower in deceased patients (2.5% vs. 1.4%, p = 0.014), whereas that to rifampin did not differ significantly (0.6% vs. 0.7%, p = 733). Mortality was higher in patients aged over 70 years (18.7%), underweight patients (BMI < 18.5 kg/m2, 18.5%), those with comorbid diseases of the heart (19.8%), liver (16.1%), kidney (26.4%), or CNS (23.3%), those with CNS involvement of TB (16.6%), and patients showing dyspnea (20.0%), fever (13.4%), general weakness (26.6%), bilateral lesions (16.0%), and AFB-positive smears (15.5%) and cultures (12.8%). The death rate stratified by cause of death according to the presence of risk factors is summarized in Table 2. The mean survival of the deceased patients was 83.3 ± 91.3 days.
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FIGURE 1
 Flow chart for the study population.




TABLE 1 Baseline characteristics of the study population.
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TABLE 2 Death rate according to the presence of risk factors.
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3.2. Comparisons of TB- and non-TB-related mortality

Among the deceased patients, 280 (21.3%) died of TB-related causes and 1,037 (78.7%) died of non-TB-related causes. The characteristics of these patients are compared in Table 1. Age did not differ significantly between the two groups (73.3 ± 16.6 vs. 73.6 ± 14.7 years, p = 0.823).

The TB-related death group was more likely to exhibit dyspnea (38.6% vs. 31.1%, p = 0.023), fever (21.4% vs. 15.1%, p = 0.015), and general weakness (18.6% vs. 11.8%, p = 0.004). Radiographic and microbiological assessments showed that the rates of cavitary lesions (16.8% vs. 9.9%, p = 0.002), bilateral lesions (49.3% vs. 36.7%, p < 0.001), AFB smear positivity (51.1% vs. 24.1%, p < 0.001), and AFB culture positivity (65.0% vs. 46.1%, p < 0.001) were all higher in the TB-related death group. The non-TB-related death group included a higher proportion of male patients (57.1% vs. 64.9%, p = 0.020) and a greater prevalence of comorbidities, including heart (6.1% vs. 12.4%, p = 0.004), liver (6.1% vs. 12.4%, p = 0.012), and kidney disease (4.6% vs. 11.5%, p = 0.001). The proportion of patients with EPTB was lower among those who died of TB. A correlation network demonstrating the interrelationships between TB- and non-TB-related deaths is shown in Figure 2.

[image: Figure 2]

FIGURE 2
 Correlation network for TB-related and non-TB-related deaths Pearson’s correlation analysis between variables was performed. Links or edges between nodes indicate statistically significant associations (p < 0.05). The thickness of the edges was correlated with the strength of their associations (Pearson’s R coefficient): blue and pink indicate positive and negative correlations, respectively. BMI, body mass index; CNS, central nervous system; G/W, general weakness; AFB, acid-fast bacilli; TB, tuberculosis.


The survival time was shorter in the TB-related death group (56.4 ± 83.0 days) than in the non-TB-related death group (90.6 ± 92.1 days). The distribution of treatment duration for TB-related and non-TB-related deaths was right-skewed (Figure 3). The median survival times were estimated to be 22 days (interquartile range [IQR], 9–59 days) and 60.5 days (IQR, 24.75–126 days) in the TB and non-TB-related death groups, respectively, indicating that half of the deceased patients died within 1–2 months of treatment initiation.

[image: Figure 3]

FIGURE 3
 Violin plots for treatment duration comparing TB- and non-TB-related deaths. TB, tuberculosis.




3.3. Model for prediction of death

Logistic regression was performed to predict the risk of death for TB-related and non-TB-related causes. Table 3 summarizes the results of the univariable analyses for TB and non-TB-related deaths. In multivariable analyses, all-cause death was independently associated with older age (Odds Ratio (OR) = 1.04, 95% Confidence Interval (CI) = 1.04–1.05), male sex (OR = 1.22, 95% CI = 1.08–1.41), lower BMI (OR = 0.91, 95% CI = 0.89–0.93), heavy drinking (OR = 1.28, OR = 1.01–1.61), heart disease (OR = 1.25, 95% CI = 1.02–1.54), liver disease (OR = 1.66, 95% CI = 1.19–2.32), kidney disease (OR = 2.32, 95% CI = 1.85–2.90), CNS disease (OR = 1.57, 95% CI = 1.33–1.84), CNS TB involvement (OR = 3.56, 95% CI = 2.31–5.48), dyspnea (OR = 1.58, 95% CI = 1.63–2.08), general weakness (OR = 1.96, 95% CI = 1.60–2.39), weight loss (OR = 0.70, 95% CI = 0.55–0.90), bilateral lesions (OR = 1.39, 95% CI = 1.22–1.58), and AFB smear positivity (OR = 1.41, 95% CI = 1.23–1.63).



TABLE 3 UnivaPriable and multivariable analysis for (A) TB-related and (B) non-TB-related deaths.
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TB-related death was independently associated with older age (OR = 1.035, 95% CI = 1.027–1.044), lower BMI (OR = 0.930, 95% CI = 0.896–0.965), and the presence of dyspnea (OR = 2.110, 95% CI = 1.633–2.727), fever (OR = 1.581, 95% CI = 1.172–2.134), general weakness (OR = 2.463, 95% CI = 1.774–3.416), bilateral lesions (OR = 1.728, 95% CI = 1.345–2.221), and AFB smear positivity (OR = 2.282–3.769) (Table 3A). Non-TB-related deaths were associated with older age (OR = 1.041, 95% CI = 1.036–1.046), male sex (OR = 1.392, 95% CI = 1.197–1.595), lower BMI (OR = 0.912, 95% CI = 0.894–0.931), heart disease (OR = 1.409, 95% CI = 1.134–1.752), liver disease (OR = 2.147, 95% CI = 1.532–3.009), kidney disease (OR = 2.574, 95% CI = 2.042–3.246), CNS disease (OR = 1.483, 95% CI = 1.245–1.766), CNS TB involvement (OR = 2.854, 95% CI = 1.762–4.621), the presence of dyspnea (OR = 1.589, 95% CI = 1.367–1.848), general weakness (OR = 1.620, 95% CI = 1.293–2.030), weight loss (OR = 0.732, 95% CI = 0.552–0.970), and bilateral lesions (OR = 1.261, 95% CI = 1.093–1.454) (Table 3B). The probability of death equations for all-cause, TB-related and non-TB-related deaths are presented in Supplementary Table S1.




4. Discussion

The clinical characteristics associated with TB-related and non-TB-related deaths, including comorbidities, symptoms, and microbiologic burden, were analyzed using a nationwide registry cohort. Our study revealed that the overall mortality rate of TB patients during the treatment course was 10.6% and that TB-related deaths accounted for 21.3% of all deaths. Older age, lower BMI, dyspnea, general weakness, and bilateral lesions were common risk factors for both TB-related and non-TB-related deaths. While fever and AFB smear positivity were independent risk factors in the TB-related death group, male sex, comorbidities of heart, liver, kidney and CNS diseases, and CNS TB involvement were risk factors in the non-TB-related death group. Considering that older age, lower BMI, dyspnea, fever, general weakness, bilateral lesions, and positive AFB smear were significant risk factors for TB-related death, when an underweight older adult patient with fever, dyspnea, and general weakness visits the clinic, TB should be suspected, and immediate examination and treatment should be considered. Preventing delays in diagnosis and treatment for patients at high risk of death is critical for reducing TB mortality. In addition, patients with TB presenting with bilateral lesions and positive AFB smears should also be considered candidates for intensive surveillance. Since TB-related death occurred early in the treatment course, patients with TB with risk factors require intensive monitoring, such as hospitalization or short-term outpatient follow-up, particularly in the early stages of treatment. Comorbidities such as heart, liver, and kidney diseases were associated with non-TB-related deaths; therefore, comprehensive care is required for patients with TB with these underlying diseases. Our findings may contribute to a better understanding of cause-specific TB mortality and the identification of patients with TB at risk of death.

Compared to studies conducted in Canada (18) and Taiwan (19), our study found a TB-related mortality rate of 2.26%. However, TB-related mortality rates in South Africa (7%), Australia (8.7%), and Russia (5.9–6.3%) were higher than that in our findings, potentially due to poor access to healthcare or higher rates of drug-resistant TB. In addition, 78.7% of the deceased patients with TB in our study died from causes other than TB. Aging and underlying comorbidities have been identified as risk factors for all TB deaths in both developed and developing countries (15, 19–22). In our study, comorbidities such as heart, liver, and kidney diseases were specific causes of non-TB-related mortality.

Several studies have reported relationships between symptom duration and mortality risk. Prolonged symptoms were associated with an increased risk of death in studies from Russia (23) and France (24) and a decreased risk of death in studies from Singapore (9), Taiwan (25), and Malawi (26). However, to our knowledge, few studies have examined the relationship between specific TB-related symptoms and mortality. We found that dyspnea, fever, and general weakness were more prevalent in deceased patients with TB, indicating that these risk groups required close follow-up.

Notably, weight loss showed protective effects against non-TB-related mortality in this study. Of the survivors, 7.4% experienced weight loss, compared to 6.6% of all deaths. Among those in the non-TB-related deaths group and the TB-related deaths group, 6.0 and 8.9%, respectively, experienced weight loss, indicating that weight loss reduces the risk of non-TB-related death. Patients who experienced weight loss were younger (51.6 ± 19.1 vs. 58.7 ± 17.3 years, p ≤ 0.001); therefore, the overall prevalence of comorbid diseases, including lung (3.3% vs. 5.7%, p = 0.003), heart (3.3% vs. 6.1%, p = 0.052), kidney (2.4% vs. 4.2%, p = 0.014), and CNS disease (5.0% vs. 10.5%, p ≤ 0.001), was lower in patients who lost weight, except for diabetes (26.0% vs. 20.4%, p ≤ 0.001). Since non-TB-related deaths were associated with advanced age and various comorbidities (Table 3B), these variables could account for the effect of weight loss, even after adjustment. However, further studies are required to understand the underlying pathophysiology.

Among radiographic and microbiological characteristics, bilateral lesions and AFB-positive smears and cultures were more likely to be present in deceased patients. AFB positivity was associated with TB-related death but not with non-TB-related death, confirming that it is an indicator that reflects the severity of TB in regions with low HIV prevalence, such as South Korea. Bacterial confirmation by Ziehl-Neelsen staining or mycobacterial culture was shown to be a mortality risk factor in regions with low HIV prevalence (9, 16), whereas smear-negative disease is associated with a poor prognosis in regions with high HIV prevalence (27).

We observed that TB pleurisy and CNS TB were more prevalent in deceased patients with extrapulmonary involvement. Extrapulmonary involvement was more prevalent in all TB deaths and TB-related-death groups in a Taiwanese study (19) and was a significant predictor of mortality in a Dutch study (22). However, in our study, the proportion of EPTB patients was lower in the TB-related-death group, potentially due to the differences in the proportion of EPTB subtypes among the study populations. TB pleurisy accounted for a relatively higher proportion of EPTB cases in the death group (62.5%) than in the survivor group (45.4%). Whereas TB LNP was present in 8.6% of patients in the death group and 21.2% of those in the survivor group, indicating that many patients with TB LNP in the survivor group had favorable prognosis. Seven (11.3%) of 66 patients with EBTB in the TB-related-death group presented with CNS TB; therefore, it was difficult to demonstrate a statistically significant relationship due to the small sample size, and additional research is needed. A limitation of our study was that it was difficult to determine the specific cause of non-TB-related death in deceased CNS TB patients.

The key strength of our study was the large number of notified TB cases collected systemically across the country, which represents the actual burden of TB in South Korea. In addition, our data included EPTB and drug-resistant TB, reflecting the overall TB burden. Therefore, the current study can serve as a guide for the planning and development of government healthcare policies.

This study had several other potential limitations that must be recognized. First, our data relied on reports from clinicians rather than direct observations by current investigators, which may have led to inaccuracies. Second, several prominent predictors, including HIV infection, duration of treatment delay, education level, and income, could not be analyzed due to missing data. However, we believe that the methodical approach to data collection, supported by TB nurse specialists as part of the national PPM TB control project, minimized the bias in this study.

In conclusion, even in settings with adequate resources and effective therapy, the mortality rate associated with TB remains high. To improve outcomes, a deeper understanding of cause-specific mortality and individualized monitoring based on each risk factor are required.
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Background: Tuberculosis (TB) is a complex disease associated with other medical conditions, that may affect disease severity. This study aimed to investigate the impact of comorbidities on treatment outcomes and mortality rates in patients with TB in Poland.

Methods: We analyzed a national cohort of 19,217 adult TB patients diagnosed between 2011 and 2016 in Poland. We compared treatment success rates and mortality rates in patients with comorbidities and those without to assess the impact of various comorbidities on these outcomes. Odds ratios (OR) were calculated to quantify the association between comorbidities and TB treatment outcomes.

Results: Patients with comorbidities had lower treatment success rates and higher mortality rates. Diabetes was identified as a significant risk factor for increased TB mortality (OR = 1.9) and mortality from all other causes (OR = 4.5). Similar associations were found for alcoholism (OR = 8.3 and OR = 7.1), immunosuppressive therapy (OR = 5.7 and OR = 5.9), and cancer (OR = 3.4 and OR = 15.4). HIV and tobacco use were associated with an increased risk of mortality from causes other than TB, with odds ratios of 28.6 and 2.2, respectively. The overall treatment success rate in the study population was 88.0%, with 9.2% of patients failing to achieve treatment success and 2.8% dying. Comorbidities such as diabetes, alcoholism, substance addiction, immunosuppressive therapy, cancer, and tobacco use increased the risk of tuberculosis treatment failure.

Conclusion: Patients with comorbidities face a higher risk of unsuccessful treatment outcomes and increased mortality. It is essential to implement integrated management strategies that address both TB and comorbid conditions to improve treatment success rates and reduce mortality.

KEYWORDS
 mortality, treatment outcome, Poland, tuberculosis, comorbidity


1. Introduction

Tuberculosis (TB) remains a major public health challenge worldwide, with an estimated 10.6 million new cases and 1.6 million deaths in 2021. Tuberculosis is second only to COVID-19 in terms of death from a single infectious agent (1). The burden of TB is not evenly distributed, with the majority of cases occurring in the South-East Asia (45%), Africa (23%), and Western Pacific (18%) regions, as reported by the World Health Organization (WHO) in 2021 (1). The Eastern Mediterranean (8.1%), Americas (2.9%), and Europe (2.2%) accounted for smaller proportions of TB cases. Poland, has made commendable progress in reducing the burden of TB and demonstrated significant strides toward pre-elimination, with a decline in TB incidence from 18 to 9.7 per 100,000 individuals between 2016 and 2021. MDR/RR-TB had been diagnosed in 1.7% bacteriologically confirmed TB cases in Poland (2). Despite the overall decrease in TB cases in Poland and Europe as a whole, there remains a crucial need to enhance our understanding of the factors influencing treatment outcomes and mortality rates among TB patients. The World Health Organization’s EndTB strategy has thoroughly examined various factors that impact the incidence and mortality of TB, with a particular focus on identifying modifiable elements such as the management of comorbidities (3). The relationship between tuberculosis and non-communicable diseases, as well as tuberculosis and other communicable diseases, should be considered in terms of comorbidity, causation, and healthcare. Assessing coexisting diseases is essential to evaluate commonalities, synergies, and challenges for integrating tuberculosis care and control efforts, and to suggest changes in health policies (4). Numerous studies have indicated that comorbidities, including diabetes, HIV, alcoholism, drug addiction, immunosuppressive therapy, cancer, and tobacco use, play a significant role in influencing both TB treatment outcomes and mortality rates (5–8). The risk of exposure, infection, and progression to active tuberculosis is affected by several risk factors, among which coexisting diseases are only one of the risk factors. One should also consider socio-economic and behavioral aspects (9). Socio-economic determinants of health encompass the societal, political, and economic circumstances within which individuals are born, grow, reside, labor, and age (10). All these factors contribute to the complex epidemiology of tuberculosis. However, it is important to note that TB epidemiology is characterized by its heterogeneity (11). The geographical variation in the burden of tuberculosis and associated comorbidities influences the necessity of tailoring medical strategies in different parts of the globe, while also not forgetting to experiences from other geographical regions (4). After identifying diseases coexisting with tuberculosis, the proper strategy for the prevention and management of chronic communicable and non-communicable diseases is an essential element for health systems strengthening, regardless of its geographical location (12). In order to make progress toward TB elimination, it is imperative to gain a better understanding of this heterogeneity and address it accordingly (13, 14). Therefore, conducting epidemiological analyzes at various levels and using different research methods is necessary. A crucial aspect of such assessments is the evaluation of registries maintained at the national level.

However, the impact of comorbidities on TB treatment outcomes in the Polish context has not been extensively investigated. Therefore, the present study aims to bridge this knowledge gap by examining the association between comorbidities and TB treatment outcomes as well as mortality rates among TB patients in Poland. According to the EndTB strategy, expanding knowledge about diseases associated with tuberculosis can allow for better planning of tuberculosis detection and treatment systems, taking into account local conditions.

The objective of this nationwide cohort study was to assess the influence of comorbidities on treatment outcomes and mortality rates in TB patients in Poland.



2. Materials and methods


2.1. Study design and population

This retrospective national cohort study exploited data from the National Tuberculosis Registry (NTR), which is operated by the National Tuberculosis and Lung Diseases Research Institute in Warsaw, Poland. The study population consisted of 34,365 TB patients notified between 2011 and 2016. Patients with missing or incomplete data on comorbidities or treatment outcomes were excluded from the analysis Finally, after the data curation process described above, patients who met the criteria of having confirmed tuberculosis, documented comorbidity, and a recorded treatment outcome were included in the analysis (N = 19,217). The study chart is presented in Figure 1.

[image: Figure 1]

FIGURE 1
 Study flowchart.




2.2. Data collection

Data on patient characteristics, comorbidities, and treatment outcomes were extracted from the NTR. The presence of comorbidities was assessed based on the International Classification of Diseases, Tenth Revision (ICD-10) codes recorded in the registry. We focused on comorbidities that have been consistently associated with worse TB treatment outcomes in previous studies: diabetes (E10-E14), HIV (B20-B24), alcoholism (F10), drug addiction (F11-F19), immunosuppressive therapy (Z79), cancer (C00-C97), and tobacco use (Z72.0, F17). According to the assumptions adopted by the National Tuberculosis Registry in Poland, the database included comorbidities that were considered as the primary comorbidity by the attending physicians. These categories were also used for further analysis.



2.3. Outcome categories

Treatment outcomes were primarily categorized according to the World Health Organization (WHO) definitions, including treatment success (cured or treatment completed), treatment failure, death, loss to follow-up, and not evaluated (15). Monitoring the effectiveness of TB treatment is crucial both in clinical practice and surveillance. Standardized TB treatment outcome definitions have been a significant aspect of WHO policies and national TB surveillance systems. In light of the changes in TB outcome definitions between 2013 and 2022, our analysis relied on WHO recommendations (16), while also maintaining the existing distinction in the Polish TB registry between TB-related deaths and deaths from other causes. Such differentiation can help assess the impact of comorbidities on treatment outcomes. The categories used in the NTR were utilized, including mortality defined as death due to tuberculosis, mortality not connected to tuberculosis, mortality for unknown reasons, patient transferred, and patient still under treatment. Finally, four categories were employed for the analysis. The first category is treatment success, which encompasses the combined categories of “cured” and “treatment completed.” Such a definition of treatment success is a WHO definition, which consists of “The sum of cured and treatment completed” (15).

This serves as the baseline level against which the risks of the other categories are compared. The second category is death due to tuberculosis, which includes cases of individuals who have died as a result of tuberculosis before or during treatment. The third category is death from causes other than tuberculosis, which combines cases of individuals deceased from any cause unrelated to tuberculosis before or during treatment, as well as cases where the cause of death was unknown. The fourth category is labeled as other treatment outcomes, which includes cases of treatment failure, treatment interruption or non-administration, cases where individuals were transferred to another facility, and cases where individuals are still undergoing treatment.




3. Statistical analysis

Descriptive statistics were used to summarize the baseline characteristics of the study population, stratified by comorbidity status. The association between comorbidities and TB treatment outcomes was examined using multinomial regression models. There were total 34,364 records for given 5-year period. 913 patients (almost 3% of all patients) had more than one TB episode during the analyzed 5-year period. To ensure the independence of data in the regression model, we decided to analyze only one record (corresponding to the earliest TB episode between 2012 and 2016) for each patient.

We encoded the result of treatment in the following way: “Treatment success”—merged categories “cured” and “ended treatment,” “Death—tuberculosis”—category “death from tuberculosis before and during treatment,” “Death—not tuberculosis”—merged categories “death from other cause before and during treatment” and “death—missing data on the cause of death,” “Other result”—merged categories “treatment failure,” “treatment interrupted or patient not treated,” “patient transferred” and “still under treatment.”

The comorbidity variable contains information about one main comorbidity for given patient and it can be either “none” or diabetes, alcoholism, drug addiction, HIV, immunosuppressive therapy, cancer or tobacco use. Due to missing data in comorbidity variable, the final dataset for the multinomial regression model consists of 19,217 records. We compared individuals without comorbidities (unexposed group) to those with various comorbidities (exposed group) in order to assess the influence of comorbidities on tuberculosis treatment outcomes.

For the final dataset for the regression model, descriptive statistics were presented: mean, standard deviation, minimum, 25% centile, median, 75% centile and maximum for continuous variables; count and percent for categorical variables.

To analyze the influence of main comorbidity on the result of tuberculosis treatment, we chose the multinomial regression model. The outcome variable, the result of treatment, has 4 levels described above. Last three levels can be considered as three different ways of treatment failure. Results of the model are presented in terms of odds ratios (and corresponding 95% confidence intervals and p-values) for those three treatment failure categories. They can be interpreted as risks of death from TB, death from different reason or other result of treatment in reference to treatment success, which is the baseline level of the outcome. Our dependent variable in the model is mortality from tuberculosis/other diseases, while comorbidities, relapse, gender, and age are explanatory variables, the independent ones. Baseline level of comorbidity variable is “none,” so the odds ratios can be interpreted as proportions of risk for patients with given comorbidity (e.g., diabetes) and no comorbidities. Model is age and gender adjusted.

Results of the model are graphically presented on forest plots with logarithm scale (due to high odds ratios for certain categories), separately for three categories of treatment failure. All statistical analyzes were conducted using R version 4.2.1 (The R Foundation for Statistical Computing) and a p-value < 0.05 was considered statistically significant.



4. Results


4.1. Characteristics of the study group and comorbidities

The demographic and clinical data and comorbidities of included patients are shown in Table 1 and Figures 2, 3.



TABLE 1 Baseline characteristics of the study group (n = 19,217).
[image: Table1]

In the subset of patients included in the multinomial regression model (n = 19,217), the mean age was 52 years (SD = 17.4), with a median of 53.0 years (IQR = 40.0–63.0). The age range varied from 0.0 to 101 years. Among these patients, 67% were male (n = 12,838), and 33% were female (n = 6,379).

The distribution of TB cases across the years in this subset was as follows: 2012 (24%), 2013 (22%), 2014 (19%), 2015 (17%), and 2016 (17%). The majority of cases were new TB cases (92%, N = 17,610), while relapse cases accounted for 8% (n = 1,607).

Among the patients included in the analysis (n = 19,217), the majority of them (88%) achieved a favorable outcome and were classified as “treatment success.” A small proportion (0.8%) died due to tuberculosis, while 2.0% died to causes other than tuberculosis. Additionally, 9.2% of the patients had other treatment outcomes, meaning they did not achieve treatment success.

In terms of comorbidities, 34% of the patients had reported at least one type of primary comorbidities. Among those with documented comorbidities, the most common were diabetes (5.9%), alcoholism (12%), nicotinism (9%), immunosuppressive therapy (1.5%), and cancer (4.2%), HIV (0.4%). Other comorbidities such as drug addiction, were less Figures 1, 2 present the distribution of age and sex among tuberculosis patients with comorbidities and without comorbidities.

[image: Figure 2]

FIGURE 2
 The charts illustrate the age and sex of patients in the group with no reported comorbidities, divided into subgroups based on treatment outcomes.


In the study group, there were 421 cases in the age range of 0–18 years, which accounts for 2.2% of the total. Descriptive data of pediatric patient subgroup have been presented in Table 2.



TABLE 2 Baseline characteristics of the pediatric subgroup (ages 8–18 years) of the study group (n = 421).
[image: Table2]



4.2. Mortality rates

During the study period, 537 [2.79, 95% CI: (2.57–3.04%)] patients died while on TB treatment. 152 [0.79, 95%CI: (0.67–0.93%)] cases were notified as death due to tuberculosis and 385 [2.00, 95%CI: (1.81–2.21%)] as death for all other reason.

In the multinomial regression analysis, the presence of comorbidities was significantly associated with a higher risk of mortality.

Detailed data is presented in Table 3. In the presented table, the results of an analysis examining the association between comorbidities and mortality in tuberculosis patients are shown. The table includes adjusted odds ratios (OR) and 95% confidence intervals (CI) for various comorbidities. The reference category or baseline, represented by the “Intercept” column, corresponds to the group of patients without any comorbidities.



TABLE 3 The impact of comorbidities on the risk of death due to tuberculosis, the risk of death from all other causes excluding tuberculosis, and the risk of outcomes other than treatment success.
[image: Table3]

For the outcome “Death—tuberculosis, “the following comorbidities showed significant associations; for patients with diabetes, the odds of death from tuberculosis were 1.90 times higher compared to the patients without comorbidities. The same for alcoholism—the odds of death from tuberculosis were 8.34 times higher, for immunosuppressive therapy, the odds ratio 5.78 times higher and cancer the odds of death from tuberculosis were 3.37 Age was associated with higher odds ratio of death due to tuberculosis, with 5% higher odds ratio per every year.

For the outcome “Death—not tuberculosis, “similar associations can be observed. For patients with diabetes odds of death from all, other than tuberculosis reasons tuberculosis were 4.54 times higher compared to the patients without comorbidities, alcoholism showed OR 7.01, drug addiction OR 22.47, HIV 28.63, immunosuppressive therapy OR 5.94, cancer 15.38, and nicotine addiction 2.20. In addition older age show significantly higher odds of death compared to the patients without comorbidities.

In comparison of genders, it was found that women had a significant lower likelihood of death with OR (0.505) comparing to man when death for other than tuberculosis reason was analyzed.



4.3. Treatment outcomes

Overall, the treatment success rate among the study population was 87.9% [95%CI: (87.5–88.4%)]. 42.1% [95%CI: (41.4–42.8%)] patients were notified as cured and 45.8 [95%CI: (45.1–46.5%)] as a treatment completed. In the group that did not achieve treatment success (i.e., belonged to the category “other”), there were 9.26% [95%CI: (8.86–9.68%)] of all the individuals.

The comparisons of the impact of comorbidities on different outcomes are presented in Figures 4–6.
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FIGURE 3
 The charts illustrate the age and sex of patients in the group with reported comorbidities, divided into subgroups based on treatment outcomes.


[image: Figure 4]

FIGURE 4
 The figure illustrates the risk of mortality from tuberculosis among TB patients with specific comorbidities.


[image: Figure 5]

FIGURE 5
 The figure presents the risk of mortality from causes other than tuberculosis among TB patients with specific comorbidities.


Figures 7, 8 present more detailed information on the age and gender of patients with tuberculosis and comorbidities such as diabetes and alcohol addiction.

[image: Figure 6]

FIGURE 6
 The figure presents the risk of the “other result” outcome category, indicating treatment failure, treatment interruption or patient not treated, patient transfer, and patients still under treatment among TB patients with specific comorbidities.


[image: Figure 7]

FIGURE 7
 The charts illustrate the age and sex of patients in the group with diabetes mellitus, divided into subgroups based on treatment outcomes.


In our analysis, the clear influence of gender on the odds ratio of death and the likelihood of treatment success is notable. Women have a 50% lower odds ratio of death from causes other than tuberculosis and a 27% lower odds ratio of achieving an outcome other than treatment success in tuberculosis. In women, there is also a tendency toward a lower odds ratio of death due to tuberculosis, although the result was not statistically significant in this case (Figures 4, 5).

[image: Figure 8]

FIGURE 8
 The charts illustrate the age and sex of patients in the group with alcohol addiction, divided into subgroups based on treatment outcomes.





5. Discussion

The findings of this study contribute to the growing body of evidence on the influence of comorbidities on TB treatment outcomes and mortality rates. Our results indicate that the presence of comorbidities, as diabetes, HIV, alcoholism, drug addiction, immunosuppressive therapy, and cancer, is associated with lower treatment success rates and higher mortality among TB patients in Poland. These findings are consistent with studies conducted in other countries and settings, highlighting the importance of addressing comorbidities in TB management.

Diabetes has been well-documented as a significant risk factor for TB, as well as an important predictor of adverse treatment outcomes. Both the risk of tuberculosis occurrence in diabetic patients (5, 17) and the impact of diabetes on tuberculosis treatment outcomes were analyzed (18–21). In general, it has been found that the coexistence of diabetes and tuberculosis increases the risk of death, treatment failure, and disease relapse (20). Studies were conducted in multiple regions of the world showing slightly different results. A systematic review and meta-analysis by Gautam in South Asia countries (18) found that TB patients with diabetes had a 1.7 times higher risk of death and a 1.7 times higher risk of TB treatment failure compared to those without diabetes. In Africa, in a study of Faurholt-Jepsen (22), diabetes was associated with a five-fold increased risk of mortality (RR 5.09) among HIV uninfected, and a twofold increase among HIV co-infected patient (RR 2.33). In the WHO European Region, in a study of Sahakyan, 5.8% of TB patients had diabetes and the odds of TB treatment failure was 8.99 times higher in diabetes patients (23). So far, however, there has been a lack of such data regarding the Polish population.

Considering the impact of diabetes on mortality and TB treatment outcomes, it is crucial to acknowledge the variations in diabetes prevalence in active tuberculosis across different regions of the world. In the meta-analysis of Noubiap (24), significant regional differences were observed, with the highest prevalence found in North America and the Caribbean (19.7%), the western Pacific (19.4%), southeast Asia (19.0%), and the Middle East and North Africa (17.5%). These regions had significantly higher prevalence estimates compared to Africa (8.0%), South and Central America (7.7%), and Europe (7.5%).

In our study, 5.9% of TB patients had diabetes. Diabetes increased the risk of tuberculosis-related mortality by 2 times and the risk of all-cause mortality by 4.5 times. Additionally, diabetes significantly reduced the chances of treatment success. These results are generally consistent with studies conducted by other authors, although it is noteworthy that there is a quite low prevalence of diabetes in our tuberculosis patient population but a high risk of deaths in this group. This may be considered in the context of the age of the patients in the studied cohort, with a median age of 53 years, which is slightly higher than in other similar studies. Another element that needs to be taken into account is the possibility of underdiagnosing diabetes in the study population. However, considering the traditional model of tuberculosis treatment in Poland, where the majority of patients initiate treatment in hospitals, this is unlikely.

The factors responsible for the connection between tuberculosis and diabetes are diverse and involve compromised immunity, heightened vulnerability to infection, and diminished response to TB treatment due to potential drug interactions and inadequate glycemic control (25). Unfortunately, with limited registry data, we cannot draw too deep conclusions about the pathophysiology of these processes in our study population.

In our study, we found a strong association between HIV and mortality, with HIV-positive patients having a 22 times higher risk of mortality from causes other than tuberculosis during TB treatment. Similarly, living with the HIV virus tends to elevate the risk of death due to tuberculosis, although this observation did not reach statistical significance in this case (OR = 6.52, p = 0.068), what was associated with the low number of death cases in this group. This finding aligns with previous research and global registry data, which demonstrate that individuals infected with HIV are more susceptible to tuberculosis. They face a significantly higher risk—up to 20 times—of developing active TB compared to those without HIV, and they also have a substantially greater risk of treatment failure and death (1, 7, 26–28).

According to recent WHO data, among all incident cases of TB in 2021, 6.7% were people living with HIV. The proportion of people with a new episode of TB who were coinfected with HIV was highest in countries in the WHO African region, exceeding 50% in parts of Southern Africa (1).

We found, that in Poland only 0.4% of tuberculosis patients were infected with HIV in a period of analysis. This prevalence of HIV infection reflects a relatively favorable epidemiological situation in Poland regarding HIV virus incidence (29).

HIV-related immunosuppression increases the risk of TB reactivation, rapid progression, and dissemination, leading to more severe disease and higher mortality rates (30). Furthermore, managing TB-HIV co-infected patients is complex due to drug–drug interactions, overlapping toxicities, and immune reconstitution inflammatory syndrome (31). Drawing conclusions from our study, it is always recommended to recommend co-diagnosis of TB and HIV and strengthen the competencies of pulmonologists and infectious disease doctors in the management of both diseases.

Alcoholism and drug or substance addiction have been recognized as significant factors contributing to unfavorable TB treatment outcomes. These associations can be attributed to a combination of various factors. Firstly, individuals struggling with alcoholism or drug addiction may experience compromised immune systems, making them more susceptible to TB infection and hindering their ability to effectively combat the disease (32). Secondly, the increased risk of reinfection among this vulnerable population further complicates their treatment outcomes (33). Persistent exposure to TB in environments where substance abuse is prevalent can lead to recurring infections, making it challenging to achieve successful treatment outcomes (34). Moreover, the issue of poor treatment adherence among individuals grappling with addiction plays a critical role in the treatment’s effectiveness. Substance abuse can lead to erratic behavior, making it difficult for patients to follow the prescribed TB treatment regimen consistently, leading to treatment failure or drug resistance. Lastly, social marginalization can exacerbate the situation (35). People struggling with alcohol or substance addiction may face stigmatization and lack of support, which can negatively impact their access to proper healthcare and their ability to engage in sustained TB treatment (32, 35, 36). Furthermore, alcohol and drug use disorders may contribute to diagnostic delays, leading to advanced disease at presentation and a higher risk of mortality (37, 38). In our study, which included the entire cohort of tuberculosis patients in Poland, alcoholism was found to be a significant factor associated with treatment failure and increased mortality. Patients with alcoholism had an 8-fold higher risk of death due to tuberculosis, a 7-fold higher risk of death from other causes, and a 3.8-fold higher risk of treatment failure. Similarly, the situation was the same with substance addiction and the risk of death or treatment failure. Patients with substance addictions had a nearly 20-fold increased risk of death from causes other than tuberculosis. We observed a high prevalence of individuals with alcohol addiction, accounting for 12%, and a low prevalence of substance addiction. This reflects the situation in Poland, where alcohol consumption remains relatively high. Our results are generally consistent with studies conducted in other countries, which demonstrate a clear impact of alcohol and substance addiction on mortality and treatment outcomes in tuberculosis patients (38, 39).

Immunosuppressive therapy is another factor that can negatively impact TB treatment outcomes. Patients receiving immunosuppressive drugs, such as corticosteroids or biologic agents, are at an increased risk of TB reactivation and progression to active disease (40, 41). In HIV infection and immunosuppressive therapy, the formation of granulomas in the affected area is altered. As immune suppression progresses, there is a decrease in macrophage activation, resulting in fewer epithelioid and Langhans giant cells. In advanced HIV, the granuloma structure becomes poorly organized, with increased necrosis and an influx of neutrophils, in addition to substantially higher numbers of M. tuberculosis. The risk of disease progression increases with the advancement of immune suppression (42).

In our study, there were 1.5% of patients with immunosuppression. This group included individuals who were treated with immunosuppressive drugs or corticosteroids. These individuals had a 5.7-fold higher risk of death due to tuberculosis, a 5.4-fold higher risk of death from other causes, and an 80% higher risk of treatment failure.

In TB patients with concurrent cancer, we noticed a higher risk of deaths from causes other than tuberculosis and an elevated risk of treatment failure compared to tuberculosis patients without cancer. In our registry, deaths from causes other than tuberculosis included all other reasons recorded on the death certificate (e.g., heart attack, pulmonary embolism, etc.) except for tuberculosis. A 15-fold increased risk of death in cancer patients seems understandable in the context of neoplasm disease severity. However, the three-fold increase in the risk of death specifically due to tuberculosis raises some discussion. This is likely associated with the overall effects of the cancer disease and the impact of anticancer treatment on the immune system. Cancer is also linked to an increased number of TB cases, potentially attributed to a combination of factors including compromised immune function, malnutrition, and the toxic effects of chemotherapy (43). Moreover, TB diagnosis and treatment can be more challenging in cancer patients due to atypical presentations, overlapping symptoms, and the need to balance TB treatment with cancer therapy (44).

In our study, 9% of tuberculosis patients were tobacco smokers. However, self-reported tobacco smoking information poses a potential study bias, as objective assessments were not feasible. We would expect higher values, but unfortunately, due to the nature of registry data, objective assessments such as measuring cotinine levels in blood or urine were not feasible. Therefore, we have to rely on the results provided by the physicians who submitted the data to the registry.

The smoking group had a 2.2-fold higher risk of death from causes other than tuberculosis and showed no differences compared to the non-smoking group in terms of death due to tuberculosis. At the same time, tobacco smoking increased the risk of treatment failure by 30%. Our observation regarding the decreased likelihood of treatment success is consistent with previous studies. In a meta-analysis conducted by Wang et al. (45), it was found that cigarette smoking is associated with unfavorable treatment outcomes and delayed conversion to negative smear or culture.

The analysis conducted by Burusie et al. (46) also indicated a negative impact of tobacco smoking on tuberculosis outcomes. However, similar to our study, no direct association between tobacco smoking and tuberculosis-specific mortality was observed. Perhaps, the increased mortality from causes other than tuberculosis among smokers in our group was related to other tobacco-related diseases, such as lung cancer or chronic obstructive pulmonary disease.

The findings of this study have important implications for TB control efforts in Poland and beyond. Based on the WHO “Framework for Collaborative Action on Tuberculosis and Comorbidities” (47), our results support the need for integrated, patient-centered care that addresses both TB and comorbidities. This includes early detection and management of comorbidities, appropriate TB treatment regimens, and close monitoring of patients with comorbid conditions.

Several limitations should be considered when interpreting the results of this study. The study was based on data from a single country, limiting the generalizability of the findings to other settings. However, the national wide cohort and the inclusion of multiple comorbidities contribute to the robustness of the analysis. Future research should focus on investigating the impact of comorbidities on TB treatment outcomes in different populations and settings, as well as evaluating the effectiveness of interventions targeting comorbid conditions in improving TB control efforts.

In conclusion, this study contributes to the growing body of evidence on the influence of comorbidities on TB treatment outcomes and mortality rates in Poland. Our results indicate that the presence of comorbidities, such as diabetes, HIV, alcoholism, drug addiction, immunosuppressive therapy, and cancer, is associated with lower treatment success rates and higher mortality among Polish TB patients.

Our study emphasizes the importance of addressing comorbidities in TB management. For example, implementing smoking cessation programs and measures aimed at limiting alcohol and substance abuse (48).

To effectively address the challenges posed by comorbidities in TB patients, a multifaceted approach is required. Health systems need to prioritize the integration of TB and comorbidity care, ensuring that patients receive comprehensive and coordinated management for their conditions (47, 49).

Furthermore, public health programs should focus on addressing the social determinants of health that contribute to the development and exacerbation of comorbidities in TB patients. This includes addressing factors such as poverty, inadequate housing, and limited access to healthcare services, which can increase the vulnerability of individuals to TB and other health conditions. Targeted interventions aimed at reducing the prevalence of risk factors for comorbidities, such as tobacco and alcohol use, can also play a crucial role in improving TB treatment outcomes and reducing the overall burden of disease.
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Introduction: Truenat MTB-RIF assay (Truenat), a nucleic acid amplification test (NAAT), is a real-time polymerase chain reaction (RT-PCR) chip-based assay that can detect Mycobacterium tuberculosis (Mtb) and rifampicin (RIF) drug resistance using portable, battery-operated devices. The National TB Elimination Program (NTEP) in India introduced this novel tool at the district and subdistrict level in 2020. This study aimed to assess the level and causes of inconclusive results (invalid results, errors, and indeterminate results) in MTB and RIF testing at NTEP sites and the root causes of these in the programmatic setting.

Methods: Truenat testing data from 1,690 functional Truenat sites under the NTEP from April to June 2021 were analyzed to assess the rates of errors, invalid MTB results, and indeterminate RIF results. Following this analysis, 12 Truenat sites were selected based on site performance in Truenat testing, diversity of climatic conditions, and geographical terrain. These sites were visited to assess the root causes of their high and low rates of inconclusive results using a structured checklist.

Results: A total of 327,649 Truenat tests performed for MTB and RIF testing were analyzed. The rate of invalid MTB results was 5.2% [95% confidence interval (CI): 5.11–5.26; n = 16,998] and the rate of errors was 2.5% (95% CI: 2.46–2.57; n = 8,240) in Truenat MTB chip testing. For Mtb-positive samples tested using the Truenat RIF chip for detection of RIF resistance (n = 40,926), the rate of indeterminate results was 15.3% (95% CI: 14.97–15.67; n = 6,267) and the rate of errors was 1.6% (95% CI: 1.53–1.78; n = 675). There was a 40.1% retesting gap for Mtb testing and a 78.2% gap for inconclusive RR results. Among the inconclusive results retested, 27.9% (95% CI: 27.23–28.66; n = 4,222) were Mtb-positive, and 9.2% (95% CI: 7.84–10.76; n = 139) were detected as RR.

Conclusion: The main causes affecting Truenat testing performance include suboptimal adherence to standard operating procedures (SOPs), inadequate training, improper storage of testing kits, inadequate sputum quality, lack of quality control, and delays in the rectification of machine issues. Root cause analysis identified that strengthening of training, external quality control, and supervision could improve the rate of inconclusive results. Ensuring hands-on training of technicians for Truenat testing and retesting of samples with inconclusive results are major recommendations while planning for Truenat scale-up. The recommendations from the study were consolidated into technical guidance documents and videos and disseminated to laboratory staff working at the tiered network of TB laboratories under the NTEP in order to improve Truenat MTB-RIF testing performance.

KEYWORDS
 Truenat MTB-RIF testing, MTB invalid/errors, RIF indeterminate/errors, Truenat inconclusive results, RIF indeterminate, errors in Truenat testing, root cause analysis


1. Introduction

India remains the country with the world’s highest TB burden, with an estimated incidence of 2,950,000 (2,510,000–3,440,000) and with notification of 2.14 million TB cases in 2021; this is 18% higher than the incidence in 2020 and also represents 27% of global TB case notifications in 2021 (1). However, there was a very large gap between the number of people who fell ill with TB in 2021 and the number newly diagnosed and reported, as compared to 2019. This global gap may be attributed to both under-diagnosis and under-reporting of TB cases. To enable rapid TB testing, the WHO has recommended low- and moderate-complexity nucleic acid amplification technology (NAAT) for use in the initial diagnostic test. Among the forms of low-complexity NAAT testing available for use in peripheral settings, the WHO has recommended the use of Xpert MTB/RIF, Xpert MTB Ultra, Truenat MTB, MTB plus, MTB-RIF Dx, and TB LAMP assays (2). Of the 49 high-burden countries globally, 26 countries have reported the use of molecular tests as an initial diagnostic test for more than half of their notified cases (1). Following the WHO recommendation, India was the first country to implement Truenat MTB-RIF as an upfront molecular test, as early as 2020, under the National TB Elimination Program (NTEP) (3, 4).

Truenat MTB-RIF assay is a novel TB diagnostic tool developed by Molbio Diagnostics Pvt. Ltd., Goa, India. It is a real-time polymerase chain reaction (RT-PCR) chip-based assay that can detect Mycobacterium tuberculosis (Mtb) and rifampicin (RIF) drug resistance. With the combined advantages of affordability, simplicity in operations, diagnostic sensitivity, and portability, this micro-PCR device represents a strong candidate for wide-scale use in resource-limited settings (5).

Truenat MTB-RIF was implemented under the restrictive circumstances of COVID-19 in 2020, when TB testing was enormously reduced due to countrywide re-routing of Truenat machines for COVID-19 testing. By the end of 2021, over 1,972 Truenat machines were deployed at the district and subdistrict level under the NTEP in order to fast-track the upfront molecular testing of presumptive TB patients and identify rifampicin drug resistance in Mtb-positive specimens. However, the positioning of this rapid molecular TB diagnostic tool across peripheral laboratories under the NTEP in India was challenged by the rates of inconclusive Truenat results (“invalid,” “indeterminate,” or “error”). A multicenter validation study conducted previously in four reference laboratories under the NTEP showed operational advantages for the use of Truenat as an upfront molecular test (6). The diagnostic accuracy of Truenat in primary health settings and reference laboratories has been previously evaluated and found to be sufficient in a multicenter study across four different countries (7). Both studies were conducted in fewer testing centers with a controlled set-up, a limited sample size, and appropriate training of the laboratory technicians. In contrast, the present study aimed to assess the rate of inconclusive Truenat results in real-world situations and to determine their root causes. This knowledge is needed in order to optimize the testing performance of Truenat MTB-RIF, to ensure timely diagnosis, and thereby to reduce the magnitude of undiagnosed TB cases, not only in India but also in other countries that have rolled out Truenat as a molecular point-of-care tool to strengthen the TB diagnostic care cascade in national TB programs.



2. Materials and methods


2.1. Study design and settings

This was a retrospective cross-sectional study conducted at all functional Truenat sites under the NTEP in India. The study included all patients who were offered Truenat MTB-RIF testing as part of the TB diagnostic care cascade at testing sites under the NTEP across all states and union territories in India. No specific category of patients was excluded. Retrospective data on Truenat MTB-RIF testing were collected from the NTEP database and analyzed to determine the rate of invalid/indeterminate results. Truenat MTB-RIF testing uses two portable, battery-operated devices, namely, the Trueprep AUTO for nucleic acid extraction and a Truelab micro-PCR analyzer for amplification of the nucleic acids. The Truenat MTB-RIF sample pre-treatment pack contains buffers for liquefaction and lysis of the sample before the use of the Truenat AUTO for DNA elution. The lysate and elute are stored at room temperature until the completion of the tests or the end of the day, whichever is earlier. Elute DNA is subjected to amplification using a lyophilized master mix and loaded onto the Truenat MTB or RIF chip on a Truelab micro-PCR analyzer. RIF testing is conducted in the form of a reflex test for samples where MTB is detected. Re-testing for MTB or RIF is performed using the same elute or via repeat DNA extraction from the sample lysate or a fresh sample, based on the type of error or invalid result and the availability of a second sample (5). Truenat MTB testing is conducted on pulmonary and extra-pulmonary samples in the form of an upfront molecular test (2). Following the aforementioned analysis, visits were conducted to sites identified as producing high rates of invalid/indeterminate results to determine the root causes of inconclusive results; additionally, visits were conducted to a small number of sites with low rates of invalid/indeterminate results in order to understand the best practices.



2.2. Data collection and analysis

Retrospective Truenat testing data from 1972 functional Truenat sites for the period from April to June 2021 (2nd quarter 2021) were obtained from the NTEP and analyzed. Performance indicators for Truenat MTB-RIF testing (consisting of 45 variables) are collected from every testing site across the various states and union territories. These are submitted every quarter in the form of Microsoft Excel worksheets to CTD, India for performance monitoring. The inclusion criterion for entry into the analysis of Truenat MTB or RIF test performance was the completion of required variables as indicated for MTB or RIF testing. Truenat MTB data from 1690/1972 sites and RIF data from 1088/1972 sites were included in the study after validation, and the remaining sites were excluded from the respective analysis. Data were extracted from the individual worksheets of selected sites and curated into a single Microsoft Excel file for further analysis. The proportion of invalid and indeterminate Truenat results was analyzed and categorized according to the level of inconclusive results (Table 1).



TABLE 1 Classification of invalid MTB results and indeterminate RIF results under Truenat testing.
[image: Table1]



2.3. Root cause analysis

Of 1,690 sites analyzed, 81 met the inclusion criteria for site visits to determine the root causes of inconclusive results, and the remainder were excluded from this component of the study. The inclusion criteria were organized into five categories (A–E) depending on the rates of invalid/error results for MTB and indeterminate/error results for RIF. Additionally, for every criterion, specific exclusions were made based on the number of MTB or RIF tests performed per quarter (Table 2). Of these 81 sites, 12 were selected for root cause analysis visits (Figure 1). Site selection was performed based on a combination of criteria, including the rate of inconclusive Truenat results (Tables 1, 2) and several site parameters, including laboratory workload, geographical distribution, weather conditions, and the location of some sites in remote areas with sample transportation challenges.



TABLE 2 Site selection criteria for root cause analysis visits.
[image: Table2]
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FIGURE 1
 Figure shows the 12 Truenat sites visited for root cause analysis on a map of India. Three sites, marked in green, showed good performance for that quarter while nine sites, marked in yellow, showed poor performance during the study period.


Site visits were conducted to the selected Truenat sites (Figure 1) to assess the underlying reasons for inconclusive Truenat results. Representatives from the Central TB Division (CTD) and/or the Indian Council of Medical Research–National Institute for Research in Tuberculosis (ICMR-NIRT) Infectious Disease Detection and Surveillance (IDDS) team jointly conducted the root cause analysis visits between December 2021 and February 2022. Four to five team members participated in every visit; they included program managers, microbiologist(s) and/or biotechnologist(s), and implementing partners from different tiers of the TB diagnostic care cascade in India. During the visits, the laboratory and other work practices of the staff performing Truenat tests were observed, and the findings were documented after focus group discussions with laboratory technicians (LTs), senior TB laboratory supervisors (STLSs), and District TB Officer (DTO) of each site using a comprehensive checklist (Supplementary Table S1). The checklist included site characteristics such as laboratory infrastructures, workload capacity, and turnaround time, as well as qualitative questions covering key areas of operational procedures related to Truenat testing, such as training and competency assessment, availability of SOPs, storage conditions of reagents and kits, quality assurance systems, equipment upkeep, sample transportation, technical procedures, and recording and reporting practices. The checklist included questions aiming to identify the root causes of high rates of invalid and/or indeterminate results at individual sites. Root cause analysis were performed based on the answers obtained from the site visits (Figure 1).

Qualitative data analysis involved the identification, examination, and interpretation of the information collected in order to identify emergent patterns and common themes related to the occurrence of invalid/indeterminate Truenat results at the selected sites.




3. Results


3.1. Truenat MTB testing

Data reported between April and June 2021 (3 months) by 1,690 Truenat sites distributed across 32 states and union territories (UTs) were analyzed. Of the 45 Truenat-related variables reported (which included both Truenat test performance and patient characteristics, with patients stratified into presumptive, presumptive drug-resistant, people living with HIV (PL-HIV), pediatric, extra pulmonary (EP), and previously treated TB cases), only 14 variables relevant to the study objectives (i.e., only those pertaining to Truenat test performance) were shortlisted for further analysis (Tables 3, 4). A total of 327,649 Truenat MTB and RIF resistance (RR) tests were conducted for the diagnosis of TB among presumptive TB patients and for the detection of RR among confirmed TB patients. Overall, 22.1% of the samples (72,504/327,649; 95% confidence interval (CI): 21.99–22.27) were identified as positive for Mtb. Among all TB patients/samples tested, the proportions of invalid MTB results and errors were 5.2% (n = 16,998; 95% CI: 5.11–5.26) and 2.5% (n = 8,240; 95% CI: 2.46–2.57), respectively, corresponding to a total rate of inconclusive Truenat results of 7.7%. A total of 40.1% (n = 10,124) of the inconclusive results were not retested. Among retested presumptive TB patients/samples (n = 15,114) with initially inconclusive MTB results, 27.9% (n = 4,222; 95% CI: 27.23–28.66) were detected as positive for Mtb (Table 3). Rates of invalid MTB results varied between states/UTs, from 0% in Manipur and Puducherry to 12.6% in Andhra Pradesh (Supplementary Figures S1A,B).



TABLE 3 Analysis of Truenat MTB testing.
[image: Table3]



TABLE 4 Analysis of Truenat RIF testing.
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3.2. Truenat RIF testing results

Among the 1,690 Truenat sites, 602 sites were excluded from the RIF testing analysis due to observed discrepancies in the reported data. These 602 sites had entered erroneous data that could not be validated into the Microsoft Excel sheets used for Truenat data collection. The types of discrepancies included: (i) mismatch in the data in terms of number of RIF tests as compared to total cases of MTB detected; (ii) data entered as zero (0) in the Excel sheets; (iii) identical entries in all variables (data duplicity); and (iv) a lack of data on RIF variables for some Truenat sites due to a lack of RIF chips and hence these sites not having performed Truenat RIF testing. Hence, a total of 1,088 sites were included in the RIF testing analysis; across these sites, 53.3% of samples having tested positive for Mtb (40,926/76,726, including repeats) were further evaluated via RIF testing. RR was detected in 4.9% (2,006/40,926; 95% CI: 4.70–5.12). The proportions of indeterminate results and errors in RR testing were 15.3% (n = 6,267;95% CI: 14.97–15.67) and 1.6% (n = 675;95% CI:1.53–1.78), respectively, corresponding to an overall rate of inconclusive results of 16.9%. Among the RR inconclusive results, 21.8% of patients (1,514/6,942) were retested for RR, and in 9.2% of these cases (139/1,514; 95% CI: 7.84–10.76), RR was detected (Table 4).

The rates of inconclusive results in RIF testing varied between states, from 4% in Jharkhand to 100% in Manipur and Puducherry states. However, Puducherry and Manipur reported only one and two samples as having been tested for RIF, respectively. As a very small number of samples were tested, proportions of inconclusive results in these states need to be considered as outliers (Supplementary Figures S2A,B).



3.3. Observations

In our root cause analysis, we defined uniform baselines of ≤5% invalid/indeterminate results for good performance in MTB-RIF testing and > 10% for poor performance. The rates of inconclusive results in Truenat Mtb testing were very low (<1%) in Manipur, Puducherry, Goa, and Sikkim states and high (>10%) in Uttarakhand and Rajasthan states. Likewise, the rates of inconclusive Truenat RR results were relatively low (<10%) in states like Jharkhand and Andhra Pradesh and very high (50%) in Nagaland, Sikkim, Manipur, and Puducherry states. There was wide variation in the proportions of inconclusive Truenat Mtb and RR testing results, which could have been influenced by the small number of tests conducted in some states and higher levels of testing in others (Supplementary Figures S1A, S2A). After qualitative analysis of the observations documented in the checklist during site visits, the major reasons, identified individually, for inconclusive MTB and RIF testing results were as follows.
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4. Discussion

The analysis of 327,649 presumptive TB patients tested in a 3-month period at 1,690 Truenat sites distributed across 89% of the states and UTs of India (n = 32) indicated that 22.1% of presumptive TB cases were Mtb-positive. This rate was higher than the 14.1% reported by Adam Penn-Nicholson et al. in a multi-country study (7) or the 13.0% reported by Abyot Meaza et al. in Ethiopia (8). The reason for the higher rate of Mtb-positives may be the testing of samples from smear-positive TB patients for universal drug susceptibility testing (UDST) in addition to presumptive TB patients at a small number of the sites. In India, a total of 2,197,757 Truenat MTB tests were performed in 2021, with a positivity rate of 20.5% (9). Our study indicated an MTB positivity rate of 22.1% during the period April to June 2022 in Truenat MTB-RIF testing.

In programmatic settings in India, a second sample from patients determined to be positive for Mtb should be sent to a culture and drug susceptibility testing (DST) facility for first−/second-line probe assay (FL/SL LPA), followed by liquid culture DST for all drug-resistant samples detected by LPA (10). In 2021, 29,84,636 presumptive TB patients were tested via NAAT, and Mtb was detected in 8,73,725. However, only 3,28,715 samples were tested via FL-LPA, and 46,733 resistant TB cases were identified. SL-DST was performed for 14,886 samples, but there are no reports on the numbers of samples tested by DST facilities for newer drugs (9). These numbers indicate a gap between initial and follow-on resistance testing and reinforce the need for efficient upfront molecular testing. The Truenat testing system has great aspirations to fill in this gap in the diagnostic pipeline. Under the DR-TB regimen, all patients except those whose samples indicate isoniazid resistance are started on an MDR/RR-TB regimen, and early identification of rifampicin resistance status could help with initiation of this treatment regimen.

Hands-on training is important for Truenat testing as, unlike GeneXpert, the process involves additional manual steps for DNA extraction and requires the handling of pipettes. Under a program fo POC molecular diagnosis, such as Truenat, it becomes highly critical that the lab technicians are well trained in the various methods and processes involved in the technique, such as micropipette handling and knowledge of workstation cleanliness, disinfection techniques, and proper operation of instruments. Even subtle factors in handling micropipettes, such as immersion angle, immersion depth, ergonomic practices, maintenance, and periodic servicing, are highly critical for good laboratory practice, which would help to consistently produce a higher rate of concordant molecular diagnosis of TB (11). Continuous monitoring of the competency of LTs by STLS/supervisory staff would help to resolve issues at the earliest possible stage. Although training of trainers was conducted by the NTEP in March 2020, cascade training of IRLs and district staff could not be carried out due to the COVID-19 pandemic. Virtual training sessions were conducted for the staff, which were not as effective as in-person, hands-on training. Considering this gap due to unforeseen situations, it has recently been suggested by the NTEP that all the IRLs conduct in-person training of staff.

Inconclusive results on the Truenat MTB-RIF occur for multifactorial reasons, all of which need to be addressed, and gaps between policies and testing efficiency must be identified (12, 13). In this study, the rates of invalid Truenat MTB/RIF results were lower (5.2%) compared to the 11.6% reported in Ethiopia (8), while the rate of inconclusive results (6.7%) corroborated those of a previous study in India (6). Despite the observed low proportions of inconclusive RR results (16.9%), these unsuccessful outcomes could lead to meaningful missed opportunities in DR-TB case detection. The lack of retesting of inconclusive RR results indicates the potential negative impact that the inconclusive Truenat results may have in DR-TB case detection. The study identified a testing gap of 41.1 and 78.2% for MTB and RIF testing, indicating a lack of knowledge of the current Truenat testing algorithm in India recommending retesting in the case of inconclusive results. The study indicates a need to draw up a plan for rigorous training emphasizing iteration of Truenat MTB-RIF testing to obtain a conclusive result. Samples eliciting inconclusive Truenat MTB-RIF results are recommended to be tested at the same testing site using the same DNA eluate, and if the outcome is not resolved, then a fresh specimen can be used (5, 10). A multicenter study conducted by FIND (the Foundation for Innovative New Diagnostics) showed that retesting of samples reduces inconclusive results from 6.2 to 1.7% for the Truenat MTB test (7). The performance indicator recommended for the rate of inconclusive results is <3% for MTB testing (5). With rigorous training, competency assessment, and quality monitoring by the Central TB Division (Ministry of Health and Family Welfare), with the respective NRL and IRL, the nation could achieve the expected level of technical proficiency. Additionally, the rate of indeterminate RIF results has been reported to be high for Truenat MTB testing, even after retesting, particularly when the bacillary load was low (7). The quality of the sample is also critical for proper diagnosis when using extrapulmonary specimens. Paucibacillary status and the presence of potential inhibitors of PCR in non-sputum samples pose additional challenges for the diagnosis of TB using molecular techniques, such as by the Truenat method (14, 15). Previous studies on Xpert MTB/RIF have also indicated similar issues with sample processing and operator error, indicating technical, machine maintenance, and operational issues leading to higher rates of inconclusive results (16, 17).

The MTB test results provide a cycle threshold (cT) value for the target gene and an estimated bacterial load in the form of colony-forming units per ml (CFU/ml) (5). Based on our study, we recommend the inclusion of cT and CFU/ml as additional information in the performance indicators for Truenat MTB testing. Low bacillary load samples and their corresponding RIF status could be validated, and this would improve the overall implementation and effectiveness of the Truenat MTB/RIF test.

The root cause analysis visits conducted at 12 selected sites showed that the main causes of inconclusive results included faults related to machine maintenance, inadequate sample quality, and inadequate quality control. The Guidelines for Truenat testing recommend performing a quality control test with negative and positive control samples routinely and on occasions when the storage temperature of the Truenat chips falls outside the recommended temperature range of 2–30°C (5). These issues need to be addressed appropriately to ensure the optimal outcome of Truenat testing at the peripheral level. Effective external quality control and formative supervision could help with this objective.

The main observations of our study include:

• The key observations made at the sites with <5% invalid MTB results and indeterminate RIF results were good pipetting practices, periodic machine maintenance, clean and clutter-free work surfaces subjected to regular disinfection, proper storage conditions for chips, timely processing of samples without any backlog, and proper liquification of samples.

• Errors in MTB and RIF testing were predominantly due to the pipette not being changed every 6 months as recommended by the manufacturer, as well as machine-related issues.

• Delays in rectification of machine faults by the service engineer contributed to higher rates of inconclusive results in Truenat assay.

However, we also observed that a well-performing site can also perform poorly if a well-trained technician is replaced with an untrained one, and vice versa. Supervision and monitoring of performance with proper recording of the reasons for an invalid or indeterminate test result, including error type, is essential. Reinforcement of retesting should be conducted across various sites to ensure a reduction in inconclusive results.

The limitations of this study are related to missing information from the retrospective data collected from the Truenat sites. The lack of complete data on MTB testing or the mismatched or missing data observed in the case of RIF testing may have led to the exclusion of a well-performing or poorly performing site, causing some degree of bias in our analysis. However, any recall bias during the site visit was mitigated by triangulating data from different sources (Truenat machines, physical laboratory records at the sites, and the Truenat indicators submitted to the CTD through designated reference laboratories under the NTEP). Another limitation was the restriction to 12 site visits from among 81 sites listed initially under various criteria. However, owing to travel restrictions due to COVID, the study personnel limited their visits to sites chosen based on their testing rates, performance, geographical location, climatic conditions, and remoteness to ensure that all factors were covered in the root cause analysis.



5. Conclusion

The present study has provided the desired knowledge on the magnitude and the potential negative impact of inconclusive Truenat results in DR-TB case detection and performed root cause analysis to identify appropriate solutions to optimize Truenat MTB-RIF testing. Our major findings substantiate the significance of retesting samples that produce inconclusive Truenat results and the value of this method in rapid DR-TB treatment initiation. Our key recommendations for Truenat MTB-RIF testing under the National TB Elimination Program of India, as well as other countries that have deployed Truenat MTB-RIF assay in their diagnostic algorithm, in order to optimize the implementation and outcomes of Truenat assay, include:

a. Dedicated staff;

b. Regular training of laboratory technicians;

c. Good documentation practice in Truenat MTB-RIF reporting;

d. Meticulous retesting to obtain a conclusive result;

e. Sample quality monitoring; proper storage and quality control;

f. Recording of pipette calibration and machine maintenance at all sites.

Our study showed that well-performing sites with high sample loads had met most of these requirements, which enabled good performance in Truenat MTB-RIF testing. The recommendations highlighted above were consolidated into guidance documents and videos and disseminated nationwide by the CTD, Ministry of Health and Family Welfare, Government of India, in order to improve Truenat MTB-RIF testing. The videos emphasized a set of Good Laboratory Practices (GLPs) and “Do’s and Don’ts” in Truenat MTB-RIF testing (18). Guidance on the roles and responsibilities of the program managers, laboratory supervisory staff, and technical staff to help optimize Truenat testing at NTEP sites was prepared (18). This guidance document included key factors, including programmatic aspects; technical aspects; aspects of recording and reporting; quality assurance; and instrument maintenance for efficient implementation, supervision, and performance of Truenat MTB-RIF assay.
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Introduction: In South Korea, public-private mix (PPM) has been a key strategy in national tuberculosis (TB) control program. This study aimed to identify rate of loss to follow-up (LTFU) among TB patients in nationwide PPM institutions and their risk factors.

Methods: A nationwide prospective observational study including drug susceptible TB patients diagnosed from the 1st day to the 10th day of every month between July 2018 and December 2020 in PPM institutions was designed. Multivariable survival models in which death and failure were designated as events with competing risk were used to investigate risk factors for LTFU.

Results: A total of 14,942 patients were included. Of them, 356 (2.4%) had an LTFU. Risk factors for LTFU were: underweight patients (adjusted hazard ratio (aHR): 1.47, 95% CI: 1.12–1.92), patients living alone (aHR: 1.43, 95% CI: 1.16–1.76), heavy drinkers (aHR: 1.67, 95% CI: 1.16–2.39), those with malignancy (aHR: 1.49, 95% CI: 1.07–2.05), foreigners (aHR: 5.96, 95% CI: 4.51–7.89), and those with previous TB history reported as an unfavorable outcome (aHR: 4.43, 95% CI: 2.77–7.08). Effect of age on LTFU was not significant. Brief interruption of anti-TB treatment (less than two months) in current session was associated with subsequent LTFU [adjusted odds ratio: 13.09 (10.29–16.66)].

Conclusion: Identifying vulnerability of patients such as living alone, being heavy alcoholics, being foreigners or having previous TB history reported as an unfavorable outcome is required. Thorough case management for these vulnerable groups could be feasible with collaboration between public and private sectors.
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1. Introduction

Tuberculosis is still a global threat. Approximately 1.6 million deaths were attributed to TB in 2021 globally (1). To reduce TB burden, a target of more than 90% of treatment success rate until 2025 has been suggested (2), although it remained at 86% globally in 2021 (1). For a successful treatment, maintaining adherence is essential. Poor adherence can lead to prolonged infectiousness, acquired drug resistance, relapse, and even death (3). Therefore, keeping patients’ adherence to anti-TB treatment is underscored in national TB control programs (NTP).

In South Korea, public-private mix (PPM) is a key strategy of NTP as most patients with TB in South Korea are managed in private sectors (4). PPM project was introduced in 2011 to resolve the stagnation in decline of TB incidence in early 2000’s due to a low treatment success rate in private hospitals (5). TB specialist nurses were dispatched to 184 PPM hospitals in 21 districts located all over the country to manage patients’ adherence. After implementation of the PPM project, TB incidence in South Korea has gradually decreased – from 100.8 cases per 100,000 population in 2011 to 44.6 cases per 100,000 population in 2021 (6).

In our previous study, we have reported reasons for loss to follow-up (LTFU) in TB patients in South Korea (7). Additionally, we have investigated risk factors for LTFU at the early stage of the PPM project (2011–2014) (8). However, these studies were basically cross-sectional or retrospective. In this nationwide prospective cohort study, we collected data in a time-to event form and analyzed risk factors for LTFU to identify which group we should focus on to prevent LTFU.



2. Materials and methods


2.1. Data source and study population

To improve management of patients in PPM institutions, TB specialist nurses in each PPM institution report several indicators for TB management and treatment outcome of enrolled TB patients to Korean Disease Control and Prevention Agency (KDCA) (9). In addition, to identify clinical characteristics of TB patients managed in PPM institutions, Korean TB cohort (KTBC), a prospective observational cohort, has been implemented since September 2018 (10, 11). Every TB patient notified from the first day to the tenth day in a month was automatically enrolled in KTBC on the date of TB notification. TB specialist nurses of 172 hospitals located all over the country collected baseline information with a prespecified case reporting form. Additional data such as results of 2-month sputum examination and those of drug susceptibility test (DST) were collected during anti-TB treatment. Final treatment outcome of each patient was reported at one year after the date of enrollment. Regional and central data managers check missing, incorrect, or inappropriate data every quarter of a year to improve data quality (10, 11).

In this study, TB patients enrolled in KTBC from September 2018 to December 2020 were included. Exclusion criteria were: (1) patients with reported rifampicin resistance from either genotype or phenotype DST, (2) patients who were enrolled after transfer from other hospitals, (3) patients who initiated anti-TB treatment at other hospitals, (4) patients who were finally diagnosed as not TB and reported as ‘diagnosis changed’.



2.2. Exposure variables

In KTBC, baseline demographic features such as age, sex, weight, height, families living together, nationality, smoking status, and alcohol habit were collected. Patients were classified into five age groups (< 20 years, 20–34 years, 35–49 years, 50–64 years, and ≥ 65 years). Body mass index (BMI) was calculated and categorized into three groups: underweight (BMI < 18.5 kg/m2), normal or overweight (BMI = 18.5–25 kg/m2), and obesity (BMI ≥ 25 kg/m2) (12). Heavy drinking was defined as more than eight drinks per week for males and more than four drinks per week for females (13). Underlying medical comorbidities such as diabetes mellitus (DM), chronic pulmonary, cardiovascular, hepatic, renal disease, neurologic disease, and autoimmune disease were surveyed. Initial TB-related symptoms such as cough, sputum, dyspnea, chest pain, hemoptysis, fever, general weakness, and weight loss were reported in KTBC. Six categories by previous TB treatment history were used: new patients, relapse, previous treatment failure, previous LTFU, other previously treated, and those with uncertain previous TB history (14). A bacteriologically confirmed TB case was defined as one who showed at least one positive result in smear microscopy, culture, or WHO-approved rapid diagnostic. Pulmonary TB (PTB) was defined as TB involving lung parenchyma or tracheobronchial tree. TB involving other organs was classified as extrapulmonary TB (EPTB). Patients with both PTB and EPTB were classified as PTB. A regimen of rifampin, isoniazid, ethambutol, and pyrazinamide was defined as standard regimen. Other compositions of first-line or second-line anti-TB medication were classified as modified regimen. Isoniazid mono-resistant TB (HrTB) was diagnosed based on results of either genotype drug susceptibility test (DST) or phenotype DST.

Patients who were still on treatment at one year after treatment initiation were classified as still on treatment regardless of a reason for prolonged treatment. For the rest of the cohort, one of the five treatment outcomes (treatment success, failure, LTFU, death, and transfer out) was assigned, which was defined according to the WHO’s criteria (14). Beside LTFU defined as treatment interruption for two consecutive months or more, any consecutive treatment interruption for a week or more but less than 2 months was investigated retrospectively at the time of outcome report for patients whose treatment outcome was reported as ‘treatment success’ or ‘LTFU’.



2.3. Statistical analysis

Patients enrolled in KTBC were prospectively followed up from the date of enrollment to the last date of anti-TB treatment in institutions where patients were enrolled. The rate of LTFU was calculated by each baseline demographic and clinical feature. Risk factors for LTFU were investigated in a time-to-event model considering competing risk using the Fine and Gray method (15). In our model, ‘LTFU’ was the outcome of interest, whereas ‘death’ and ‘failure’ were outcomes with competing risk. Other outcomes such as ‘treatment success’, ‘transfer out’, and ‘still on treatment’ were censored. To estimate the effect of prior treatment interruption for less than two months, a case (LTFU group) – control (treatment success group) study within a cohort was designed. Univariable and multivariable logistic regression analyses were performed, and odds ratio was presented. All statistical analyses were conducted with RStudio version 1.2.5033. Statistical significance was considered when two-sided p-value was less than 0.05.



2.4. Ethics statement

The Institutional Review Board (IRB) of Incheon St. Mary’s Hospital, the Catholic University of Korea approved the study protocol (IRB No. OC21ZNSI0063). KDCA has the authority to collect and analyze data for public health and research purposes according to the Tuberculosis Prevention Act. All patients’ records were previously anonymized. The need for Informed consent was waived by the IRB because this study was observational, and no patient was at risk for personal information leakage.




3. Results

Among TB patients enrolled during the study period, a total of 14,942 patients were finally included (Figure 1). Of them, 356 patients had LTFU. Baseline demographic and clinical features of included patients by six treatment outcomes are presented in Table 1. Mean age of the LTFU group was 56.3 ± 18.9 years, which was lower than that of total patients (61.0 ± 19.0 years). In the LTFU group, proportion of patients who were living alone (50.6%), foreigners (21.3%), and heavy drinkers (10.7%) were higher than those in total patients. Among medical comorbidities, chronic liver disease (3.4%) and malignancy (12.1%) had higher proportions than others in total patients. Asymptomatic patients accounted for 32.3% of the LTFU group, which was not quite different from that in total patients (31.3%). As for past TB history, previous LTFU and unknown TB history accounted for 6.5 and 3.4% in the LTFU group, respectively, which were higher than those in total patients (1.2 and 1.1%, respectively). In the LTFU group, EPTB accounted for 36.3%, higher than that in total patients (23.5%). Proportion of bacteriologically confirmed TB was 64.5% in the LTFU group, which was lower than that (77.2%) in total patients.
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FIGURE 1
 Flow chart showing patient enrollment.




TABLE 1 Baseline demographic and clinical features of enrolled TB patients by treatment outcome.
[image: Table1]


3.1. LTFU rate by baseline demographic and clinical features

Patients aged 20–34 years showed the highest LTFU rate (68.3 per 1,000 person-years) followed by those aged 50–64 years (50.7 per 1,000 person-years; Table 2). LTFU rate in older adult patients was lower (33.8 per 1,000 person-years) than in other age groups. TB patients who were underweight (59.6 per 1,000 person-years), those living alone (60.3 per 1,000 person-years), heavy drinkers (73.5 per 1,000 person-years), and foreigners (247.2 per 1,000 person-years) showed high LTFU rates. Additionally, patients with chronic liver disease (65.3 per 1,000 person-years), those with malignancy (62.6 per 100 person-years), those who complained of general weakness (62.4 per 1,000 person-years), those with previous TB history reported as unfavorable outcome (LTFU or failure) (212.8 per 1,000 person-years), and those with uncertain TB history (129.4 per 1,000 person-years) showed high LTFU rates. LTFU rates in patients with clinically diagnosed TB (58.9 per 1,000 person-years), those with EPTB (64.9 per 1,000 person-years), and those treated with modified regimen (67.7 per 100 person-years) were also relatively high. Cumulative incidence curves for LTFU by several baseline features are presented in Figure 2.



TABLE 2 Rate of loss to follow-up among enrolled TB patients by baseline demographic and clinical variables.
[image: Table2]
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FIGURE 2
 Cumulative incidence curves for loss to follow-up by several baseline features.




3.2. Risk factor for LTFU

Results of a multivariable survival analysis using explanatory variables such as age, sex, and significant (p < 0.100) variables in univariable analysis are presented in Table 3. Effect of age on LTFU was insignificant. Risk factors for LTFU were: patients who were underweight (adjusted hazard ratio (aHR): 1.47, 95% CI: 1.12–1.92, p = 0.005), those living alone (aHR: 1.43, 95% CI: 1.16–1.76, p = 0.001), heavy drinkers (aHR: 1.67, 95% CI: 1.16–2.39, p = 0.005), those with malignancy (aHR: 1.49, 95% CI: 1.07–2.05, p = 0.017), foreigners (aHR: 5.96, 95% CI: 4.51–7.89, p < 0.001), those with previous TB history reported as unfavorable outcome (aHR: 4.43, 95% CI: 2.77–7.08, p < 0.001), those with uncertain TB history (aHR: 2.81, 95% CI: 1.52–5.19, p = 0.001), those with clinically diagnosed PTB (aHR: 1.59, 95% CI: 1.16–2.18, p = 0.004), and those with EPTB (aHR: 2.01, 95%CI: 1.51–2.670, p < 0.001).



TABLE 3 Risk factors for LTFU among enrolled TB patients.
[image: Table3]

In a multivariable logistic regression model of case–control study, any consecutive interruption of anti-TB treatment for a week or more but less than two months was associated with subsequent LTFU [adjusted odds ratio (aOR): 13.09, 95% CI: 10.29–16.66, p < 0.001]. Furthermore, the effect of self-interruption on subsequent LTFU was significant (aOR: 18.01, 95% CI: 13.57–23.90, p < 0.001).




4. Discussion

In this study, we identified several groups showing high LTFU risk, including foreigners, patients with previous TB history reported as unfavorable outcome or those with uncertain TB history, those living alone, those with malignancy, and those who were underweight and heavy drinkers. Effect of age on LTFU was insignificant. In addition, prior treatment interruption, especially self-interruption during current TB episode, was associated with subsequent LTFU.

Previous LTFU has been found to be a significant risk factor for LTFU in previous studies (8, 16, 17), suggesting that reasons for previous LTFU are not easily improved, which might continuously affect LTFU during following treatment. We also found that a short interruption of anti-TB treatment heralded a subsequent LTFU. Directly observed treatment (DOT) is not widely implemented in South Korea due to the lack of manpower (18). Although patients with non-compliance are managed with telephone consultation and home visit, prevention of non-compliance in advance is more efficient in reducing transmission and development of drug-resistance than managing non-complaint patients which already occurred (19). Various digital adherence technologies could be applied selectively to TB patients with previous LTFU or those with short treatment interruption which can herald subsequent LTFU (Table 4).



TABLE 4 Estimated effects of any consecutive treatment interruption or self-interruption for more than a week but less than two months during anti-TB treatment on subsequent loss to follow-up [presented as odds ratios from case (LTFU group) – control (treatment success group) study].
[image: Table4]

In addition to DOT, medical or socioeconomic conditions associated with previous LTFU should be thoroughly investigated for each patient. In a previous study, adverse effects of anti-TB treatment were the most frequent causes for LTFU (7). Gastrointestinal discomfort was the most frequent adverse effect among TB patients in South Korea (20). Although there are recommendations for managing gastrointestinal discomfort in Korean guidelines for TB, such as modifying medication time after meal or before sleep, these solutions are mostly empirical. Additionally, efficacy and adequate duration of modified regimens such as rifampin-sparing regimen for patients who are not tolerable to rifampin are unknown (21). Evidence-based management of adverse effects of anti-TB treatment should be investigated and applied in clinical practice. Inadequate knowledge, attitude, and belief about TB would lead to patients’ refusal treatment (22), which is another major cause for LTFU (7). Enforced patient education and counseling program should be implemented, especially for patients with previous LTFU history and those with short treatment interruption during current TB treatment. Although rate of LTFU in each PPM hospital and each district is monitored as an key indicator for TB control in the PPM project (23), LTFU rate among patients with previous LTFU history should also be underscored.

Low BMI was associated with unfavorable outcome, especially death, in previous studies (24, 25). We found that LTFU risk was increased for TB patients who were underweight. Considering that patients with low BMI show slower gastric emptying and heightened visceral perception than those with normal or high BMI (26), the incidence of gastrointestinal discomfort during anti-TB treatment might be relatively high among TB patients who are underweight, which might have contributed to the high LTFU risk. Gastrointestinal discomfort was the most frequent adverse effect among TB patients and those who have LTFU (7, 20). Similarly, we presume that the high LTFU rate among TB patients with malignancy could be attributable to gastrointestinal discomfort which can be aggravated by anti-cancer chemotherapy. Moreover, anti-TB treatment could be easily interrupted due to minor adverse effects among TB patients with terminal cancer (7). High LTFU rate among these two groups underline the significance of managing adverse effect of anti-TB treatment and the role of medical staffs in PPM hospitals.

Foreigners showed higher LTFU rate than Korean TB patients in previous studies (8, 27). In the present study, we identified dozens of foreign TB patients who returned to their own countries without informing their attending medical staffs and reported as LTFU thereafter. As migration itself is a known risk factor for LTFU (28). Thus, thorough management during international transfer-out is needed, which requires cooperation with immigration offices. Moreover, considering that accessibility to healthcare services is often limited for immigrants due to difficulties in communication (29), effects of patient education and counseling might be insufficient for foreign patients. Burden of medical cost might also have an effect. Although all foreigners who stay in South Korea for 6 months or more are subjected to subscription to National Health Insurance (NHI) since 2019, proportion of foreigners enrolled in NHI remained at 76.8% of 1.6 million registered foreigners in 2021 (30). Since 2017, NHI has paid for full medical cost related to TB treatment (18). Considering that the role of public health centers in provision of curative services is limited in South Korea (31), medical cost could be a hurdle that limits visiting private hospitals among foreign TB patients not enrolled in NHI and undocumented foreigners with a number estimated to be 0.4 million in 2021 (32).

We identified TB patient living alone and heavy alcoholics as additional vulnerable groups for LTFU. Role of family support is crucial for patient adherence to treatment by providing emotional support, motivation and supervising patients’ medication (22, 33). However, due to rapid increase in nuclear families, the number of older adult people living alone is rising in South Korea. This leads to the lack of healthcare, poverty, social alienation, and depression among older adult population (34), which are all risk factors for non-adherence to treatment. In addition, heavy alcohol use is a well-known risk factor for LTFU (35). As in TB patients living alone, heavy alcohol use is a result of social marginalization (36), which is another major reason for LTFU (7). To tackle down these vulnerable groups, the government of South Korea has implemented enhanced case management based on vulnerability assessment since 2022 (37). In this vulnerability assessment, whether the patient has physical disability, difficulties in communication, psychological problem including substance abuse, any other comorbidities, difficulties in visiting hospitals, families living together, and adequate residence is investigated (38). For medical staff in private hospitals, these factors are difficult problems to deal with. Government’s role should be underscored in this issue. Additionally, beyond just identifying these vulnerabilities, feasible solutions should be investigated and assessed.

Interestingly, age was not associated with LTFU risk, which was discordant with results of a previous Korean study covering LTFU cases in the early period of the PPM project (2011–2014) (8). In that study, old age was associated with a high LTFU risk. Although direct comparison between the two studies is unfeasible due to different study design, decrease in LTFU between the two study periods was the most prominent among older adult TB patients. Older adult TB patients have a higher risk of adverse effects of anti-TB treatment (39). Adverse effects are known to be the most common reasons for LTFU (7). However, we presume that effects of active management of adverse effect, counseling, and patient education in PPM hospitals are the most prominent in older adult TB patient and successful implement of PPM project might in part contribute to a decrease in LTFU (40).

This study is the first prospective observational study investigating LTFU among nationwide TB patients in South Korea. However, it has several limitations. First, patients’ socioeconomic status such as income level was not investigated, although it was a significant factor for LTFU (41). Second, although a substantial proportion (11.8%) of enrolled patients were transferred out during the study period, their outcomes after transfer-out were not investigated. A previous study has shown hidden LTFU cases in South Korea during the process of inter-hospital transfer (8). However, as status of re-registration at transfer-in hospitals has been thoroughly checked by TB specialist nurses in initial hospitals since 2016, we assume that the risk of LTFU during process of transfer is insignificant as in the previous study. Third, although high-risk groups for LTFU were demonstrated in this study, the reasons and determinant factors for LTFU in detail were not covered in this study. Further studies are needed to investigate how to reduce LTFU risk among these high-risk patients by knowing reasons for LTFU.

In conclusion, previous LTFU history and brief interruption of anti-TB treatment in current treatment session are predictors for subsequent LTFU, which require enhanced case management. TB patients who were underweight and those with malignancy were high-risk groups. Thus, PPM hospitals should have an active management for adverse effects of anti-TB treatment. Foreigners, those living alone, and heavy alcoholics were vulnerable groups. For these groups, the role of government is underscored to prevent LTFU. Collaboration between private and public sectors is required.
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Background: Tuberculosis (TB) is the world’s leading infectious cause of death, killing millions every year. In Canada, considered a low-incidence country for TB, the burden of the disease is unequally distributed, with most cases of latent tuberculosis infection (LTBI) experienced by newcomers from endemic regions. The purpose of this study was to measure LTBI treatment acceptance and completion outcomes of LTBI treatment at the REACH clinic in Saskatoon, a local refugee clinic providing primary care-based LTBI management.

Methods: A retrospective case series by sampling methodology was applied to review patients who visited the REACH clinic between January 2017 and June 2021 and who had an interferon-gamma release assay (IGRA) or tuberculin skin test (TST) done for LTBI screening. Those with positive results were retained for analysis. The LTBI treatment acceptance and completion groups were compared according to demographic variables, WHO regions of origin, year of arrival to Canada, and LTBI treatment regimen.

Results: A total of 523 patients were screened for LTBI, of whom 125 tested positive, leading to a test positivity of 23.9%. The treatment acceptance rate was 84.8%, and the treatment completion rate was 93.3%. All of those who declined treatment were more than 18 years of age (p = 0.02). Otherwise, treatment acceptance and completion rates did not vary significantly in association with gender, categories of refugees, WHO region of origin, year of arrival to Canada, or LTBI treatment regimen used.

Discussion: The refugee clinic acceptance and completion rates in this study are high and meet Canadian TB standards of care. The multidisciplinary clinic model and community support are important facilitators, which, in combination with shorter treatment regimens, offer a path forward for LTBI management among refugees resettling in low-incidence countries.
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 latent tuberculosis, immigrant, refugee, Canada, community


1. Introduction

Once thought a “romantic disease” (1) and long since forgotten in popular culture, tuberculosis (TB) continues to be the world’s leading infectious cause of death that killed 1.4 million people in 2021 (2). With its latest general population incidence rate being 5.3 active TB cases per 100,000 in 2021, Canada is considered a low-incidence country and has been since the 1980s (3, 4). While incidence numbers are indeed relatively low within the general Canadian population, they do not reflect the deep inequities in the distribution of the TB burden (5). The vast majority of new TB infection diagnoses each year are among newcomers to Canada and Indigenous people, outlining how tuberculosis remains a disease of poverty, targeting marginalized populations disproportionally (5–7).

In 2001, Canada adopted the Stop TB Partnership goal of eliminating TB as a public health threat by 2030 (8), and in 2014, the country signed the World Health Organization (WHO)‘s Action Framework for Low-Incidence Countries for the pre-elimination goal of less than 1 TB case per 100,000 by 2035 (2, 9). Part of the path outlined by the WHO to reduce tuberculosis impact and eventually reach TB elimination in low-incidence countries such as Canada includes the detection and management of latent tuberculosis infection (LTBI) among higher-risk groups (10–13). Indeed, in low-incidence countries, most new active TB cases are due to the reactivation of LTBI. This makes people living with LTBI, while non-contagious, a reservoir for future active TB cases and possible subsequent transmission (13). For reference, a summary of the major differences between LTBI and active TB is outlined in Table 1.



TABLE 1 Major differences between LTBI and active TB.
[image: Table1]

Between 2013 and 2020, 70–72% of TB cases diagnosed in Canada were among individuals born outside of the country, and 42% of those cases occurred within 5 years of arrival (4, 5). For a variety of reasons, including a higher likelihood of being born in an area of high incidence and migrating through precarious conditions, refugees are at increased risk of tuberculosis infection compared to other newcomer categories (such as certain skilled workers or international students) (14). The most recent 2022 Canadian tuberculosis guidelines recommend targeted LTBI screening for refugees aged up to 65 years (15). In the absence of a formal national immigration LTBI screening and management program in Canada, the management of LTBI among refugees varies by province and is left to the discretion of healthcare providers (14, 16).

In Saskatchewan (SK), TB management (including LTBI) has been centralized through the provincial Tuberculosis Prevention and Control (TBPC) program since the 1980s (17). Until the establishment of the Refugee Engagement and Community Health (REACH) clinic in 2017, all TB regimen prescriptions were done exclusively by TBPC’s TB consultants, and no specific TB program for refugees existed. The REACH clinic is housed within the Saskatoon Community Clinic, which, since its inception in 1962, has been instrumental in the development of Medicare in Canada and in providing access to care to marginalized populations (18). REACH’s mandate is to provide all refugees resettling in Saskatoon with primary and pediatric healthcare through multidisciplinary teams (including interpreters, settlement agencies, and other community partners) for a duration of 12–18 months post-arrival to Canada. The clinic is staffed by providers with additional training in refugee health, trauma-informed care, and infectious diseases. With a population of 266,141 in 2021 (19), Saskatoon is Saskatchewan’s largest city and receives an average of 250–500 refugees per year, depending on world events and the Canadian federal government’s commitment to refugee resettlement.

The REACH clinic is thus well positioned to perform LTBI screening and management for refugees in Saskatoon. Since its creation in 2017, it has worked collaboratively with the province’s TBPC program to design an LTBI program dedicated to this population. REACH’s physicians screen patients as per the Canadian TB standards (15) and manage identified LTBI cases within the clinic, allowing for community-based LTBI treatment and follow-up. Later, REACH patients are followed for LTBI at their primary care home and by their own physician, with TB medications dispensed by the REACH clinic’s partner pharmacy located in the same building. In accordance with national and provincial guidelines (20), TB treatment and support are provided free of charge regardless of the patients’ insured status or immigration documentation (21).

In this study, the primary purpose was to assess the outcomes of the REACH clinic’s LTBI community treatment program in terms of treatment acceptance and completion.



2. Context


2.1. Setting and population

The REACH clinic’s patient load from January 2017 to June 2021 was used as a framework and included government-assisted refugees (GARs), private-sponsored refugees (PSRs), and refugee claimants, representing not only the clinic’s sole served population but also the three categories of refugee resettlement in Canada (22). REACH’s patients are screened for LTBI if they were born or have lived in regions of high TB incidence (cut-off of 50 smear-positive pulmonary TB cases per 100,000) (6). Because no TB screening tests are validated in patients under 6 months of age, infants aged less than 6 months were not included in the study (23). During their first clinic visit, all such eligible patients under 2 years of age received a tuberculin skin test (TST), and those over 2 years of age underwent an interferon-gamma release assay (IGRA). Table 2 provides further details regarding the TB screening tests used, the rationale for their choice, and their respective interpretation.



TABLE 2 Screening tests for latent tuberculosis infection used in this study.
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2.2. Rationale for LTBI treatment regimens used at REACH

There are several treatment regimens for LTBI in Canada, but in recent years, shorter regimens such as 3HP (12 weeks of weekly isoniazid and rifapentine) and 4R (4 months of daily rifampin) are being favored over the lengthier 9H (9 months of daily isoniazid). The 3HR regimen (3 months of daily isoniazid and rifampin) is an acceptable alternative if the previously mentioned regimens are not feasible (20). Despite its 2014 approval by the United States Food and Drug Administration (FDA) for LTBI treatment in 2014, rifapentine was difficult to obtain in Canada until 2018 and remains only available through the Urgent Public Health Need regulation (25). The use of 3HP in Canada is bound by the obligation to use directly observed therapy (DOT), which is not the case for other available LTBI treatments. The REACH clinic’s physicians received approval from the TBPC to prescribe and use 3HP with DOT in January 2020. Prior to this, the TBPC program oversaw all of these cases centrally, and several of REACH’s patients were referred out of primary care to be able to use this shorter regimen. Nonetheless, from 2017 to 2020, most of REACH’s LTBI cases were managed with 4R due to administrative burdens and associated delays in obtaining rifapentine. However, a transition was made to 3HP and DOT for most cases without contraindications in early 2020. This said, a significant decrease in patient numbers during the COVID-19 pandemic (following the reduction in international travel and subsequent decrease in refugees entering the country) led to very few patients being managed with 3HP during the study period. In addition, a shortage of rifampin in Canada from July 2019 to early 2021 led to the increased use of the 9H or 3HR regimens at the REACH clinic due to the difficulty in accessing either or both rifampin and rifapentine during that time period (26). Patients with LTBI under 2 years of age were treated with 4R when rifampin was available, and no contraindications were present, or 9H in other instances.




3. Materials and methods

Ethical approval for this project was received from the University of Saskatchewan Biomedical Ethics Board (Bio-REB ID number 2616).


3.1. Data collection

An electronic coding manual, including a data collection tool, was created. Cases were identified for sampling following the convenience method (27). All of the REACH clinic charts that were opened between 1 January 2017 and 30 June 2021 were identified and pulled from MedAccess, the electronic medical record (EMR) used at the clinic. The supervising author (MB), who, as part of the REACH clinic’s clinical team, had access to the EMR system, manually identified all charts from this period containing testing for IGRAs and TSTs and verified that no charts were missing by automatically pulling MedAccess charts containing the keywords IGRA, QuantiFERON Gold, TST, and Mantoux. These charts were then searched further by the first author (EHJ) to identify those containing positive IGRA and TST results. EHJ, who holds an M.Sc. in Community Health and Epidemiology, was specifically trained for data collection by the co-authors (MB, KL, JH). To form the master list, EHJ reviewed charts with positive LTBI screening test results to further identify patients who were offered LTBI treatment within the REACH clinic LTBI program. EHJ used the electronic coding manual to obtain demographic and clinical data from charts included in the master list, and those were subsequently coded for de-identification. Table 3 outlines the demographic characteristics of the study population. Clinical data included in the data collection tool and used for this study included LTBI screening test types and results, LTBI treatment regimen chosen for each patient, timeframe to treatment completion, completion outcome, and reason(s) for non-completion, if applicable.



TABLE 3 LTBI treatment acceptance and outcome by LTBI treatment used and demographic characteristics.
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3.2. Participants

Our study population consisted of patients who were seen at the REACH clinic between 1 January 2017 and 30 June 2021 who had a TB screening test done with a subsequent positive result and who were offered LTBI treatment. During that time, 523 patients had undergone LTBI screening tests, and 125 were positive. Of the 125 REACH patients with a positive LTBI screening test result, 3 were not offered treatment as they had previously completed LTBI prophylaxis or active TB treatment prior to resettlement. Of the remaining 122 patients, 44 were seen prior to the 2020 introduction of 3HP DOT within the REACH clinic and preferred this specific regimen, so they were referred to TBPC for further management without REACH’s involvement in their LTBI care. A total number of 78 patients were included in the final chart review. Figure 1 outlines the REACH clinic’s LTBI cascade of care leading to examined outcomes (treatment acceptance and completion). Of note, none of the patients with a positive LTBI screening test during the study period were found to have active TB.

[image: Figure 1]

FIGURE 1
 Cascade of care for LTBI management at REACH.




3.3. LTBI treatment completion definitions

LTBI treatment was considered complete if the patient successfully took all of their respective treatment’s prescribed doses within a specific timeframe, which varied according to the selected regimen. Table 4 outlines the LTBI treatment regimens used at REACH during the study period and their respective treatment completion criteria.



TABLE 4 LTBI treatment regimen used at REACH and associated definitions of treatment completion.
[image: Table4]

LTBI treatment outcomes (treatment acceptance and subsequent treatment completion) were compared by demographic variables and the LTBI treatment regimen chosen, where applicable.



3.4. Statistical analysis

A retrospective case series by sampling methodology was applied for data analysis, where only exposed patients were included. As such, a statistical analysis of risk was not possible (29). Patients with a positive LTBI screening test result who were offered treatment formed the exposure group. The outcomes examined were LTBI treatment acceptance (accepted vs. declined) and completion (completed vs. not completed). The Fisher exact test and Fisher–Freeman–Halton were applied to determine statistically significant differences between both the treatment acceptance groups and the treatment completion groups.

As a secondary goal, the screening test positivity for IGRAs and TSTs was calculated. The total number of positive tests was used as a numerator, and the total number of patients for whom an LTBI screening test was performed was used as a denominator. Demographic and detailed clinical data were not collected for this larger group as this exceeded the scope of our study.

The Office of the Vice Dean of Research of the College of Medicine of the University of Saskatchewan allowed for statistician support and review of the statistical analysis.




4. Results

Of the 78 patients who were tested for LTBI, those who had a positive test result, those who did not receive TB treatment prior to resettlement, and those who were not transferred to TBPC, n = 12 (15.3%) were not included in the final chart review due to missing information on treatment acceptance and outcome. Missing information was due to moving out of the province prior to discussing management options, deferring treatment due to breastfeeding or pill burden due to other conditions and not knowing if treatment was accepted later on, awaiting further investigation prior to offering LTBI treatment, or unknown reasons.

Of the remaining 66 patients offered LTBI treatment, n = 56 (84.9%) accepted LTBI treatment, and n = 10 (15.1%) declined treatment to opt for medical surveillance. Reasons for declining treatment included concerns regarding side effects related to pregnancy or non-specified. All patients who declined treatment were adults (age > 18 years old), leading to a statistically significant difference (p = 0.02) between adults and children (age < 18 years old) when it came to treatment acceptance. Treatment acceptance did not vary significantly in association with gender, categories of refugees, WHO region of origin, or year of arrival to Canada (p >0.05).

Of those 56 patients who chose and initiated treatment, n = 3 (5.3%) moved out of the province before treatment completion and were transferred to other provincial TB programs, n = 2 (3.5%) had accepted the treatment but not started prior to study completion, and n = 6 (10.7%) had ongoing treatment at the time of analysis. The final number of 45 remaining patients was used to examine LTBI treatment outcomes (completion vs. non-completion).

Of those 45 patients, n = 42 (93.3%) completed their respective LTBI treatment. Reasons for non-completion included being lost to follow-up (n = 2 or 4.4%) and treatment discontinued before completion with reasons not documented in the chart (n = 1 or 2.2%).

Treatment completion outcome did not significantly vary by age, gender, categories of refugees, WHO region of origin, or year of arrival to Canada (p >0.05). Outcomes were also analyzed for different LTBI treatment regimens (3HP, 3HR, 4R, and 9H), and no statistically significant difference was found between these four groups (p > 0.05).

Table 3 outlines the outcomes by demographic data for treatment acceptance and completion and treatment completion by each LTBI treatment regimen with their associated respective value of ps.

As outlined in the previous section, LTBI screening test positivity was 23.9% (n = 125 positive tests out of n = 523 patients screened). Screening test positivity for IGRA and TSTs specifically were 22.3% (n = 117) and 24.2% (n = 8), respectively.



5. Discussion

This study sought to evaluate LTBI screening and treatment in our local refugee population, with care delivered by a specialized refugee clinic and additional community support. The Canadian TB standards indicate the minimal acceptable LTBI treatment delivery outcomes as follows: 80% of those eligible for LTBI prophylaxis accept treatment, and of those who accept treatment, at least 80% complete treatment (30). In our population, treatment acceptance was 84.8%, and treatment completion was greater than 90%, regardless of the regimen chosen. These rates compare favorably to other previous estimates in Canada. A study conducted in Edmonton in a refugee clinic implementing systematic LTBI screening of GARs found that 96% accepted treatment and 73% completed therapy with no difference noted between 9H and 4R regimens (31). Of the 45 eligible patients at BridgeCare Clinic in Winnipeg, 75% accepted therapy for LTBI and 79% completed 9H (32).

Recently, with shorter TB treatment regimens being preferred, LTBI treatment completion rates have generally improved. Another study done at BridgeCare examined their TB program outcomes with 4R and 3HP LTBI treatment regimens (33). Their reported treatment acceptance and completion rates were both 90%, a notable improvement compared to the previous study. LTBI treatment completion rates at REACH showed a trend of shorter treatment regimens having higher completion rates (despite no statistical difference between regimens with value of ps >0.05); though the numbers were small, treatment with 9H was still associated with a completion rate of >90%.

Interestingly, treatment acceptance was statistically different between adults and children (p = 0.02). Although underlying explanations for this difference were not explored, children are generally at higher risk of developing active TB (23) compared to adults, and this would have been discussed with caregivers, perhaps leading them to favor treatment initiation. Other Canadian studies mentioned above did not include pediatric-specific data.

Integrated patient-centered refugee care is another factor that has been acknowledged as being important in optimizing LTBI treatment success (34). At the REACH clinic, the medical team has adopted a multidisciplinary approach by working closely with nursing, in-house pharmacy, laboratory medicine, and medical imaging to create a medical home for the patients. The primary care team at REACH is responsible for TB screening and treatment, which allows patients to have sustained contact with their primary care providers and continuity of care as it relates to integrating LTBI management with ongoing medical care. The use of trained interpreters at every visit and medical staff espousing principles of culturally sensitive care are other aspects of patient-centered care at REACH. Finally, a vital asset has been the partnership with local settlement agencies and their case workers, who help coordinate care and remove barriers for patients, including language, transportation, medication funding, health literacy, and lack of familiarity with the healthcare system. The care workers from the settlement agencies act as community health workers (CHWs) and form an essential part of the clinic’s care team. This emphasis on relational care and supporting vulnerable people has been well studied in the treatment of chronic conditions in resource-poor areas (35) and could be a key strategy in reducing TB incidence in North America as well.

Historically, there has been some skepticism regarding the effectiveness of identifying and treating LTBI cases among refugees and immigrants resettling in low-incidence countries (36). However, this study and others (31–33) illustrate that systematic LTBI screening and treatment of refugees can be done in dedicated clinics with expertise and community support and that Canadian TB standards for acceptance and completion rates can be attained. Furthermore, this model has proven to be cost-beneficial in a refugee clinic in Montreal, with every dollar spent on LTBI treatment saving 2 dollars in averted active TB treatment (37). Most importantly, in the 12 years since opening their clinic, TB incidence among migrants screened at the clinic had decreased by 61%. In another study of a large community health center caring for over 124,000 patients, of which a large proportion comprised non-US-born immigrants, a number of electronic record and education interventions were implemented in order to reduce barriers to LTBI identification and management (38). These led to increased LTBI screening and treatment over a 10-year period. It offers yet another example of how primary care can help drive TB elimination in low-incidence countries such as Canada and the US.

Having said that, the challenges encountered at REACH over the last several years have been numerous, largely involving the need for more resources. Given the complexity of patient difficulties being discussed, communication through interpreters, and the need to get some sense of the patients’ understanding and experience of health issues, appointment times at REACH tend to be longer and often require multiple visits. All levels of staff at the clinic need to be mindful of the diverse health literacy skills of the patients, which requires continued effort and education. The pharmacy, in particular, has had to refine its communication and problem-solving skills as the potential for medication errors is significant. Given the importance of the CHWs at the settlement agencies and their role in facilitating patient care, communication between them and the clinic physicians must be direct and timely. This level of coordination and teamwork requires regular meetings to discuss successes and, more importantly, to troubleshoot challenges such as missed appointments, increasing in-person interpreters, and coordination of healthcare services.

Our study population’s LTBI test positivity was 23.9% overall. This is lower than previous reports from refugee clinics in Canada, which had prevalence rates ranging from 34 to 53% (31). However, during the study period, at least half of the patients that were seen at the clinic were from the eastern Mediterranean, a region described by the WHO as having a TB incidence of 112/100,000 (compared to 226/100,000 in sub-Saharan Africa) (34). A study of Syrian newcomers to Canada showed an LTBI prevalence rate of 9% (39). Significant variability in reported TB prevalence rates is to be expected based on the years of arrival and countries of origin (40).

Screening and treatment of LTBI among refugee patients can be an effective contribution to the goal of TB elimination in low-incidence countries. The REACH clinic espouses a multidisciplinary approach addressing barriers to care and a commitment to patient-centeredness and continuity of care. Given that TB is a disease rooted in social inequity, this emphasis on relational care and community support of vulnerable patients is critical. The shorter duration of LTBI treatment regimens is also contributing to high completion rates and, in combination with specialized refugee care, represents a path forward for LTBI management among this population.



6. Conceptual and methodological constraints

This study has a number of limitations. The retrospective design and chart review methodology bring their usual constraints, including missing or incomplete documentation and a relatively small number of participants, especially in the 3HP treatment group. Our study window was during a time when preferred treatment regimens were shifting, and therefore, we may not have captured differences in treatment completion outcomes among treatment regimens. The study period also occurred during the COVID-19 pandemic, thus reducing new refugee arrivals to Saskatoon. Because of our small sample size, the findings may not be reproducible or generalizable to other settings. Certainly, a qualitative study examining patients’ experience of care at REACH and, more specifically, concerning LTBI management would give us helpful insights into how treatment acceptance and completion could be improved further and offer avenues for future research. Furthermore, exploration of pediatric qualitative data in terms of treatment acceptance and why they contrast among adults would be valuable.
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Background: College students, especially those in the lower grades, constitute the main high-risk population for tuberculosis (TB). Insufficient knowledge about TB among college students contributes to an increased risk of TB infection. In Zhejiang Province, China, limited research has been conducted recently on the awareness of TB in schools among college students. Therefore, this study aims to gain insight into TB knowledge among low-grade college students in Zhejiang Province and develop effective strategies for TB education targeted at this specific population.

Methods: A cross-sectional survey was conducted between 1st and 20th May 2022 in 20 colleges in Zhejiang Province, southeastern China. The survey aimed to assess the level of TB awareness among 1st and 2nd-year college students. Chi-square tests were performed to compare the rates, while multivariate logistic regression was used to identify the factors influencing the overall awareness level of students' regarding key knowledge about TB.

Results: A total of 4,414 lower-grade students participated in the study. The total awareness rate and entire awareness rate of key TB knowledge were 81.6 and 25.3%, respectively. Participants who demonstrated a relatively poor understanding of the definition were (51.0%), curable outcomes (75.7%), and preventive measures of TB (76.1%). Female participants [adjusted odds ratio (aOR):1.44; 95% confidence interval (CI):1.25–1.65], medical students (aOR:2.00; 95%CI:1.63–2.64), had a high level of monthly expenditures (aOR:2.50; 95%CI:1.49–4.19), had prior TB health education (aOR:1.95; 95%CI:1.68–2.25) and previous exposure to TB patients (aOR:2.13; 95% CI:1.48–3.08) indicating a better level of awareness of key knowledge about TB. Among the students, 58.5% expressed their willingness to acquire TB knowledge through “broadcasting, television, films, and audiovisual materials.”

Conclusions: The total awareness rate of key knowledge among low-grade college students in Zhejiang did not meet the national requirements. To effectively prevent TB in schools, it is crucial to develop a comprehensive understanding of the disease among college students. Therefore, it is necessary to enhance TB awareness through theoretical and practical education, starting from the early semesters of college.
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1. Introduction

Tuberculosis (TB), an ancient disease caused by Mycobacterium tuberculosis (MTB), maintains its daunting position as the 13th leading cause of death worldwide and the leading cause of death from a single infectious agent since 2019 (1). Among the 22 high-burden countries, China ranks third and faces challenges in protecting high-risk, vulnerable, and special populations from TB (1). In 2018, nationwide TB cases reported among students reached 48,289, with an incidence rate of 17.97/100,000, representing a 29.19% increase compared to 2014 (13.91/100,000) (2). In many provinces of China, the number of students with TB ranks second, just behind farmers and herdsmen (3).

In recent years, the number of college students in China has been increasing due to the dramatic expansion of college enrolment (4). Hence, TB prevention and control among colleges have become increasingly important (5). Previous studies have identified college and university students aged 19–22 years as the main population at high-risk for TB (6). Factors such as high population density, close contact, and increased mobility contribute to TB infection and transmission among college students. Additionally, a lack of awareness about TB is considered an essential factor that increases the risk of exposure to the disease (7). However, a previous survey indicated inadequate knowledge of TB among students (8). Several studies have shown that even when many 1st-year students exhibited suspicious symptoms of TB, such as coughing and sputum for more than 2 weeks (9–11), both patients themselves and their fellow classmates lacked awareness of TB. This led to delays in seeking medical care and reporting to the school medical staff, resulting in a high prevalence of TB in the colleges (12).

Zhejiang Province in southeastern China serves as a representative province, which is composed of 11 prefectures and 90 county-level administrative regions. It is one of the most densely populated provinces in China, with the fourth highest gross domestic product (GDP) and a continuously growing migrant population. According to the report of the fourth provincial TB key awareness investigation, the total awareness rate of the public in Zhejiang Province was 48.0%, of which only 38.0% was among students, the lowest among all walks of life (13). In 2021, the Tuberculosis Information Management System (TBIMS) reported more than 30 school-related TB outbreaks in the province, with approximately one-third of these outbreaks occurring in colleges. College students come from diverse regions across the country, and their living environments and study patterns have changed significantly compared to those of high school students. In particular, junior students who have recently entered college may struggle to adapt to a new environment and may become prone to TB once their resistance decreases. A study showed that the prevalence rates of active TB among college students in China ranged from 0.40 to 1.52%, with outbreak rates as high as 2.89–4.20%, significantly higher than the rate in the general population (14). Currently, TB prevention in colleges mainly relies on TB health education, which is widely considered an effective approach to promote TB knowledge among students. College students, being a population with a high incidence of TB possess a higher level of knowledge and acceptance and a stronger sense of social responsibility. Therefore, health education on TB is easily implementable and accepted among them, yielding efficient results in the prevention of TB. However, there have been limited studies specifically investigating the level of TB awareness among low-grade college students in recent years. This lack of research impedes the scientific evaluation of the effectiveness of current TB education methods. Hence, this study targeted low-grade college students to assess their level of TB awareness and explore the sociodemographic determinants associated with their perception of this infectious disease. The findings of this study will provide a basis for optimizing TB prevention and control strategies in colleges and universities.



2. Materials and methods


2.1. Study setting

A cross-sectional survey was conducted between 1st and 20th May 2022 in 20 colleges in Zhejiang Province, southeastern China, and focused on the assessment of key TB knowledge among low-grade college students. As of 2022, Zhejiang Province was home to 109 institutions of higher education, mainly distributed in the southern and northern regions, ranking eleventh among all Chinese provinces.



2.2. Participants

A cluster random sampling strategy was used for participants selection. Specifically, 20 colleges were randomly selected from four cities within the north and south of the Zhejiang Province: Hangzhou (eight), Ningbo (five), Wenzhou (five), and Jiaxing (two). Approximately 8 to 10 freshman and sophomore classes were randomly selected from the selected samples, and 20 to 25 male and female students in these classes were randomly selected for the study. Totally 4,414 subjects were investigated in this study.



2.3. Questionnaire and quality control

In this study, a unified electronic questionnaire was adopted to collect information, which was formulated based on the Technical specifications for tuberculosis prevention and control in China (2020 Edition) (15) and the School TB Prevention and Control Work Specification (2017 Edition) (16), as well as literature and expert consultations, including three aspects: participants' sociodemographic characteristics, knowledge of key information regarding TB occurrence in schools, and accessibility to TB knowledge. The key knowledge of TB included eight items (see Supplementary Table S1) with several options for TB key knowledge, which contained only one correct answer for each item.

The local Centre for Disease Control and Prevention (CDC) staff at each investigated school were responsible for the interviews and collection of the questionnaires. These investigators received provincial training and followed unified investigation guidelines to ensure authenticity and integrity of the entire process. The provincial CDC routinely verified the responses provided in the electronic questionnaire daily, including checking the number, completeness, and logical coherence of the responses, facilitating the identification and timely rectification of any errors. The final questionnaire database was uniformly established at the provincial level, and quality verification was performed.



2.4. Definition of items

In this study, low-grade students included 1st- and 2nd-year undergraduate students at these 20 colleges. The total awareness rate of the eight key TB information items was calculated by dividing the number of correct answers provided by all participants by the total number of answers to the eight questions. The entire awareness rate represents the percentage of participants who correctly answered all key TB knowledge questions out of the total number of survey participants. The awareness rate of each key TB knowledge item was calculated as the percentage of participants who correctly answered the questions for that item out of the total number of participants who answered it. The average of the correct answers given by all participants was used to divide the awareness level, with scores higher than the average indicating good awareness and scores lower than the average indicating poor awareness.



2.5. Statistic analysis

The survey data were collated using Microsoft Excel and exported to SPSS package, v24.0.0 (IBM Corporation, Armonk, NY, USA), for analysis. Descriptive data were summarized and presented as frequencies and percentages. A chi-square test was performed to assess the awareness levels of participants with different characteristics. Covariates with p-values < 0.10 in the univariable analysis were considered for inclusion in the multivariable logistic regression model. Adjusted odds ratios (aOR) and 95% confidence intervals (CI) were presented to show the association between participant characteristics and their awareness level of TB. A p-value ≤ 0.05 was considered statistically significant.




3. Results


3.1. Demographic characteristics of participants

As presented in Table 1, a total of 4,414 questionnaires were collected. The majority of participants were 20 years old (42.8%). The proportion of females was slightly higher than that of males (51.7 vs. 48.3%, respectively). The Han ethnic group constituted the vast majority of the population (96.1%). Nearly 64.6% of participants resided in rural areas. Approximately 71.5% of the participants attended high school in Zhejiang Province. Among all the low-grade college students, freshmen accounted for 53.9%. Science and engineering professions had the highest group of participants (45.1%), followed by humanities and social sciences (31.0%). The majority of participants' parents were junior high school graduates, accounting for 40.0%. Nearly 70.3% of the participants had a monthly spending range between 1,000 and 2,000 RMB. A total of 77.1% of participants indicated that they had received previous knowledge about TB. Only 0.6% of the participants had suffered from TB, and 4.5% had previous exposure to patients with TB, while the 77.4% of the participants had not been exposed to patients with TB, and 18.2% responded that they did not know. Figure 1 further demonstrated the relationship between participants who responded that they had been exposed to a TB patient and the patient. Among 197 participants who had been exposed to TB patients, approximately 65.5% of the TB patients were their classmates, followed by family members (13.7%).


TABLE 1 Demographic characteristics of participants (n = 4,414).
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FIGURE 1
 Categories of TB patients that the participants had ever contacted.




3.2. Awareness of TB key knowledge

Overall, the participants' total awareness rate for the eight key knowledge items in the survey was 81.6% (Figure 2). For each of the key knowledge, the participants' awareness level of TB as a chronic infectious disease was the lowest (Q1), at 51.0%, followed by the curability of TB with a correct response of 75.7% (Q5). However, the participants demonstrated good knowledge of the TB transmission modes (Q2, 90.0%), suspicious symptoms (Q3, 91.1%), and where to seek medical help after suspected TB (Q4, 96.2%), with awareness rates for all three types of information exceeding 90.0%. The awareness of each key knowledge of TB among the different characteristics of the participants is shown in Supplementary Table S2.


[image: Figure 2]
FIGURE 2
 Participants' awareness rate of each TB key knowledge among low-grade college students in Zhejiang Province, southeastern China. Q1: what is TB; Q2: how is TB transmitted; Q3: what are the suspicious symptoms of TB; Q4: if you suspect that you have TB, what should you do; Q5: is TB curable; Q6: while at school, when you develop suspicious symptoms of TB or are diagnosed with TB, what should you do; Q7: what practice is beneficial in preventing the spread of TB; Q8: which lifestyle habit will improve your immunity?


Table 2 presents the details of the responses regarding key TB knowledge. In this study, approximately half of the participants (51.0%) were aware that TB is a chronic communicable disease, while 31.5% recognized it as a communicable disease. The majority (90.7%) correctly stated that TB is transmitted through the respiratory tract. Approximately 91.1 and 96.2% of participants correctly knew the suspected symptoms of TB and where to seek medical help, respectively. Regarding curability of TB, 13.8% of participants responded that they did not know, while 4.3% believed it was not curable. When asked about students being diagnosed with TB at school, 14.9% believed immediate hospitalization was necessary, and 83.5% of the participants agreed that they should be proactive in reporting their illness to school rather than hiding it or bringing it to class. Most participants (76.1%) mentioned appropriate methods for preventing TB transmission. However, about 3.2% of participants described inappropriate lifestyle habits, including staying up late, overeating, occasional exercise, and irregular exercise or diet.


TABLE 2 Responses to eight TB key knowledge among low-grade college students in Zhejiang Province, southeastern China.
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The average of correct answers given by all participants was approximately 6.5. Therefore, participants who correctly answered seven and eight key knowledge items were classified as having good awareness, and participants who correctly answered less than or equal to six key knowledge items were classified as having poor awareness. As shown in Figure 3, the total number of students who correctly answered more than six messages was 2,680 (accounting for 60.7%). Three participants (0.1%) incorrectly answered all eight core messages, and the entire awareness rate was only 25.3%.


[image: Figure 3]
FIGURE 3
 Percentage of participants who correctly answered the number of TB key knowledge items.




3.3. Factors associated with the level of awareness

As presented in Table 3, the level of awareness regarding key TB knowledge among lower-grade college students varied by sex (p < 0.001), place of residence (p = 0.013), discipline of study (p < 0.001), monthly living expenses (p < 0.001), prior knowledge about TB (p < 0.001), and exposure to TB patients (p < 0.001). A greater proportion of females (65.5%) had higher awareness levels than males (56.3%). Approximately 63.2% of participants residing in urban areas had a good level of awareness. Among different disciplines, students in the field of medicine had the highest proportion with good awareness of TB, accounting for 73.3%. The proportion of participants with better awareness of TB tended to increase with higher monthly living expenses. Students who had received prior TB education (64.4%) and those who had been in contact with TB patients (76.6%) had a higher percentage of good awareness level.


TABLE 3 Comparison of the awareness level of TB among low-grade college students with different characteristics in Zhejiang Province, southeastern China.
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Table 4 demonstrates the results of multivariate logistic regression model, indicating that females were more likely to have a better awareness of key TB knowledge compared to males (aOR: 1.44; 95%CI: 1.25–1.65). Medical students exhibited significantly higher levels of TB awareness compared to students in humanities and social sciences (aOR: 2.00; 95%CI: 1.63–2.64). Additionally, students with higher living costs were more knowledgeable than those with lower living costs. There was also a positive association between receiving knowledge about TB and better awareness (aOR: 1.95; 95%CI: 1.68–2.25). Participants previously exposed to TB patients were approximately twice as likely to have higher levels of TB key knowledge than those who were unsure if they had been exposed (aOR: 2.13; 95%CI: 1.48–3.08).


TABLE 4 Factors associated with the level of awareness toward TB among low-grade college students with different characteristics in Zhejiang Province, southeastern China.
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3.4. The preference for the ways of TB health education

In Figure 4, regarding the ways of acquiring knowledge about TB, 58.5, 53.0, and 49.7% of the students expressed willingness to receive TB knowledge through “Broadcasting/television/film/audio-visual materials,” “Website/WeChat/Weibo/Application,” and “School publicity,” respectively.


[image: Figure 4]
FIGURE 4
 Preferences of low-grade college students for the ways to receive TB knowledge.





4. Discussion

Students constitute a pivotal demographic in the prevention and control of TB, and their comprehension of this disease is indispensable in curbing its incidence among them. In this study, a deeper understanding of the actual circumstances faced by lower-grade college students regarding TB knowledge was obtained through a validated questionnaire. The overall awareness rate of key TB knowledge among low-grade college students in Zhejiang Province in 2022 was 81.6%, which was lower compared to 89.02% in Jiangsu Province (17) but higher than 73.3% in Guangxi Zhuang Autonomous Region (4). Nevertheless, a gap remains to be bridged to achieve the target (≥85%) among populations proposed by the “13th Five-Year” National TB Control Plan in China. This indicates that educational interventions are still necessary to improve TB knowledge among college students.

Assessing students' knowledge of TB based solely on total knowledge is flawed as the overall knowledge rate decreases with increasing key knowledge questions (17). Therefore, It should be evaluated in conjunction with the entire awareness rate. In our study, the overall awareness rate among all low-grade college students was only 25.3%, which was lower than the score (43.45%) reported in a previous study conducted in Hunan Province (18), but higher than the 16.03% reported in a survey conducted in Beijing (19). A survey assessing students' knowledge of four infectious diseases (Hepatitis B, Hepatitis C, AIDS, and TB) revealed a high error rate in the awareness of these diseases, except for AIDS (20), which was consistent with the results of our study.

Our survey revealed an imbalanced in the awareness levels of eight key aspects of TB knowledge among lower-grade college students, with awareness rates ranging from 51.0 to 96.2%. This indicates that the students' understanding of TB prevention and control is not comprehensive, necessitating the implementation of various forms of education to address these knowledge gaps. Specifically, students demonstrated confusion regarding the definition of TB, particularly in distinguishing whether it is an acute or a chronic infectious disease. Consequently, this key message had the lowest awareness rate among all items of TB core knowledge. Some students expressed uncertainty about the curability of TB, while others were unsure about the preventive measures against TB transmission. Despite these gaps, lower-grade students exhibited a high level of awareness about TB transmission routes, suspicious symptoms, the importance of not concealing physical conditions, seeking immediate treatment from designated medical institutions for TB consultation upon illness, and adopting an immune-enhancing lifestyle. These findings were consistent with previous research (4, 8, 21), indicating a positive trend in health-seeking behavior among our students. Notably, several studies have established an association between TB perceptions and early treatment-seeking (22, 23).

Regarding the factors influencing TB awareness level, it was found that the discipline of study was one of the crucial factors affecting the awareness level toward TB knowledge among low-grade college students. Medical students had significantly higher awareness levels than students in other disciplines, similar to the findings of surveys conducted at 15 Italian and Jordanian universities (24, 25). This may be related to the possibility that medical students are exposed to more medical knowledge and exhibit more interest in medical-related content during their study practice. However, medical students' awareness of the definition (57.2%) and curability (81.2%) of TB was relatively weak. This might be because 1st-year and 2nd-year medical students have just started to come into contact with clinical professional knowledge, and their mastery of the specialty is not yet comprehensive. However, medical students in universities or colleges can be exposed to TB infections during clinical rotations (26), and an inadequate knowledge of TB can increase their risk of infection. As potential future physicians or leaders in the fight against TB, medical students' knowledge toward TB will directly impact future efforts aimed at controlling the disease. Therefore, raising awareness of TB among medical students should be considered an important issue in medical education. Besides, in this study, lower-grade students with a higher overall awareness rate of the eight core knowledge of TB were those who had suffered TB or received TB health education before enrolment, which is consistent with similar studies findings (27–29). TB health education is a crucial strategy in China's effort to control TB, aiming to raise awareness of TB control policies and knowledge among diverse groups, enabling them to adopt appropriate behaviors and implement effective TB control strategies. By doing so, the ultimate goal of bringing the TB epidemic under control can be achieved. Although, there has been continuous focus on TB health education and promotion for the general public, particular attention has been given to TB patients and students in China (30). However, the state of TB health education and promotion in universities and colleges remains sub-optimal. This current scenario indicates the urgent need to strengthen theoretical and practical health education on TB from the beginning of university or college enrolment. Since students are accustomed to receiving education while in school, they are more receptive and responsive to targeted health education messages and are more inclined to absorb the information and disseminate TB knowledge to their families and communities through the “teacher-student-parent-community” chain (4, 31). This, in turn, has a significant impact on raising TB awareness throughout society.

College students are currently in the midst of a digital age, where mobile phones and computers have become the primary means of socializing and acquiring knowledge (32). Our study revealed that students were more likely to receive TB health education through news media and the Internet, compared to traditional promotional materials. Therefore, taking advantage of the above-mentioned means and methods of publicity can be effectively implemented. In addition, focus should be placed on the development and use of news media platforms such as the Internet, Weibo, and WeChat- to promote TB education, cultivate more student volunteers to promote TB prevention, and facilitate peer education. The rapid development of the Internet has broadened students' access to the world; however, the quality of information in the cyber world cannot be guaranteed, and students are susceptible to receiving inaccurate information. Thus, agencies involved in disease control and prevention should increase online publicity and strengthen the supervision of false disease information on the Internet to ensure students obtain accurate knowledge on disease prevention.

This study employed an innovative approach in the Internet Era by utilizing an electronic questionnaire, which provides new ideas and methods for disseminating knowledge and investigating TB prevention and control in schools. However, this study has some limitations. First, due to geographical constraints, economic conditions, and low prevalence of TB in Zhejiang Province, our findings may not fully represent TB awareness among lower-grade college students nationwide, especially in economically disadvantaged and high-prevalence areas of the disease. Second, since this study involved 20 colleges, we had to use an open online questionnaire platform and did our best to ensure that the survey reached only the target population. Nevertheless, we acknowledge the possibility of non-students receiving the survey link and completing the questionnaire. Third, as this was a cross-sectional study, we could not draw a causal relationship between the factors and their effects.



5. Conclusion

The total awareness rate of key TB knowledge among college students in Zhejiang Province fell short of national requirements, indicating a generally low level of awareness. Schools face significant and arduous tasks in TB prevention and control. To improve TB awareness among students, it is necessary to constantly innovate the content and delivery of health education and carry out comprehensive and multi-dimensional publicity activities suitable for school health education and promotion, with particular attention given to addressing the weak points in students' TB knowledge. Targeted health education on key TB knowledge should be provided, taking into account the preferences and needs of students at different levels and grades. This approach will contribute to fostering improved behavioral habits and strengthening the ability to prevent and control TB.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by Zhejiang Provincial Centre for Disease Control and Prevention. The participants provided their written informed consent to participate in this study.



Author contributions

XC: Formal analysis, Funding acquisition, Methodology, Writing—original draft, Writing—review & editing. YP: Formal analysis, Methodology, Writing—review and editing. LZ: Formal analysis, Writing—review & editing. FW: Formal analysis, Writing—review & editing. BC: Conceptualization, Funding acquisition, Project administration, Supervision, Writing—review & editing. YQ: Conceptualization, Project administration, Supervision, Writing—review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the program of university volunteers' TB prevention and control advocacy in promoting patient finding, the Health Commission of Zhejiang Province [2023KY642], and the National-Zhejiang Health Commission Major S&T Project [WKJ-ZJ-2118].



Acknowledgments

We would like to thank the staffs from all the local CDCs for the collection of the questionnaires.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1272494/full#supplementary-material



References

 1. World Health Organization. Global Tuberculosis Report 2022. Geneva: World Health Organization (2022).

 2. Chen H, Xia YY, Zhang CY, Cheng J, Zhang H. Epidemic trends and characteristics of pulmonary tuberculosis in students in China from 2014 to 2018. Chin J Antitubercul. (2019) 41:662–8. doi: 10.3969/j.issn.1000-6621.2019.06.013

 3. Zhang S, Ruan W, Li Y, Wang X, Wang X. Experiences of the parents caring for their children during a tuberculosis outbreak in high school: a qualitative study. BMC Public Health. (2014) 14:132. doi: 10.1186/1471-2458-14-132

 4. Wu T, He H, Wei S, Pan J, Yang J, Huang S, et al. How to optimize tuberculosis health education in college under the new situation? Based on a cross-sectional study among freshmen of a medical college in Guangxi, China. Front Public Health. (2022) 10:845822. doi: 10.3389/fpubh.2022.845822

 5. Wang YH, Tian Y, Gao JX, Lei CK, Liu YW, Han ZM, et al. Tuberculosis prevalence among university freshmen in Zhengzhou, China, during 2004–2013. Afr Health Sci. (2018) 18:1109–16. doi: 10.4314/ahs.v18i4.32

 6. Jiang H, Zhang S, Ding Y, Li YL, Zhang TH, Liu WP, et al. Development and validation of college students' tuberculosis knowledge, attitudes and practices questionnaire (CS-TBKAPQ). BMC Public Health. (2017) 17:949. doi: 10.1186/s12889-017-4960-x

 7. Getnet F, Demissie M, Assefa N, Mengistie B, Worku A. Delay in diagnosis of pulmonary tuberculosis in low-and middle-income settings: systematic review and meta-analysis. BMC Pulm Med. (2017) 17:202. doi: 10.1186/s12890-017-0551-y

 8. Zhao Y, Ehiri J, Li D, Luo X, Li Y. A survey of TB knowledge among medical students in Southwest China: is the information reaching the target? BMJ Open. (2013) 3:e003454. doi: 10.1136/bmjopen-2013-003454

 9. Li H, Liu C, Liang M, Liu D, Zhao B, Shi J, et al. Tuberculosis outbreak in an educational institution in Henan Province, China. Front Public Health. (2021) 9:737488. doi: 10.3389/fpubh.2021.737488

 10. Fang Y, Zhang L, Tu C, Ye D, Fontaine R, Ma H, et al. Outbreak of pulmonary tuberculosis in a Chinese high school, 2009–2010. J Epidemiol. (2013) 23:307–12. doi: 10.2188/jea.JE20120216

 11. Chen W, Xia Y, Li X, Zhou L, Li C, Wan K, et al. A tuberculosis outbreak among senior high school students in China in 2011. J Int Med Res. (2012) 40:1830–9. doi: 10.1177/030006051204000521

 12. Rana M, Sayem A, Karim R, Islam N, Islam R, Zaman TK, et al. Assessment of knowledge regarding tuberculosis among non-medical university students in Bangladesh: a cross-sectional study. BMC Public Health. (2015) 15:716. doi: 10.1186/s12889-015-2071-0

 13. Chen XY, Wang W, Wang X, Chai CL, Liu K, Peng Y, et al. Public awareness of tuberculosis in southeast China: a population-based study. Int J Environ Res Public Health. (2019) 16:4290. doi: 10.3390/ijerph16214290

 14. Zhang FB, Yuan FY Li SJ. Evaluation on effect of health education on key message on tuberculosis prevention and treatment. Health Med Res Prac. (2012) 9:56–8.

 15. Chinese Center for Disease Control and Prevention. Technical specifications for tuberculosis prevention and control in China (2020 Edition). Beijing: People's Medical Publishing House. (2020).

 16. National Health Commission of the People's Republic of China. School TB Prevention and Control Work Specification (2017 Edition). E. coli. (2017). http://www.moe.gov.cn/srcsite/A17/moe_943/s3285/201707/t20170727_310182.html (accessed October 16, 2023).

 17. Du G, Li C, Liu Y, Tu F, Yang R, Li R, et al. Study on the influencing factors of knowledge, attitudes and practice about tuberculosis among freshmen in Jiangsu, China: a cross-sectional study. Infect Drug Resist. (2022) 15:1235–45. doi: 10.2147/IDR.S351541

 18. Feng SD, Yang SQ, Ling HY. Investigation on knowledge, attitude and behavior regarding tuberculosis in university students in Hengyan City. Chin J Sch Doct. (2011) 25:815–7.

 19. Ma QH, Shang XY Ji XY, Guo Y, Xie N, Jin AN, et al. Investigation on the core knowledge of tuberculosis prevention and control among students in two middle school in Beijing. Chin J Antituberc. (2022) 44:1213–7. doi: 10.19982/j.issn.1000-6621.20220320

 20. Song L, Li SL. Investigation and analysis of 2746 high school students' cognition of four common infectious diseases. Chin Youjiang Med J. (2020) 48:769–74. doi: 10.3969/j.issn.1003-1383.2020.10.009

 21. Zhang XM, Yu YM, Pang XW, Wan Y, Jia JW, Xu R, et al. Investigation and analysis of tuberculosis awareness among students in 9 schools in Tianjin City in 2021. J Tuberc Lung Dis. (2022) 3:483–9. doi: 10.19983/j.issn.2096-8493.20220153

 22. Zhang T, Liu X, Bromley H, Tang S. Perceptions of tuberculosis and health seeking behaviour in rural Inner Mongolia, China. Health Policy. (2007) 81:155–65. doi: 10.1016/j.healthpol.2005.12.009

 23. Li Y, Ehiri J, Tang S, Li D, Bian Y, Lin H, et al. Factors associated with patient, and diagnostic delays in Chinese TB patients: a systematic review and meta-analysis. BMC Med. (2013) 11:156. doi: 10.1186/1741-7015-11-156

 24. Montagna MT, Napoli C, Tafuri S, Agodi A, Auxilia F, Casini B, et al. Knowledge about tuberculosis among undergraduate health care students in 15 Italian universities: a cross-sectional study. BMC Public Health. (2014) 14:970. doi: 10.1186/1471-2458-14-970

 25. Abu-Humaidan AHA, Tarazi A, Hamadneh Y, Al-Leimon A, Al-Leimon O, Aljahalin M, et al. Knowledge, attitudes, and practices toward tuberculosis among Jordanian university students. Front Public Health. (2022) 10:1055037. doi: 10.3389/fpubh.2022.1055037

 26. Silva VM, Cunha AJ, Kritski AL. Tuberculin skin test conversion among medical students at a teaching hospital in Rio de Janeiro, Brazil. Infect Control Hosp Epidemiol. (2002) 23:591–4. doi: 10.1086/501976

 27. Vanaja K, Banu R, Reddy L, Kumar PC, Srinivas C, Rajani T, et al. A study on knowledge and awareness about tuberculosis in senior school children in Bangalore, India. Indian J Tuberc. (2016) 63:192–8. doi: 10.1016/j.ijtb.2015.07.001

 28. Jackson M, Harrity S, Hoffman H, Catanzaro A. A survey of health professions students for knowledge, attitudes, and confidence about tuberculosis, 2005. BMC Public Health. (2007) 7:219. doi: 10.1186/1471-2458-7-219

 29. Gothankar JS. Tuberculosis awareness program and associated changes in knowledge levels of school students. Int J Prev Med. (2013) 4:153–7.

 30. Chineses Center for Disease Control and Prevention. The Operational Guideline for Tuberculosis Control Program in China. Beijing: Ministry of Health (2008).

 31. Tian H, Wang DJ. Effects of the health education of tuberculosis prevention and control among college students based on Wechat group. Chin J Sch Health. (2017) 38:680–2. doi: 10.16835/j.cnki.1000-9817.2017.05.012

 32. Burcin MM, Armstrong SN, Early JO, Godwin H. Optimizing college health promotion in the digital age: Comparing perceived wellbeing, and health behaviors, health education needs and preferences between college students enrolled in fully online versus campus-based programs. Health Promot Perspect. (2019) 9:270–8. doi: 10.15171/hpp.2019.37









 


	
	
TYPE Original Research
PUBLISHED 08 November 2023
DOI 10.3389/fpubh.2023.1254579






Regional and epidemiological characteristics of tuberculosis and treatment outcomes in West China

Qiaolan Wang1, Jiangchuan Zhu2, Luoning Zhang1 and Linshen Xie1*


1West China School of Public Health and West China Fourth Hospital, Sichuan University, Chengdu, Sichuan, China

2Dazhu County Center for Disease Control and Prevention, Dazhou, Sichuan, China

[image: image2]

OPEN ACCESS

EDITED BY
 Adwoa Asante-Poku, University of Ghana, Ghana

REVIEWED BY
 Dominic Augustine, M. S. Ramaiah University of Applied Sciences, India
 Barathan Muttiah, University of Malaya, Malaysia

*CORRESPONDENCE
 Linshen Xie, linshenxie@163.com 

RECEIVED 07 July 2023
 ACCEPTED 25 October 2023
 PUBLISHED 08 November 2023

CITATION
 Wang Q, Zhu J, Zhang L and Xie L (2023) Regional and epidemiological characteristics of tuberculosis and treatment outcomes in West China. Front. Public Health 11:1254579. doi: 10.3389/fpubh.2023.1254579

COPYRIGHT
 © 2023 Wang, Zhu, Zhang and Xie. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Objective: To understand the prevalence and treatment outcome of tuberculosis in a typically regional County from 2016 to 2021, so as to provide reference and basis for the prevention and treatment of tuberculosis in this area.

Methods: Descriptive epidemiological methods were used to analyze the population, time and location distribution of pulmonary tuberculosis in Dazhu County from 2016 to 2021. The incidence rates were compared by Chi-square test and trend test, time distribution combined with seasonal index analysis, and the test level was α = 0.05.

Results: A total of 2,899 cases of pulmonary tuberculosis were reported in Dazhu County from 2016 to 2021, with an average annual incidence rate of 44.29/100,000 and standardized reported incidence rate was 36.77/100,000, showing a downward trend year by year (χ2 trend = 124.629, p < 0.001). A total of 955 cases of pathogen positive were reported, showing an increasing trend year by year (χ2 trend = 59.773, p < 0.001). In terms of time distribution, the incidence rate was high in autumn and winter, and September and December were the peak of the disease in the whole year, and the overall trend increased first, then decreased and once again increased (F = 5.861, p < 0.05). In regional distribution, the highest annual average reported incidence rate was in concentrated population. The incidence rate of male was higher than female in population distribution. After standardization, the overall incidence rate increased from 34 to 45 years old (χ2 trend = 6963.101, p < 0.001), and decreased after 45 years old (χ2 trend = 1104.393, p < 0.001). The occupation distribution is mainly farmers (82.75%). The overall arrival rate and cure rate of patients showed an upward trend year by year (χ2 trend = 4.306, χ2 trend = 5.772, p < 0.001).

Conclusion: The incidence rate of pulmonary tuberculosis in this regional county is decreasing year by year. Male patients are higher than female patients and have certain seasonal characteristics. Attention should be paid to male, older adult, farmers and other groups, and corresponding measures should be taken to strengthen the prevention and treatment of tuberculosis in high incidence areas.

KEYWORDS
 tuberculosis, epidemic status, treatment outcome, population, temporal variation


1. Introduction

Tuberculosis is a chronic infectious disease caused by Mycobacterium tuberculosis, with fever, chest pain, cough, hemoptysis, emaciation and fatigue as the main manifestations, involving many organs of the body, of which pulmonary tuberculosis is the most common, accounting for 80–90% of the total tuberculosis in various organs. Droplet transmission is its main route of transmission, sputum excretion is called infectious pulmonary tuberculosis, except a few can be acute, the clinical process is mostly chronic (1). With the continuous improvement of living standards and medical conditions, although tuberculosis has been gradually brought under control, the current situation is still not optimistic. According to《Global tuberculosis report2020》 (2) released by the World Health Organization (WHO), tuberculosis is the second most fatal infectious disease after COVID-19, ranking the 13th cause of death in the world, and China is still on the global list of countries with high TB burden. The report also shows that the number of deaths from tuberculosis increased in 2019–2021, and there was a destructive change in the downward trend in 2005–2019. At the same time, the number of tuberculosis cases in 2020–2021 also showed an upward trend, reversing the downward trend in the past two decades. Therefore, tuberculosis is still a major infectious disease harmful to health and has become a public health problem concerned by many countries. Ending the TB epidemic by 2030 is one of the health-related targets of the United Nations sustainable development goals. As one of the countries with high TB burden, China has been committed to the prevention and control of tuberculosis. The incidence of tuberculosis in China has been on a downward trend from 2000 to 2021, with the number of cases falling from the second in 2020 to the third in 2021 (3). The overall treatment coverage rate is also at a high level. However, some work is still weak, such as the low reporting rate of children, which may be related to the gap in the supervision of tuberculosis in children in addition to the incidence of children themselves.

The effective prevention and treatment of tuberculosis depend on the principles of “early detection, early diagnosis, and early treatment.” These principles play a vital role in reducing the morbidity and mortality associated with tuberculosis (4). It is essential to conduct epidemiological studies to understand the disease’s characteristics, identify high-risk groups and tuberculosis patients promptly, and implement effective measures to reduce the incidence and the disease burden of tuberculosis. This study was carried out in representative areas of China to assess the current epidemiological situation, analyze key points for prevention and control, and highlight previously overlooked aspects. The findings serve as a valuable resource for future efforts in tuberculosis prevention and treatment, guiding the rational allocation of health resources and the formulation of health policies in the region.



2. Materials and methods


2.1. Source of information

The data for this study were collected from pulmonary tuberculosis patients registered in Dazhu County, Sichuan Province, from 2016 to 2021 through the Tuberculosis Information Management system, a subsystem of the “China Disease Prevention and Control Information system.” The data collection process involved four investigators: one for initial screening based on the research timeline and two others for a secondary screening based on inclusion and exclusion criteria. The final investigator conducted quality control and a comprehensive review of the database.

The collected data encompassed various parameters, including gender, age, occupation, area, patient source, initial diagnosis time, treatment classification, laboratory etiological diagnosis results, drug sensitivity test results, the number of patients in place, and patient treatment outcomes. Demographic data, such as gender and age-specific registered population figures, were obtained from the outpatient center of the study area.

The study area, Dazhu County in Sichuan Province, is a region with diverse characteristics, comprising urban areas, villages, and towns, with a sizable resident population engaged in various occupations. These features contribute to the area’s representative significance for the study.



2.2. Selection criteria

1. Inclusion criteria: ① Diagnostic criteria of pulmonary tuberculosis: accorded with 《Diagnosis of Pulmonary Tuberculosis》(WS288-2017); ② Complete case information; ③《WS196-2017 Tuberculosis Classification》 included tuberculous pleurisy in the classification of pulmonary tuberculosis, so the subjects included in this study were patients with tuberculous pleurisy.

2. Exclusion criteria: ① Patients with non-tuberculosis; ② Patients with non-pulmonary tuberculosis.



2.3. Partial index definition

1. Incidence rate = (Register patients/The population of the area at the end of the year)*100%

2. Overall arrival rate = (The actual number of referrals+The number of tracked digits+The number of other methods/The actual number of patients with pulmonary tuberculosis who should be referred)*100%

3. Cure rate = (Number of cured patients/Number of patients with sputum-coated positive patients)*100%



2.4. Research methods

Through the description of epidemiological methods, the incidence trend, regional, population distribution and treatment outcome of reported patients with pulmonary tuberculosis from 2016 to 2021. The study population was divided into 9 age groups: 0–4 years old, 5–14 years old, 15–24 years old, 25–34 years old, 35–44 years old, 45–54 years old, 55–64 years old, 65–74 years old and over 75.



2.5. Statistical analysis

Pulmonary tuberculosis database was established by Excel2021 and statistical analysis was carried out by SPSS26.0. The incidence rate was tested by chi-square test, the incidence trend was tested by chi-square trend test, and the law of seasonal change was analyzed by curvilinear regression combined with seasonal index. The test level is α = 0.05 (take the composition of Chinese census data as the standard population to calculate the standardized incidence rate).




3. Results


3.1. Epidemic overview

The total number of TB patients included in the categorized management in Dazhu County from 2016–2021 was 2,899, with an average annual reported incidence rate of 44.29/100,000 and a standardized average annual reported incidence rate of 36.77/100,000. The difference in the standardized incidence rate between years was statistically significant (χ2 = 128.596, p < 0.001), and the reported incidence rate decreased from 52.42/100,000 (standardized incidence rate of 51.62/100,000) in 2016 to 34.18/100,000 (standardized incidence rate of 26.55/100,000) in 2021, and the overall incidence rate and standardized incidence rate of pulmonary TB in the past 6 years were decreasing trend year by year (χ2 trend = 72.524, p < 0.001, χ2 trend = 124.629, p < 0.001). The pathogenic positive incidence rate was 14.59/100,000, and its reported incidence rate showed an increasing trend year by year (χ2 trend = 59.773, p < 0.001). In this area, a total of 53 people were resistant to drugs from 2016 to 2021, including 18 with single drug resistance, 30 with multi-drug resistance and 5 with poly-resistance. The total drug resistance rate in 6 years was 1.82% (Table 1).



TABLE 1 Incidence of pulmonary tuberculosis.
[image: Table1]



3.2. Time variation distribution

Patients were reported cumulatively in all months, with a high prevalence in autumn and winter. Combining the cumulative number of reported cases over the years and the seasonal index, a comprehensive analysis showed that September and December were the two peak points of the disease throughout the year, with December being the highest peak (9.62% of the total). The overall trend was up, then down and then up month by month throughout the year (curve regression Cubic F = 5.861, p = 0.02 < 0.05) (Table 2; Figure 1).



TABLE 2 Distribution of tuberculosis patients in different months.
[image: Table2]
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FIGURE 1
 Time distribution of pulmonary tuberculosis patients in Dazhu County from 2016 to 2021.




3.3. Regional distribution

There are 31 streets and towns under the jurisdiction of Dazhu County, including 3 urban streets (population concentrated areas) and 28 surrounding towns. The highest average annual incidence of tuberculosis in urban areas is 33.05/100,000 in Zhuyang Street, and the highest average annual incidence of tuberculosis in towns is 106.90/100,000 in Zhonghua Town.



3.4. Population distribution


3.4.1. Gender distribution

The number of registered incidences was higher in men than in women, with a sex ratio of 2.99:1, and the average annual incidence rate was higher in men (62.49/100,000, with a standardized incidence rate of 50.13/100,000) than in women (23.68/100,000, with a standardized incidence rate of 21.86/100,000) (χ2 = 554.931, p < 0.001; χ2 = 353.562, p < 0.001).



3.4.2. Age distribution

The age of TB patients was organized into nine groups for analysis in association with the actual situation in the region. After standardization, the overall incidence rate increased from 34 to 45 years old (χ2 trend = 6963.101, p < 0.001), and decreased after 45 years old (χ2 trend = 1104.393, p < 0.001) (Table 3).



TABLE 3 Age-specific incidence of tuberculosis.
[image: Table3]



3.4.3. Occupational distribution

The survey showed that farmers accounted for the highest proportion of TB patients, 82.75%. In the past 6 years, the proportion of farmers are in the first place of each occupation. Students, domestic workers, and workers accounted for 2.59, 2.28, and 1.35%, respectively (Figure 2).

[image: Figure 2]

FIGURE 2
 Occupational distribution figure.





3.5. Treatment regression status


3.5.1. Overall rate of suspected cases

A total of 2,704 suspected TB cases were reported by medical institutions over the past 6 years, and 2,683 TB cases were referred into place, with an overall arrival rate of 99.22%; the highest overall arrival rate of 99.74% was achieved in 2021, and the lowest overall arrival rate of 98.73% was achieved in 2016. The overall rate was increasing year by year (χ2 trend = 4.306, p = 0.03 < 0.05) (Table 4).



TABLE 4 Tracking status of suspected tuberculosis patients in Dazhu County from 2016 to 2021.
[image: Table4]



3.5.2. Treatment regression status

Over the 6 years, 900 of the registered patients were cured, 1,949 completed the course of treatment, and 7 patients died. The highest cure rate was 98.64% in 2021 and the lowest was 94.60% in 2016. The cure rate had a slight decrease in 2018, but still showed an overall upward trend (χ2 trend = 5.772, p = 0.02 < 0.05). (Sputum-coated positive patients with a full course of treatment and final sputum negativity were judged as cured, and the cure rate was calculated only for sputum-coated positive patients) (Table 5).



TABLE 5 Treatment regression status of tuberculosis patients in Dazhu County from 2016 to 2021.
[image: Table5]





4. Discussion

The study found that the average annual incidence of TB incidence in this locality from 2016 to 2021 showed a decreasing trend, while lower than the national (5–8) and provincial (9–14) incidence levels in the same period. It is lower than the average annual incidence of tuberculosis in Bazhong City from 2006 to 2015 (96.15/100000) (15) and Luzhou City from 2008 to 2017 (82.29/100000) (16) of the same province, implying that the TB epidemic in this area has been controlled to some extent in recent years, and the implementation of the action plan to curb TB (17) has been effective, which is inextricably linked to the active promotion of prevention and treatment by medical institutions and the continuous improvement of TB publicity and education. The report showed that the spread of TB can be controlled by enhancing the knowledge and policy of TB education (18); the area is included remote towns, where some of the patients may not immediately go to the medical institutions for treatment due to unfavorable transportation, lack of medical resources, and weak awareness of prevention (19, 20), resulting in underreporting of patients and possibly causing the number of registered incidences lower than the actual number of incidence, suggesting that the administration should increase economic investment in remote townships to solve the problem, and timely detection of TB patients and active treatment to reduce the chances of transmission. The pathogenic positivity rate in the area is increasing year by year, implying that the transmission of TB may still be caused within a certain period of time, and attention should be paid to prevention.

Analysis of the time and regional distribution shows that the incidence of the disease occurs throughout the year, but it is high in winter, which is consistent with the pattern of respiratory diseases being high in winter, when the weather is cold and the temperature is low, the climate is dry, the living environment is relatively poor, and the immunity of the organism decreases compared with other seasons (21). On the other hand, some patients are unwilling to treat or do not standardize their treatment when they are working outside, and only after they return home during the Spring Festival do they begin to register and standardize their treatment, which also contributes to the higher incidence of TB in winter than in other seasons in this region. It is suggested that in winter, we should advocate residents to improve their immunity, indoor ventilation, avoid crowded places as much as possible, and carry out health education activities for workers to encourage them to seek medical treatment as soon as possible; the highest average annual incidence rate in Zhuyang Street and Zhonghua Town. In addition to better medical conditions in urban areas, it easier to find TB patients (22). The more direct reason is that there is a large flow of people and many migrant workers in this area. Therefore, we should pay attention to the urban areas with high incidence, and formulate reasonable measures according to the actual situation.

The population distribution showed that the incidence of TB was higher in males than in females, consistent with the epidemiological characteristics of TB in China and abroad as well as most studies (23, 24), with a large range of social activities and a higher proportion of bad behavioral habits and lifestyles such as long-term smoking and alcohol consumption in males. Among the reported cases, the population with TB incidence is mainly concentrated around 15–54 years of age, related to more opportunities for young adults to go out, a wider range of daily life activities, and a wider variety of people in contact; the incidence is also relatively high among the older adult around 70 years of age, related to their own reduced organism immunity, more chronic underlying diseases, and poor hygiene habits (25, 26); the occupational distribution is mainly dominated by farmers, accounting for above 80%. This is because of the large base of farmers and the poor economic conditions, the high labor intensity, the low standard of living, the relatively low level of education of most of them, and the lower knowledge of TB prevention and treatment (27), which not only increase the chance of TB transmission but also increase the difficulty of TB prevention and treatment. In addition to focusing on farmers, it is also important to increase the prevention of students, who spend most of their time in a more intensive environment, coupled with the high level of stress among students and the relatively lower immunity of the body (28, 29), which is also prone to TB. Domestic workers and workers account for a larger proportion of the population than other occupations. There is a relationship between the nature of work, the high number of contacts, and the confined working environment.

The tuberculosis incidence rate in Dazhu County from 2016 to 2021 has gradually declined, while the overall arrival rate and cure rate have increased each year. This indicates successful tuberculosis prevention and control efforts in the region. Various strategies have been employed to identify tuberculosis patients and provide prompt diagnosis and treatment in designated medical facilities. These measures have improved the quality of care for tuberculosis patients. However, future efforts should focus on strengthening surveillance, risk assessment, and health education for high-risk groups. Increased economic investment is also needed, particularly in remote areas, to address transportation and resource challenges. This will help prevent tuberculosis patients from going outside the management system and potentially spreading the disease.
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Introduction

Antimicrobial resistance (AMR) has been regarded as a global health threat by the WHO (1). The rise of general AMR to multiple drugs in the Indian population poses a formidable challenge to the TB control strategies, especially for drug-resistant tuberculosis (DR-TB). India has been regarded as having one of the highest burdens of drug resistant (DR) pathogens, including multi-drug-resistant TB (MDR-TB), which accounts for a quarter of the global burden (2). A 6-year observational study in south India on the prevalence of DR-TB indicated a high proportion (11%) of rifampicin and isoniazid mono-resistance in new cases (3). Increasing trends of DR-TB in new cases highlight potential public health concerns, as globally, 78% of rifampicin-resistant TB (RR-TB) cases were identified to be MDR-TB (3). In India, major mediating factors for the high incidence of DR-TB in new cases include transmission of AMR strains in endemic communities and acquired DR due to misuse and overuse of antimicrobials.



The COVID-19 pandemic and its consequences on TB care in India

A compounding effect of COVID-19 on TB care has been extensively reported earlier in various countries (4–6). According to a recent WHO global TB report, India was the largest contributor to the global shortfall in TB case notification in 2020 compared to other high-burden countries (7). A significant impact of reduced TB case notification was directly observed on the incidence of TB and DR-TB in India, which showed a significant decline in 2020 (8) compared to previous years, which should be mainly attributable to restricted access to healthcare facilities amid lockdown measures in the country (5, 9). Available reports suggest MDR-TB patients co-infected with COVID-19 pose formidable challenges in treatment, as COVID-19 can favor bacterial replication in the lungs through interference in intestinal homeostasis (10, 11). The empirical use of antibiotics is considered to be an important risk factor for the development of resistance (11–13). As per a recent modeling analysis report, COVID-19 in India contributed to about 216 million excess doses of antibiotics in between epidemic peaks (14). Reports from a meta-analysis by Langford et al. (15) showed high antibiotic usage (~71.9%) in hospitalized COVID-19 patients, even though only 6–9% of them were confirmed to have bacterial infection. Studies also indicate high antibiotic prescribing patterns of almost 82% in Southeast-Asian countries (excluding China) during the pandemic period (16). As a result, the incidence of MDR infections in COVID-19 patients is estimated to be around 32–50% (17). Additionally, oral glucocorticoids such as methylprednisolone and intravenous monoclonal antibody tocilizumab therapy to control IL-6-induced cytokine release syndrome (CRS) were used rampantly in India during the second wave, despite a stringent WHO advisory on their administration (18). A case report by Khayat et al. indicated that prolonged corticosteroid therapy in COVID-19 leads to significant CD4 and CD8 T-cell depletion and may promote the development of active infection in latent close contacts of TB cases (19). This represents a significant public health concern, particularly for COVID-infected close contacts of MDR-TB cases, who might be at high risk for conversion to active infection due to depletion and dysfunction of T-cells similar to HIV.



Increasing AMR in India and its impact on MDR-TB epidemiology

India has been regarded as the global capital of AMR (2). According to the national anti-TB DR survey conducted by the Indian government in collaboration with the WHO and the United States Agency for International Development (USAID), it was found that around 23% of new cases showed resistance to any drug, with MDR-TB detected in 3% (20). In addition, ~36% of MDR-TB cases tested for resistance to second-line anti-tuberculosis medications showed resistance to fluoroquinolones (2). One of the major drivers of AMR in India is the irrational consumption of non-prescribed drugs taken as self-medication (21). India is regarded as the top consumer of antibiotics for humans among all other countries (22). Between 2005 and 2009, India witnessed a 40% rise in the sale of antibiotics, with sales of new-generation cephalosporin increasing by almost 60% (23). According to one survey, ~52% of the Indian population is estimated to be self-medicating (24). Despite regulations on the sale of schedule H1 and X drugs in India, second-line drugs like fluoroquinolones are readily available over the counter (OTC) in pharmacies due to their rampant empirical use against a wide variety of infections. Such OTC practices are even more prevalent in peripheral and rural zones of India, wherein mostly experienced and untrained pharmaceutical staff can prescribe the wrong combination and duration of drugs to the locals. As a result, it is estimated that the majority of people consuming OTC drugs generally under-dose themselves, exposing bacteria to non-lethal drug concentrations and thereby developing DR. Figures 1A, B shows general drug resistant pattern of carbapenem, fluoroquinolones and aminoglycosides on common invasive isolates of E. coli, P. aeruginosa in India and China. In addition to self-medication, high prescription and consumption patterns of second- and third-line antibiotics (Figure 1C) and mismanagement of TB presumptive cases by private physicians and pharmacists at the primary care level have been attributed to bolstering AMR cases in Indian communities (24). A study published by Arinaminpathy et al. (25) shows mismanagement and a lack of standard of care followed by private practitioners among presumptive TB cases as one of the major drivers for MDR-TB development. Similar studies by Kwan et al., based on referral rates of patients to healthcare centers, have shown a significant impact of urban pharmacies on TB control (26). Their study shows low referral rates of presumptive cases by urban pharmacies as a major compounding factor for low detection rates and disease control.


[image: Figure 1]
FIGURE 1
 Trend of Antibiotic resistance (2019–20) among second line drugs against invasive isolates of (A) Pseudomonas aeruginosa and (B) E. coli in India and China. (C) Represents trend of antibiotic consumption pattern of common drugs in Indian population represented as defined daily dose (DDDs) per million populations. Source: One Health Trust. Resistance Map: Antibiotic resistance 2023. https://resistancemap.onehealthtrust.org/AntibioticResistance.php (accessed May 31, 2023).




Actions taken so far to combat AMR and DR-TB in India

To combat AMR, India introduced several measures, including the “Red Line” campaign in 2016 and the National Action Plan (NAP) on AMR in 2017 (27). Additionally, the Cosmetics and Drug Act launched in 2013 prohibited the sale of Schedule H1 drugs without prescription in India, which includes second- and third-generation antibiotics and anti-TB drugs. With due cognizance of AMR, the National Center for Disease Control under the Ministry of Health and Family Welfare, Government of India, developed a national plan on AMR containment with the objectives of improving awareness and surveillance of AMR in Indian health settings. In 2017, India launched its revised national strategic plan (NSP) with the ambitious goal of ending TB by 2025. Under its revised NSP (2017–25), the Government of India introduced several aggressive steps, such as decentralization of DR-TB services for better accessibility under the private sector, universal drug susceptibility testing (U-DST) for presumptive patients from MDR-TB hotspots, and scaling up diagnostic services of CBNAAT, True NAT, and line probe assays in low-resource settings for better surveillance and diagnosis (28).



Discussion

Despite the aggressive efforts made under the revised NSP, DR-TB cases continue to bolster in Indian health settings. Improved commitments are needed to integrate antimicrobial stewardship programs under pandemic response to frontline providers for the management of TB patients co-infected with COVID-19. Integration of TB health services with AMR programs can be done to leverage the expertise of TB control planners for strengthening diagnostic capacity for AMR testing, surveillance, better quality assurance, record keeping, and logistics. Expanding the diagnostic scope of TB testing laboratories for AMR surveillance in high-endemic spots for TB can be useful for developing important public health measures for combating AMR. Joint efforts and funding commitments from major TB stakeholders are needed globally to develop improved diagnostics and surveillance tools to detect AMR in second- and third-line drugs in high-TB settings. Similarly, efforts are needed to develop diagnostic stewardship programs that include mandatory U-DST for second-line drugs in COVID health care settings, COVID-19 hotspots and TB-endemic settings for early diagnosis and treatment outcomes. Accelerated surveillance and vigilance at local pharmacies is needed to minimize the sale of OTC schedule H1 and X drugs. The development of an online, multilingual, free consultation system for primary care physicians with TB health care providers with expertise in clinical and management experience can improve AMR stewardship for DR-TB. The European respiratory society has a similar web-based free consultation system for South Africa (29), which can be extended to highly endemic South Asian countries for better DR-TB management.

The alarming rise of AMR in Indian communities in the aftermath of waves combined is a major risk driver for future MDR-TB epidemics in India. The country needs immediate attention on surveillance of DR in COVID hotspots to minimize future transmission of MDR in communities. Additionally, increased political commitments and advocacy are needed to bolster antimicrobial stewardship in COVID care hospitals and quarantine zones to minimize the irrational use of empirical regimens. Such advocacy is needed to prevent the risk of the development of AMR in Indian communities and improve treatment outcomes for cases of MDR-TB in India in the near future.
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Background: Tuberculosis (TB) outbreaks in schools present a public health challenge. In order to effectively control the spread of transmission, timely screening, accurate diagnosis and comprehensive epidemiological investigations are essential.

Methods: In July 2021, a TB outbreak occurred in a junior high school in Y City, Zhejiang Province. Students and faculty were screened for TB by symptom screening, chest radiography, and tuberculin skin test during four rounds of contact screenings. For sputum smear-negative and sputum-scarce patients, bronchoscopy was used to collect BAL samples for Xpert Mycobacterium tuberculosis/rifampin (MTB/RIF). Whole-genome sequencing and bioinformatics analysis were performed on isolates to identify the strains of MTB isolates and predict drug resistance.

Results: Between July 2021 and November 2021, a total of 1,257 students and faculty were screened for TB during screenings. A total of 15 students (1.2% of persons screened) aged 15 years were diagnosed with TB. Eighty percent (12/15) of the cases were laboratory-confirmed (10/12 [83%] Xpert MTB/RIF-positive, 2/12 [17%] culture-positive). Most cases (12/15 [80%]) were in students from Class 2. All cases were asymptomatic except for the index case who had symptoms for more than two months. Seven MTB isolates were collected and belonged to lineage 2.

Conclusion: Our findings demonstrated the potential of Xpert MTB/RIF using BAL as a screening tool in school TB outbreaks for sputum smear-negative and sputum-sparse suspects, which may not only rapidly improves diagnostic accuracy, but also facilitates epidemiological investigations and homology analysis.

KEYWORDS
 tuberculosis, outbreak, screening, Xpert MTB/RIF, school


Background

Tuberculosis (TB) is an airborne disease primarily acquired by inhalation of infectious aerosol particles containing Mycobacterium tuberculosis (MTB). TB in children and adolescents is a growing concern and problem, especially in countries with a high TB burden (1, 2). However, the decrease in the reported incidence of TB among students decreased at a lower rate than in the whole population, the proportion of reported cases among students has been increasing (3). Thus, the prevention and control of TB in schools is a focus of China’s TB prevention and control programs.

In recent years, TB in children has become a more recognized problem in China largely due to reports of TB outbreaks in schools and households (4–7). In addition to greater susceptibility among schoolchildren (2, 8), crowded classrooms predispose to TB transmission in schools. However, an important issue that impedes case detection in pediatric TB is the high proportion of children with TB that are unable to provide sufficient sputum or have negative smear sputum (9–11). However, microbiological confirmation of TB is possible only in a small minority of the students, and the time to diagnosis by sputum culture is often prolonged (12). Alternative measures to improve case detection among children are urgently needed. Bronchoscopy not only allows observation of trachea and bronchial lesions, but also allows for the collection of bronchoalveolar lavage fluid (BAL) samples. For sputum scarce/negative patients, bronchoscopy may be a safe and reliable method for collecting of eligible samples (13). Rapid diagnosis and transmission investigation are key to effectively controlling the spread of school TB outbreaks. However, diagnosis is challenging when a patient is clinically and radiologically suspected of having TB but sputum specimens lack laboratory-confirmed evidence. Xpert Mycobacterium tuberculosis/rifampicin (MTB/RIF) assay is an automated nucleic acid amplification test that is recommended by World Health Organization (WHO) as the initial diagnostic test for patients presumed to have TB on the basis of screening symptoms or chest radiography, or for the diagnosis of multidrug-resistant disease (14). This molecular method performs well and can even confirm the diagnosis even from paucibacillary, mucoid and salivary sputum.

On July 2021, a TB outbreak occurred in a junior high school in Y City, Zhejiang Province. We investigated the potential role of Xpert MTB/RIF using BAL samples for the diagnosis of sputum smear-negative and sputum-scarce TB in active screening in order to provide a scientific basis for future investigations and management of TB outbreaks in schools.



Methods


Study setting

The school has 79 classes from first grade to ninth grade, with more than 3,600 students and 260 staff. Of these students, 222 are residential, with 4–8 students per dormitory. The dormitories and classrooms are well ventilated. The school clinic is equipped with a full-time doctor. However, health supervision measures in schools, such as the records of the morning, afternoon and evening health check-ups of students, were irregular or incomplete. In addition, tracing and registration records of absence due to illness were incomplete.

An investigation was conducted on each case, including collecting general information (such as name, sex, age, grade, class, seat distribution, close contacts), and information on epidemiological investigations, and clinical diagnosis and treatment. Reports on the status of the outbreak, including the epidemiological characteristics, causes, prevention and control measures were updated regularly until the end of the outbreak. In this study, we used a descriptive epidemiological approach was to retrospectively analyze data from the questionnaire of cases and the report of epidemic disposal.


Diagnosis and definitions

All TB cases, including laboratory-confirmed cases and clinically diagnosed cases, were defined according to the Diagnosis for Pulmonary Tuberculosis (WS288-2017) (15). Due to the inability of children to voluntarily expectorate sputum, microbiological confirmation of TB in children is complicated. Bronchoscopy was performed for suspected patients with negative sputum smears or without eligible sputum specimens. Children are considered to be suspected TB patients if their chest radiography shows lesions consistent with active TB. All suspected TB patients who underwent bronchoscopy provided written informed consent. Xpert MTB/RIF were performed, which is recommended by the World Health Organization (16). Compared to microscopy, Xpert MTB/RIF helps to provide rapid confirmation of TB and has a higher sensitivity for diagnosing TB in a population of children aged 0–15 years (17). Laboratory-confirmed cases were defined as those with MTB present in sputum smear or sputum culture or Xpert MTB/RIF.

Clinically diagnosed TB cases were presumptive TB cases with negative sputum smear microscopy that met the following conditions: (1) other lung diseases were excluded after diagnostic treatment or follow-up observation, (2) a chest radiography that was indicative of TB accompanied by TB-related symptoms (e.g., chronic cough, fever, night sweats, weight loss) or a strongly positive tuberculin skin test (TST) result.

An outbreak of aggregated MTB infection is identified when two or more cases of epidemiologically linked active TB (including TB pleurisy) are diagnosed in a school within a period of 3 months. When 10 or more epidemiologically linked cases of TB or fatal cases of TB in the same semester, the health administration department assigned to the school decides whether to declare a public health emergency (18, 19).

The first case of active TB reported in the school was defined as the index case. Depending on the mode, degree and duration of contact with the index case, contacts classified as close contacts, general contacts, and occasional contacts. Students who studied or lived with someone with active TB for a long time were classified as close contacts. Students who studied on the same teaching floor or lived on the same dormitory floor as the index case were classified as general contacts. Students who studied in the same teaching building or lived in dormitory building, but not on the same floor as the index case were classified as occasional contacts.



Contact screening

Four rounds of contact screening were performed, which included symptom screening, TST, chest radiography, sputum smear microscopy, sputum culture, bronchoscopy and Xpert MTB/RIF. TST was performed by injecting 0.1 mL (5 IU) of purified protein derivative of tuberculin under the skin of the left forearm on the palmar side and measuring the size of the induration after 72 h. TST reactions with a diameter of induration was ≥15 mm and/or in the presence of blisters, necrosis or lymphangitis were defined as strongly positive. Those with a strongly positive TST or abnormal chest radiography result were examined by computed tomography (CT), bronchoscopy and Xpert MTB/RIF. BAL sample was harvested from each patient by doctors of First People’s Hospital of Y City. BAL sample was mixed with pretreatment reagent of the Xpert MTB/RIF (Cepheid, United States) for 15 min, then 2 mL pretreated sample was transferred to the Xpert MTB/RIF (Cepheid, United States) cartridge and test program was executed. Sputum smear microscopy scoring of positivity was in accordance with the standard of WHO (20). Culture medium was Löwenstein-Jensen medium (Baso, Zhuhai, China) and positivity scored followed the standard of WHO (21).



Genome sequencing

Genomic DNA was extracted by the SDS method for M. tuberculosis (22). The harvested DNA was detected by agarose gel electrophoresis and quantified using a Qubit 2.0 Fluorometer (Thermo Fisher Scientific, Waltham, MA, United States). A total of 0.25 μg DNA per sample was used as input material for the DNA sample preparations. Sequencing libraries were generated using NEBNext Ultra DNA Library Prep Kit for Illumina (New England Biolabs, Inc., Ipswich, MA, United States). Briefly, the DNA sample was fragmented by sonication to a size of 350 bp, then the DNA fragments were end-polished, A-tailed, and ligated with the full-length adaptor for Illumina sequencing with further PCR amplification. Finally, PCR products were purified using AMPure XP system (Beckman Coulter, Brea, CA, United States) and libraries were analyzed for size distribution using an Agilent 2,100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, United States), and quantified using real-time PCR. Whole-genome sequencing was performed using Illumina NovaSeq PE150 (Beijing Novogene Bioinformatics Technology Co., Ltd., Beijing, China) with an estimated mean coverage of 100 times.

The raw data were filtered on the basis of these steps: the reads originated from the host, the reads containing low-quality bases (mass value ≤20) over a certain percentage (default: 40%), the number of N in reads beyond a certain proportion (default: 10%), and the reads, overlap between them and the adapter exceeded a certain threshold (default: 15 bp) with less than 3 mismatches. Samples that met these conditions were removed. The clean data were assembled simultaneously using SOAPdenovo software (BGI Genomics, Shenzhen, China), SPAdes software (University of California San Diego, San Diego, CA, United States) and Abyss software1 (23). The assembly results of these three software types were integrated with CISA software (Cybersecurity and Infrastructure Security Agency, Washington, DC, United States) and results containing the least scaffolds was selected. Gapcloser software (BGI Genomics, Shenzhen, China) was used to fill the gaps in the preliminary assembly results. The same lane pollution was removed by filtering the reads with low sequencing depth (less than 0.35 of the average depth) and fragments below 500 bp were filtered out to obtain the final assembly result.



Bioinformatics analysis

Tuberculosis-Profiler software (London School of Tropical Medicine and Hygiene, London, United Kingdom) (24) was used to determine isolates lineage and predict drug resistance. Paired-end reads were mapped to the reference genome sequence of H37Rv (GenBank AL123456) with Burrows-Wheeler Aligner software,2 and SAMtools/BCFtools suite3 was used for calling fixed single-nucleotide polymorphisms (SNPs) (frequency ≥ 95%) (25). The fixed SNPs which were excluded in the PE/PPE guanine-cytosine (GC)-rich sequence and repetitive region were concatenated into one sequence for the phylogenetic tree construction (26). The phylogenetic tree was constructed by Randomized Axelerated Maximum Likelihood (RAxML) software4 using the maximum-likelihood method (27), and visualized using ggtree toolkit of R statistical analysis software (R Foundation for Statistical Computing, Vienna, Austria).





Results


Basic characteristics

Between July 2021 and November 2021, a total of 15 students were diagnosed with TB, all of whom were in Grade 9. The average age was 15 years (Table 1). There were nine boys and six girls. Cases 1–6, 8–10, 13–15 (80%) were laboratory-confirmed, 2 (cases 2 and 15) of whom were sputum culture-positive and 10 (cases 1, 3–6, 8–10, 13–14) were Xpert MTB/RIF-positive. Cases 7, 11 and 12 (20%) were clinically diagnosed. The index case developed initial TB symptoms in April 2021 and the diagnosis was confirmed by Xpert MTB/RIF on July 2. Apart from the index case, all other cases were clinically asymptomatic. On August 10, the twin sister of the index case (case 2) was sputum culture positive. In terms of class distribution, there were 12 cases of TB in Class 2, and 2 cases in Class 1, and 1 case in Class 3. The seating distribution of the cases in Class 2 is shown in Figure 1. Except for case 9, all students diagnosed with TB were non-resident students.



TABLE 1 The demographic and baseline characteristics of the students with TB.
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FIGURE 1
 Seating distribution of the students with tuberculosis in class 2.




Diagnosis of the index case

The index case was a 15-year-old girl in the local middle school, who developed a persistent cough and expectoration on April 28, 2021. A month later, she took oral anti-inflammatory drugs for more than 10 days, without any significant relief of her symptoms. She stopped treatment on June 12 due to the need to prepare for the midterm exam. After the midterm exam on June 19, she visited the First People’s Hospital of Y City. The chest radiography showed abnormalities in both lungs. From June 19 to June 28, she was hospitalized and given symptomatic treatment such as anti-inflammatory and mucolytics and tested positive on T-SPOT. On June 29, she was hospitalized in a grade-A tertiary hospital of Z City. Bronchoscopy showed white necrotic material covering the mucosa of the opening of the anterior basal segment of the left lower lobe, and Next Generation Sequencing (NGS) showed that BAL was positive for MTB. On July 2, she was transferred to the designated hospital of Z City. During hospitalization, diagnosis of TB was confirmed by Xpert MTB/RIF.



Four sequential contact screenings

Four rounds of contact screening were carried out among close contacts, general contacts, and occasional contacts of the index case by November 15, 2021 (Figure 2). A total of 1,257 students and the faculty members were screened.

[image: Figure 2]

FIGURE 2
 Timeline of the four tuberculosis screenings in a junior high school in Zhejiang, China.


In the first round of screening, starting on July 7, 2021, a total of 57 close contacts of the index case were identified by epidemiological investigation. These included 45 classmates, two students in the neighboring class (Class 2), six teachers, and four family members of the index. All contacts were screened for symptoms, underwent TST and chest radiography. None of the close contacts had any TB-related or any abnormalities on chest radiography. However, seven close contacts (12%) had positive TST results (including 2 in Class 1, 2 in the Class 2, 1 family member, and 2 teachers).

Before receiving TB preventive treament (TPT), the twin sister of the index case developed abnormal shadows on her lungs based on chest radiography. On August 10, her sputum culture was positive and she was reported as a laboratory-confirmed case of TB by the First People’s Hospital of Y City.

In the second round of screening, beginning on August 17, 2021, 41 students in Class 2 were screened for symptoms and received TST and chest X-rays. No students had suspicious TB-related symptoms; however, eleven students had abnormal chest X-rays. Of the 33 students tested for TST, 22 (67%) were positive. A total of 11 confirmed cases were reported, of which eight were Xpert MTB/RIF-positive.

In the third round of screening, starting on August 28, 2021, all students in Classes 3–8, students studying on the same floor, teachers and family members of previously diagnosed cases of TB were screened. None had any suspicious symptoms of TB. The results of TST showed that 14 were positive (3.7%, 14/379). Two students had abnormalities on chest X-ray and a total of two confirmed cases were reported. Case 14 was Xpert MTB/RIF-positive and case 15 was culture-positive.

Starting on September 26, 731 students and 44 teachers from the original 7th and 8th grades were screened. Seven (7/752, 0.9%) were positive on the TST. None of them had abnormalities on chest radiography. Further chest radiography and pathological investigations were performed on those who were TST-positive, and no additional cases of TB were found.



Bioinformatics analysis results

In order to identify the lineages, genetic relationship, and predict drug resistance, isolates from seven cases (cases 3–6, 9–10, and 15) were analyzed and compared with other clinical strains from 3 laboratory-confirmed TB cases in bioinformatics analysis. A maximum-likelihood phylogenetic tree was constructed using RAxML software and Mycobacterium canettii (CIPT 140060008) was at the root of the tree (Figure 3). Two strains belonged to Lineage 4 and the other strains belonged to Lineage 2. Strains (RC2021047, RC2021048, RC2021049, RC2021050, RC2021051, RC2021052, RC2021053) involved in the outbreak were predicted drug-sensitivity profiles based on genomic sequences, and that were in accordance with the result of drug-sensitivity tests. The genomic differences among these strains ranged from 0 to 1,166 SNPs. However, the differences between the strains of this outbreak did not exceed 12 SNPs, which revealed that 7 strains isolated from 7 patients in Class 2 were highly homologous and within the same transmission chain (11). Therefore, the phylogenetic tree showed that 7 strains of this outbreak belonged to the same genomic cluster, which was different from the 3 strains of other unrelated patients. Whole gene sequencing data of strains are deposited in National Microbiology Data Center (NMDC) with accession numbers NMDC40049901 (https://nmdc.cn/resource/genomics/sra/detail/NMDC40049901) and NMDC40049902 (https://nmdc.cn/resource/genomics/sra/detail/NMDC40049902).
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FIGURE 3
 Phylogenetic tree of the Mycobacterium tuberculosis isolates from the outbreak.




Putative transmission relationship

We found that a student in Class 2, Grade 9 (Student A) had been diagnosed with laboratory-confirmed TB in December 2020. The result of sputum smear microscopy was strongly positive (++++). On July 10, 2021, the student was considered cured and stopped taking medication. Therefore, we hypothesize that student A caused her classmate (case 2) to become infected with TB through excretion of MTB. Although case 2 did not show any symptoms, she may eventually infected her twin sister, the index case, through household exposure (Figure 4).

[image: Figure 4]

FIGURE 4
 Putative transmission pathways based on epidemiological links.




Follow-up monitoring

All 15 students with TB were suspended from school after being diagnosed with TB. Follow-up visits confirmed that the majority of patients had a treatment regimen of 2HRZE/4HR or 2HREZ/10HR (Table 1). Liver and kidney function tests were performed regularly for all treated students. No patient experienced adverse effects throughout the course of treatment. Of the 42 students with strong positive TST results during screening, 22 received TPT and the remaining 20 refused TPT. One of those who received TPT had a treatment regimen of 4H, and the remaining 21 students had a treatment regimen of 3HR. Students who refused to take TPT had chest X-rays at the end of the third month, the end of the sixth month, and the end of the twelfth month after the initial contact screening. During the follow-up period, none of these students with positive TSTs developed TB.




Discussion

An outbreak of TB was reported in a junior high school in Zhejiang, China. Based on the results of the epidemiological investigation, clinical data and laboratory test, we specifically investigated the possible causes of the TB outbreak and determined the likely source and path of transmission.

The lack of awareness of the clinicians who initially treated the index case led to delays in the diagnosis of TB. The clinical manifestations of TB are easily confused with those of other lung diseases (28–30), and the index case diagnosed with TB in a designated hospital more than 2 months after the onset of clinical symptoms. Irregular or incomplete health supervision measures in schools, such as morning (afternoon) and evening health-checks, tracing and registration records of absence due to illness, may also have contributed to students with suspicious symptoms not being adequately monitored (6). Other than the index case, none of students diagnosed with TB, had any suspicious symptoms, which increased the difficulty of case finding. As the outbreak coincided with the run-up to the high school entrance exam, students were under great burden, which may have led to a reduction in their physical resistance and an increased the risk of disease. In addition, junior high school students have inadequate nutrition which may also be a trigger for TB disease progression (4). A reluctance to seek medical treatment also increases the difficulty of early detection. Emerging evidence has shown that delays in seeking care and diagnosis makes it possible for other students to be exposed to pathogens for a long period of time, which is a major contributor to TB transmission (31–33).

In this outbreak, all the TB patients belonged to a single transmission chain. The MTB strains from 7 cases in Class 2 were of the Beijing genotype and were all drug-sensitive, suggesting recent transmission between the students in the cluster of cases.

There are several features worth considering in this school-clustered TB outbreak. It has been reported that subclinical TB can be caused by viable MTB that does not cause any suspicious symptoms of TB (34). Misdiagnosis and delayed treatment of TB, especially sputum smear-negative TB, promotes pathogen transmission (35). However, it may be difficult to detect MTB by conventional testing methods for suspected patients with scarce sputum or sputum smear negativity, especially children (36, 37). It has been shown that the application of bronchoscopic techniques plays an important role in the early diagnosis of cases and in investigating the transmission of TB outbreaks (38). According to a previous meta-analysis, the use of Xpert MTB/RIF for the diagnosis of TB using BAL samples showed high sensitivity and specificity (39). However, studies on the combined use of bronchoscopy and Xpert MTB/RIF in TB outbreaks in schools are less common.

In order to verify cases and trace homologues as quickly as possible in the management of this TB outbreak, all suspected cases agreed to the use of bronchoscopy to collect BAL samples for Xpert MTB/RIF test. As a result, the percentage of laboratory-confirmed cases was high (80%). It is worth pointing out that the clinical application of bronchoscopy and Xpert MTB/RIF is limited to hospitals. The main reason for this is that these techniques rely on relatively complex instruments that are costly. In addition, the collection of BAL samples using bronchoscopy requires invasive procedures.

As many studies have reported, high schools and colleges are among the most common sites of TB outbreaks (4, 6, 26, 32). Although this TB outbreak occurred in a junior high school, these students were about to become high school students. Disposal measures such as contact screening, accurate diagnosis and comprehensive epidemiological investigation effectively avoided the spread of the TB outbreak.

There are several strengths to this study. With the early application of bronchoscopy, the percentage of laboratory-confirmed cases in this school TB outbreak increased considerably. Seven isolates were collected from laboratory-confirmed TB patients, which helps to analyze the transmission relationship of the epidemic and to identify the source of infection. Additionally, genome sequencing and bioinformatic analysis revealed that the MTB strains from the seven laboratory-confirmed cases in Class 2 belonged to Lineage 2 and were all drug sensitive. Timely and effective interventions prevented the further spread of the TB outbreak. All the cases were eventually treated effectively.

However, this study has some limitations. We inferred from the epidemiological findings that Student A may have been the source of this aggregated school TB outbreak, but do not have molecular biological evidence to support this hypothesis. Follow-up visits were difficult to perform due to school graduation by students with TB. We were unable to confirm whether the 22 students who were strongly positive for TST and received prophylaxis eventually completed the course of treatment. Despite these limitations, this study was able to describe the characteristics and triggers of a large school outbreak in eastern China.

In conclusion, a 2-month delay in diagnosis of the index case played an important role in the transmission of this TB outbreak in a junior high school in Zhejiang, China. The use of Xpert MTB/RIF in BAL samples may improve the sensitivity of laboratory tests and is conducive to investigating the transmission of TB outbreaks. The MTB strains from 7 cases in Class 2 belonged to Lineage 2 and were all drug-sensitive. There is an urgent need to reduce delays in the detection of cases and to isolate the source of infection in time. Efforts should be made to strengthen routine surveillance and health education for students and staff on TB prevention and control in schools.
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Background: The urine Determine LAM test has the potential to identify tuberculosis (TB) and reduce early mortality among people living with HIV. However, implementation of the test in practice has been slow. We aimed to understand how a Determine LAM intervention was received and worked in a Ghanaian in-hospital context.

Design/Methods: Nested in a Determine LAM intervention study, we conducted a two-phase explanatory sequential mixed methods study at three hospitals in Ghana between January 2021 and January 2022. We performed a quantitative survey with 81 healthcare workers (HCWs), four qualitative focus-group discussions with 18 HCWs, and 15 in-depth HCW interviews. Integration was performed at the methods and analysis level. Descriptive analysis, qualitative directed content analysis, and mixed methods joint display were used.

Results: The gap in access to TB testing when relying on sputum GeneXpert MTB/Rif alone was explained by difficulties in obtaining sputum samples and an in-hospital system that relies on relatives. The Determine LAM test procedure was experienced as easy, and most eligible patients received a test. HCWs expressed that immediate access to Determine LAM tests empowered them in rapid diagnosis. The HCW survey confirmed that bedside was the most common place for Determine LAM testing, but qualitative interviews with nurses revealed concerns about patient confidentiality when performing and disclosing the test results at the bedside. Less than half of Determine LAM-positive patients were initiated on TB treatment, and qualitative data identified a weak link in the communication of the Determine LAM results. Moreover, HCWs were reluctant to initiate Determine LAM-positive patients on TB treatment due to test specificity concerns. The Determine LAM intervention did not have an impact on the time to TB treatment as expected, but patients were, in general, initiated on TB treatment rapidly. We further identified a barrier to accessing TB treatment during weekends and that treatment by tradition is administrated early in the morning.

Conclusion: The Determine LAM testing was feasible and empowered HCWs in the management of HIV-associated TB. Important gaps in routine care and Determine LAM-enhanced TB care were often explained by the context. These findings may inform in-hospital quality improvement work and scale-up of Determine LAM in similar settings.

KEYWORDS
 HIV, tuberculosis, diagnosis, Xpert MTB/RIF, Determine LAM, qualitative interviews, mixed methods


1 Introduction

Tuberculosis (TB) diagnostic strategies that are non-sputum-based and available at the point-of-care (POC) are urgently needed. As the immune system deteriorates among people living with HIV (PWH), the diagnosis of TB is challenged by presentation with severe disease, sputum-scarce pulmonary TB (1, 2), extrapulmonary TB (EPTB), and disseminated TB. Sputum Xpert MTB/RIF or Xpert MTB/RIF Ultra assay (hereafter “Xpert,” Cepheid, Sunnyvale, California, United States) is recommended as a first-line test to assess for TB among PWH (3). Since 2015, WHO has recommended the use of urine lateral flow lipoarabinomannan assay, Determine™ TB LAM Ag assay (Determine LAM; Abbott, Chicago, IL, USA), a simple POC test, to assist TB diagnosis among PWH (4). Determine LAM is commercially available, detects all forms of TB, and provides a result after 25 min (5). It has the potential to assist timely HIV-associated TB diagnosis and TB treatment initiation (1, 6, 7), and two randomized controlled trials found that POC use of Determine LAM can impact early mortality among PWH inpatients (2, 8). Nevertheless, the scale-up of Determine LAM has been slow. A survey from countries with a high incidence of HIV-associated TB identified uptake of Determine LAM to be challenged by national regulatory agency test approval procedures, limited TB budgets, and lack of local test implementation data (9). A qualitative study assessing users’ perspectives of Determine LAM highlighted the WHO conditional Determine LAM eligibility criteria (10) and was concerned with test specificity and interpretation of test results as possible barriers to test adoption and use (10, 11). However, in-depth knowledge of contextual facilitators and barriers to Determine LAM implementation in real-world practice is limited. Such contextual factors are often neglected in randomized controlled trials (12) but are important to understand when new TB diagnostic strategies are implemented (13, 14).

In a multi-center stepped wedge cluster-randomized Determine LAM intervention study (TBPOC study), the Determine LAM test was made available for use among severely ill inpatients with HIV admitted at three hospitals in Ghana (15). The intervention was strengthened by training and performance feedback among the healthcare workers (HCWs) involved in patient care at the study sites. In the Determine LAM intervention study, patients were severely immunosuppressed with a high rate of TB symptoms, but less than half of patients had a routine sputum-based test for TB. When the Determine LAM test was made available, the TB diagnostic yield and the probability of TB treatment initiation increased (15). However, while test uptake among HCWs was high, only half of Determine LAM-positive patients were initiated TB treatment.

This mixed methods study seeks to better understand how the Determine LAM test intervention was received and worked in a Ghanaian in-hospital context.



2 Materials and methods


2.1 Study design

This is a two-phase, explanatory sequential mixed methods study (16, 17) using an approach where the HCW survey, qualitative in-depth interviews (IDIs), and focus group discussions (FGDs) were nested into the TBPOC study (Figure 1). As described in detail before, the TBPOC study is an open-label multi-center stepped wedge cluster-randomized trial evaluating the impact of the Determine LAM test on timely TB investigation, diagnosis, and treatment among severely ill PHW on admission1 (15). In the first phase, an HCW survey was performed at three hospitals between January 2021 and January 2022 to address the Determine LAM feasibility and ease of use. The second phase was conducted at one of the hospitals between October 2021 and January 2022 and included the collection of qualitative data from FGDs and IDIs to provide an in-depth understanding of the user perspectives and the context for Determine LAM uptake and use. Data integration of the TBPOC study (15, 18), HCW survey, and the FGD and IDI occurred at the methods level and the analysis and interpretation level (Figure 2; Table 1).

[image: Figure 1]

FIGURE 1
 The mixed methods study nested into the stepped wedge cluster-randomized trial implementing the Determine LAM test at three hospitals in Ghana.


[image: Figure 2]

FIGURE 2
 An overview of the explanatory sequential mixed methods study. QUAN, quantitative data; QUAL, qualitative data; HCW, healthcare worker; FGD, focus group discussions; IDI, Semi-structured in-depth interviews. *QUAN patient data are key findings from the Determine LAM intervention study reflecting Determine LAM study patient and process outcomes.




TABLE 1 Methods and participants overall and by hospital in the mixed methods study nested in the TBPOC study implementing the Determine LAM test.
[image: Table1]



2.2 Study sites and context for Determine LAM test implementation

The study sites and the routine TB diagnostic care cascade are described previously (15, 18). Sites include Lekma Hospital (LH), Tema General Hospital (TGH), and Korle Bu Teaching Hospital (KBTH), all major hospitals with mainly an urban population uptake. HIV and TB care facilities are available with diagnosis and treatment provided free of charge to the patients. As part of the TBPOC study, the Determine LAM test was made available at the medical wards for TB diagnosis among newly admitted PWH if severely ill, with advanced HIV or a positive WHO 4-symptom screen (W4SS) (15). Request and use of the Determine LAM tests were at the discretion of the treating HCWs. The tests were placed conveniently at the wards with all required test materials, guidelines for using Determine LAM (4, 19), and the manufacturer’s instructions (20). The introduction of Determine LAM at the hospitals was strengthened by monthly training of HCWs comprising performance feedback, review of the guidelines for the diagnosis of HIV-associated TB (21), and training in the theoretical and practical use of Determine LAM (4, 19, 20). A total of 42 formal training sessions led by the first author (J.Å.) in collaboration with hospital management at the three study sites and the National Tuberculosis Control Program in Ghana were held.

Simplified, the Determine LAM test procedure follows four steps: 1. Remove the foil on the test strip; 2. Add 60 μL urine to the pad; 3. Wait 25 min; and 4. Read the result using the reference scale card (invalid, negative, or grade 1–4 positive) (19).



2.3 Study population and data collection


2.3.1 Quantitative healthcare worker survey

In conjunction with the training sessions, HCWs at the three hospitals were approached purposefully and were based on convenience to fill out a study-specific pre-tested paper questionnaire on the Determine LAM use. Overall topics included HCW characteristics, workload, and preferred location for Determine LAM testing, Determine LAM use and interpretation, and urine sampling. In total, 81 HCWs completed the survey.



2.3.2 Qualitative FGDs and IDIs

We conducted FGDs to explore group dynamics and contrast views on the discussed topics, while IDIs were conducted to get a deeper understanding of the individual HCW opinions and perspectives. For both FGDs and IDIs, we used purposive sampling and approached HCWs based on convenience to ensure representation of different genders, staff categories, experience, and departments (internal medicine, infectious diseases, and respiratory medicine, incl. COVID-19 units). All participants had completed the HCW survey before the qualitative data collection. To facilitate a free-flowing and open FGD for all participants, HCWs were grouped according to work role and experience.

Two semi-structured topic guides were built for the FGDs and IDIs, respectively (Supplementary Table S1), based on insights gained from the HCW training and the HCW survey and questions raised during the TBPOC study. The FGDs and IDIs were conducted at KBTH in English, the official language in Ghana, and the language used by HCWs in their daily work. Sessions lasted between 40 and 60 min. They were moderated by the first author (J.Å.), who is a medical doctor with knowledge of HIV and TB, qualitative research, and who had resided and worked at the study sites as a clinical researcher for 2.5 years at the time of the qualitative interviews. A Ghanaian research assistant with insight into the local context and several local languages participated during the interviews to avoid misunderstandings.

Data saturation occurred after four FGDs totaling 18 participants (four TB diagnostic HCWs, four junior doctors, five junior nurses, and five senior nurses) and 15 IDIs (eight nurses, public health nurses or counselors, and seven doctors). Of the 39 HCWs invited to either an FGD or an IDI, six declined because they did not want to participate (three), were too busy (two), or were sick (one). After each FGD or IDI, the main findings were summarized. All FGDs and IDIs were audio-recorded and transcribed verbatim and digitally stored in a pseudo-anonymized form at OPEN, Open Patient data Explorative Network, Odense University Hospital.




2.4 Data analysis


2.4.1 Quantitative analysis

For the HCW survey analysis, we used descriptive statistics to present frequencies and percentages, medians with interquartile ranges, and frequencies and percentages using STATA 17.0 software (StataCorp. 2021 Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC).



2.4.2 Qualitative analysis

Directed qualitative content analysis was used (22, 23). First, we (J.Å., B.P.T., and S.B.) developed a code scheme based on the research question, the topic guides, key preliminary findings from the TBPOC study (15, 18) and the HCW survey, and key findings from published material in the field (9–11). Additionally, we included a few broad codes, which are as follows: What dilemmas do HCWs/patients experience? Does power or lack of power manifest itself in the material? and What is seen to be a priority among HCWs? The FGD and IDI summaries and the transcripts were analyzed for pre-determined codes using an initially deductive approach (24). When the material did not relate to any pre-defined code, we used an abductive approach to identify new codes, and the code scheme was revised and refined (22). Meaning-units in the form of representative quotes were continuously registered into the code scheme. When going back and forth between different codes with representative meaning units, summaries, and transcripts, abstraction of themes and over-arching themes emerged (23).



2.4.3 Integration

Integration at the methods level occurred when preliminary results from the TBPOC study (15, 18) and the HCW survey contributed to building the qualitative topic guides and when the HCW survey was connected to the qualitative data sampling (Figure 2) (25). Integration at the analysis and interpretation level occurred through joint display analysis and in the discussion (25, 26). Importantly, by arraying quotes from the comprehensive qualitative content analysis code scheme against key quantitative findings, the data were explicitly brought together in a side-by-side comparison to assess how the qualitative findings could explain the quantitative results (25–27).





3 Results


3.1 Quantitative results

The TBPOC study results have been published elsewhere, including the in-hospital TB diagnostic care cascade (18) and outcomes of the Determine LAM intervention study (15). In summary, we found that less than half of severely ill inpatients with HIV obtained a sputum Xpert for assessment of TB during admission. During the implementation of the Determine LAM intervention, 162 of the 174 (93.1%) patients were tested with Determine LAM, the majority bedside, but only 19 of the 41 (46.3%) Determine LAM positive patients were initiated on TB treatment. Implementation of Determine LAM increased TB diagnosis and reduced time to TB diagnosis but did not affect the time to TB treatment initiation.

Of the 81 respondents to the HCW survey, 42 (51.9%) were nurses, 28 (34.6%) were doctors, and 11 (13.6%) were from other staff categories. Among all, 30 (37%) HCWs had more than 5 years of work experience. Of the 80 respondents, 37 (46.3%) tested 0–1 patients with Determine LAM each week, 28 (35%) tested two or more patients with Determine LAM each week, and 15 (18.8%) did not have access to the Determine LAM, e.g., worked in a laboratory. For a detailed description of HCW characteristics, see Supplementary Table S2. Overall, 68/69 (98.6%) respondents experienced the Determine LAM procedure as easy or very easy (Table 2). The majority, 60/69 (87.0%), estimated that they spent 10 min or less on informing the patient about the Determine LAM test and a median of 30 (IQR 25–40) min to complete the Determine LAM test per patient. Among respondents, 56/69 (81.2%) stated that a urine sample could be obtained within 60 min, with 11/69 (16.4%) finding it difficult or very difficult to obtain the urine sample.



TABLE 2 Results from the quantitative healthcare worker survey on Determine LAM feasibility and ease of use, overall and stratified by hospital, n = 81.
[image: Table2]

While 60 of the 69 (87.0%) HCWs performed the Determine LAM test at the bedside, only 35/75 (46.7%) thought that the bedside was the optimal location for testing. Of the two largest HCW categories, 15 of the 26 (57.7%) doctors and 17 of the 40 (42.5%) nurses thought the bedside was the optimal place for Determine LAM testing.

Of the 65 HCWs, 7 (10.8%) did not use the reference scale card to interpret test results, and 7 of 62 (11.3%) thought that discrimination between the four intensity bands was difficult or very difficult.



3.2 Qualitative findings

Based on FGDs and IDIs, five overarching qualitative themes emerged.


3.2.1 Socio-economic vulnerable patients receive sub-optimal management

HCWs highlighted that PWH often has limited financial resources and therefore cannot afford important diagnostic investigations for HIV-associated disease, e.g., costs for blood tests and out-of-pocket payments for chest X-rays.


“However, to be honest, investigations are predominantly catered for by the relatives, like she said [another junior doctor]. So into much as an X-ray is required, they have to pay for it, but for the Xpert, that’s free, so it’s easier to get. The rate limiting step comes from the labs.” FGD with an infectious diseases doctor.
 

Relatives played an important role both financially by covering medical costs and socially by running hospital errands, e.g., escorting the patient to chest X-ray or transporting the sputum sample to the laboratory and bringing back the test result to the ward. A nurse suggested that an in-hospital porter service would be helpful.


“Yes, so you see, if relatives are not around, we have to wait for them to come before we even take the sample [sputum sample], that is the system that goes on here. But if you have a system that is available 24/7 even without the relatives, you can take the sample and that person takes it to the lab.” IDI with a junior medical nurse.
 

It was a priority for HCWs that the Determine LAM test be offered free of charge to the patients and made accessible for use at the wards at their own discretion without relying on the patients’ socio-economic situation.



3.2.2 The Determine LAM test empowers you as a healthcare worker

Doctors found that the Determine LAM test facilitated TB diagnosis when used in addition to routine investigation. It was satisfactory to be able to initiate a TB investigation without depending on the laboratory. Nurses and doctors explained that the Determine LAM test would also increase patient motivation and satisfaction.


“I have instances where a patient comes a week later and the results [sputum Xpert] are not yet in and we are still waiting. And it means probably we have to wait for another one week. That’s two weeks, when you can just do a bedside test. So I think it gives us the opportunity of early diagnosis for patients, reduces their illness time and to an extent, yes, it will help the patients to appreciate because now they come to the hospital with a problem, and they are going home with semblance of a solution rather than coming with a problem and going home with more questions.” FGD with an infectious diseases doctor.
 

Doctors found the Determine LAM test especially useful for timely clinical decision-making among patients with severe immunosuppression, who are unable to produce sputum for Xpert, and patients with EPTB.


“…but as I mentioned those with the pericardial effusion. Some of them that had abdominal Kochs [TB], those people were highly suppressed. They had like severe immunosuppression. They came as [Determine LAM test] positive. We did not waste time, we just started anti-Kochs [TB treatment”].” IDI with an infectious diseases doctor.
 

Furthermore, it was explained by several HCWs that many patients with presumptive TB are not able to produce a sputum sample, where urine for Determine LAM testing was easier to obtain.


“If the patient is not able to produce the sputum, it’s one of the major things that we tend to experience. Some of the patients, you will ask them to cough and they bring out saliva instead of the sputum. So you are not able to do your diagnosis.” IDI with a senior medical nurse.
 



3.2.3 Bedside testing was preferred for POC testing but may violate patient confidentiality

Especially in the FGDs for junior and senior nurses, concerns were noted about patient confidentiality when performing bedside Determine LAM tests. Nurses thought that a dedicated room in the ward would be the optimal place for testing and disclosing the test results. To enhance patient confidentiality, mobile physical screens were used between patient beds. One nurse explained that to avoid co-patients listening in, test information and the actual procedure could be performed at a distance away from the beds.


“When there is lack of space, you have no choice than to do it at the bedside. But you have to just screen [place physical screens between beds]…” FGD with junior nurses.
 

It was explained that, in general, it was the nurses, counselors, or laboratory technicians who performed Determine LAM testing. However, when junior doctors discussed the optimal place for testing, they preferred POC testing bedside over laboratory testing to avoid delay and a mix-up of test results. They highlighted that the rapid nature of the test was a main strength, and performing it in centralized laboratories would be counter-intuitive.

An infectious diseases doctor was frustrated over the limited routine healthcare services at the hospital on the weekends and suggested that the Determine LAM test, together with CD4 cell count, should be accessible at all times and part of a POC package for patients with advanced HIV. Experienced difficulties initiating TB treatment on the weekends were highlighted.


“…unfortunately a lot of things are under lock with a key. The unfortunate thing is Friday evening, Saturday, Sunday, we are the only people who exist in the hospital (laugh)” …” …waiting a whole three days and not knowing what to do, is not the best, you know. I mean even giving anti-Kochs [TB treatment], policy wise, Saturday, Sunday, I mean, they are not there, and it can be annoying.” IDI with an infectious diseases doctor.
 

Several nurses highlighted the importance of performing the Determine LAM test in front of the patient to increase patient acceptance and, thereby, prognosis.


“Then the patient can be informed at the same time, get better insight and attitude and will better accept the result. This would increase chance for a good outcome.” IDI with a senior medical nurse.
 

One nurse suggested that HCW training on Determine LAM testing should include discussions on how to ensure patient confidentiality during bedside testing.



3.2.4 The Determine LAM test use from a contextual perspective

Healthcare workers explained that more PWH would benefit from the test if it is available for use at the hospital point-of-entries (i.e., polyclinic, the emergency department, or the outpatient department) and possibly in the community.


“…the community nurses will be able to get to them [PWH with likely TB] and do the necessary testing and provide the necessary services to them. Because yes we have severely immunosuppressed people who point-blank refuse to attend any health facility.” FGD with senior nurses.
 

Delayed HIV screening was identified as a current barrier to Determine LAM use.


“Because sometimes patients will be on the ward for perhaps a week or more before we think to do a retro screen [HIV test].” IDI with a junior medical doctor.
 

Other suggested barriers for test use included material stock-out and limited access to CD4 cell counts.


“Ahaa, so it becomes very problematic like programme wise we are not doing the CD4. If they [the patients] have to do it then they will have to pay. The CD4 with a full blood count, I think they are paying like 120 cedis.” IDI with an infectious diseases doctor.
 

Finally, the HCWs highlighted the role of the Determine LAM test as an add-on TB test and feared that it, by mistake, could be perceived as a replacement for routine TB diagnostic tests such as the Xpert. Therefore, a few HCWs suggested emphasizing during training that the Determine LAM test result should be held up against clinical judgment and subsequent TB diagnostic investigation.



3.2.5 Attitudes toward TB disease and impact on TB care

Several nurses expressed fear of becoming infected with TB when caring for patients and requested more training in TB transmission and how to safely provide TB care.

Healthcare workers noted that some patients did not want to get tested for TB out of fear or negative beliefs.


“They get scared when they hear the word TB or HIV, yeah, they get scared. So just let them know, now TB is curable right? Yes, so you just let them know if the test turns out to be positive you can get cured. So they can feel at ease understanding take the test.” FGD with junior nurses.
 

HIV testing and counseling was generally described as a successful practice, and nurses suggested a similar set-up when testing for TB in addition to HIV. Nurses believed it would increase the acceptance of the diagnosis. It was also highlighted that some patients need time to accept, and apart from taking help from a counselor, a trusted relative was sometimes helpful.


“And some too they feel that when they get TB [in addition to HIV], it is like their death warrant has been signed.” IDI with a senior medical nurse.
 




3.3 Mixed methods results

The joint display resulted in seven themes based on content similarities (see Table 3).



TABLE 3 Arraying qualitative quotes with quantitative findings to better understand the Determine LAM test role in tuberculosis management among inpatients living with HIV in Ghana—a joint display.
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3.3.1 Barriers to routine sputum Xpert testing

A gap in access to routine TB testing using sputum Xpert was identified in the TBPOC study and explained in qualitative data by a lack of relatives to assist in sample logistics, negative beliefs around the disease, and patients being unable to produce a sputum sample.



3.3.2 Barriers and facilitators to Determine LAM testing

The overall Determine LAM test procedure was experienced easily in the HCW survey, and almost all eligible patients in the TBPOC study received a test result. Reasons mentioned for not testing an eligible patient included that some patients were unwilling to take the test, which the HCWs ascribed to fear of or disbelief in modern medicine. One doctor explained that delayed HIV screening is a potential barrier to Determine LAM use.



3.3.3 Timely TB diagnosis when assisted by Determine LAM compared to using Xpert only

The time from enrolment to TB diagnosis was reduced when Determine LAM was made available in addition to sputum Xpert in the TBPOC study. The HCW survey described that urine could be obtained on the same day as the request and that the Determine LAM procedure was estimated at a median of 30 min/patient. It was confirmed in the qualitative interviews that urine was easier to obtain than sputum. Delays in sputum-based TB testing as compared to Determine LAM testing were related to logistics with sample transportation and pick up of results, as well as Xpert laboratories being closed on the weekends.



3.3.4 The place of Determine LAM testing in clinical practice was at the bedside

The TBPOC study and HCW survey demonstrated that almost all Determine LAM tests were performed at the bedside. The survey also revealed that more than half of HCWs would prefer performing the test in a laboratory or a dedicated room in the ward. It was understood from the qualitative data that nurses were concerned about patient confidentiality when testing at the bedside. However, doctors preferred bedside testing.



3.3.5 Determine LAM test interpretation

Only 10% of respondents in the HCW survey did not use the reference scale card, and 10% thought it was challenging to interpret intensity bands. In the qualitative data, HCWs reported that it could be difficult to discriminate, especially between a grade 1 positive and a negative Determine LAM test result. Several HCWs described situations where they used more experienced colleagues to assist the Determine LAM procedure and interpretation.



3.3.6 Barriers to Determine LAM guided TB treatment initiation

Quantitative findings from the TBPOC study identified that less than half of Determine LAM-positive patients initiated TB treatment. Qualitative data explained that the medical record was a weak link for bedside test result reporting. Others were concerned about the sub-optimal specificity.



3.3.7 Routine healthcare practices compromised timely TB treatment initiation

The TBPOC study did not have any impact on the time to TB treatment initiation. Barriers identified included awaiting costly pre-treatment investigations, such as liver function tests. Moreover, HCWs reported that access to TB treatment was limited over the weekends and that TB medications by routine practice were only administered in early mornings.





4 Discussion


4.1 Discussion

This mixed methods study provides an understanding of how urine Determine LAM was received and implemented to diagnose and treat TB among PWH in a real-world Ghanaian in-hospital context.

We (15, 18) and others have previously shown that sputum-based TB investigation cannot stand alone, as only around half of PWH with presumptive TB obtain a test result (2, 7, 8). The mixed methods analysis explained this gap by patients being unable to produce a sputum sample, a main reason known from similar settings (1, 2, 28). HCWs expressed fear in handling sputum samples from patients with possible TB and experienced that negative beliefs around TB diagnosis among the patients could hamper sample collection, supported by another study from Ghana (29). Importantly for our setting, HCWs suggested that PWH often had limited socio-economic support with an impact on access to routine in-hospital healthcare.

Sample transportation to centralized Xpert laboratories is described to delay TB diagnosis (30). During the Determine LAM intervention, 93.1% of eligible patients received a urine Determine LAM test result (15). Both pre-test and disease counseling were regarded as important strategies to increase patient acceptance of TB testing and management. The most important facilitator for a same-day Determine LAM test was the ease of obtaining a urine sample compared to a sputum sample. Having the Determine LAM tests available at the POC empowered HCWs to realize rapid TB diagnosis and treatment, independent of the patient’s relatives and access to the TB laboratory. Among the methods recommended by the WHO to assist in identifying presumptive TB among PWH are W4SS, C-reactive protein >5 mg/L, chest X-ray, and molecular TB diagnostics, e.g., Xpert. However, in the setting of medical PWH inpatients, the W4SS, C-reactive protein, and chest X-ray have limited accuracy (extremely low specificity) (3). Using mWRD as an upfront screening and diagnostic test is warranted given the urgency of timely diagnosis in this population, and the suggested role of Determine LAM test is to assist in diagnosis (3). Up to now, Determine LAM is the only true POC TB diagnostic method accessible at the bedside with the advantage of reliance on urine, which is easily obtained compared to sputum.

The mixed methods analysis helped us understand the gap between having a positive Determine LAM test and initiating TB treatment. Barriers were often related to the local context, including limited access to TB medication on the weekends and difficulties obtaining liver and kidney function tests before treatment initiation. A feasibility study reported time to counseling and awaiting CD4 cell counts as barriers to Determine LAM-guided TB treatment initiation (11). In our study, HCWs did have access to CD4 cell count, but it was not a requirement for Determine LAM testing in the study context of inpatients or by WHO guidelines (4). Despite this, limitations in programmatic CD4 cell count testing were highlighted as a potential barrier to Determine LAM use by doctors in this study. We therefore suggest that current guidelines should be made more user-friendly and easily interpretable in clinical practice. Recent systematic reviews using individual patient data further suggest the Determine LAM testing in all HIV-positive medical inpatients be implemented (31, 32). A barrier to POC Determine LAM testing not previously described was delayed HIV screening of patients with unknown HIV status. The qualitative discussions further revealed a reluctance among HCWs to initiate TB treatment for Determine LAM-positive patients when pre-test TB suspicion was low due to concerns about false positive results. This discussion is also raised in other studies (10, 11). Our results finally echo that rapid treatment initiation can be delayed when not supported by a Determine LAM reporting system and 24-h access to TB medication (10).

Before this study, we did not question that the optimal use of Determine LAM was at the bedside. However, the mixed methods analysis revealed different opinions between staff categories, with nurses expressing concerns that bedside Determine LAM testing could compromise patient confidentiality. Ensuring patient confidentiality at the hospital ward may be challenging (33) and has not been sufficiently discussed regarding the Determine LAM test. A strategy used by HCWs in our setting was to use physical shields between patient beds.

Interpretation of the Determine LAM test was expected to be challenged by the use of the reference scale card and difficulties in discriminating between grade 1 positive and a negative test line, as bands of lower intensity than grade 1 may appear (10). Most HCWs in our study reported using the reference scale card, but one in 10 HCWs did not, which may lead to a misinterpretation of the test result. Similar interpretation issues have been reported from Mozambique and the Democratic Republic of the Congo (11), highlighting the importance of comprehensive HCW training in test interpretation. In our study, in line with others, HCWs often validated test results with assistance from a more experienced colleague (10).



4.2 Strengths and weaknesses

This real-world practice evaluation of the Determine LAM test’s role in diagnosing and guiding TB treatment used both rigorous quantitative and qualitative methods with integration at several levels. The quantitative findings may be generalized to similar secondary and tertiary health facilities admitting severely immunosuppressed PWH in Ghana and abroad. The qualitative analyses bring in-depth knowledge but are limited to discussions with HCWs at one large teaching hospital. Local practices and work culture may differ between tertiary health facilities in Ghana and other similar healthcare systems abroad, limiting the generalizability of the findings. Especially, the identified barriers to rapid turnaround time from sample collection to having an available test result, explained by the absence of relatives, and reduced access to TB investigations and medications on the weekends, related to in-hospital facilities’ limited opening hours, maybe specific for this setting. Future studies should include more diverse healthcare settings and patient interviews.

In the qualitative analyses, we obtained insights into the study context, the Determine LAM user perspectives, and the Determine LAM contextual role in clinical practice. Using pre-defined codes in the qualitative analysis may lead the researcher to find support rather than non-support of their data and cause bias (22). Contrarily, the pre-determined codes ensured that important findings related to previous research in the field and key findings from the quantitative methods were not missed during the analysis. Furthermore, we allowed new codes to emerge and based the emerging overarching themes on pre-defined and new codes, limiting the risk of bias.

Since a non-Ghanaian investigator (J.Å.) moderated the qualitative interviews and conducted the primary analysis, this could potentially have led to misunderstandings or oversights. To minimize this risk, the moderator regularly summarized the discussions to confirm understanding with the participants during the interviews. A Ghanaian research assistant with a good understanding of the context was present during the interviews. Several Ghanaian and Danish investigators with previous experience with the topic, the context, and the research methodology were part of the design of the study and the revision of the original manuscript draft.

There is also a risk that the interviewees felt they had to speak positively about the Determine LAM test, as the moderator was the study manager for the previous intervention study. To prevent this, we tried to facilitate a free discussion by starting each interview by explaining that there were no right or wrong answers and that the aim was to learn how the interviewee experienced this as their different opinions and perspectives would be helpful to critically assess the appropriateness of the Determine LAM test.

The integration of quantitative and qualitative methods enabled us to better understand the reasons for the identified gaps described in the quantitative methods and how the Determine LAM intervention was received and worked in a Ghanaian in-hospital context, increasing the overall value of the respective methods.



4.3 Conclusion

Determine LAM testing was feasible among inpatients with HIV at three hospitals in Ghana and empowered HCWs in timely TB diagnosis. We highlight different views on the best location for Determine LAM testing and suggest that future research should explore the patient experiences and perspectives of bedside testing and disclosure of test results. Identified gaps in the routine and the Determine LAM-enhanced in-hospital TB care cascade were explained by the mixed methods analysis. These barriers were often related to the context, such as structural barriers to TB investigation and treatment initiation. Our study may assist in improving the in-hospital quality of care and may guide clinical Determine LAM scale-up in similar settings.
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Background: High-quality medication compliance is critical for the cure of pulmonary tuberculosis (PTB); however, the implementation of directly observed treatment (DOT) under direct interview still faces huge difficulties. Assessment of the effect of digital tool during community management has not been performed in eastern China.

Methods: All drug-sensitive PTB cases notified in Yiwu city from June to December 2020 were divided into the routine group and digital tool group based on patients’ willingness. The variables influencing the on-time completion level of home visits, medication adherence and treatment outcomes were estimated.

Results: A total of 599 eligible patients were enrolled, with 268 participating in the routine group and 331 using a digital tool. Most participants were men (n = 357, 59.6%), and nearly all were new cases (n = 563, 94.0%). Participants’ mean age was 44.22 ± 20.32 years. There were significant differences in age, diagnostic type, and source of patients between the two groups. During the study period, the digital tool group had a higher on-time completion rate of home visits (91.5% vs. 82.5%) and medication adherence rate (94.3% vs. 89.6%) than the routine group, whereas there was no significant difference in the treatment success rate between the two groups (91.2% vs. 86.8%). Multivariate logistic regression analysis demonstrated that the digital tool group showed a more positive function in the on-time completion status of home visits, with an adjusted odds ratio of 0.41 (95% confidence interval: 0.25–0.70).

Conclusion: Digital tools can be employed to improve the on-time completion rate of home visits in Yiwu city. Further large-scale studies that use digital tools for community management are warranted.

KEYWORDS
 tuberculosis, digital tool, community management, medication adherence, treatment outcome


1 Introduction

Tuberculosis (TB) is a global problem that seriously endangers public health and is one of the top 10 causes of death worldwide (1). China is one of 30 countries with a high burden of TB worldwide. According to the World Health Organization’s Global TB Report released in 2022, the absolute number of TB in China accounts for 8.5% of the total high-burden countries, and 7.4% of the global total. Moreover, there are 780,000 new patients, ranking third in the world (2). The key to TB control is to find and cure the source of active cases to the greatest extent, while the core is to standardize the treatment throughout the whole process. Patients’ treatment compliance also directly affects the final treatment outcome.

Considering the long course of TB treatment and the possible combination of drugs, adverse reactions are prone to occur during the treatment phase, which seriously affects patient compliance with medication (3). In addition, the progress of curing TB with low-quality medication compliance can lead to serious consequences such as treatment failure, disease recurrence, and drug resistance (4). Many factors such as education, marital status, health insurance, and residence status affect medication compliance among patients with TB, and community management is one of the most important (5). Wherein, the presence of regular home-visiting by health workers had a significant impact on patients’ compliance. To improve the treatment compliance of patients with tuberculosis, the World Health Organization recommended directly observed chemotherapy (DOT) provided by medical staff or supervisors trained by medical staff (6). China also mainly implemented the DOT strategy in the past few decades. Increased studies indicate that the DOT strategy is not completely suitable for different regions or patients (7). There were considerable difficulties in the implementation of DOT, and a substantial number of patients are self-medicating, which affects treatment outcomes (8–10).

Currently, the supervision and medication administration for patients with pulmonary tuberculosis (PTB) has been included in the national basic public health service project as part of the “health management of tuberculosis patients” (11). Community doctors completed first home visits to patients, trained family supervisors, and regularly visit patients until the end of their treatment course. However, during the follow-up process, patients’ medication status cannot be obtained in real-time, which is not conducive to patient management (12). With modern awareness of personal privacy protection, traditional management models have been resisted, and the demand for promoting supervision models that meet individual needs has become increasingly strong (13). With the continuous emergence and maturity of new technologies, digital tools such as mobile applications, WeChat, and electronic pillboxes are increasingly used to assist in patients’ community management (14, 15). Available evidence has shown that digital tools improve patients’ medication adherence and provide feedback on the results to medical staff in a timely manner. Timely feedback can help identify patients with poor compliance and timely interventions can be provided (16). However, evidence from the assessment of digital tools used for the community management of TB remains limited.

In Zhejiang province, Yiwu city was the first city to apply digital tools to provide community management services for patients with TB in June 2020. This study evaluates the effect of digital tools used in the community management of PTB cases in Yiwu city and provides a basis for the feasibility of promoting the application of digital tools in the future.



2 Materials and methods


2.1 Location

Yiwu city is located in the middle of Zhejiang province, with 14 towns (streets) under its jurisdiction. The permanent population is about 1.88 million. Yiwu city had 880 newly registered patients with PTB in 2020, with a reported incidence rate of 66.74/100,000. The location is presented in Figure 1.

[image: Figure 1]

FIGURE 1
 The location of Yiwu city.




2.2 Participants and data collection

This was a retrospective cohort study based on real-world data, including 599 patients with drug-sensitive PTB who were notified in Yiwu city from June to December 2020 as the research participants. The 599 cases were divided into a routine group and a digital tool group according to their own willingness, with 268 cases and 331 cases, respectively. The permanent residences of all participants were in Yiwu city. The data of the routine group were mainly from the “tuberculosis information management system” (a national special system for tuberculosis management), while all the data of the digital tool group were mainly from the management system provided by the digital tool.



2.3 Definition

All recruited participants were patients with drug-sensitive PTB. The routine group included patients who adopted routine care, including supervisors from their families or the patients themselves. The medical staff would conduct their first home visit and regular telephone follow-up to improve adherence. During home visits, some routine work such as determining a supervisor, evaluating the living environment of patients, and providing health education for patients and their family members would be performed. The digital tool group included patients who were using a digital tool to improve medication compliance except routine management. The digital tool was developed by the Beijing SINOVO Power Technology Company (China) and customized by the Yiwu Municipal Center for Disease Control and Prevention based on local conditions. The digital tool provided two options to patients—the reminder application or reminder smart pillbox—while one management application along with a management website were provided for medical staff to monitor patients’ medication adherence. A detailed description of tool utilization was introduced previously (17, 18).

On-time completion rate of home visits (%) = number of patients completed on-time for home visit/number of patients included in this study × 100%.

Medication adherence rate (%) = number of patients with good medication adherence/number of patients included in this study × 100%. The definition of good medication adherence is that the medication rate ≥90% during the entire treatment course of the patient.

Treatment success rate (%) = number of patients treated successfully/number of patients included in this study × 100%. The treatment outcomes of curing and completing the course of treatment were defined as successful treatment, whereas treatment failure, death, loss to follow-up, and other outcomes were defined as unsuccessful treatment.

These indicators implied timely health education and sufficient medication guidance, ensuring possibility of high medication adherence, thereby avoiding the occurrence of drug resistance and improving the ultimate cure rate.



2.4 Statistical analysis

Data analysis was performed using R software (version 3.4.3). The quantitative data were described as “case (percentage, %)” and conducted chi-squared tests. When chi-squared tests were not appropriate, Fisher’s exact probability was used. All influencing factors were included in the multivariate logistics regression model. Significance was set at p < 0.05.




3 Results


3.1 Participants’ general characteristics

From June to December 2020, 599 eligible patients were enrolled in Yiwu city, with 268 participating in the routine group and 331 using digital tool. A total of 357 (59.6%) participants were men, and 563 (94.0%) were new cases. Participants were mainly farmers and migrant workers. There were no significant differences in the distribution of sex, occupation, or TB type between two groups. The proportion of patients younger than 60 years-old was higher in the digital tool group (82.2%) than in the routine group (64.2%). The proportion of negative cases was higher in the digital tool group (57.7%) than in the routine group (47.8%). The proportion of local cases in the digital tool group (35.0%) was lower than in the routine group (53.0%). Significant differences were observed in the distribution of age, TB cases classification, and population type (Table 1).



TABLE 1 Participants’ general characteristics.
[image: Table1]



3.2 The difference between variable indicators among two groups

Three indicators were selected to evaluate the differences between the two management modes. During the observation period, the on-time completion rate of first home visit in the digital tool group was 91.5% higher than 82.5% in the routine group. The medication adherence rate in the digital tool group was 94.3% higher than 89.6% in the routine group. The treatment success rate in the digital tool group was 91.2% higher than 86.9% in the routine group but no significant difference was observed (Table 2).



TABLE 2 Supervision and management of study participants.
[image: Table2]



3.3 Logistic regression analysis for different indicators

We retrospectively analyzed the association between independent variables (routine and digital tool groups) and dependent variables (compliant of home visit, good medication adherence, and favorable treatment outcome) after adjusting for covariates (age, sex, occupation, TB type, TB cases classification and population type). Compared with routine group, the digital tool group could improve the on-time completion status of home visit, and the difference was significant [adjusted OR: 0.41, (95% CI: 0.25–0.70), Table 3], while the association with medication adherence and favorable treatment outcome was non-significant. Multifactor analysis results showed that patients aged 60 years or older were less likely to have good medication adherence as compared to their counterparts [adjusted OR: 4.07, (95% CI: 1.78–9.33), Table 4] and a favorable outcome [adjusted OR: 3.74, (95% CI: 1.87–7.47), Table 5]. Univariate analysis showed a correlation between population type and treatment outcomes, but multivariate analysis did not show a correlation (Table 5).



TABLE 3 Univariate and multivariate analysis of factors associated with on-time completion of home visit.
[image: Table3]



TABLE 4 Univariate and multivariate analysis of factors associated with medication adherence.
[image: Table4]



TABLE 5 Univariate and multivariate analysis of factors associated with treatment outcomes.
[image: Table5]




4 Discussion

The level of patient medication compliance directly affects the treatment effect and outcome of TB, and it is crucial for the control of the TB epidemic (19). Some studies have showed that the first home visit of medical staff was an important factor influencing the treatment compliance of patients with tuberculosis. The first home visit and medication adherence are important indicators for evaluating management quality. Therefore, improving these indicators is of great value. An increasing number of electronic tools are being used to improve these indicators (20). However, an evaluation of how much they can be improved compared to traditional methods has not yet been conducted.

No digital tool can be applied to all patients, as they are affected by age, occupation, education level, disease classification, and treatment course (21, 22). Compared to older adult patients, young and middle-aged patients are more willing to accept digital tool for acquiring disease-related knowledge and medication management (23). This was confirmed by our study that patients in the digital tool group were younger than those in the routine group. Pathogenic negative patients were more willing to accept digital tool, which is inconsistent with Mengxian’s research (18). This could be related to education level and disease cognition. Pathogenic negative patients have a higher degree of awareness of TB, and they were diagnosed and detected early. Compared to local populations, the migrant population is more willing to accept digital tools, which could be related to the younger age of migrant patients with TB.

The on-time completion rate of first home visit (91.5%) and medication compliance (94.3%) of the digital tool group were higher than those of routine group (82.5% and 89.6%, respectively), which is consistent with prior results (24). The first home visit is an important part of the community management of patients with TB. If patients use digital tool for community management, more comprehensive trainings and app itself could provide sufficient health education to patients and family medication supervisors. Therefore, the on-time completion rate of first home visit is important for medication compliance. This study suggests that the application of digital tool for community management can effectively improve the completion of first home visit and medication compliance of patients.

The key to applying a digital tool is to perform classified interventions and precisely manage patients. This study found that 5.7% of patients who used the digital tool still took medication irregularly and required a classified intervention. Although the international standard no longer insists on DOT management for all patients with TB, it still clearly stipulates that medical personnel should not only formulate the correct treatment plan but also assess patients’ compliance with treatment management and address patient irregularities in a timely manner (25). Although the application of smart tool has enabled patients and treatment managers to provide real-time, two-way feedback on patients’ medication information, medical staff should not pay too much attention to the data provided by smart tool. Care and social support run through the entire patient management process and strengthen the community management of patients who discontinue medication or treatment. Whether medical personnel implement intervention measures is crucial for improving treatment compliance and affecting treatment outcomes.

Age is an important influencing factor of medication compliance and treatment outcomes, and the drug compliance and treatment success rates of patients aged 60 years or older are lower than those of patients in other age groups, which is consistent with past research results (26). This could be related to the lack of awareness of the disease and the importance of regular medication in older adult patients with PTB, the common comorbidities in older adult patients with PTB, or the negative attitude toward the cure of the disease and their inactive treatment in older adult patients with PTB. This study suggests that in community management of patients with TB, it is necessary to focus on patients with TB aged 60 years or older.


4.1 Limitations

This study has some limitations. First, the sample size was small, and the representativeness of the results could have been biased. In addition, this study was conducted during the COVID-19 pandemic; thus, possible effects including insufficient medical services and inconvenient medical treatment for patients might affect the results.




5 Conclusion

Digital tool utilization can effectively improve the completion of first home visit and medication compliance of patients in Yiwu city. Further large-scale studies that use a digital tool for community management are warranted.
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Background: The ESAT6-CFP10 (EC) skin test is recommended by the World Health Organization for latent tuberculosis infection (LTBI). However, it is still unknown how the EC skin test performs in students during a school tuberculosis outbreak.

Methods: We conducted an epidemiological investigation to assess the performance of the EC skin test in this high-risk population.

Results: A total of 9 active student patients were confirmed in the same class as the index case, with an incidence rate of 18.0% (9/50). Among the 50 close contacts, 14 (28%) were over 15 years old and had a chest X-ray (CXR), and none of them had abnormal CXR findings. The rates of positive tuberculin skin test (TST) ≥ 5 mm and < 10 mm, ≥ 10 mm and < 15 mm, and ≥ 15 mm were 12.0% (6/50), 16.0% (8/50), and 10.0% (5/50), respectively. On the second screening, 44 students with the same class as the index case had the EC skin test, of which 31 (70.5%) had positive EC tests. All patients had negative sputum smear results, of whom 4 (44.4%) had positive Xpert results; three had a TST induration diameter between 5 mm and 10 mm, but all of them had an EC diameter > 15 mm; 5 (55.6%) had abnormal CXR results, but all the confirmed patients had abnormal CT results; Except for four cases that were diagnosed by Xpert, the remaining five were confirmed by CT scan.

Conclusion: The novel EC skin test performed well in students during the school tuberculosis outbreak. In some special conditions, such as when the index case is bacteriologically positive for tuberculosis and the rate of LTBI is higher than the average for the local same-age group, secondary screening is recommended 2–3 months after the first screening. Furthermore, we cannot ignore the role of CT in the diagnosis of early student tuberculosis.
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Background

School tuberculosis outbreaks are common and always raise public health concerns in China. One of the most important reasons is that students who are recently infected with latent tuberculosis infection (LTBI) often refuse to have preventive treatments (1). The tuberculin skin test (TST) is the most widely used test for LTBI. In most countries, a TST induration of 5 mm or more is considered positive and indicates that the person has been infected with Mycobacterium tuberculosis. In China, a TST induration of 15 mm or more is considered positive and indicates that the person is at high risk of developing active tuberculosis (2). Because, it is difficult to explain the results of the TST when only students with an induration diameter of ≥15 mm, such as blister, necrosis, and lymphangitis, need to receive preventive treatment. Because, for students with an induration diameter of 5–15 mm, nothing is done but to review their chest X-ray (CXR) after 3 months (3).

Therefore, a simple and easily understandable test is urgently needed in school tuberculosis outbreaks. In 2022, the World Health Organization (WHO) recommended newer Mycobacterium tuberculosis antigen-based skin tests as alternatives to diagnose LTBI, including Cy-Tb (Serum Institute of India, India), Diaskintest (Generium, Russian Federation), and C-TST (formerly known as ESAT6-CFP10 (EC) test, Anhui Zhifei Longcom, China) (4). In recent studies, the EC skin test has shown superiority in diagnostic value to the TST, which was similar to the interferon-gamma release assay (IGRA) among the general population (5). The positive cutoff value of the EC skin test is 5 mm, which suggests that EC may play an important role in addressing school tuberculosis epidemics. However, it is still unknown how the EC skin test performs in students during a school tuberculosis outbreak.

To address this question, we recruited students in a school tuberculosis outbreak in Jiangsu Province to assess the performance of the EC skin test in this high-risk population.



Methods

On January 1, 2022, a 15-year-old student was diagnosed with active tuberculosis after a sputum smear microscopy result of 2+. The patient self-reported that they had been coughing for more than 20 days and had also experienced night sweats. Epidemiological and contact investigations were conducted in the patient's class to determine the source of the infection.

All the processes of the epidemiological investigation were conducted in accordance with the guidelines of the Chinese School Tuberculosis Control and Prevention Technical Work Regulations (6). After an active case of tuberculosis was found in a student, the staff of the Center for Disease Control and Prevention (CDC) immediately conducted epidemiological investigations.

First, they conducted TSTs and CXRs among close contacts of the index case. If one or more new cases of tuberculosis were found during this initial screening, or the strong positive rate of TST detection in close contacts was significantly higher than that in the same age group in the area, the scope of contact screening would be expanded to include all general contacts.

If one or more new cases of tuberculosis were found in the expanded screening, or the strong positive rate of TST detection in close contacts was still significantly higher than that in the same age group in the area, the scope of contact screening would be expanded to include the entire school population.

This process of expanding the scope of contact screening is based on the principle of contact tracing, which is the process of identifying and following up with people who have been in close contact with a person who has a contagious disease. Contact tracing is an important tool for preventing the spread of tuberculosis and other infectious diseases.

Considering that most of the students were under 15 years old, symptom consultation and TSTs were conducted first. Students with fever, weight loss, fatigue, cough, sputum, etc., and an induration diameter of ≥15 mm would have a CXR. Individuals with abnormal CXR scans were transferred to a local designated tuberculosis hospital for further diagnosis, including smear microscopy and GeneXpert MTB/RIF computed tomography (CT).

A positive TST was defined as an induration diameter ≥10 mm. An induration reaction of 10 ≤ TST <15 mm was defined as moderately positive, and ≥15 mm was defined as a strong positive.

According to the guidelines of the Chinese School Tuberculosis Control and Prevention Technical Work Regulations (6), students with negative TST results were recommended to repeat the TST after 3 months if there were three or more active tuberculosis patients in their class with an epidemiological link. In this school tuberculosis outbreak, EC skin tests (1.0 μg/0.1 mL) were conducted in those with an induration of TST <10 mm. A positive EC skin test was defined as an induration diameter ≥ 5 mm.

Close contacts: (1) Students and teachers who study in the same classroom or live in the same dormitory as the tuberculosis patient. (2) Family members who have had direct contact with the tuberculosis patient in the same residence for up to 7 days, from 3 months before diagnosis to 14 days after treatment begins. (3) Other patients who have had direct contact for 8 h or more, or cumulatively up to 40 h in a closed space, with a bacteria-positive, severely bacteria-negative, or obvious-symptom bacteria-negative patient from 3 months before diagnosis to 14 days after starting treatment. This also includes patients who have accumulated 40 h of exposure with other bacteria-negative patients in the 1 month before diagnosis.

General contacts: Those who study and live together on the same teaching floor or dormitory floor as the index case.

Occasional contacts: Those who study and live together in the same teaching building or dormitory building but not on the same floor as the index case, or who have occasional contact with teachers and students (6).


Ethics approval and consent to participate

All data were collected from an epidemiological investigation conducted in accordance with the School Tuberculosis Control and Prevention Technical Work Regulations (6). Therefore, ethics approval was not required for this study. All students and their parents were informed of the school tuberculosis outbreak and the examinations that would be conducted.



Statistical analysis

We used standard 2 × 2 contingency tables to summarize the categorical variables. All data were analyzed using SPSS software (version 23.0, IBM Corporation, Armonk, NY).




Results


Demographic characteristics

A total of 50 students took part in the screening. Approximately half of the participants were males (56.0%). Out of the total, 31 individuals (62%) exhibited an induration diameter of TST <5 mm, while 31 students (70.5%) tested positive in the EC skin test. All students exhibited normal chest X-ray results during the initial screening. However, upon reevaluation during the second screening, 6 students (19.4%) demonstrated a transition to abnormal chest X-ray findings, as outlined in Table 1.


TABLE 1 Demographic characteristics of the 50 students.

[image: Table 1]



Analysis of the epidemic

A total of 9 active tuberculosis patients were confirmed in the same class as the index case, yielding an incidence rate of 18.0% (9/50). The moderate and strong positive rates of close contacts were 16.0% (8/50) and 10.0% (5/50), respectively. The positive rate of EC during the second screening was 70.5% (31/44). The tuberculosis cluster epidemic had a strong possibility of being a homologous outbreak based on the field epidemiology.



Contact investigation

Two teachers refused to have the TST and CXR, so a total of 40 students and 10 teachers were screened in the first round. None of them had undergone prior prophylactic testing, either through skin or immunological assessments. Among the 50 close contacts, 14 (28%) were older than 15 years old and had a CXR. None of them had abnormal CXR findings. The rates of positive TST with induration diameters of ≥5 mm and <10 mm, ≥10 mm and <15 mm, and ≥15 mm were 12.0% (6/50), 16.0% (8/50), and 10.0% (5/50), respectively (Figure 1).


[image: Figure 1]
FIGURE 1
 Distribution of EAST6-CFP10 skin test and tuberculin skin test.


In the second round, 44 students who were in the same class as the index case had the EC skin test, of which 31 (70.5%) had positive results. The mean (standard deviation, SD) was 27.4 (23.1) mm. Among the 31 individuals with positive EC tests, 7 had abnormal CXR results (Table 2).


TABLE 2 Screening of close and general contacts in the junior high school.
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Subsequently, 173 people who shared the same floor as the index case underwent LTBI screening. Of these, 161 had the EC skin test and 12 had T-SPOT tests due to contraindications. All 12 T-SPOT tests were negative. Among the 161 individuals who had the EC skin test, 8 (5.0%) had positive results (data not shown). Among the 211 contacts, the rate of LTBI determined by the EC skin test was 18.5 (Table 2).



Characteristics of active tuberculosis

A total of 9 student tuberculosis cases were found in this outbreak, excluding the index case. Of these, 5 (55.6%) were male and 4 (44.4%) were female. All patients tested negative for sputum smear, with 4 individuals (44.4%) showing positive Xpert results without Rifampicin resistance. Three patients had TST induration diameters between 5 mm and 10 mm, but all of them had EC diameters >15 mm. Five patients (55.6%) had abnormal CXR results, but all confirmed patients had abnormal CT results. Four cases were diagnosed by Xpert, and the remaining 5 were confirmed by CT scan (Table 3, Figure 2).


TABLE 3 Characteristics of active tuberculosis cases identified during a school outbreak, Jiangsu, China, 2022 (n = 10).
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FIGURE 2
 Timeline of confirmed tuberculosis cases in Jiangsu Province, China.


22 (70.1%) left with positive EC skin test excluding active tuberculosis were all accepted tuberculosis preventive therapy (TPT), and after 1 year follow up, no active tuberculosis cases were found.




Discussion

A school tuberculosis outbreak is a public health emergency that requires immediate attention (7–11). TST, one of the most widely used tests for LTBI, can be difficult to interpret. The WHO recommends the EC skin test for LTBI testing in 2022 because it has similar diagnostic value to IGRA tests (4, 5). To our knowledge, this is the first study to evaluate the performance of the EC skin test in a school tuberculosis outbreak. The EC skin test showed high superiority in finding student tuberculosis patients. We also found that if the index case was etiological positive for tuberculosis, close contacts should be recommended to have a CXR regardless of whether they are over 15 years old.

Unlike other countries, individuals with a TST induration diameter of ≥5 mm or ≥10 mm are regarded as LTBI and should have preventive treatment (12), China used 15 mm as the cutoff criterion of a TST to indicate preventive treatment (6). For students with a TST induration diameter between 5 mm and 15 mm, there is no other action other than enhanced follow-up if there are one or two active tuberculosis cases in the class. However, if there are three or more active tuberculosis patients in the class with an epidemiological link, then a CXR examination should be performed 3 months after the first screening (6). In contrast to the TST, the EC skin test may have innate superiority, similar to IGRA, due to the cutoff value of 5 mm (5). After excluding the possibility of tuberculosis, students with a diameter ≥5 mm of EC skin test should have preventive treatment (6). In this study, the EC skin test detected all 9 tuberculosis patients, which showed a sensitivity of 100%. Three published studies evaluated the sensitivity of the EC skin test. The pooled sensitivity at the ≥5 mm induration was 86% (95% CI: 83%−89%) (5, 13, 14). These findings suggest that the EC skin test can play an important role in the detection of tuberculosis in school outbreaks. Additionally, the EC skin test is less likely to be affected by previous bacillus Calmette Guerin (BCG) vaccination or exposure to non-tuberculous mycobacteria (NTM) than the TST. This is because the EC skin test only measures the immune response to two proteins that are found in the Mycobacterium tuberculosis bacteria, while the TST measures the immune response to a variety of proteins, including some that are also found in BCG and NTM (5, 15, 16). An increase in false-positive results from TSTs could lead to more students receiving preventive treatment, which might aggravate social panic and exacerbate the difficulty of controlling the epidemic.

The Chinese government recommends that individuals under the age of 15 be screened for LTBI and that those who are found to have LTBI have a CXR (6). We support this strategy. However, in some special cases, such as when the index case is bacteriologically positive for tuberculosis and the rate of LTBI is higher than the average for the local same-age group, CXR should be considered for these individuals. CXR is preferred to CT due to its lower radiation exposure. However, the diagnosis of tuberculosis in children is often challenging due to its subclinical symptoms, difficulty in providing specimens, and low bacterial loads (17–19). Only 20%−50% of children with tuberculosis are diagnosed with bacteriologically positive tuberculosis. This means that most children with tuberculosis are diagnosed based on imaging findings (18, 20). CT scans are more sensitive than CXRs for detecting the radiological signs of tuberculosis. This is because CT scans have a higher resolution and can better distinguish between different types of tissue. Additionally, CT scans are less susceptible to inter-observer variability, meaning that different radiologists are more likely to agree on the findings of a CT scan than on the findings of a CXR (19, 21, 22). Furthermore, tuberculous lymphadenopathy is common in children with tuberculosis, but CXRs are not very good at detecting mediastinal and hilar lymphadenopathy (23–25). In comparison, CT is considered the gold standard for showing enlarged lymph nodes in children with primary tuberculosis. CT can identify the early features of tuberculosis (lymphadenopathy, nodules, small pleural effusion) much earlier than CXR (18, 22, 23). In this outbreak, CXRs only identified 5 tuberculosis patients, while CT scans identified all 9. If CT scans had not been used, 4 patients would have been missed, who could have become new sources of infection and led to further transmission. Therefore, we cannot ignore the role of CT scans in the diagnosis of early tuberculosis, even though they expose patients to more radiation.

Retesting students with negative LTBI results is not mandatory when there are only one or two students with tuberculosis (6). In some special cases, such as when the index case is bacteriologically positive for tuberculosis and the rate of LTBI is higher than the average for the local same-age group, secondary screening may be necessary. Tuberculosis is a chronic infectious disease with a window period of up to 8 weeks (the time between infection and when the immunological response becomes measurable), which means that additional time is required to detect infection status. Both TST and the IGRAs have window periods (26, 27), therefore, there is a possibility of misclassification of infection status, as some children with LTBI may not be detectable. The index case being bacteriologically positive means that they are more infectious, and a higher LTBI rate means that there may be a delay in diagnosis. Delayed diagnosis is a major factor leading to TB outbreaks in schools, as prolonged exposure to the bacteria can lead to more severe disease (28, 29). The rate of LTBI reached 26%, which was much higher than the local average of 10%. Secondary screening is recommended 2–3 months after the first screening to identify those who may have become infected since the initial screening.

We observed another intriguing phenomenon that LTBI rate determined by the EC skin test was as high as 70.5% in the same class with the index cases. Typically, LTBI rates using EC ranged from 3% to 15%, and with the TST method, they varied from 5% to 25% in students based on previous studies (30–33). Head-to-head comparisons involving TST, IGRA, and ECs demonstrated excellent concordance between EC and IGRA, although the concordance between EC and TST showed a slight decrease (5, 34). The underlying reasons for this phenomenon are multifaceted. One possibility is that the EC skin test and TST were conducted at different times without a direct head-to-head comparison. EC, TST, and IGRA all have a window period (the time between individuals being infected and when the immunological response becomes measurable) of up to 8 weeks, suggesting that additional time may be necessary to accurately assess the infection status of a case (1). Another plausible explanation is that prolonged contact with the index case and secondary cases might result in new cases of LTBI. Additionally, among all contacts, the LTBI rate determined by the EC skin test was 18.5%, suggesting that the elevated rate may be attributed to close contact with index cases. Moreover, the unique educational environment, characterized by intense pressure from the examination system, could contribute to increased infection risks among students (11). The overall rate of LTBI was comparable to a school tuberculosis outbreak in Norway (15.4% by IGRA) (35) and a previous study of mine (23.4% by TST) (11). Furthermore, none of the individuals with positive EC results developed active tuberculosis after receiving TPT during the 1-year follow-up. This outcome suggests that treating LTBI in populations at an elevated risk of tuberculosis is an effective measure for tuberculosis control (36).

A key constraint of our study was the inability to conduct whole-genome sequencing (WGS) analysis, hindering the identification of transmission networks between index and secondary cases. Unfortunately, we lacked positive isolates of Mycobacterium tuberculosis for this analysis. Another limitation arose from the non-simultaneous administration of EC skin test and TST. While EC successfully detected all 9 suspected active tuberculosis cases identified through sputum and/or CT scans, TST identified only 3. Although it may suggest that EC outperformed TST, the potential bias introduced by the differing timing of the tests should be acknowledged.



Conclusions

In summary, the novel EC skin test performed well in the school tuberculosis outbreak. However, in some special cases, such as when the index case is bacteriologically positive for tuberculosis and the rate of LTBI is higher than the average for the local same-age group, secondary screening is recommended 2–3 months after the first screening. Additionally, we cannot ignore the role of CT in the diagnosis of early student tuberculosis.
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Backgrounds: The diagnostic delay of tuberculosis (TB) contributes to further transmission and impedes the implementation of the End TB Strategy. Therefore, we aimed to describe the characteristics of patient delay, health system delay, and total delay among TB patients in Shanghai, identify areas at high risk for delay, and explore the potential factors of long delay at individual and spatial levels.

Method: The study included TB patients among migrants and residents in Shanghai between January 2010 and December 2018. Patient and health system delays exceeding 14 days and total delays exceeding 28 days were defined as long delays. Time trends of long delays were evaluated by Joinpoint regression. Multivariable logistic regression analysis was employed to analyze influencing factors of long delays. Spatial analysis of delays was conducted using ArcGIS, and the hierarchical Bayesian spatial model was utilized to explore associated spatial factors.

Results: Overall, 61,050 TB patients were notified during the study period. Median patient, health system, and total delays were 12 days (IQR: 3–26), 9 days (IQR: 4–18), and 27 days (IQR: 15–43), respectively. Migrants, females, older adults, symptomatic visits to TB-designated facilities, and pathogen-positive were associated with longer patient delays, while pathogen-negative, active case findings and symptomatic visits to non-TB-designated facilities were associated with long health system delays (LHD). Spatial analysis revealed Chongming Island was a hotspot for patient delay, while western areas of Shanghai, with a high proportion of internal migrants and industrial parks, were at high risk for LHD. The application of rapid molecular diagnostic methods was associated with reduced health system delays.

Conclusion: Despite a relatively shorter diagnostic delay of TB than in the other regions in China, there was vital social-demographic and spatial heterogeneity in the occurrence of long delays in Shanghai. While the active case finding and rapid molecular diagnosis reduced the delay, novel targeted interventions are still required to address the challenges of TB diagnosis among both migrants and residents in this urban setting.

Keywords
 tuberculosis; TB diagnosis delay; patient delay; health system delay; Bayesian spatial analysis


1 Introduction

Tuberculosis (TB) is one of the major infectious diseases threatening global public health and the leading cause of morbidity from a single infectious agent worldwide (1). China has made significant progress in TB control over the past decade (2). However, according to the WHO Global Tuberculosis Report 2022, there were approximately 780,000 new TB cases in China (1), indicating it still faces an enormous challenge in achieving the key goals of the End TB Strategy in 2035.

To reduce the global burden of TB, the WHO recommends a key next step of prioritizing interventions for early detection and diagnosis (3). However, TB is usually asymptomatic or presents with non-specific symptoms in the early stages (4). Most countries adopt passive case finding as the predominant pathway to TB case detection (3), meaning that the disease may have progressed for weeks when patients first visit a health facility. Besides, some health systems cannot make rapid diagnoses due to their facilities or lack of capacity to diagnose the disease (5). Therefore, many countries have failed to detect TB in time, resulting in long delays, which can lead to further disease progression and unfavorable outcomes. Furthermore, delayed diagnosis allows TB to continue to spread within the community (6). Thus, diagnostic delay is a major problem for TB control programs, especially in high-burden countries.

Several studies have focused on TB diagnostic delay, exploring the potential risk factors. Age, gender, education, occupation, low income, and HIV co-infection were reported to affect delays (7–10). Besides, seeking care in low-level facilities and smear-negative can cause longer diagnostic delays (11). Moreover, a study in Portugal identified high delay areas and associated ecological factors (12). Although there have been some studies on TB diagnostic delays (13–15), the risk factors of long delays can differ based on the TB epidemiological characteristics of the study region, and the spatial heterogeneity of long diagnostic delay was unclear. In China, a national study showed that more than 50 percent of TB patients were not diagnosed in time (16), suggesting that TB delay was still common in China. This issue necessitates the implementation of targeted control measures.

With the accelerated urbanization in the past decades of China, numerous migrants from other provinces have moved to major cities like Shanghai to seek better job opportunities (17). The large population of migrants has brought a considerable challenge in the timely diagnosis of TB. However, the delays and associated factors among TB patients have not been adequately investigated. Therefore, we aimed to characterize the patient, health system, and total delay of TB patients in Shanghai, describe the time trends of the delays, identify high delay areas, and analyze the factors associated with long delays at both individual and regional levels.



2 Materials and methods


2.1 Study setting and data collection

Shanghai is one of China’s megacities, with an estimated population of more than 24 million, of which over 40% are migrants (17). It comprises 16 districts and 214 counties. Shanghai has a well-established TB service management system. All patients suspected of having TB are referred to TB-designated hospitals, where the diagnosis is confirmed. Healthcare staff or nurses at TB-designated hospitals use a series of standard questions and forms to collect information on the diagnosis, treatment, and management of confirmed patients, which is then recorded in the TB surveillance system and reported to the Shanghai Municipal Center for Disease Control and Prevention (Shanghai CDC) (18).

We included TB patients diagnosed between January 1st, 2010, and December 31st, 2018, in Shanghai. We included cases up to 2018 because of the potential impact of COVID-19, which began in late 2019, on tuberculosis-related data. Patients with missing symptom onset dates, first medical visit dates, or diagnosis dates, and those diagnosed with extrapulmonary tuberculosis, tuberculous pleurisy, or non-tuberculous mycobacteria, and patients with unknown address information were excluded from the analysis. We collected the following information through a standard procedure, including the gender, age, demographic attributes, ethnicity, occupation, current address, patient source, severe case, TB history, and pathogen testing results of all confirmed TB patients.



2.2 Definitions

According to the WHO definition, patient delay is defined as the time interval between the onset of symptoms and the first visit to a health facility. Health system delay is the interval between the first visit to a health facility and the diagnosis of TB (19). The total delay is the sum of patient and health system delays. Based on previous studies and the national TB control program in China (11, 14, 20, 21), long patient delay (LPD) and long health system delay (LHD) were defined as delay days exceeding 14 days. Long diagnostic delay (LDD) was defined as a total delay longer than 28 days.

According to the household registration system in China, people with Shanghai household registration were identified as residents, whereas those without Shanghai household registration were classified as migrants. Severe cases can be defined as active tuberculous lesions in the lung tissue, trachea, bronchi, and pleura, with severe hypoxemia or acute respiratory failure requiring mechanical ventilation, or with hypotension, shock, and other signs of circulatory failure and other organ dysfunction.

The active pulmonary tuberculosis diagnosis was mainly based on the national diagnostic criteria for TB (22). Patients with any positive sputum smear, sputum culture, or molecular test were defined as pathogen-positive, and patients with negative sputum smear, sputum culture, and molecular test were defined as pathogen-negative TB patients.

The patient source was the way of discovering patients, and it was classified into the following categories (23): (1) Symptomatic visits to TB-designated facilities: Patients with suspected TB symptoms sought care at TB-designated facilities. (2) Symptomatic visits to non-TB-designated facilities: Patients with suspected TB symptoms sought care at non-TB-designated facilities and then were referred to TB-designated facilities. (3) Physical examination: Patients are identified and referred through health screening. (4) Close contact tracing: Patients identified through contact tracing for a known case. (5) Tracking after referrals: Tracking by the CDC of suspected TB patients who are not referred to designated facilities promptly. Besides, in the current study, ‘active case finding (ACF)’ included physical examination and close contact tracing.



2.3 Spatial analysis and Bayesian spatial modeling

We used the Google Maps tool to geocode the residential addresses and used Baidu Maps tool to verify or manually correct addresses that could not be recognized. We used ArcGIS 10.2 (ESRI Inc., Redlands, CA, United States) to describe the spatial distribution of diagnostic delay days (24).

The Getis-Ord Gi* method was used to identify the spatial clustering areas of long delay in Shanghai. Z-scores greater than or equal to 1.96 and p-values less than 0.05 indicate significant hotspot areas (25).

To further explore the long delay areas and influencing factors, we used the hierarchical Bayesian spatial model for the analysis. The model is as follows:
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Yk is the actual number of long delay cases in region k. μk is the expected number of long delay cases. Ok is a vector of known offsets. xk is the vector of county-level predictors of long-delay risk. ϕk is the random effect, including spatial effects. β is the coefficient of covariate. ν2 is an additional scale parameter required if the Gaussian family is used (26).

We used the R package “CARBayes” to implement the model and selected the Leroux model to reveal the overall spatial random effect. We adopted the conditional autoregressive (CAR) prior for the spatial structure, with a binary spatial weight matrix W. Based on previous research and data availability (25, 27), we extracted county-level information from official databases, including the Shanghai Municipal Statistics Bureau and Shanghai Health Commission. The variables in the model were comprised of population density, per capita GDP, the proportion of migrants, household size, total sex ratio (the number of males compared to the number of females), proportion of older adult population, average annual TB notification rate, healthcare staff, and the presence of industrial areas. We used Markov chain Monte Carlo (MCMC) to simulate the model and calculate the relative risk and 95% credible interval (RR and 95%CI) of the posterior distribution. We also used the Bayesian spatial disease mapping method to analyze high-risk areas with long delays.



2.4 Statistical analysis

Patient characteristics were described using frequencies and proportions. Median and interquartile range (IQR) were used to describe the days of delay. We used the Join-point regression model to analyze temporal trends of delay. We used the survival analysis to estimate the probability of TB patients visiting a health facility or being diagnosed by delay status, and the Kaplan–Meier estimator to plot survival curves (28). We explored factors associated with LPD, LHD, and LDD by univariate and multivariable logistic regression analysis. The statistical analysis was performed using R (version 4.2.1), SPSS (version 22.0), and Join-point software (version 5.0.2). A value of p of <0.05 was considered statistically significant.




3 Results


3.1 Baseline characteristics of TB patients and the pattern of diagnosis delay

A total of 61,050 TB patients were included in the study (Supplementary Figure S1), and the sociodemographic and clinical characteristics are shown in Table 1. Migrants made up 44.2% of patients. More than two-thirds of patients (68.4%) were male. The main patient sources were symptomatic visits to TB-designated facilities (54.0%), followed by Symptomatic visits to non-TB-designated facilities (36.5%). In addition, 50.3% of patients were pathogen-positive.



TABLE 1 Characteristics of TB patients and median delay days stratified by different variables.
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Figure 1 shows the survival curves for patient, health system, and total delay. The delay curves were similar in pattern, with the initial curve growing rapidly and more patients arriving at the event quickly, and then the curve slowing over time. Overall, the median total delay day was 27 days (IQR: 15–43), the median patient delay was 12 days (IQR: 3–26), and the median health system delay was 9 days (IQR: 4–18). A total of 46.4% (28,319/61050) of the patients had LDD, 43.9% had LPD, and 32.3% had LHD.

[image: Figure 1]

FIGURE 1
 Survival curves for the patient, health system, and total delays. For patient delay curves, the graph shows the probability of visiting a health facility at different time points. The graph shows the probability of being diagnosed at different time points for health system delay and total delay curves.




3.2 Time trends of delay between 2010 and 2018

Between 2010 and 2018, the total delay showed a decreasing trend of 13 days (32 to 19 days). However, the median time of patient delay did not change significantly (14 to 9 days). The median time of health system delay decreased significantly from 10 days in 2015 to 4 days in 2018. The trends for LDD, LPD, and LHD were similar to those for the median time of delay. The proportion of LDD decreased from 55.1% in 2010 to 31.3% in 2018, and LHD from 35.2% in 2010 to 21.5% in 2018 (Figure 2).
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FIGURE 2
 Median days of different types of delays and the proportion of long delays with confidence intervals (95%CI) by patient, health system, and total delay. The bar graph represents the median days of patient, health system, and total delay. The line graph represents the proportion of patients with long delays in the total number of TB patients.


The joinpoint regression also showed the temporal trends of the proportion for long delays (Supplementary Figures S2A–C). We found a significant decrease in LDD between 2010 and 2018 (APC = −3.91, p = 0.017). There was no significant change in the trend of LPD (APC = −1.46, p = 0.184). For LHD, we found a turning point in 2015 (APC = 2.52, p = 0.380, 2010–2015; APC = -16.55, p = 0.057, 2015–2018), and the trend of LHD has decreased since 2015. The time trends for long delays in both migrants and residents were consistent with the total population (Supplementary Figures S2D–I). The proportion of LDD showed a decreasing trend (residents: APC = −1.74, p = 0.011; migrants: APC = −1.09, p = 0.049), with LHD having a turning point in 2015 (residents: APC = 0.25, p = 0.918, 2010–2015; APC = −18.20, p = 0.039, 2015–2018; migrants: APC = 5.55, p = 0.156, 2010–2015; APC = −14.98, p = 0.104, 2015–2018).



3.3 Individual factors associated with long delay of TB

After performing the univariate analysis (Supplementary Table S1), the final multivariable logistic analysis result (Figure 3; Supplementary Table S2) showed individual risk factors that were independently associated with long delay (LPD, LHD, and LDD). Compared to residents, migrants were significantly associated with LPD (aOR, 1.048, 95% CI: 1.007–1.090) and LDD (aOR, 1.052, 95% CI: 1.010–1.094). Students/ Adolescents patients were independent protective factors for LHD (aOR, 0.833, 95% CI: 0.739–0.932) and LDD (aOR, 0.788, 95% CI: 0.700–0.870). For patient source, compared with symptomatic visits to TB-designated facilities, symptomatic visits to non-TB-designated facilities (aOR, 0.559; 95CI, 0.539–0.581), physical examination (aOR, 0.110; 95CI, 0.094–0.128), close contact tracing (aOR, 0.178; 95CI, 0.080–0.399), and tracking after referrals (aOR, 0.685; 95CI, 0.639–0.734) were protective factors for LPD, i.e., shorter patient delay, however they were risk factors for LHD. For pathogen results, pathogen-negative was significantly associated with shorter patient delay (aOR, 0.864; 95CI, 0.835–0.894), while increased health system delay (aOR, 1.859; 95CI, 1.793–1.927). In addition, retreated TB patients were protective factors for LPD (aOR, 0.940; 95CI, 0.890–0.994), and severe cases were significantly associated with the longer health system (aOR, 1.215; 95CI, 1.172–1.265) and total delays (aOR, 1.111; 95CI, 1.070–1.153).
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FIGURE 3
 Risk factors for long patient, health system, and total delay identified by multivariable logistic regression. *Reference category. OR, odds ratio; CI, confidence interval.




3.4 Spatial heterogeneity of TB diagnostic delay in Shanghai

The spatial distributions of median delay days for TB patients at the county level are shown in Supplementary Figure S3. The median days of total delay were higher in the eastern counties of Shanghai and Chongming Island. The median days of health system delay were higher in western counties, including the Songjiang and Minhang districts of Shanghai, with a median delay of more than 12 days in most counties in these districts, which had a high proportion of internal migrants and industrial parks.

To further identify the spatial heterogeneity of long-delayed areas in Shanghai, we conducted the spatial hotspot analysis using Getis-Ord Gi*. The results showed statistically significant hotspot areas for LPD/LHD/LDD (Figures 4A–C). There were 24 high-clustering counties of LDD, most located in the central counties of Shanghai. For LPD, we detected 33 high-clustering counties of overall patients, mainly located in Chongming Island and some counties in Yangpu and Pudong Districts. For LHD, we detected 46 high-clustering counties, mainly located in western areas, which have a higher concentration of migrants and industrial parks. The hotspot areas of LPD and LHD for both resident and migrant patients were highly consistent with those for overall patients, the hotspot areas for LPD and LHD were located in Chongming Island and the western areas, respectively (Supplementary Figures S4, S5).
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FIGURE 4
 Spatial heterogeneity of long delays among TB patients by county level in Shanghai, 2010–2018. (A–C) Spatial clustering patterns of long delays by county level. The Getis-Ord Gi* method identified the hot and cold spots with different colors. (D–F) The posterior relative risk of long delays with the Hierarchical Bayesian model. LPD, long patient delay; LHD, long health system delay; LDD, long diagnostic delay.




3.5 High delay areas and spatial factors using Bayesian spatial analysis

The hierarchical Bayesian spatial analysis revealed the spatial factors associated with longer delay (Table 2). We found that industrial parks (RR, 1.610, 95% CI: 1.115–2.331), migrants (RR, 1.204, 95% CI: 1.048–1.375), household size (RR, 3.552 95% CI: 1.278–9.755), and TB notification rates (RR, 1.288, 95% CI: 1.051–1.572) were the risk factors associated with the increase of LPD in Shanghai. In contrast, the sex ratio was associated with reduced LPD (RR, 0.110, 95% CI: 0.020–0.575), indicating that areas with a higher proportion of males were less likely to have LPD. The risk factors for LHD were industrial parks (RR, 1.596, 95% CI: 1.089–2.335) and TB notification rates (RR, 1.291, 95% CI: 1.049–1.585). The sex ratio showed a significant negative effect on LHD (RR, 0.117, 95% CI: 0.020–0.633). Meanwhile, the risk factors for LDD were industrial parks (RR, 1.590, 95% CI: 1.099–2.309), migrants (RR, 1.204, 95% CI: 1.039–1.387), household size (RR, 3.419, 95% CI: 1.158–10.016), and TB notification rates (RR, 1.293, 95% CI: 1.055–1.590), with males associated with reduced LDD (RR, 0.096, 95% CI: 0.019–0.495).



TABLE 2 The hierarchical Bayesian spatial analysis results.
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In addition, Bayesian spatial disease mapping was used to identify regions with increased risk of LPD, LHD, and LDD (Figures 4D–F). The high-risk areas with RR greater than one for LPD were further concentrated in Chongming Island. For LHD, they were concentrated in the western district, with a high proportion of migrant people and patients, as well as the industrial parks.




4 Discussion

Our study comprehensively investigated the TB diagnostic delay in Shanghai from 2010 to 2018. The declining trend of LHD since 2015, both in migrant and resident TB patients, echoes the scale-up of implementation of GeneXpert in the whole city, suggesting that applying rapid diagnostic tools may have reduced health system delays. Of note, we identified a significant social-demographic heterogeneity in diagnostic delay, necessitating targeted strategies to reduce further delays among high-risk population groups, including migrants. Diagnostic delays also showed significant spatial heterogeneity, with Chongming Island as an LPD hotspot area and the western districts as an LHD hotspot area. Furthermore, active case finding can significantly reduce patient delays and is an important approach for early detection of TB, such as pathogen-negative patients, thus reducing the risk of TB transmission.

Although Shanghai had equivalent delay days compared to other cities in China (11, 20, 29, 30), nearly half of TB patients experienced long diagnostic delays. This suggests that considerable efforts are still needed to reduce TB diagnosis delays. Health system delay showed a declining trend, especially after 2015. It may be attributed to the implementation of the WHO-endorsed rapid molecular diagnostic test, which has been adopted in several TB-designated hospitals in Shanghai since 2014 (31). Several reports have shown that the rapid molecular test can enhance detection sensitivity, increase bacteriological confirmation, and significantly reduce TB diagnosis delays (31–33). Therefore, it is necessary to incorporate rapid diagnostic tests more extensively into TB detection and diagnosis, identifying and addressing operational challenges to maximize the benefits of the tests, ultimately enhancing diagnostic efficiency and reducing disease transmission. Besides, a series of TB prevention and control policies and measures, along with increasing public health investments, have contributed to lowering TB diagnostic delays (34).

In our study, migrants were a risk factor for LPD. Previous studies have suggested that migrants may face more obstacles in accessing healthcare and social security (35). A survey conducted in Zhejiang Province found significant delays in seeking healthcare and diagnosis among migrants (20). These findings highlight the need to enhance health education and raise awareness about TB among migrants (20). However, the health system delays for migrants were comparable to residents, consistent with other research conducted in Shanghai (36), suggesting that Shanghai’s proactive healthcare services and policies, such as the TB-free treatment policy for migrants, have reduced barriers to diagnosis for migrants (37). Additionally, females and patients ≥65 years old were associated with longer patient and health system delays. These groups might experience more significant economic and cultural barriers, resulting in a lower willingness to seek healthcare (29). Among the older adults, TB symptoms often manifest non-specifically, increasing the difficulty in identifying and diagnosing TB (8). Besides, the older adults are more susceptible to comorbidities, hindering early TB diagnosis (38, 39). Our Bayesian spatial analysis further revealed that a larger proportion of females, older adults, and migrants were associated with high delay regions. This underscores the need to prioritize these factors related to both regional and individual levels and develop intervention measures to improve individual and population health. Retreated patients were a protective factor for LPD, potentially attributable to their enhanced TB-related knowledge (34).

Our study showed that active case finding (ACF) can shorten patient delays compared with symptomatic visits to TB-designated facilities; the latter are passive case findings that rely on patients’ self-awareness of TB-like symptoms (3). A nationwide study in China also found that ACF was the most useful method to reduce patient delay (40). ACF ensures early identification of patients who may not recognize their symptoms (41). ACF also makes health care more accessible by overcoming geographic and socioeconomic barriers. However, ACF was a risk factor for LHD. Currently, ACF is usually implemented by primary healthcare institutions, which may have relatively limited capacity to identify patients (42). Besides, studies have shown that the commonly used ACF method in China is symptom screening, which has a low sensitivity and may overlook 40–50% of TB patients, missing the opportunity for early diagnosis (43). Therefore, there is an urgent need to enhance the diagnostic capabilities of primary healthcare institutions and utilize more sensitive screening methods to maximize the role of ACF in reducing delays.

Symptomatic visits to non-TB-designated facilities also lead to longer health system delays. In our study, about one-third of the patients came through referrals, and their initial care visit facilities were usually at general hospitals (11). However, general hospitals lack the diagnostic capabilities and awareness necessary for timely TB diagnosis. Meanwhile, Chinese TB guidelines mandate that TB diagnoses must be made by TB-designated hospitals (44), further contributing to long health system delays for suspected TB patients in general hospitals. This emphasize the urgent need to strengthen the diagnostic capacity of general hospitals in China.

TB patients with LPD appeared more likely to be pathogen-positive. Delays in seeking healthcare can lead to prolonged multiplication of Mycobacterium tuberculosis in the body and more likely exclusion of bacterial-containing sputum (15). Diagnosis of pathogen-negative TB patients requires a comprehensive approach, leading to longer health system delays (29). Moreover, Supplementary Figure S6 shows that pathogen-negative TB patients accounted for the majority of ACF, highlighting the significance of active detection in identifying pathogen-negative patients and reducing their patient delay.

Of note, we identified a significant spatial heterogeneity in diagnostic delay. Patients on Chongming Island experienced longer patient delays, and hotspots for LPD among migrants and residents were located on Chongming Island. This scenario may be because Chongming Island is a suburban island in Shanghai, with limited healthcare resources (45). Patients on this island may encounter both temporal and spatial challenges when seeking healthcare in downtown Shanghai, which may lead to increased patient delays. Therefore, we recommend increasing the investment in Chongming’s healthcare resources, improving the local healthcare infrastructure, and enhancing active case-finding initiatives to ensure the timely identification of patients within this region.

Counties with higher TB notification rates were associated with long delay clusters, consistent with studies in other countries (12). Long-delay patients are persistent sources of TB transmission, since they continue to interact with family, communities, and colleagues, elevating the community’s TB transmission risk. A study in Shanghai also emphasized the pivotal role of diagnostic delays in TB transmission (45). This study highlights the necessity of focusing on high TB notification rate areas, which tend to exhibit longer delays, thus posing greater opportunities for transmission (46). Industrial parks and household size were risk factors for longer delay, possibly associated with low income and a lack of TB-related knowledge. Additionally, most workers in industrial parks were migrants, leading to longer delays. This suggests that implementing intervention measures in industrial parks, such as pre-employment and large-scale routine screening for migrant workers, may help reduce delays (47).

Our study has several limitations. First, we did not include economic-related and cultural-related variables, such as annual household income, individual income levels, and cultural levels, which might affect our interpretation of the factors associated with the diagnostic delays. Besides, we lack information about patient pathways before diagnosis, such as the number of medical visits to general hospitals each time. Future studies could analyze patient pathways to explore the relationship between healthcare-seeking behaviors and TB delays.



5 Conclusion

Although TB diagnostic delays decreased in Shanghai, long delays were still common among both migrant and resident patients. There was significant social demographic and spatial heterogeneity in TB patient delay. It is necessary to develop policies and measures targeting high-risk populations and areas with long delays, as well as to widely promote the application of rapid molecular diagnostic methods (e.g., GeneXpert). Besides, ACF can effectively reduce patient delay, and further exploration is needed to maximize the role of ACF in reducing TB delays.
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Objective: Tuberculosis (TB) is a major public health concern in Ecuador and Colombia, considering that both countries are high-burden TB settings. Molecular epidemiology is crucial to understand the transmission dynamics of Mycobacterium tuberculosis complex (MTBC) and to identify active transmission clusters of regional importance.

Methods: We studied the potential transmission of TB between Colombia and Ecuador through the analysis of the population structure of MTBC lineages circulating in the Ecuadorian province of Esmeraldas at the border with Colombia. A total of 105 MTBC strains were characterized by 24-loci MIRU-VNTR and spoligotyping.

Results: MTBC lineage 4 is only present in Esmeraldas; no MTBC strains belonging to Lineage 2–sublineage Beijing were found despite its presence in other provinces of Ecuador and, in Colombia. Genotyping results revealed a high degree of diversity for MTBC in Esmeraldas: Neither active transmission clusters within this province nor including MTBC strains from Colombia or other provinces of Ecuador were found.

Conclusion: Our data suggest that tuberculosis dynamics in this rural and isolated area may be not related to highly transmitted strains but could be influenced by other health determinants that favor TB relapse such as poverty and poor health system access. Further studies including a larger number of MTBC strains from Esmeraldas are necessary to test this hypothesis.

Keywords
 Mycobacterium tuberculosis
; MIRU-VNTR; spoligotyping; migration; Ecuador


Introduction

The Mycobacterium tuberculosis complex (MTBC) includes bacteria with specific microbiological characteristics that confer certain properties for host adaptation, virulence, and transmission, thus contributing to the development of tuberculosis (TB), an infectious disease that mainly spreads by close person-to-person contact through expulsion and inhalation of contaminated aerosols, affecting the lungs or other organs (1, 2). Considering the importance of TB as one of the leading causes of death around the world, behind COVID-19 and above HIV-AIDS, the understanding of the genetic diversity of M. tuberculosis (MTB) is critical for TB surveillance and prevention (1, 3). Briefly, the MTBC is comprised of seven highly related lineages that differ in geographical distribution, infectious capabilities, transmission modes, and resistance to antibiotics: Lineage 1 (Indo-Oceanic), Lineage 2 (East Asia), Lineage 3 (India–East Asia), Lineage 4 (Euro-American), Lineage 5 (West African 1), Lineage 6 (West African 2), and Lineage 7 (Ethiopia). The most significant sublineages are lineage 1, MANU and EAI; lineage 2, Beijing; lineage 3, Central Asian (CAS) and Delhi; lineage 4, Haarlem, Latin American Mediterranean (LAM), T, X, S, Ghana, URAL, TUR, Uganda, and H37Rv; and lineage 6, AFRI and West African (3, 4). Therefore, the use of molecular markers present in the genome of M. tuberculosis, such as mycobacterial interspersed repetitive units (MIRU-VNTR typing method) and/or spacer sequences in the direct repeat (DR) region (spoligotyping method), allows the characterization of transmission dynamics and clusters of MTBC strains (5–7).

For 2021, the World Health Organization (WHO) estimated for Ecuador a burden of 8500 TB cases (rate of 48/100,000 population) and 370 cases of multidrug resistance TB (MDR-TB) (rate 2.1 of 100,000 population), 830 deaths of HIV-negative TB patients and 330 deaths of HIV-positive TB patients (TB case fatality ratio: 14%) (8). MTBC molecular epidemiology studies in Ecuador are really scarce (9–12). There is a single study addressing the population structure and genetic diversity of MTBC in the whole country, showing that MTBC lineage 4 sublineage LAM is predominant countrywide, and sublineages X and S are also predominant in the Coastal and Andean regions, respectively (9). Similar results have been reported in other studies with MTBC strains from Quito (10) and Guayaquil (12).

For the same year 2021, the estimates of TB cases for Colombia provided by WHO were 21,000 (rate 41 of 100,000 population) and 1,100 cases of MDR-TB (rate 2.2 of 100,000 population), 1700 deaths of HIV-negative TB individuals, and 840 deaths of HIV-positive TB individuals (TB case fatality ratio: 12%) (13). However, total notified TB cases in both countries are lower than the estimates provided by the WHO, with 5,595 cases notified in Ecuador and 13,659 cases in Colombia, suggesting an underestimation of TB cases in both countries (8, 13, 14). The most predominant MTBC lineage in Colombia is lineage 4 (including sublineages like LAM, Haarlem, X, and S) but also lineage 2–sublineage Beijing (4, 15). Colombia and Peru have a significantly higher presence of MTBC lineage 2–sublineage Beijing than other countries in South America, representing a potential risk for TB control in the region (4, 15–22).

As neighbor countries and members of the Andean Community, Ecuador and Colombia have a historically intense migration flow (9). Considering that both countries are high-burden TB settings, and also that Colombia is a hot spot for MTBC lineage 2-Beijing (11, 23, 24), TB transnational transmission studies could improve strategies for TB control (9, 11). There is a previous study addressing the population structure of MTBC in Ecuador that reported clonal complexes formed by MTBC strains from Ecuador and Colombia, although no active transmission clusters were found (9). However, MTBC strains from the northern provinces of Ecuador on the border with Colombia were underrepresented in this study, so the existence of active transmission clusters could not be totally ruled out (9).

The goal of this retrospective study was to assess the population structure of MTBC in the province of Esmeraldas on the border of Ecuador and Colombia to analyze the TB transmission between those countries.



Materials and methods


Mycobacterium tuberculosis strains included in the study

A collection of 105 MTBC isolates from years 2014 to 2016 stored at “Instituto Nacional de Salud Pública e Investigación Leopoldo Izquieta Pérez” (INSPI) in Guayaquil (Ecuador) was included in the study, distributed in 42, 16, and 47 samples for 2014, 2015, and 2016, respectively. MTBC isolates are routinely processed at INSPI laboratories, where culture and antibiotic resistance profiling for first- and second-line drugs used in TB therapy is performed for MTBC cultures following Pan American Health Organization guidelines (25, 26). The samples were previously inactivated and stored to follow the guidelines from this government center. MTBC culture manipulation prior to inactivation was carried out in a BSL2+ facility.

This collection of 105 MTBC isolates included all the MTBC strains available at the time this study was carried out for Esmeraldas, located in the Northern Coastal Region of Ecuador, that borders with Colombia. Nevertheless, according to the reports from the Ecuadorian Ministry of Health for TB cases distributions by province, there were 121 and 200 TB cases reported in Esmeraldas for the years 2017 and 2018, respectively.1 If we estimate an average of 200 TB cases per year in this province, the total number of cases for 2014–2016 would be 600, so a collection of 105 MTBC strains would represent 17.5% of the total cases in Esmeraldas province.

Additionally, information from MTBC strains from Ecuador and Colombia was retrieved from the bibliography, as it has been done in similar studies (27, 28). For the phylogenetic analysis described below, 190 MTBC strains from Colombia for the years 2012–2014 (4) and 385 MTBC strains from Ecuador from the years 2012–2016 (9, 26) were included in the study.


Mycobacterium tuberculosis heat inactivation and DNA isolation

A sample from cultures of MTBC was collected and resuspended in TE buffer (10 mM Tris–HCl, 1 mM EDTA, pH 8.0), then inactivated by boiling at 95°C for 45 min. After this process, samples were centrifuged for 5 min at 10000 g and the supernatant was directly used for genotyping (11, 30).



MIRU-VNTR genotyping of MTBC strains

The method is PCR-based and allows the detection of different mycobacterial interspersed repetitive units (MIRU) located at multiple loci in the MTBC genome. Each MIRU allele is identified by a number, thus generating a numerical profile that is used for genotyping studies (5, 31, 32). Amplicons were observed in 2% UltraPure™ Agarose (Invitrogen, California, USA) gels of 15 cm x 10 cm in 0.5X Tris-boric acid-EDTA (TBE) buffer at 100 V for 3 h using a ladder 100-bp Plus Opti-DNA Marker (Cat.No.: G016, Applied Biological Materials Inc., British Columbia, Canada) for size determination. MIRU allele identification was performed according to Supply et al. (33).



Mycobacterium tuberculosis complex strains spoligotyping

Spoligotyping was performed as described elsewhere (34, 35). The results were compared to the databases available in the following free sites: the SITVIT2 website (http://www.pasteur-guadeloupe.fr:8081/SITVIT2/) and the MIRU-VNTRplus (https://www.miru-vntrplus.org/MIRU/index.faces).



Phylogenetic analysis of MTB strains

For phylogenetic analysis, 24 MIRU-VTNR and spoligotyping patterns belonging to the 105 MTBC strains from the years 2014–2016 from Esmeraldas were used. In addition, we retrieved information on MTBC strains from Ecuador and Colombia from the literature: (1) 24 MIRU-VTNR patterns of 385 MTBC isolates for years 2012–2016 from Ecuador (9, 29); (2) 24 MIRU-VTNR and spoligotyping patterns of 190 MTBC strains for years 2012–2014 from Colombia (4).

Genotyping data were analyzed using the MIRU-VNTRplus web application2 (36). Lineage identification was performed by similarity search, using MIRU-VNTR and spoligotyping information, by categorical distance measure (MIRU-VNTR weight: 1, Spoligo weight: 1). Calculation of Neighbor-joining Tree (NJT) and Minimum Spanning Tree (MST) were performed using MIRU-VNTR and/or Spoligotyping information when available.





Results


Drug susceptibility testing of MTBC strains from Esmeraldas Province of Ecuador

Regarding the 105 MTBC strains included in the study, the information for drug susceptibility testing was available for 98 of them: 23 of 98 (23.5%) were resistant to isoniazid (7 of 23 were monoresistant), 10 of 98 (10.2%) were resistant to streptomycin (6 of 10 were monoresistant), 6 of 98 (6.1%) were resistant to ethambutol, 17 of 98 (17.3%) were resistant to rifampicin (1 of 17 was monoresistant), and 5 of 28 (5.1%) were resistant to pyrazinamide. MTBC strains resistant to isoniazid and rifampicin (MDR) were 16 of 98 (16.3%). On the other hand, 71 of 98 (72.4%) MTBC strains were sensible to all the drugs tested (Table 1).



TABLE 1 Drug resistance profile for MTBC strains from Esmeraldas included in this study (MDR-TB are strains resistant to isoniazid + rifampicin).
[image: Table1]



Population structure of MTBC strains from Esmeraldas province in Ecuador

The 105 MTBC strains from Esmeraldas were analyzed using 24-loci MIRU-VNTR and spoligotyping. A neighbor-joining tree (NJT) based on this genotypic information is shown in Figure 1. The lineage distribution obtained for MTBC strains from Esmeraldas revealed a high degree of diversity, and no active transmission clusters without any single loci variation in 24-loci MIRU-VNTR were found (Figure 1). The lineage distribution for the MTBC strains from Esmeraldas province was 100% L4, with sublineages LAM 52/105 (49.5%), Ghana 29/105 (27.6%), Haarlem 12/105 (11.4%), Cameroon 5/105 (4.8%), S 3/105 (2.9%), Uganda I 3/105 (2.9%), and X 1/105 (0.95%) (Figures 1, 2). MTBC LAM strains were more diverse in comparison with Ghana strains, while Haarlem strains were not well defined in a branch (Figure 1).

[image: Figure 1]

FIGURE 1
 Population structure of MTBC from Esmeraldas province. The neighbor-joining tree was done with 24-loci MIRU-VNTR and spoligotyping data.


[image: Figure 2]

FIGURE 2
 Geographical and sublineage distribution of MTBC strains from Esmeraldas (our study), Ecuador (9), and Colombia (20). Ring charts represent the occurrence of MTBC lineages in Esmeraldas province, the rest of Ecuador, and Colombia.




Comparison of population structure of MTBC strains from Esmeraldas province, Ecuador, and Colombia

The geographic distribution of MTBC strains and lineage distribution for Esmeraldas province, Ecuador, and Colombia are detailed in Figure 2.

The 24-loci MIRU-VNTR patterns of 385 MTBC strains from Ecuador from the years 2012–2016 were retrieved from our previous studies (9, 29) and included in this analysis (Figure 2). The lineage distribution for the MTBC strains from Ecuador (excluding Esmeraldas province) was as follows: 5 of 385 Lineage 2–sublineage Beijing (1.3%) and 380 of 385 Lineage 4 (98.7%). Within Lineage 4: 173 of 385 LAM (44.9%), 117 of 385 Haarlem (30.4%), 27 of 385 Ghana (7%), 26 of 385 S (6.7%), 18 of 385 Cameroon (4.7%), 17of 385 Uganda I (4.4%), 1 of 385 NEW-1 (0.26%), and 1 of 385 (0.26%).

Spoligotyping and 24-loci MIRU-VNTR information of 190 MTBC strains from Colombia from years 2012–2014 was retrieved from reference 4, obtaining the following MTBC lineage distribution: 2 of 190 Lineage 1–Sublineage Manu (1.1%); 20 of 190 Lineage 2–Beijing (10.5%); 158 of 190 Lineage 4 (83.2%). Within Lineage 4: 71 of 190 LAM (37.4%); 44 of 190 Haarlem (25.8%); 18 of 190 T (9.5%); 14 of 190 X (7.4%); 5 of 190 S (2.6%); 1 of 190 Cameroon (0.52%); and 15 of 190 were of unknown lineage (Figure 2).

Figure 3 represents the Minimum Spanning Tree (MST) for MTBC strains from Ecuador (2012–2016) and Esmeraldas (2012–2016) using 24-loci MIRU-VNTR information. This analysis included a total number of 495 MTBC strains, including the 105 MTBC strains for Esmeraldas province (See also de NJT in Supplementary Figure S1). This province is highly represented in this analysis as the number of MTBC strains from the most populated provinces of Pichincha and Guayas were 155 and 59, respectively. A very strong segregation of 99 out of the 105 MTBC strains from Esmeraldas compared to the rest of the provinces of Ecuador was observed. Within those 99 strains, two big and clearly delimitated groups of MTBC strains belonging to sublineage LAM and Ghana were found. Only one clonal complex was observed from MTBC strains from Esmeraldas, including exclusively 2 MTBC strains sublineage Ghana from Esmeraldas, with a maximum of 2 loci difference in the 24 MIRU-VNTR pattern (Figure 3). On the other hand, six MTBC strains from Esmeraldas are clearly dispersed within the MTBC strains from the rest of Ecuador. However, none of the 19 clonal complexes that occur in different groups of lineages of MTBC strains from Ecuador included MTBC strains from Esmeraldas.
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FIGURE 3
 Minimum spanning tree of MTBC strains from Ecuador and Esmeraldas included in this study using 24-loci MIRU-VNTR data. Distinction of genotypic lineages is shown by dotted circles of different colors. The maximum locus difference within a clonal complex is 2.


Figure 4A represents the minimum spanning tree (MST) for MTBC strains from Colombia (2012–2014) and Esmeraldas (2012–2016) using 24-loci MIRU-VNTR information. This analysis included a total number of 190 MTBC strains from Colombia and 105 strains from Esmeraldas province. There is a strong segregation between all the MTBC strains of Esmeraldas and Colombia in the MST, without any clonal complex including strains from both locations (Figure 3). A consistent result was obtained for the NJT (Supplementary Figure S2) where only 2 MTBC strains from Esmeraldas belonging to sublineage Haarlem and LAM were found more phylogenetically related to MTBC strains from Colombia than to other strains from Esmeraldas, both not clustering in clonal complexes.
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FIGURE 4
 Minimum spanning trees of MTBC strains from Esmeraldas and Colombia included in this study: (A) using 24-loci MIRU-VNTR data and (B) using Spoligotyping data. Distinction of genotypic lineages is shown by dotted circles of different colors. Red arrows indicate clonal complexes formed between MTBC strains from Esmeraldas province and Colombia (Maximum locus difference within a clonal complex is 2). MTBC strains from the Colombian Department of Nariño, on the border with Esmeraldas, are labeled in yellow.


Figure 4B represents the Minimum Spanning Tree (MST) for MTBC strains from Colombia (2012–2015) and Esmeraldas (2012–2016) using only spoligotyping information. Within the reduced segregation capacity of the spoligotyping method for active transmission events, five well-defined clonal complexes (CC1, CC2, CC3, CC7, and CC9) of L4 sublineages including MTBC strains from Esmeraldas and Colombia were observed. Interestingly, three of those clonal complexes (CC1, CC2, and CC3) included MTBC strains from the department of Nariño in the south of Colombia on the border with Esmeraldas and Carchi provinces in Ecuador; isolates reported from this department share three clonal complexes with strains from Esmeraldas (CC1, CC2, and CC3).




Discussion

The rapid identification of a highly active transmission complex of MTBC is crucial to reinforce TB surveillance and control programs. Colombia is one of the countries in Latin America that reports a high burden of MTB of lineages commonly associated with antibiotic resistance and increased transmission (4, 7, 13, 15, 23, 24). We addressed the potential transmission of high-risk MTBC strains from Colombia to Ecuador through the identification of the dominant MTBC genotypes in the border province of Esmeraldas.

The population structure of MTBC in the province of Esmeraldas showed a high genetic variability itself, as no MTBC active transmission clusters were found in the collection of 105 strains for 2014–2016. Additionally, most MTBC strains from Esmeraldas were not phylogenetically closely related to strains from the other Ecuadorian provinces, as no mixed clonal complexes were found. A high level of variability within a reduced rural and isolated geographical area has been also described in Panama and Ecuador (29, 37), and the lack of active transmission clusters despite the high burden of TB could be explained as a consequence of relapse of latent tuberculosis cases (9, 29, 37). Interestingly, the MTBC lineage distribution in Esmeraldas is exclusively composed of MTBC lineage 4 strains with no presence of Lineage 2–sublineage Beijing. Despite the close proximity to Colombia where Lineage 2–sublineage Beijing represents 5% of the MTBC population (4, 24), we could not find evidence of recent transnational transmission of this lineage. These results confirm previous findings reporting circulation of Beijing lineage only in limited locations of the Americas like Cuba, Colombia, and Peru (24). Nevertheless, permanent genetic surveillance should be implemented within the Ecuadorian national TB surveillance program to identify active transmission clusters, as has been described, for instance, in Panama (37) or Tunisia (27, 28). This is especially relevant considering the presence of hot spots for active transmission clusters like prisons in Latin American region (38).

Regarding drug resistance results, we found a 16.3% prevalence of MDR-TB in our study population. This value is much higher than the 4.35% MDR-TB prevalence estimated for Ecuador by the WHO (1, 8). However, similar results of higher prevalence of MDR-TB that WHO estimation was also found in the previous study for the whole country (9). This difference could be explained by a bias in the TB samples that are received by the National Reference Laboratory in Ecuador. In this sense, not all TB patient samples are processed but those defined by a triage protocol that includes all the samples with drug treatment failure, increasing the probability of detecting MDR-TB.

This study has some limitations. First, the 105 MTBC strains included in the study represented less than 20% percent of total TB cases in Esmeraldas (see details in methods), so we cannot totally rule out the presence of Beijing lineage or active transmission cluster due to sampling bias. Second, as we could only access MTBC strains from 2014 to 2016, the current TB transmission scenario could have changed, especially considering the high level of migration back and for across the Ecuador–Colombia border in recent years due to the huge humanitarian and migratory crisis following the economic collapse of Venezuela (39). Third, the phylogenetic analysis had different resolutions depending on the data available: While all the MTBC strains from Esmeraldas and Colombia had 24-loci MIRU-VNTR and spoligotyping data available, the MTBC strains from other provinces of Ecuador lacked spoligotyping information. Fourth, either MTBC strains collections from Colombia and Ecuador could also have geographical bias, as most of those strains came from the Department of Valle del Cauca in Colombia and from the main cities of Ecuador (Quito and Guayaquil) (4, 9). Moreover, the lack of MTBC strains from the other Ecuadorian border provinces with Colombia represents another source of potential sample bias.

In conclusion, cheap and easy molecular epidemiology tools are still useful for middle to high-burden TB settings in Latin America where whole-genome sequencing is still an expensive approach. Further studies with greater MTBC sample sizes from recent years in this region and others in Ecuador are needed to confirm the main findings in our study, so they could be considered for improvements in the TB surveillance program in high-burden rural settings like Esmeraldas.
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Introduction: Digital adherence technologies (DATs) can offer alternative approaches to support tuberculosis treatment medication adherence. Evidence on their feasibility and acceptability in high TB burden settings is limited. We conducted a cross-sectional survey among adults with drug-sensitive tuberculosis (DS-TB), participating in pragmatic cluster-randomized trials for the Adherence Support Coalition to End TB project in Ethiopia (PACTR202008776694999), the Philippines, South Africa and Tanzania (ISRCTN 17706019).

Methods: From each country we selected 10 health facilities implementing the DAT intervention (smart pillbox or medication labels, with differentiated care support), ensuring inclusion of urban/rural and public/private facilities. Adults on DS-TB regimen using a DAT were randomly selected from each facility. Feasibility of the DATs was assessed using a standardized tool. Acceptability was measured using a 5-point Likert-scale, using the Capability, Opportunity, Motivation, Behavior (COM-B) model. Mean scores of Likert-scale responses within each COM-B category were estimated, adjusted for facility-level clustering. Data were summarized by country and DAT type.

Results: Participants using either the pillbox (n = 210) or labels (n = 169) were surveyed. Among pillbox users, phone ownership (79%), use of pillbox reminders (87%) and taking treatment without the pillbox (22%) varied by country. Among label users, phone ownership (81%), paying extra to use the labels (8%) and taking treatment without using labels (41%) varied by country. Poor network, problems with phone charging and access, not having the pillbox and forgetting to send text were reasons for not using DATs. Overall, people with TB had a favorable impression of both DATs, with mean composite scores between 4·21 to 4·42 across COM-B categories. Some disclosure concerns were reported.

Conclusion: From client-perspective, pillboxes and medication labels with differentiated care support were feasible to implement and acceptable in variety of settings. However, implementation challenges related to network, phone access, stigma, additional costs to people with TB to use DATs need to be addressed.
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Introduction

Poor adherence to tuberculosis (TB) medication has been linked to increased risk of poor treatment outcomes, including treatment failure, relapse, and development of drug resistance (1). Several strategies have been designed and implemented to monitor and improve adherence to tuberculosis medications, including community- or home-based or facility-based Directly Observed Treatment (DOT) and digital medication monitors (2). While DOT entails supervision of the administration of treatment by a trained observer watching the person with TB swallow the anti-TB medications, self-administered treatment does not involve any form of supervision on administration of treatment. Although DOT is a widely used means of supporting people on TB treatment (2), it has been criticized as it assumes that all people with TB require the same level of monitoring and support. DOT requires constant supervision of medication intake, which can pose logistical challenges and be resource-intensive for healthcare systems, especially in areas with limited resources or geographical constraints. This approach may not consider individual variations in the needs of people with TB or their responsiveness to treatment, placing a significant burden on both people with TB and health systems (3–6). Digital adherence technologies (DATs), such as smart pillboxes and text messaging, offer alternative approaches to support person-centered, differentiated care and improve treatment adherence. However, evidence on the feasibility and acceptability of such technologies is limited in high TB burden settings.

Healthcare interventions require actions from multiple sets of actors to implement successfully, and therefore feasibility and acceptability of the intervention have become key factors in the design, implementation and evaluation of interventions (7, 8), including DATs. Previous research has underscored that if an intervention is considered acceptable from clients' perspectives, clients are more likely to adhere to treatment recommendations and to benefit from improved treatment outcomes (9, 10). Furthermore, it is important to understand the feasibility of the interventions as it may influence client acceptability and/ or the desired mode of delivery of the interventions which ultimately may have an impact on the overall effectiveness of the intervention.

Despite global recommendations to use digital adherence technologies (DATs) to support tuberculosis (TB) treatment adherence, implementation continues to vary across countries and settings (11–13). Contextual factors, including socio-demographic, person-related factors, and physical and social environments, may also operate differently on the feasibility or acceptability of DATs to deliver the targeted treatment support that is needed. DATs and associated differentiated care are being assessed in many evaluations including the Adherence Support Coalition to End TB (ASCENT) cluster randomized trials (CRTs), which are being conducted in five countries with varying epidemiology, socioeconomic, geographical, infrastructural and health system factors (14, 15). We report findings on feasibility and acceptability of DATs with differentiated response to treatment adherence among adult participants enrolled into CRTs in four countries implementing the ASCENT project.



Methods


Study design and setting

This was a cross-sectional survey among adults with drug-sensitive tuberculosis (DS-TB) who participated in the ASCENT CRTs in Ethiopia, the Philippines, South Africa, and Tanzania. The design of the trials has been described elsewhere (14, 15). The Ethiopian trial was registered at Pan African Clinical Trials Registry (PACTR202008776694999) and the trials in the other countries were registered at International Standard Randomized Controlled Trial Number (ISRCTN 17706019).

The trials were conducted in health facilities randomized to either of the two DAT (the smart pillbox or the medication label) intervention arms or the standard of care arm (14, 15). In pillbox implementing facilities, the TB care provider offered participants a smart pillbox (evrimed 1000c, manufactured by Wisepill Technologies, South Africa) that had a configurable audio-visual reminder at a pre-defined time based on participants' preference. TB medication and dosing instructions were placed inside the pillbox. When participants opened the pillbox, a signal was sent in real-time to automatically log their daily dose to a web-based platform (Everwell Hub) via internet connection. Participants were given the pillbox within the first 4 weeks of starting treatment, expected to use it for their 6-month treatment course and informed to return the pillbox at the time of TB treatment completion. In medication labels implementing facilities, participants were given their blister-packaged TB medication with a study-customized label containing a code placed on top of the package. At the time of taking their treatment, participants were expected to text this code daily, which was automatically logged onto the web-based platform. The DAT engagement data on the platform were reviewed by TB care providers (interns provided support to TB care providers in South Africa) to evaluate daily dosing and offer differentiated care, and included automated reminder text messages, phone calls or home visit, as appropriate (14, 15). A pre-requisite for the labels intervention was the participant having access to a mobile phone. In the absence of phone access, they were offered the pillbox instead.



Participants and eligibility

For the survey, in each country, 10 health facilities implementing the DAT intervention (five implementing the pillbox and five implementing labels intervention) were selected aiming to ensure inclusion of urban/rural and public/private facilities, and data collected from 6 to 12 participants per facility who had started a DAT. Participant selection was random, aiming to ensure a 1:1 male to female ratio and intensive to continuation treatment phase ratio, and was conducted between October 2021 and May 2022.



Data collection

Participants were interviewed at the facility they were receiving care, by a researcher using a questionnaire adapted from the standardized tools previously used in a multi-country TB implementation research project to assess feasibility and acceptability of DATs (16, 17). Measures were grouped into indicators of feasibility and acceptability of the DAT, from the participant perspective. Feasibility was measured using indicators of actual use/experience of the DAT intervention, including access to mobile phones, use of the pillbox reminder, ever taking TB medicine without using the DAT and paying extra to use the DAT. In addition, being contacted by health care worker for a missed dose and being shown participants' adherence profile were used to assess feasibility of the differentiated care. Acceptability of using the DAT was assessed using a multi-item questionnaire (14 items for pillbox users and 12 items for labels users) with responses to each question based on a five-point Likert scale ranging from “strongly disagree” to “strongly agree” (corresponding to a scale 1 to 5).



Data analysis

Measures to assess acceptability focused on selected domains of the Theoretical Domains Framework (TDF) of behavior change that are related to Capability (knowledge, attention, memory, and decision processes necessary to use DAT), Opportunity (social and environmental context conducive to using DAT) and Motivation (optimism, reinforcement, and emotion to want to use DAT) of performing a behavior (COM-B) (18–20). Accordingly, capability, opportunity and motivation to use either pillbox or labels were assessed separately. We also reported capability, opportunity and motivation by sex, age group (<40, ≥40 years), treatment phase (intensive, continuation) and area of residence (urban, rural). In addition, we did a post-hoc analysis comparing COM-B domains for participants attending private versus public facilities.

Feasibility and acceptability indicators were summarized by DAT type and country. For Likert scales, we summarized mean scores and 95% confidence intervals, adjusting for clustering at the facility-level using robust standard errors. If agreement to items indicated unfavorable impression of DAT, responses were reverse coded to reflect favorable impression of DAT prior to analysis. Composite scores for capability, opportunity and motivation were calculated for each participant by using the mean response to Likert scale questions within each category. For individual components, we reported the percentage of agreement, by grouping strongly agree and agree categories. Participants were analyzed based on the DAT they received at the time of interview. Data were analyzed using Stata version 16.0.




Results

Of 379 participants interviewed across the four countries, 210 (55.4%) participants were using the pillbox in 24 health facilities and 169 (44.6) were using medication labels in 20 health facilities (Table 1). Four facilities randomized to the labels intervention (one in the Philippines and three in Tanzania) included participants who were using the pillbox because of lack of cell phone access. One facility in South Africa randomized to the labels arm had switched enrolment to the pillbox arm at the time of the sub-study and only enrolled participants using the pillbox.


TABLE 1 Characteristics of study participants, overall and country, by type of DAT (n = 379).
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Among participants using the pillbox, the median age was 41 years (interquartile range [IQR]: 30, 53) with relatively younger participants from Ethiopia; 45% were female (lower in South Africa, 39%); 36% were living with HIV (highest in South Africa, 65%); and 66% were in the continuation phase of their TB treatment course. Participants using the labels were younger with median (IQR) age of 36 years (27, 50), 43% were female (lower in South Africa, 28%), 28% HIV co-infected with South Africa having the highest co-infection, 66%; and 70% were in the continuation phase of their TB treatment course (higher in the Philippines, 85%) (Table 1).


Feasibility of smart pillbox intervention

Mobile phone access was not required for participants using the pillbox though is necessary to implement components of the differentiated care. Most participants using the pillbox had their own mobile phone (79%; 165/210), either not shared or were the primary owner of a shared phone, with some variation by country. Phone ownership was slightly higher among participants aged <40 years (85%, 82/97) compared with their counterparts (73%, 83/113). Owning a mobile phone which was not shared was most common in South Africa (90%; 44/49) and least common in the Philippines (62%; 31/50). Changing phone number/SIM card in the last year was most common in the Philippines (26%; 13/50) and Tanzania (23%; 14/61).

The majority (87%; 183/210) of participants reported use of pillbox reminder to take TB medicine, though participants in Ethiopia reported relatively lower use (73%; 36/50) than the other countries, with 34% (17/50) reporting their family/ friends reminding them to take their medicine. At least 90% of participants, similar by country, reported that their households' members knew about their pillbox use. Overall, 71% of participants reported being shown their adherence information by a health care worker, the lowest percentage being in the Philippines (46%; 23/50) and highest in South Africa (94%; 46/49). Among 25 participants who reported a missed dose (12%; 25/210), 9 (36%) reported no subsequent contact by health care worker (with the highest in the Philippines, 78%).

Taking TB medicine without the pillbox varied by country, being most common in the Philippines (38%; 19/50) and least common in Tanzania (10%; 6/61). The most common reason was not having the pillbox with them. Poor network connection and charging problems were also reasons reported by participants from the Philippines and not wanting to be seen using the pillbox, reported only in South Africa (Table 2).


TABLE 2 Feasibility of DAT interventions, by country and DAT type.
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Feasibility of medication label intervention

The majority of participants owned their phone (80%; 136/169), though this varied by country (71% in Tanzania to 100% in South Africa). Phone ownership appeared to be more common among participants aged <40 years (83%, 80/96) compared with their counterparts (77%, 56/73). Reminders to take their TB medication included family/friends (41%; 69/169), most common in Ethiopia (68%) and least common in South Africa (14%), and use of an alarm (24%; 41/169), common in the Philippines (33%) and South Africa (48%).

Overall, 13% (22/169) reported ever missing a dose which varied by country: lowest in Ethiopia (4%; 2/50) and highest in South Africa (24%; 7/29). Of those who reported missing a dose, one-third (32%; 7/22) reported no subsequent contact with a health care worker (with the highest in the Philippines, 67%). Two-thirds (68%, 114/169) reported being shown their adherence information by a health care worker; lowest in the Philippines (44%; 23/50) and highest in South Africa (93%; 27/29). Fifteen participants (8%) reported to have paid extra to use the medication label, mainly for phone credit and buying a new phone. Overall, 41% (70/169) reported to have ever taken their TB medicine without using the label (not texting back to the toll-free number) which was most common among participants from the Philippines (52%; 27/52) and South Africa (52%; 15/29). The reasons included forgetting to send text (57%), challenges in daily phone access (27%), poor connectivity (14%) and charging problems (11%), which varied by country (Table 2).



Acceptability of smart pillbox and labels interventions

Overall, participants had a favorable impression of their capability to use the pillbox or the labels. The mean composite scores for questions focusing on capability among pillbox users was 4.29 (95%CI: 4.15, 4.42) (Figure 1 and Supplementary Table S1) and label users was 4.42 (95%CI: 4.28, 4.56) (Figure 2 and Supplementary Table S2), reflecting a response between agree and strongly agree.


[image: Figure 1]
FIGURE 1
 Mean capability, opportunity, and motivation scores by country among people with TB using pillbox.
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FIGURE 2
 Mean capability, opportunity, and motivation scores by country among people with TB using medication labels.


The mean composite scores for questions related to opportunity among pillbox users was 4.21 (95%CI: 4.02, 4.40) (Figure 1 and Supplementary Table S1) and label users was 4.22 (95%CI: 3.98, 4.46) (Figure 2 and Supplementary Table S2) suggesting that both DATs were acceptable. However, there were some stigma-related concerns related to using the DATs, especially being uncomfortable using the DAT in front of other people (agree/strongly agree: pillbox 20%, 42/210 and labels 18%, 30/169), worried that using DAT may lead to disclosure of TB status (agree/strongly agree: pillbox 21%, 44/210 and labels 18%, 31/169) and being uncomfortable using the DAT outside home, including at work or travel (agree/strongly agree: pillbox 20%, 41/210 and labels 17%, 29/169).

For motivation, the mean composite score among pillbox users was 4.40 (95%CI: 4.25, 4.55) (Figure 1 and Supplementary Table S1) and label users was 4.34 (95%CI: 4.16, 4.52) (Figure 2 and Supplementary Table S2). Nearly all participants reported that using DATs motivated them to complete their TB treatment and get healthy while there were some concerns about data privacy from participants in the Philippines and South Africa.

The average capability, opportunity and motivation scores for both DAT types was lowest in the Philippines and highest in Ethiopia (Figures 1, 2). There were no differences in mean capability, opportunity and motivation scores by sex, age, treatment phase and area of residence for each DAT type (Supplementary Tables S3a, b, S4a, b). In Tanzania and the Philippines, there were 20 participants (all pillbox) and 10 participants (all labels) attending private facilities, respectively. Mean scores for COM-B domains were similar by facility type (Supplementary Table S5).




Discussion

In this study conducted as part of the ASCENT trials in Ethiopia, the Philippines, South Africa and Tanzania, we found that the smart pillbox and the medication labels were generally both feasible to implement and acceptable to people with TB, with some differences by country and DAT-type observed. These differences included, a greater proportion of people with TB owning their own mobile phones in South Africa compared to the Philippines. In Ethiopia, people with TB reported that they used reminders from friends or family in addition to the use of the pillbox. Structural challenges related to poor mobile network connectivity and power outages contributed to the decreased operational feasibility of DATs. People with TB using DATs also expressed concerns around stigma and privacy issues when using DATs. We found no differences in mean capability, opportunity and motivation scores between groups of gender, age, treatment phase and area of residence on acceptability of the two DAT types.

Our findings highlight the importance of contextual adaptations, with a focus on TB care provider's role in client differentiation and monitoring adherence to provide timely, tailored adherence support, prior to implementations of DAT. These may include using medication labels for those with good access to phones who reported any inconvenience in carrying the pillbox, availing affordable phones for the duration of treatment to ensure daily access to phones and engaging other health staff in the TB clinics to support the delivery of the differentiated care. The literature has provided evidence indicating that the act of participants opening a smart pillbox may not necessarily correlate with the actual ingestion of their TB medication (12), though this has not been reported in our study. Interventions aimed at improving medication adherence should follow a holistic approach that goes beyond monitoring pillbox openings. Addressing individual behavioral and psychosocial factors may be necessary for enhanced effectiveness.

Technological fatigue could partly explain issues of forgetting to send confirmation messages by participants using medication labels or not having the pillbox with them when taking TB medicine. Strategies such as family or caregiver involvement in reminding and supporting people with TB and provision of thorough training for people with TB on how to use the DATs and offering ongoing support could address these challenges. Technology fatigue could result in the participant discontinuing the use of the DAT, although this was not observed in this cross-sectional survey.

Good access to mobile phones, enabling early notification and response through text message or phone calls to missed doses provided encouraging indications of the feasibility of both DAT interventions. However, shared phones and changing phone numbers/SIM cards, paying extra credit, poor network, charging problems posed challenges to the feasibility of implementing the DAT interventions. In Tanzania and the Philippines, a toll-free number still required phone credit. Results from a meta-analysis and systematic review of DATs and other studies have also documented barriers to the feasibility of implementing smart pillboxes and SMS-style interventions, such as technical issues with phones, network connectivity and issues with charging phones/pillboxes in different contexts (12, 17, 21, 22).

Acceptability was evidenced by high capability, opportunity, and motivation to use the smart pillbox and medication labels among people with TB. Our findings support previous studies in Sub-Saharan Africa and Asia which demonstrated electronic medication monitors and SMS-style interventions offer a feasible and acceptable person-centered differentiated TB care (11, 13, 17, 21, 23–27). However, fear of stigma related to taking TB medication using the DATs and disclosure of one's TB status contributed to lower opportunity scores, highlighting the influence of stigma on TB care (28). These may limit the use of the pillbox and could also partly explain why most participants who have ever taken their TB medicine without the pillbox reported that they did not have the pillbox with them while traveling or going to work. Furthermore, when advocating for the use of Digital Adherence Technologies (DATs), especially those involving SMS reminders, policymakers and implementers should be mindful of privacy considerations. Obtaining consent for the use of DATs and receiving reminders, avoiding the inclusion of sensitive information in SMS reminders, and restricting access to client data to authorized healthcare professionals are potential approaches to protect the confidentiality and wellbeing of individuals undergoing TB treatment.

The composite mean scores for capability, opportunity and motivation were highest in Ethiopia and lowest in the Philippines. A recent meta-analysis of implementation of DATs in Sub-Saharan Africa and Asia reported relatively higher scores for the same domains in the Philippines (17). The observed differences between the studies could be due to the differences in study sites with the meta-analysis including experiences from implementation in private health facilities only, and survey was not conducted by an independent research team.

Key strengths of our study included that it was part of a large pragmatic cluster randomized trial conducted in four countries with different geographical, technological and socioeconomical contexts that would support generalizability of findings to trial participants across the countries. We evaluated acceptability of DATs using a Theoretical Domains Framework that enabled assessment of implementation of DATs. Thirdly, selection of DAT was randomized by clusters which, to some extent, allowed direct comparison of the two DAT types. However, interpretation of findings should be done cautiously as the study has some limitations. The study was conducted on a sub-sample of the trial participants, with a small sample size per country, limited data from private facilities which may not represent all people with TB in the study countries. Social desirability bias or inclusion of more participants with good adherence may result in more favorable responses. Perspectives of health care workers and other stakeholders on DAT was not assessed.

In conclusion, we found that using smart pillboxes or medication labels DATs with differentiated care to support TB care was feasible to implement and acceptable from client perspective. However, implementation and DAT-specific challenges, including power outages, poor network, fear of stigma, not using pillbox during travel and situation that necessitates client incurred additional costs need to be addressed. Qualitative studies to enhance better understanding of the facilitators and barriers to DAT feasibility and acceptability are recommended. Effectiveness of these DATs to improve treatment outcomes, including cost effectiveness of the interventions should be further explored.
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Introduction: The slow descent in TB burden, the COVID-19 pandemic, along with the rise of multidrug-resistant strains of Mycobacterium tuberculosis, seriously threaten TB control and the goals of the End TB strategy. To fight back, several vaccine candidates are under development, with some of them undergoing the phases 2B and 3 of the development pipeline. The impact of these vaccines on the general population needs to be addressed using disease-transmission models, and, in a country like China, which last year ranked third in number of cases worldwide, and where the population is aging at a fast pace, the impact of TB vaccination campaigns may depend heavily upon the age of targeted populations, the mechanistic descriptions of the TB vaccines and the coupling between TB dynamics and demographic evolution.

Methods: In this work, we studied the potential impact of a new TB vaccine in China targeting adolescents (15–19 y.o.) or older adults (60–64 y.o.), according to varying vaccine descriptions that represent reasonable mechanisms of action leading to prevention of disease, or prevention of recurrence, each of them targetting specific routes to TB disease. To measure the influence of the description of the coupling between transmission dynamics and aging in TB transmission models, we explored two different approaches to compute the evolution of the contact matrices, which relate to the spreading among different age strata.

Results: Our findings highlight the dependence of model-based impact estimates on vaccine profiles and the chosen modeling approach for describing the evolution of contact matrices. Our results also show, in line with previous modeling works, that older adult vaccination is a suitable option in China to reduce the incidence of TB as long as the vaccine is able to protect already exposed individuals.

Discussion: This study underscores the importance of considering vaccine characteristics and demographic dynamics in shaping TB control strategies. In this sense, older adult vaccination emerges as a promising avenue for mitigating TB transmission in China but also remarks the need for tailored intervention strategies aligned with demographic trends.
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1 Introduction

Tuberculosis (TB) is an infectious disease caused by the bacterium Mycobacterium tuberculosis (M.tb.) that usually affects the lungs. It is a complex but preventable disease with a high global burden that requires early detection and long treatments, and that is still among the leading causes of death for a single pathogen worldwide. In 2014, the World Health Assembly introduced the World Health Organization (WHO) “Global Strategy and Targets for tuberculosis prevention, care, and Control after 2015”, labeled as the End TB Strategy, which consists of completing a reduction of TB incidence and mortality rates by 90 and 95%, between 2015 and 2035 (1).

Arguably, the measures and interventions currently under use for TB control are effective, but also insufficient to meet the goal of the End TB strategy. Thus, although a decay in TB incidence and mortality has been achieved worldwide since 1990 (2), its yearly rate of reduction is still too slow. Furthermore, during 2020 and 2021, and for the first time in decades, the world witnessed a surge in global TB burden levels with respect to previous years due to the COVID-19 emergency that led to underdiagnosis and under-treatment of TB, along with the saturation of most healthcare systems (3–6). During 2020 and 2021, the WHO estimated that TB was the cause of death of more than 1.5 and 1.6 million people, respectively, worldwide, combining HIV-negative and positive cases (3, 7).

The recent increase in TB burden observed in 2020–2022 due to the irruption of the COVID-19 pandemic, threatens, in high-burden countries like India or Indonesia, to raise the TB-related mortality back to even higher levels than before in the next few years (8, 9). Moreover, the ever-increasing rates of emergence of drug resistance (10) evidence the necessity of new tools against the disease, including new and better drugs as well as improved diagnosis methods. Among these new resources, the development of a new vaccine that either boosts or replaces the current bacillus Calmette-Guerin (BCG) is commonly referred to as the potentially most impactful single intervention to halt TB transmission, given the limited and variable efficacy levels observed for BCG against the more transmissible respiratory forms of the disease in young adults (11). Consequently, the TB vaccine development pipeline is populated by a number of novel candidates of different types, based on a variety of immunological principles and vaccine platforms (12). For estimating and comparing the potential impact of each of these candidates on halting the TB transmission chain, the development of epidemiological models arises as a powerful tool. Refining these models and addressing the main sources of uncertainty and bias in their architecture constitutes an important step toward the development of new TB vaccines.

In this work, we forecast the impact of the introduction of a new TB vaccine in China, which, as of 2021, represented 7.4% of the total number of TB cases worldwide (3). To produce robust estimates for vaccine impact in this country, it is important to consider aging as a key demographic determinant where China differs from the majority of high-burden countries in TB. According to the UN population division estimates, among the top-8 countries with the highest number of incident TB cases in 2021 (China, India, Indonesia, Philippines, Pakistan, Nigeria, Bangladesh, and the Democratic Republic of Congo), China is the one where population aging in the years to come will be more pronounced, going from a median age of 39.0 in 2023 to 50.7 years in 2050. Considering this, recent modeling studies have suggested that targeting elder population groups in a vaccination campaign may produce a greater impact than targeting children or young adults (13).

Estimating the impact of a vaccine on an aging population must be done considering several technical aspects. From a modeling perspective, demographic aging couples with TB transmission dynamics critically in the age-mixing contact matrices (14). These objects capture the relative frequency of social and/or physical contact between individuals of different age strata and constitute a great tool for representing contact patterns within epidemic models. When working with TB, whose time scales are comparable to those of demographic evolution, models need to incorporate sensible heuristics to describe the evolution of those matrices over time, which appears as a consequence of demographic evolution itself. In previous works (15), we identified different methods that can be used to adapt the contact matrices that were measured in a given population, as the population ages over time. Two of these methods are often found in modeling studies of TB (13, 14, 16). First, contact matrices can be adapted to ensure that the symmetry of the encoded information is preserved, namely, the number of contacts per unit of time between two age groups, i and j, should be the same, when calculated from the number of contacts per capita, from i to j and from j to i. This method is commonly referred to as the pairwise correction method and ensures symmetry in reported numbers of contacts but does not produce contact networks whose mean connectivity is stable over time. To solve this issue, these matrices can be further corrected to ensure that not only the symmetry but also the average connectivity of the networks is preserved across time while underlying populations are aging. This second method, firstly proposed in (15), is referred to in this study as the intrinsic connectivity method, and produces contact structures that feature controlled contact densities on average, which are stable over time. The adoption of each of these methods to describe the evolution of contacts within TB transmission models may affect model outcomes regarding the impact of a new vaccine.

Another relevant aspect through which populations' aging and vaccine impact forecasts may couple in ways that are hard to predict a priori is the vaccine mechanisms of action, combined with its protection profiles. A successful TB vaccine may confer either prevention of disease (POD), or prevention of recurrence (POR) through a variety of mechanisms, including halting fast progression toward primary TB upon a recent, first infection event, diminishing the endogenous reactivation rates upon latent infection, diminishing the risk of reinfection and/or preventing recurrence after recovery of a previous disease episode(16, 17). Furthermore, the ability of a vaccine to confer protection through each of these mechanisms may depend upon the previous exposure of vaccine recipients to mycobacteria, which in the case of Mycobacterium tuberculosis is ascertained by an interferon-gamma release assay (IGRA)(18, 19). Since the fraction of individuals who have been previously exposed to the pathogen varies across age, and, in an aging population, that changes across time, exploring the effects of vaccine protection profiles and mechanisms of action at once is crucial to compare different vaccination strategies targeting different age groups in China.

The goal of this study is to investigate the role of these aspects on the vaccine impact foreseen from two vaccination campaigns targeting adolescents (15–19 y.o) and elder individuals (60–64 y.o.) in China, starting in 2025. Capitalizing on previous TB transmission models developed by the authors (14, 16), we produced in-silico impact evaluations of a series of vaccines with different protection profiles, acting through different mechanisms, evaluated in different simulations where contact patterns evolve according to different methods. In what concerns the distribution of vaccine-mediated protection across vaccinated individuals, we modeled vaccines as all-or-nothing (AON), as schematized in Figure 1, as it is widely used in the modeling literature (20–22). AON vaccines confer perfect protection to a fraction of the vaccinated individuals but are ineffective for the remaining fraction of vaccinated individuals. The share between those fractions is related to the overall efficacy of the vaccine. To estimate the impact, we make use of two runs of the mathematical model (control and vaccine). Then, we analyze the results in terms of the targeted population, the protection profile of the vaccine, and the method used for updating the contact matrix. The structure and the key dynamic processes that comprise the model are depicted in Supplementary Figures S1, S2, and in the Supplementary methods.
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FIGURE 1
 (A) In-silico simulations for the introduction of an AON vaccine in a mathematical model of TB transmission. The model is run twice, one as a control run and the second time with the introduction of the vaccine. In the control run (bottom) the natural history of the disease remains unaltered, and every transition between states of the model is present. In the vaccine run, there are two different branches that evolve in parallel. On branch 1, the natural history of the disease remains unaltered, but a c fraction of the individuals that receive the vaccine is moved toward branch 2, in which the natural history is modified according to the effect of the vaccine, thus, neglecting some transitions and conferring protection. This way, a fraction, c, of the vaccinated individuals becomes protected. (B) Implementing this general approach for different vaccine characteristics and protection profiles, under different descriptions of contact matrices evolution, we aim to study the effect of these aspects on the impact foreseen by our computational model for a vaccine applied either in adolescents (15–19 years old), or in older individuals (60–64 years old).




2 Materials and methods


2.1 Modeling the effect of the vaccine

The efficacy estimates obtained for a given vaccine in a clinical trial can be mapped onto mechanistic descriptions within a transmission model in a number of different ways. Elucidating what are the specific mechanisms at place that are most likely compatible with trials' results for a given vaccine is not a trivial task, and the architecture of the model, as well as the characteristics of the population enrolled and detailed data analysis of the results are needed for extrapolating the efficacy levels observed in a trial into transmission models describing TB dynamics in entire populations(16, 17). In a disease such as TB, a vaccine conferring POD or POR may base its protective effects on interfering with different processes throughout the natural history of the disease, preventing individuals' progression to TB by halting specific routes to disease. In the lack of direct evidence concerning the specific dynamic mechanisms in place in a given vaccine, modelers often implement vaccine descriptions where all the main routes to disease putatively affected by the vaccine are equally impacted. Instead, in this work, we aim to compare the impact of different vaccines whose protection acts through different dynamical mechanisms. Formally, we assume that a vaccine can reduce the risk of progressing further from a given state toward disease, thus conferring protection to vaccinated individuals at different stages in the natural history of the disease. Capitalizing on our model, we identify four different basic vaccine mechanisms that can act either alone or combined:

• Ep: Protection against primary TB: The vaccine confers protection against fast progression to disease upon a recent first infection event. This mechanism is present in a POD vaccine that prevents fast latency toward active disease (see Supplementary material).

• Erl: Protection against endogenous reactivation of bacilli in individuals with latent TB infection: Vaccine confers protection against endogenous reactivation of bacilli in individuals with latent TB infection (LTBI). This mechanism is present in a POD vaccine that prevents slow latency toward active disease.

• Eq: Protection against TB upon reinfection: Vaccine confers protection against exogenous reactivation caused by a secondary infection event in subjects who had been previously infected. This mechanism is present in a POD vaccine that prevents progression toward active disease upon reinfection, for individuals who had already been exposed to the pathogen before (either LTBI or recovered individuals).

• Erelapse: Protection against TB relapse: This mechanism is present in a POR vaccine that prevents endogenous reactivation in individuals who had a past episode of active TB.

• All: Every vaccine's mechanism acts at the same time.

The interaction between vaccines conferring protection at any of the previous mechanisms, and the natural history of the disease is sketched in Supplementary Figure S3. In short, the fraction of the vaccinated individuals who get protection from the vaccine will face a modified version of the natural history according to the effect of the vaccine, where some key transitions are halted.



2.2 Model-based impact evaluations of TB vaccines

We estimate the impacts of vaccines using an adapted version of the model in (14), which is a deterministic, age-structured model based on ordinary differential equations, where individuals belonging to different age strata are considered to experiment different levels of epidemiological risk. This translates, in general, into age-specific parameter values, as described in the Supplementary material. The architecture that defines the disease dynamics within each age group represents the natural history of TB (see Supplementary Figure S1). The model also includes aging dynamics, which is key in countries undergoing fast demographic changes (see Supplementary Figure S2).

Regarding the impact evaluation, we use two different runs of the model that ultimately lead to an estimate of the incidence rate reduction due to the vaccine. In the first run, specific values of all the epidemiological parameters are stochastically drawn from suitable distributions. Using the specific set of parameters obtained, the model is calibrated and the spreading of the disease is forecasted in a non-intervention scenario, referred here as the control run. Then, the model is run again, using the same calibration, but introducing the vaccine in 2025. This vaccine run does not follow qualitatively the same Natural History as in the control run, as the vaccine alters it by reducing the progression risk of protected individuals in certain transitions that depend on the characteristics of the vaccine (see Supplementary material). Finally, the impact of the vaccine is estimated by comparing those two runs through the calculation of the incidence rate reduction (IRR) at the end of 2050, as in Equation 1
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Repeating this procedure a number of N = 500 times, we obtain a distribution of forecasted vaccine impacts, which allows us to build suitable expected values and confidence intervals that propagate uncertainty from model inputs to vaccine impacts.

As already mentioned, all vaccines are introduced into the model according to an all-or-nothing scheme, which means they only show efficacy in a fraction c of the vaccinated individuals, which in this context represents the vaccine efficacy under a scenario of perfect coverage. The remaining 1 − c fraction of vaccinated individuals do not benefit from these effects and preserve the same dynamics as the unvaccinated individuals. Formally, this is modeled by displacing a fraction c of vaccinated individuals from a control branch to a vaccine-protection branch, where the dynamics is modified to reflect these changes.

The vaccines considered in this work feature different levels of waning. As vaccinated individuals age from their age at vaccination av to a > av, the vaccine efficacy is expected to decay, eventually becoming inefficient w years after vaccination. To implement vaccine waning in an all-or-nothing model, we introduced in the model a series of return fluxes that move individuals in the age group a > av back from the protected to the non-protected branch of the model. The intensity of those fluxes is given by Equation 2.
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where a is the age group that suffers the waning, av is the age group that is being vaccinated, and w captures the waning, in years. This formula ensures that, after w years, the vaccinated individuals will suffer a waning intensity of 50%. Moreover, for any a ≤ av, the waning intensity is set to zero, constituting a viable approach to implement vaccination campaigns targetting one specific age stratum. Then, the waning flux is calculated following Equation 3.
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where X(a) is the population in the age group a, in the reservoir X at time t, where X is every reservoir that vaccinated individuals may lie into.

Besides the alterations in epidemiological risks experienced by the individuals protected by the vaccine, another important vaccine characteristic concerns the immunological status that individuals may need to fulfill before vaccination for the vaccine to confer protection to them. Depending on the immunological principles of the vaccine considered, its protection may unfold contingent on the previous exposure of the vaccinated subject to the pathogen, and, as such, it is possible that new vaccines may confer protection only to susceptible, immunologically naive individuals, or to individuals who have been previously infected with M.tuberculosis. To illustrate the effect of the dependency between the recipient's status and vaccine efficacy, we reproduce vaccine impact simulations where the protective effect of the vaccine, described through the displacement of a fraction c of individuals toward the protected branch, only takes place from different source reservoirs. This way, we explore four possible scenarios where only a fraction c of individuals in the following reservoirs get protection: (i) only susceptible individuals (ii) only LTBI individuals (iii) only previously exposed individuals (including LTBI and recovered subjects), and (iv) all individuals.

Finally, the vaccination is implemented in two steps. First, a mass vaccination campaign, similar to the one proposed in (13) takes place, vaccinating annually a third of the population in the reservoirs affected by the vaccine, and for the age targeted population (15–19 or 60–64). Then, after this campaign vanishes, the vaccination continues routinely coupled to the aging.



2.3 Updating contact matrices with evolving demography

Age-mixing contact matrices play a key role in epidemic spreading (23–25), as the complete knowledge of the network of contacts is usually unreachable or impossible to implement. Thus, for modeling purposes, it is useful to study age-group interactions, where contact matrices indicate how age-strata mix between them. Usually, empirical contact matrices are obtained through statistical surveys. In these studies, participants are asked how many contacts they have during the day and with whom. This allows us to obtain the (average) number of contacts that an individual of a particular age i has with individuals of age group j. The resulting matrix is not symmetric due to the different number of individuals in each age group. However, it is precisely the demographic structure that imposes constraints in the entries of this matrix, as reciprocity of contacts should be fulfilled at any time (i.e., the total number of contacts reported by age-group i with age-group j should be equal in the opposite direction). Therefore, an empirical contact matrix, that has been measured on a specific population, should not be used directly without adapting it to the demographic structure of a different population under study.

This issue has important consequences in the field of disease modeling. As contact matrices play a key role in disease forecast, it is essential to assure that the matrices implemented are adapted to the demographic structure of the population considered to avoid biased estimations. For some short-cycle diseases like influenza, the time scale of the epidemic is much shorter than the typical times needed for a demographic structure to evolve (26). The previous considerations are more troublesome for the case of persistent diseases that need long-term simulations, for which the hypothesis of constant demographic structures does not hold anymore (14). Particularly, in the case of TB modeling, time scales are typically long, as the presence of latent individuals may lead to TB cases decades after primary infection (27). This ultimately leads to the urge to adapt the contact matrices measured in a specific demography in such a way that they evolve accordingly to the demography of that setting. To this end, we capitalize on the methods proposed by Arregui et al. (15), which are briefly described below. We selected only methods labeled in the original article as M1 (Pairwise corrections) and M3 (Intrinsic connectivity) as the first one is typically used in the literature, also for modeling TB e.g., (13), and is the simplest one for short-lives diseases, whereas the second one (M3) allows projecting contact matrices along with demography, which fits our needs in TB forecasting.


2.3.1 Pairwise correction

The magnitude usually reported when measuring contact patterns is the mean number of contacts that an individual in age group i has with individuals in age group j during a measured period of time. Calling Mi,j this quantity, we observe that, in order to fulfill reciprocity, Mi,j should equal Mj,i, which is not the case with directly measured data. An immediate correction is to average those numbers, so that the excess of contacts measured in one direction is transferred to the reciprocal. Then, the matrix entry in a new demography is computed using Equation 4.
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where [image: image] corresponds to the new demography under study. An example of the evolution of the contact matrix used in this study, under the pairwise correction is included in Supplementary Figures S4A, B.



2.3.2 Intrinsic connectivity matrix

An alternative method that preserves the mean connectivity of the contact network makes use of the density matrix or intrinsic connectivity matrix. Using the original data the density matrix Γ is extracted following Equation 5

[image: image]

The Γ matrix corresponds, except for a global factor, to the contact pattern in a “rectangular” demography (a population structure where all age groups have the same density). Then, introducing a new demography, the contact matrix is obtained using Equation 6.

[image: image]

An example of the evolution of the contact matrix used in this work when using the intrinsic connectivity method is included in Supplementary Figures S4C, D.





3 Results

After we implemented our computational model of TB transmission, we evaluated the impact of a TB vaccine of varying characteristics, simulated using models where contact matrices are updated using different methods, introduced in China in either adolescent (15–19 years old), or elder individuals (60–64 years old). In Figures 2, 3 we represent the forecast impact of each vaccine using our model. As discussed in the Methods section, all vaccines are modeled according to an all-or-nothing scheme, conferring different types of protection (Ep, Eq, Erl, Erelapse, or all at once, see Methods) to a fraction c of vaccinated individuals in certain disease reservoirs (susceptible, latent and/or recovered individuals, or all). The efficacy of the vaccine in all scenarios is set to c = 56%, as a reference value compatible with applying a highly protective vaccine with a 70% efficacy through a high-coverage campaign reaching 80% of the target population. The value is obtained as the product of the previous quantities, as in our model, AON vaccines cannot have partial efficacy, and a fraction of 56% captures the same protected population that a vaccine with 70% efficacy and 80% of coverage would protect. Then, this reference value is similar to one among the most optimistic scenarios explored in previous modeling studies undertaken in China (13). The vaccination campaign in the simulation starts in 2025, and we forecast the impact of the vaccine measuring the IRR (see Methods) in 2050. Individuals of the targeted age group, are vaccinated when they first enter the corresponding age group. Furthermore, selected vaccines experience waning levels of 10 years, as described in more detail in the Methods section.


[image: Figure 2]
FIGURE 2
 Impact of different vaccines applied to individuals between 60 and 64 years old. In all panels, tested vaccines act in different parts of the natural history of TB, halting progression to disease in one or more of the possible routes to disease, as described in the methods: Ep: protection against primary TB, Eq protection against reinfection, Erl: protection against endogenous progression to TB after LTBI, Erelapse: prevention of recurrence. We analyze independently the impact of vaccines whose protective effects unfold when applied to individuals belonging to different compartments of the natural history. (A) Susceptible subjects (efficacy observed before infection). (B) Latently infected individuals (efficacy observed after infection). (C) Latently infected and recovered individuals. (D) Entire population. In each case, the impact of each vaccine is evaluated for a waning level of 10 years. In all panels, bars represent median values for the IRR measured in 2050, associated with the introduction of the vaccine in 2025. Error bars capture 95% confidence intervals from a set of N = 500 model outcomes in each case. Bars marked in red capture those scenarios in which the impacts foreseen for an adolescent-focused campaign can overcome the impacts found for the elder vaccination campaign.
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FIGURE 3
 Impact of different vaccines applied to adolescents, with ages between 15 and 19 years old. Analogous to Figure 2, in all panels, tested vaccines act in different parts of the natural history of TB, halting progression to disease in one or more of the possible routes to disease: Ep: protection against primary TB, Eq protection against reinfection, Erl: protection against endogenous progression to TB after LTBI, Erelapse: prevention of recurrence. We analyze independently the impact of vaccines whose protective effects unfold when applied to individuals belonging to different compartments of the natural history. (A) Susceptible subjects (efficacy observed before infection). (B) Latently infected individuals (efficacy observed after infection). (C) Latently infected and recovered individuals. (D) Entire population. In each case, the impact of each vaccine is evaluated for a waning level of 10 years. In all panels, bars represent median values for the IRR measured in 2050, associated with the introduction of the vaccine in 2025. Error bars capture 95% confidence intervals from a set of N = 500 model outcomes in each case. Bars marked in red capture those scenarios in which the impacts foreseen for an adolescent-focused campaign can overcome the impacts found for the elder vaccination campaign.


In Figure 2, we gather the IRRs achieved by the different vaccines described above when applied to the older adult population. In this case, we found that, when vaccines are able to confer protection to immunologically naive individuals, either alone (Susceptible only) or along with the rest of individuals in the population, (whole population), vaccines featuring the largest impact are those that are able to prevent fast progression to primary TB upon recent infection [Ep vaccine featuring 24.9% IRR, 95% CI (17.8–36.1) in panel A]. Instead, if vaccine protection only unfolds on individuals who had been previously infected by the time of vaccination (protection active to either latent or latent plus recovered individuals only), the most impactful vaccines are those that are able to protect individuals from developing active TB upon endogenous reactivation of dormant bacilli [Erl vaccine featuring 6.47% IRR, 95% CI(4.88–8.15) in panel C]. Furthermore, it is important to notice that, in all vaccines tested leading to an impact higher than 1% under at least one of the two methods explored for describing contact matrices evolution, the impact was systematically higher when updating the contact matrix according to the intrinsic connectivity approach.

In turn, in Figure 3, we present the analogous results associated with a vaccination campaign targeting the population between 15 and 19 years old. Although vaccines protecting against primary TB are still more impactful as long as susceptible individuals are protected [Ep vaccine featuring 11.11% IRR, 95% CI (8.10–13.98)] in panel A, vs. other vaccines], and vaccines halting endogenous reactivation of latent bacilli are more impactful if protection takes place after infection, in this case, the impact associated with vaccines in the latter case is comparatively lower than what is found in elders [Erl vaccine in panel C yields 2.14 IRR, 95% CI (1.65–2.76), when in elders yielded 6.47% IRR, 95% CI (4.88–8.15)]. In what concerns the influence of contact matrices on forecast impacts, interestingly, we observe that the highest impacts were associated with the pairwise-corrections method, unlike what is observed in the older adult age group.

Admittedly, comparing the impacts from both campaigns targeting elders (Figure 2) and adolescents (Figure 3), we see that the question of what is the optimal age group to target in an immunization campaign for a new TB vaccine finds different answers depending on the combination of vaccine characteristics, protection profiles, and modeling assumptions. More specifically, in cases where previous infection is required for vaccines to elicit their protective effects, via protection against endogenous reactivation (Erl) or against relapse (Erelapse), then targeting the older age group always appears as a superior choice according to our simulations [6.47% IRR, 95% CI (4.88–8.15) in most impactful vaccine in elders vs. 2.14 IRR, 95% CI (1.65–2.76) in adolescents]. However, as soon as protection against primary TB is granted to susceptible individuals as one of the possible protective mechanisms of the vaccines, the quantitative description of contagion dynamics implemented within our model becomes more crucial, and, consequently, model forecasts are more sensitive to the adoption of either one of the two modeling approaches explored for describing contact matrices evolution: pairwise corrections vs. intrinsic connectivity. As a result, only in some occasions when the over-simplified pairwise correction method is adopted, the impacts foreseen for an adolescent-focused campaign can overcome the impacts found for an elder vaccination campaign (Bars marked in red) for these vaccines. For instance, an Ep vaccine yields 11.11% IRR (95% CI 8.10–13.98) under pairwise correction in adolescent, surpassing the 8.54% IRR (95% CI 6.03–11.95) obtained in elders for the same method, when vaccine protection unfolds before infection, whereas for the rest of vaccines, elders score higher impacts no matter what method is used.

In order to understand the influence of the vaccine mechanisms on their respective impacts, it is sufficient to analyze the time evolution of the distribution of TB cases across the different routes to disease classically described in TB, aggregated across age groups, as we represent in Figures 4A, B. These routes include fast progression to primary TB upon a first, recent infection event; TB after endogenous reactivation from LTBI; TB upon exogenous reinfection and, last, TB recurrence after a previous disease event (see Supplementary methods). Importantly, each of the four vaccine mechanisms explored in this work tackles specifically each one of these routes. As seen in Figures 4A, B, primary TB upon recent infection is the prominent cause of TB cases during the simulated period, which makes protection against primary TB the most impactful vaccine mechanism, at least, as long as the susceptible individuals [who are those under a higher risk of developing primary TB upon infection (28)], could be protected by the vaccine (see Figures 2A, D, 3A, D). Furthermore, we also observe that endogenous reactivation of LTBI individuals is the second type of event responsible for the highest share of TB cases, which in turn explains why vaccines protecting LTBI individuals are most impactful when they protect against endogenous reactivation (see Figures 2B, C, 3B, C), and why vaccines targeting re-infection or relapse are comparatively less impactful, even when applied on older age groups where prevalence of infected and recovered subjects is higher.


[image: Figure 4]
FIGURE 4
 (A, B) Evolution of the Percent of TB cases associated with rapid progression upon recent infection (primary TB), endogenous reactivation of LTBI, TB upon reinfection, or TB relapse; each of them foreseen from the indicated method for describing contact matrices evolution (pairwise correction or intrinsic connectivity). Primary TB upon recent infection, followed by endogenous reactivation of LTBI individuals are the two most common types of events. Central lines are medians and the shadowed areas represent the 95% confidence intervals from N = 500 model realizations. (C, D) Evolution of the force of infection associated with individuals in age groups 15–19 and 60–64 in the period 2000–2050, as foreseen by the model when using the two frameworks for describing the time evolution of contact matrices. Adopting the simpler pairwise correction method results in a lower estimate of the force of infection in the older age group, as well as an overestimation in the younger stratum. Central lines are medians and the shadowed areas represent the 95% confidence intervals from N = 500 model realizations. (E) Break down of the different contributions to the overall TB incidence pool in 2050, distributed across the routes to disease protected by the vaccines under study. The number of cases in the routes associated with already exposed individuals is systematically higher in elders than adolescents, no matter which correction for the contact matrices is at play. Bars represent median values measured in 2050. Error bars capture 95% confidence intervals from N = 500 model realizations.


Furthermore, to understand the role of the modeling assumptions concerning contacts when comparing impact forecasts from analogous immunization campaigns, it is important to highlight that their influence manifests more strongly when comparing forecasts for vaccines targeting TB upon recent infection (Ep vaccines) or reinfection (Eq vaccines), which is to say when the vaccine targets transmission. In such cases, the adoption of the most adequate method providing intrinsic connectivity control appears systematically associated with larger impacts when we analyze elder-focused campaigns, as well as lower impacts when we focus on campaigns targetting adolescents. The main difference between methods is that, when the intrinsic connectivity method is used, the magnitude of contact between older age groups is higher than in the pairwise method (see Supplementary Figure S4). The influence of this difference in the results can be further contextualized by observing the evolution of the force of infection, defined as the fraction of susceptible individuals in a given group that gets infected per year, and which is computed using the contact matrices. Figures 4C, D capture the evolution of the force of infection that individuals in each of these two age strata are subject to, according to each of the two models explored to describe the evolution of contact matrices. As seen in Figures 4C, D, using the pairwise model appears associated with an underestimation of the force of infection suffered by individuals in the older age group, and an overestimation of it among adolescents, with respect to the adoption of the more rigorous correction method based on preserving the intrinsic connectivity of contact matrices. In this context, elders suffering a higher force of infection produce more infected individuals among older age groups, which, in turn, leaves more room for a vaccine to prevent more cases.

Finally, in order to contextualize the differences in impact found between elder and adolescents-focused campaigns, in Figure 4E, we present a simultaneous breakdown of TB cases predicted by 2050, in each of the age groups, associated with each of the routes to disease, according to each of the contact matrices models. In this figure, we see how both modeling approaches for contact matrices concur in assigning a higher incidence for TB cases related to LTBI reactivation, reinfection, or relapses, which can be interpreted as the main cause why, in Figures 2, 3, we observe that Erl, Eq, and Erelapse vaccines are systematically more impactful in elder individuals than in adolescents. However, in Figure 4E, we can also observe how the number of cases associated with primary TB is either higher, or lower in adolescents than it is in the older age group, depending on whether we adopt the pairwise correction method, or the intrinsic connectivity method, respectively.

Importantly, none of these observations are affected by the level of vaccine waning: while Figures 2, 3 capture impacts associated with vaccines whose protection lasts ten years, largely comparable results are obtained for less and longer lasting vaccines, as summarized in the Supplementary material (see Supplementary Figure S5, corresponding to waning=5 years, and Supplementary Figure S6, corresponding to waning = 20 years).



4 Discussion

Mathematical disease-transmission models are a powerful tool for estimating the impact of new TB vaccines, which, if done properly, may be instrumental in comparing the potential of different vaccine candidates and immunization campaigns. This is true, especially in TB, where vaccine development must face two simultaneous hindrances. First, vaccine efficacy is harder to foresee before phases 2b/3 of the development pipeline than for other diseases, given the lack of reliable correlates of immune protection (29). Second, the architectures of the clinical trials of vaccine efficacy that are being adopted to test novel TB vaccine candidates are highly diverse (16, 17), and the protection profiles of the tested vaccines may be equally diverse. Taken together, these issues claim the development of rigorous computational models to produce impact comparisons for different vaccines tested in trials of different characteristics and implemented through assorted immunization campaigns. These constitute extremely non-trivial tasks, which enhances the need to ensure that current TB models can handle them while minimizing bias and uncertainty.

In accomplishing this goal, an aspect that demands special attention is the description of the coupling between demographic aging and the evolution of TB epidemiology in a given population. This is especially true in a country such as China, where two simultaneous aspects concur, namely: an intense process of demographic aging -already ongoing, and expected to continue in the next few decades-, concomitant with a high burden of TB incidence and prevalence levels. While previous works pointed to the observation that immunization campaigns targeting older age groups (paradigmatically individuals above 60 years old) are expected to cause a stronger reduction in global TB incidence levels than campaigns targeting adolescents (16–20 years old) (13), the robustness of these results under different modeling scenarios, including different vaccine characteristics and modeling decisions concerning the evolution of contact matrices among different age-groups remained to be proven.

Capitalizing on a mathematical model previously developed by the team (14, 16, 17), in this work we reproduce the general observation that, in China, immunization campaigns targeting older individuals, in the age group between 60 and 64 years old, are associated with promising levels of reduction in the incidence rates expected by 2050, with varying forecast impacts depending on vaccine characteristics and modeling assumptions, especially if the vaccine is able to protect already exposed individuals. This observation can be interpreted in light of the demographic shift expected in the country, where older age strata are expected to accumulate a higher fraction of total TB cases in the years to come. However, by using our model, we were able to address, for the first time in this study, how this observation may depend, in turn, on vaccine characteristics (the combination of its mechanisms of action and protection profile), as well as on modeling assumptions (the description of contact matrices over time).

On the one hand, when modeling TB vaccines, it is important to acknowledge the multiplicity of possible mechanisms of action a vaccine may confer protection through (16, 17). This aspect, in turn, must be considered simultaneously with the fact that the initial immunological profile of vaccinated individuals (i.e., their IGRA status) may in turn influence the ability of the vaccine to provide its protective effects (13). In this work, we describe how these two aspects are coupled, generating strong interactions between the vaccine mechanisms in place and the sub-population reservoirs that may gain protective effects upon vaccination. Specifically, we observed that vaccines protecting susceptible, immunologically naive individuals are more impactful when their mechanism of action is based upon the prevention of primary TB after infection. This result can be understood by observing that progression to primary TB upon recent infection represents not just the main epidemiological risk for susceptible individuals, but the most common route to disease in the whole population, as sketched in Figures 4A, B. Importantly, our simulations indicate that tackling primary TB is the most promising intervention, not only when the immunization campaign targets adolescents, but also when it targets older individuals, as long as vaccine protection unfolds for susceptible individuals at least. Furthermore, when a vaccine requires that vaccinated individuals have previously been infected, the most impactful vaccine mechanism of action is based on preventing endogenous reactivation of LTBI. This indicates that, for LTBI subjects, endogenous progression to TB represents the highest epidemiological risk, which is shown in Figures 4A, B, where endogenous reactivation in the second most common route to disease. These couplings between vaccine mechanisms and protection profiles should be carefully taken into account when testing and comparing vaccine candidates with different profiles and immunization strategies.

On the other hand, in a country such as China, it is key to produce model-based descriptions of TB dynamics that are robust under the scenario of fast demographic aging. Under these circumstances, the adoption of plausible description frameworks to describe the evolution of contact matrices is key. The reason for this is that these matrices capture the relative frequency of contacts that may lead to new infections among individuals of different ages, and these are bound to evolve with time in an aging population. While relatively naive descriptions of contact matrices based on symmetry preservation through pairwise corrections are enough when modeling infectious diseases during short periods of time, TB demands more sophisticated approaches that preserve not only the symmetry but also the overall connectivity of the entire contact networks (15). The reason for this is that during the extended time windows that TB modeling requires, demographic structures are expected to vary significantly, and, with them, the frequencies of social contacts among age strata, and the entire connectivity, measured as the average number of contacts per individual, of the system.

In this work, we showed that more sophisticated modeling approaches based on imposing the preservation of the intrinsic connectivity of contact networks (instead of simpler methods based on pairwise corrections aiming only at preserving symmetry) are linked to higher vaccine impacts when immunization campaigns target transmission among elder individuals. In turn, for campaigns targeting transmission among adolescents, it is the simpler methods, based on pairwise corrections, the one yielding higher impacts. In short, our simulations indicate that vaccines whose protection mechanisms take place after infection (e.g., Erl, Eq and Erelapse on L, L+R, or All population), are expected to elicit higher population impacts if applied in elder individuals, as well as vaccines protecting susceptible individuals against primary TB, providing that an adequate modeling approach is used to describe the evolution of their contact matrices, ensuring intrinsic connectivity control.

We also need to mention that our approach is not exempt from limitations that impact the results presented here. First, we are studying only two age groups, adolescents and elders, as in this particular setting, they seem to be the more promising age groups to vaccinate and compare in a country like China, where the population is aging at a fast pace, and the impact results obtained here will be different if studied, for instance, in other adult groups. Moreover, we are not considering a heterogeneous population in which individuals are divided according to their HIV or diabetes status, or by being smokers, which certainly may affect both the risk of developing TB and the possible impact of the tested vaccines. In this sense, the population under study is considered to follow the same natural history of TB with the same model parameters. This population is, however, subject to a force of infection which is calibrated using the incidence and mortality TB data provided by the WHO for the whole Chinese population. Implicitly, these input data are affected by many factors, and as a consequence, calibration reproduces, in each country, a different epidemiological situation capturing, among many other different factors that vary across countries, the differences associated to different BCG vaccine coverage and effectiveness. Including more detailed population profiling in TB transmission models accounting for differences in baseline susceptibility to TB, as well as differences in vaccine efficacy in different population sub-groups holds the promise to produce less uncertain forecasts. However, counting with this type of data is often challenging, which majes simpler approaches as the one presented here, where these differences are neglected, a most reasonable, and still very useful choice.

Our approach is also limited by factors that affect TB transmission models. The outcomes of our model depend on a series of epidemiological parameters and initial burden estimates that are subject to strong sources of uncertainty, thus propagating this uncertainty to the results. This means that future improvements in measuring the input data are expected to impact the quantitative outcomes of our mathematical model, in the same way it would affect any other model that leans on them. Always bearing in mind the strong uncertainties that the forecasts inherit, our results highlight the importance of acknowledging the complexity of TB transmission dynamics when modeling the effects of an age-focused intervention such as the introduction of a new vaccine on a specific age group.

In closing, our results emphasize the idea that immunization campaigns for the introduction of new TB vaccines in different countries can be, and must be, tailored using mathematical models that integrate information on vaccines' profiles, population demography, and basal TB epidemiology.
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Spatial pattern of isoniazid-resistant tuberculosis and its associated factors among a population with migrants in China: a retrospective population-based study
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Background: Isoniazid-resistant, rifampicin-susceptible tuberculosis (Hr-TB) globally exhibits a high prevalence and serves as a potential precursor to multidrug-resistant tuberculosis (MDR-TB). Recognizing the spatial distribution of Hr-TB and identifying associated factors can provide strategic entry points for interventions aimed at early detection of Hr-TB and prevention of its progression to MDR-TB. This study aims to analyze spatial patterns and identify socioeconomic, demographic, and healthcare factors associated with Hr-TB in Shanghai at the county level.

Method: We conducted a retrospective study utilizing data from TB patients with available Drug Susceptible Test (DST) results in Shanghai from 2010 to 2016. Spatial autocorrelation was explored using Global Moran’s I and Getis-Ord [image: image] statistics. A Bayesian hierarchical model with spatial effects was developed using the INLA package in R software to identify potential factors associated with Hr-TB at the county level.

Results: A total of 8,865 TB patients with DST were included in this analysis. Among 758 Hr-TB patients, 622 (82.06%) were new cases without any previous treatment history. The drug-resistant rate of Hr-TB among new TB cases in Shanghai stood at 7.20% (622/8014), while for previously treated cases, the rate was 15.98% (136/851). Hotspot areas of Hr-TB were predominantly situated in southwestern Shanghai. Factors positively associated with Hr-TB included the percentage of older adult individuals (RR = 3.93, 95% Crl:1.93–8.03), the percentage of internal migrants (RR = 1.35, 95% Crl:1.15–1.35), and the number of healthcare institutions per 100 population (RR = 1.17, 95% Crl:1.02–1.34).

Conclusion: We observed a spatial heterogeneity of Hr-TB in Shanghai, with hotspots in the Songjiang and Minhang districts. Based on the results of the models, the internal migrant population and older adult individuals in Shanghai may be contributing factors to the emergence of areas with high Hr-TB notification rates. Given these insights, we advocate for targeted interventions, especially in identified high-risk hotspots and high-risk areas.
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1 Introduction

Tuberculosis (TB), an infectious disease caused by Mycobacterium tuberculosis, remains a significant global public health concern. In 2022, it was reported that approximately 10.6 million individuals fell ill with tuberculosis, with China ranking as the third highest burden country worldwide (1). The emergence of drug-resistant TB poses substantial challenges to TB control efforts, because of its prolonged treatment regimens, less favorable outcomes, and increased financial burden (2, 3). Notably, isoniazid-resistant TB, without concurrent rifampicin resistance (Hr-TB) should be paid attention to. It is estimated to occur in 7.4% of new TB patients and 11.4% of previously treated TB patients globally (4). Moreover, studies have shown that there is a likelihood of its progression to multidrug-resistant TB (MDR-TB) (5–8). However, Isoniazid-resistant TB including Hr-TB, is receiving less attention compared with other forms of drug-resistant TB (4, 9, 10). Ignoring Isoniazid-resistant TB may lead these patients to have worse outcomes and promote them to become MDR-TB.

A substantial number of isoniazid-resistant TB is undiagnosed in the population (11). A more effective strategy should be implemented to control this form of TB. Analyzing hotspot areas of a disease and identifying the potential factors associated with the disease could enhance our understanding of it, and further help medical institutes to take a better control strategy (12). Previous research revealed that isoniazid-resistant tuberculosis patients were clustered in specific geographical areas (13). Currently, the understanding of the potential factors associated with isoniazid-resistant TB is limited. Meanwhile, previous research has highlighted the emergence of TB is associated with socio-economic, demographic, and other factors in China employing Bayesian hierarchical models (14–16).

Shanghai, as a metropolis with a substantial internal migrant population in China, faces the intricate challenge of managing TB and simultaneously facing medical pressure from the neighboring smaller cities. Given this situation, implementing effective TB control measures is crucial in Shanghai. Despite efforts, the incidence rate of TB in Shanghai remains above 22 cases per 100,000 population as of 2021 (17). Currently, our understanding of the notification rates, spatial patterns, and influenced factors of Hr-TB is limited. To provide a strategic entry point for managing Hr-TB, a retrospective study was conducted in Shanghai, China. This study aims to analyze the demographic characteristics and the spatial pattern of isoniazid-resistant TB and identify the underlying factors of isoniazid-resistant TB.



2 Materials and methods


2.1 Study settings

Shanghai is a metropolis with a population of 24 million and a total area of 6,340 km2 in 2016. It encompasses 16 districts and 214 counties. The study excluded Chongming Island due to its distant location from the central city area.



2.2 Data source and definitions

The datasets for this study were acquired from a routine surveillance system operated by the Shanghai Municipal Center for Disease Control and Prevention. These datasets included routine demographic information of tuberculosis (TB) patients and the Drug Susceptibility Tests (DST) outcomes for first-line drugs. The data spanned the period from 2010 to 2016. Socio-economic, demographic and healthcare factors in Shanghai were collected from a city-wide census and the Shanghai statistical yearbook (18, 19). In this research, the diagnosis delay time was defined as the period between the emergence of the first symptom(s) possibly linked to TB and the date when the patient received their initial pulmonary TB diagnosis. The sources of TB patients were classified into two distinct groups: active screening, which encompassed contact tracing investigations and health examinations; and passive screening, which included symptom-based visits and referrals by community healthcare centers or non-TB-designated facilities.



2.3 Statistical analysis


2.3.1 Demographic characters

The focus of this study was on two forms of TB: isoniazid-resistant, rifampicin-susceptible TB (Hr-TB) and drug-susceptible TB (DS-TB). Proportions between the Hr-TB and DS-TB were compared using the Chi-squared test or Fisher exact test. Statistical significance was established at a level of 0.01 or less. To identify the risk factors associated with Hr-TB, both univariable and multivariable logistic regression analyses were employed. Variables with a p-value < 0.01 were considered independent risk factors. The statistical analysis was performed using R (version 4.2.1).



2.3.2 Spatial analysis

The addresses of TB patients were aggregated at the county level, and the notification rates of Hr-TB were calculated. Spatial autocorrelation analysis was then conducted to investigate the spatial distribution of TB notification rates. Spatial autocorrelation can be divided into global and local spatial autocorrelation (20). In this study, we employed a Global Moran’s I analysis to assess global autocorrelation and explore the overall distribution characteristics of the study area. (21, 22). Then Getis-Ord [image: image] index was employed to assess local autocorrelation and identify cold spots or hot spots of Hr-TB. (23, 24). These analyses were conducted using ArcGIS 10.7 software.




2.4 Spatial model

Spatial models incorporating socioeconomic, demographic, and healthcare covariates were constructed to analyze potential factors associated with Hr-TB. The potential associated with TB variables consisted of population density, the percentage of older adult people, the percentage of internal migrant people, the percentage of female people, the percentage of male people, the number of healthcare institutions per 100 population, the number of health technicians per 100 population, the number of hospital beds per 100 population, Household size, Gross Domestic Product per capita. Stepwise model selection was conducted to initially screen the variables and mitigate potential collinearity among the covariates within the model. To balance the simplicity and accuracy of model fitting, Akaike information criterion (AIC) was set as the selection criteria for inclusion or exclusion of variables (25). Collinearity was assessed through tolerance difference.

Firstly, we conducted a Geographically weighted regression (GWR). The equation for the GWR model is as follows (26):

[image: image]

Where [image: image] is the number of TB cases at the ith sample point. [image: image] is the spatial coordinate of sample point i. [image: image] represents the regression constant, while [image: image] denotes the regression coefficient for sample point i. [image: image] is the random error. [image: image] is the kth potential factors for the ith sample point. The GWR model was built with spgwr package in R software version 4.2.3.

Furthermore, four Bayesian hierarchical models were implemented using the INLA package (www.r-inla.org) in R software version 4.2.3 (27), following the approach proposed by Paula Moraga (28). It was assumed that the observed counts of TB were independently distributed according to a Poisson distribution in the model and the model is as follows:

[image: image]

where [image: image] denotes the number of notified TB cases, [image: image] is the expected count and [image: image] is the relative risk in area [image: image]. The mathematical forms of the four models are as follows:

Non-spatial effect model: [image: image]

Spatial structured effect model: [image: image]

Spatial unstructured effect model: [image: image]

Spatial structured and unstructured effect model: [image: image],

where [image: image] represents the intercept of the overall risk, [image: image] denotes the coefficient of the covariates for [image: image]. We specify [image: image] is a spatial structured component modeled with a CAR distribution, [image: image], and [image: image] is an unstructured spatial effect defined as [image: image]. The relative risk (RR), denoted as [image: image], quantifies whether an area has a higher ([image: image]> 1) or lower ([image: image]< 1) risk compared to the average risk in the standard population. To establish a suitable model, four models with different effects were built and were selected with the deviance information criterion (DIC). Conditional Predictive Ordinate (CPO) was used to evaluate the model (29). Finally, we conducted a sensitivity analysis by changing the prior information of spatial effects in the final model.




3 Results


3.1 Demographic characteristics of Hr-TB

A total of 8,865 tuberculosis cases with available DST results were included in the analysis (Supplementary Figure S1). For the new TB cases in Shanghai, the drug-resistant rate of Hr-TB stood at 7.20% (622/8014), for previously treated TB cases, this rate was 15.98% (136/851). Among the 758 cases of Hr-TB, the majority were male (74.8%, 567/758) and the age group with the highest proportion of cases was 25–44 years (34.83%, 264/758; Table 1). Migrant cases accounted for over half of the Hr-TB cases (53.03%,402/758). The three main occupational groups among Hr-TB cases were labor workers (29.34%, 233/758), commercial services (23.19%, 163/758), and farmers (16.02%, 132/758; Table 1). Both new and previously treated Hr-TB cases were mainly detected in passive case findings (94.86 and 98.53%, respectively; Table 2). In addition, Hr-TB patients had more poor outcomes than DS-TB (12.93% vs. 10.02%). Both Hr-TB and DS-TB patients had a high proportion of diagnosis delay (73.22% vs. 73.83% with more than 2 weeks of delay, respectively).



TABLE 1 Demographic characteristics of Hr-TB and DS-TB in Shanghai.
[image: Table1]



TABLE 2 Demographic characteristics of Hr-TB among new and previously treated TB cases in Shanghai.
[image: Table2]

Among the cases of Hr-TB, a higher proportion of patients (82.06%, 622/758) were new cases compare with patients with previous treatment history (17.94%, 136/758; Table 1). Among the 622 cases of new Hr-TB, 55.14% (343/622) were migrants (Supplementary Figure S2). The Hr-TB drug-resistant rate of migrant previously treated cases was highest in all age groups (Supplementary Figure S3). Univariate analysis showed that male gender, migrant status, the age groups of 25 to 44 and 45 to 65, occupation as a farmer, student, and teacher, a history of previous TB treatment, and a total diagnosis delay ranging from 6 months to 1 year were significantly associated with Hr-TB. Multivariable logistic regression analysis showed that a history of previous TB treatment (aOR, 2.18; 95%CI, 1.76–2.70) and age between 45 to 65 (aOR, 1.39; 95%CI, 1.09–1.76) were the risk factor for Hr-TB. By contrast, occupation as a farmer (aOR, 0.59; 95%CI, 0.41–0.86) was a protective factor for Hr-TB (Table 3).



TABLE 3 Univariable and multivariable logistic regression analysis of Hr-TB in Shanghai.
[image: Table3]



3.2 Spatial analysis of Hr-TB in Shanghai

Overall, the notification rate for Hr-TB was at 3.43 per 100,000 population. We observed spatial variation in the Hr-TB notification rate across the city. The map in Figure 1A shows the spatial distribution of the Hr-TB notification rate in Shanghai at the county level. Seven of 196 counties have notification rates for Hr-TB greater than 10 per 100,000 population, five of those from Songjiang district and Minhang district. The global Moran’s I index for the Hr-TB notification rate was 0.22, and the Z score was 5.36 (p < 0.01), indicating the presence of significant, positive spatial autocorrelation in Hr-TB notification rate over the whole study area. A Getis-Ord [image: image] analysis was conducted to further pinpoint the statistically significant hotspots. We identified 31 hotspot areas for Hr-TB, further detailed information about them can be found in Supplementary Table S1. A significant portion of these hotspots was concentrated in the Minhang and Songjiang districts, as depicted in Figure 1D. When analyzing migrant and resident Hr-TB cases specifically, spatial variations were found in the migrant Hr-TB notification rate (Figure 1B) and resident Hr-TB notification rate (Figure 1C). For migrant Hr-TB cases, hotspot areas were similarly identified predominantly in Minhang and Songjiang districts (Figure 1E), areas characterized by a substantial proportion of internal migrants among the total population (Supplementary Figure S4). In contrast, for resident Hr-TB cases, hotspots were distributed in urban districts like Jingan and Hongkou, which have a dense resident population, and suburban districts like Pudong and Minhang, known for their lower resident percentages (Figure 1F).

[image: Figure 1]

FIGURE 1
 The spatial distribution and the hotspots analysis of Hr-TB by county level in Shanghai, 2010–2016. The geographic distribution of the notification rate of Hr-TB (A), internal migrant Hr-TB (B), resident Hr-TB (C). Hotspot areas of Hr-TB (D), internal migrant Hr-TB (E), resident Hr-TB (F). Hr-TB: Isoniazid-resistant, rifampicin-susceptible tuberculosis.




3.3 Factors associated and high-risk areas with Hr-TB

Following the previous methodology, we applied stepwise regression analysis for initial variable selection in our spatial models. According to the results, we selected the percentage of older adult people (/10%), the percentage of internal migrant people (/10%), the percentage of female people (/10%), the number of healthcare institutions per 100 population, the number of health technicians per 100 population into spatial models of Hr-TB (Supplementary Table S2). In the GWR model, the AIC was estimated to be 1085.529, with an R2 value of 0.2215. The GWR model fit better in the southeast region in comparison to the northwest region (Supplementary Figure S5). Additional results of this model are presented in Supplementary Table S3.

Regarding Bayesian hierarchical models, the model that integrated spatial structured and unstructured effects was the best-fitted model for Hr-TB, as evidenced by the DIC value of 862.27 (Supplementary Table S4). The value of CPO was −2869.424 in the model. Furthermore, our analysis revealed a significant positive correlation between Hr-TB and the percentage of internal migrants (RR = 1.35, 95% Crl:1.15–1.35). Additionally, a significant positive association was observed between the percentage of older adult people and Hr-TB (RR = 3.93, 95% Crl:1.93–8.03). The number of healthcare institutions per 100 population also influenced Hr-TB rates (RR = 1.17, 95% Crl:1.02–1.34) (Table 4). Moreover, in terms of the sensitivity analysis, we found the RR results of the model remain stable even when changing the prior information of spatial effects within the model (Supplementary Tables S5, S6). Based on the Bayesian model, we unmasked that high relative risk areas were predominantly situated in the Songjiang, Fengxian, Pudong, Jingan, and Huangpu districts (Figure 2). For the urban classification, Jingan and Huangpu districts are located in the urban center of Shanghai with a high proportion of the older adult population, while Songjiang, Fengxian, and Pudong districts, mainly located in the southern part of the city, are part of Shanghai’s suburban areas. Conversely, districts with lower relative risk, such as Qingpu, Jiading, and Baoshan, are also suburban but mainly situated in the northern part of Shanghai. The county with the highest RR, named Haiwan (RR = 3.84, 95% Crl:1.05–10.06), is situated in Fengxian district, a travel region.

[image: Figure 2]

FIGURE 2
 The relative-risk choropleth map for Hr-TB in Shanghai. Hr-TB: Isoniazid-resistant, rifampicin-susceptible tuberculosis; RR, relative risk.




TABLE 4 Bayesian hierarchical model analysis to the coefficient of covariate and relative risk on Hr-TB.
[image: Table4]




4 Discussion

Our study analyzed the demographic characteristics and spatial distribution of Hr-TB in Shanghai. The spatial analysis revealed significant heterogeneity in the notification rate of Hr-TB at the county level in Shanghai, which was associated with the percentage of internal migrants and older adult individuals in the county. These findings underscore the importance of implementing targeted control measures in these areas with high proportions of migrants and older adult people. Moreover, we observed less favorable outcomes in Hr-TB cases when compared with DS-TB, as well as a high percentage of passive case-finding, indicating potential limitations in the management of Hr-TB patients.

This study unveiled a non-random spatial distribution of the Hr-TB notification rate. Notably, the Hr-TB hotspot areas were mainly located in the districts of Songjiang and Minhang in Shanghai. These areas are marked by a substantial internal migrant population presence. Particularly, Songjiang has a population of 1.76 million, of which internal migrants account for 61.4%, and Minhang has a population of 2.53 million, with 50.2% internal migrants (30). Interestingly, previous studies in Songjiang have highlighted the importance of recent local transmission and the impact of internal migrants on the TB burden (31, 32). And previous research has unmasked the association between high cluster areas and local transmission (33). Based on these findings, we hypothesize that a combination of factors could influence the high Hr-TB notification rate in Songjiang and Minhang. These might include the substantial internal migrant population and the direct transmission of drug-resistant Mycobacterium tuberculosis strains. However, a comprehensive molecular analysis is essential to substantiate the assumption.

Regarding the models, our GWR analysis may fit relatively poorly (R2 was 0.2215). Due to the issues for statistical inference in GWR analysis, some researchers suggested regarding Bayesian hierarchical models as an alternative to GWR (34). As a result of the modeling, we unmasked a significant positive between the percentage of internal migrants and Hr-TB. Our findings align with a previous study (15) that found the percentage of internal migrants was positively related to TB. Several factors may contribute to this observation. Firstly, the occupational practices of the migrant population often occur in a congregated setting, which may promote local transmission of TB in the population (35) and consequently increase the number of Hr-TB cases. In addition, the migrants tend to have inadequate patient adherence (36), which may lead to a higher drug-resistance rate, further promoting the emergence of Hr-TB cases. Given that Shanghai is a metropolitan area with a significant internal migrant population, special attention should be directed toward areas with a high percentage of this group in Hr-TB prevention and control efforts.

Besides, the Bayesian hierarchical model has unveiled a significant positive association between Hr-TB and the proportion of older adult individuals in Shanghai. Previous studies have reported similar results (37). This association may be due to prevalent behavioral habits among older adult individuals. For instance, older individuals often participate in congregated activities with their age group. Such congregations (e.g., game and chess rooms), especially in poorly ventilated spaces, can facilitate the transmission of Mycobacterium tuberculosis among attendees (38). These situations imply the importance of caring for the areas with a high proportion of older adult people.

We also noticed that the resistance rate for Hr-TB among previously treated cases in Shanghai was 15.98%, which exceeded the global rate of 11.4% (4). Additionally, our results unveiled that Hr-TB outcomes were worse compared to those of DS-TB. This observation was similar to the results of studies in other countries and regions (39–41). These findings may be due to potentially limited management strategies for TB patients (42), particularly concerning the management of previously treated cases and treatment strategies for Hr-TB. It is important to diagnose Hr-TB among previously treated cases and implement appropriate treatment strategies for them.

In our study, Hr-TB patients were mainly detected by passive pathways (95.5%, 724/758). The passive notification strategy could increase the proportion of diagnosis delay (43). Researchers found that there were a significant number of delayed diagnoses of Hr-TB within the population (10, 11); these Hr-TB patients may promote drug-resistant TB strain transmission and further progress of MDR-TB (5, 7, 8). Previous research suggested that targeting tuberculosis hotspots in disease control strategies can enhance local control efforts (44). Thus, we suggested that the key point of active screening management of Hr-TB could focus on those hotspots or areas with high-risk populations.

Our study has several limitations. Firstly, due to limited data accessibility and the retrospective nature of the analysis, certain potential individual and ecological factors associated with Hr-TB were not considered, such as smoking, drinking, and environmental conditions. Further study should analyze Hr-TB with more potential risk factors. Secondly, our study might not include all migrant TB patients in Shanghai, because some might return home for treatment. It may lead to underrepresentation in our study. However, considering the advanced medical resources in Shanghai, which could attract migrant TB patients for treatment, the impact of this limitation might not be significant. Additionally, our inference of potential Hr-TB transmission in Shanghai was based on demographic and spatial epidemiologic analysis, which lacks direct molecular evidence to support it. Future research should integrate molecular analysis to validate Hr-TB transmission. Furthermore, our findings are only applicable to Shanghai due to the lack of data from other areas for validation.



5 Conclusion

In conclusion, our study identified several hotspot areas for Hr-TB in Shanghai, which are mainly located in dense migrant areas. We also observed that the proportion of migrants and the proportion of older adult people were both significantly positively associated with Hr-TB, implying that areas with high ratios of these populations should be concerned. We suggested there might be a potential transmission of Hr-TB in the population, further studies with molecular analysis should be done to verify the inference. Considering Hr-TB has a potential negative impact on TB control, strategies of early detection should be implemented to prevent it from further developing worse.
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Introduction: A major sublineage within the Mycobacterium tuberculosis (MTB) LAM family characterized by a new in-frame fusion gene Rv3346c/55c was discovered in Rio de Janeiro (Brazil) in 2007, called RDRio, associated to drug resistance. The few studies about prevalence of MTB RDRio strains in Latin America reported values ranging from 3% in Chile to 69.8% in Venezuela, although no information is available for countries like Ecuador.

Methods: A total of 814 MTB isolates from years 2012 to 2016 were screened by multiplex PCR for RDRio identification, followed by 24-loci MIRU-VNTR and spoligotyping.

Results: A total number of 17 MTB RDRio strains were identified, representing an overall prevalence of 2.09% among MTB strains in Ecuador. While 10.9% of the MTB isolates included in the study were multidrug resistance (MDR), 29.4% (5/17) of the RDRio strains were MDR.

Discussion: This is the first report of the prevalence of MTB RDRio in Ecuador, where a strong association with MDR was found, but also a very low prevalence compared to other countries in Latin America. It is important to improve molecular epidemiology tools as a part of MTB surveillance programs in Latin America to track the transmission of potentially dangerous MTB stains associated to MDR TB like MTB RDRio.
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Introduction

Tuberculosis (TB) is one of the leading causes of death from a single infectious agent, ranking just behind the coronavirus (COVID-19) and above HIV-AIDS (1). The disease is caused by members of the Mycobacterium tuberculosis Complex (MTBC) which are intracellular, rod-shaped, aerobic bacteria with a lipid-rich cell wall structured with mycolic acids that confer specific microbiological characteristics, like resistance to detergents, slow growth, and reaction to acid-fast stain methods. The main mechanism of spreading occurs by aerosols, affecting the lungs (pulmonary TB) and other organs (extrapulmonary TB) (1–3).

Mycobacterium tuberculosis comprehends a group of seven highly related lineages that infect mainly humans. Global distribution of these lineages differs greatly (4). In Latin America, the most frequent MTBC strains belong to the Euro-American lineage 4, which includes the Latin American-Mediterranean sublineage (LAM) (5–21). In Ecuador, there is a single report about population structure of MTBC showing that LAM sublineage is predominant (6). Moreover, LAM clonal complex comprised by Ecuadorian and Colombian strains were reported, suggesting transnational transmission of TB (6).

The genetic diversity in the MTBC species finds its origins in genomic alterations in targeted mycobacterial segments like region-of-difference (RD) loci that are used as specific markers for M. tuberculosis lineages (22, 23). In 2007, Lazzarini and collaborators applied a deletion-based PCR protocol to a collection of MTBC samples from Rio de Janeiro, Brazil, and identified a new in-frame fusion gene Rv3346c/55c that marks a major sublineage within the LAM family. This long sequence polymorphism results from a homologous recombination deletion between Rv3346c and Rv355c genes located 26.3 kb apart (22). This LAM variant, called MTB RDRio is associated with multidrug resistance and distributed worldwide (22, 24–27). The prevalence of MTB RDRio varies in Latin America: 30 to 51.9% in Brazil (22, 28), 69.8% in Venezuela (19), 37% in Colombia (17, 21, 29), 31% in Peru (21, 30), 20% in Argentina (21), 10% in Paraguay (18) and 3% in Chile (21). However, there are no reports of the RDRio in Ecuador.

The aim of this study was to address the prevalence, drug resistance profile and population structure the MTB RDRio strains circulating in Ecuador.



Materials and methods


Mycobacterium tuberculosis isolates

A collection of 814 M. tuberculosis isolates from years 2012 to 2016 stored at “Centro Nacional de Referencia para Micobacterias” from “Instituto Nacional de Salud Pública e Investigación Leopoldo Izquieta Pérez” in Guayaquil (Ecuador) were included in the study (Figure 1). MTBC isolates are routinely processed at INSPI laboratories, where culture and antibiotic resistance profiling for first-and second-line drugs used in M. tuberculosis therapy is performed for MTBC cultures following Pan American Health Organization guidelines (31–33). The samples were previously inactivated and stored for research purposes following the guidelines from this government center. The access to this MTB strains collection was approved by IRBs from “Instituto Nacional de Salud Pública e Investigación Leopoldo Izquieta Pérez” and University San Francisco de Quito (code 2017-023IN), both certified by Ministry of Public Health from Ecuador following guidelines from Declaration of Helsinki. All samples were anonymized, and no data of the patients were made available.
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FIGURE 1
 Ratio of RDRio isolates in each province of Ecuador (Total of RDRio isolates = 17). SDT, Santo Domingo de los Tsáchilas.




Mycobacterium tuberculosis heat inactivation and DNA isolation

A small sample from cultures of MTBC isolates was collected and resuspended in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0), then inactivated by boiling at 95°C for 45 min. After this process, samples were centrifuged for 5 min at 10,000 g and the supernatant was directly used for genotyping, as reported elsewhere (34, 35).



PCR screening for MTB RDRio

A multiplex PCR developed for the detection of the RDRio pattern was performed using a two set of primers (Supplementary Figure S1): (1) a set of primers that target the IS1561’ fragment, located inside the region between the genes Rv3346c and Rv3355c, and used as a marker for wild type M. tuberculosis (530 bp); (2) another set of primers is used to flank the RDRio locus and bridge the deletion in RDRio strains (1175 bp) (36). The PCR reaction was prepared as follows: 12.5 μL of GoTaq® Green Mastermix (Promega, Wisconsin, United States) (1X), 0.5 μL of each primer (0.2 μM), 5 μL of mycobacterial DNA and completed with Nuclease-Free water to a final volume of 25 μL. The multiplex PCR program was established as follows: initial denaturation at 94°C for 3 min, 35 cycles at 94°C for 30 s, 60°C for 30 s, 72°C for 1 min 30 s, and a final extension step of 72°C for 10 min. PCR products were run in 1.5%UltraPure™ Agarose (Invitrogen, California, United States) gels of 15 cm × 10 cm in 0.5X Tris-boric acid-EDTA (TBE) buffer at 100 V for 2 h using a ladder 100 bp Plus Opti-DNA Marker (Cat. No.: G016, Applied Biological Materials Inc., British Columbia, Canada) for size determination (22, 36).



MTBC strains MIRU-VNTR genotyping

The method is PCR-based and allows the detection of different Mycobacterial Interspersed Repetitive Units (MIRU) located at multiple loci in the MTBC genome. Each MIRU allele is identified by a number; thus generating a numerical profile which is used for genotyping studies (35, 37). The PCR reaction was prepared individually to a final volume of 15 μL: 7.5 μL of GoTaq® Green Mastermix (Promega, Wisconsin, United States) (1X), 0.75 μL of MIRU primers (0.5 μM) (38), 1 μL of mycobacterial DNA and completed with Nuclease-Free water. The following PCR program was established for all MIRUs: initial denaturation at 94°C for 5 min, 35 cycles at 94°C for 1 min, 54°C for 1 min 30 s, 72°C for 1 min 30 s, and a final extension step of 72°C for 10 min. Amplicons were run in 2% UltraPure™ Agarose (Invitrogen, California, United States) gels of 15 cm × 10 cm in 0.5X Tris-boric acid-EDTA (TBE) buffer at 100 V for 3 h using a ladder 100 bp Plus Opti-DNA Marker (Cat. No.: G016, Applied Biological Materials Inc., British Columbia, Canada) for size determination. MIRU allele identification was performed according to Supply et al. (38).

Results obtained were analyzed using the MIRU-VNTRplus web application1 (39). Lineage designation was performed by similarity search using 24-loci MIRU-VNTR data (Supplementary Data 1) and calculation of Minimum Spanning Tree (MST) and Neighbour-joining Tree (NJT) was performed to determine the population structure of Ecuadorian M. tuberculosis isolates.



MTBC strains spoligotyping

The method is based on the presence/absence of 43 DNA spacer sequences, which are interspersed between 36 conserved loci located in the Direct Repeat (DR) region (37, 40). Spoligotyping was performed according to Kamerbeek et al. (41): PCR amplification of DR loci was performed using DRa and DRb primers and products were biotinylated and hybridized to a membrane containing oligonucleotides for each spacer sequence. After hybridization, the membrane is washed and then incubated in diluted streptavidin-peroxidase conjugate (Roche, United States). Membrane was exposed to chemiluminescent Amersham ECL reagents (GE Healthcare, United Kingdom) and located in an X-Ray cassette on a Hyperfilm ECL (Merck, United States). After the reaction, the film was inserted into a film developer solution in a dark room after which it is moved to the fixer solution. Thereafter, the film is dried and ready for the interpretation of the result. After developing the film a positive/negative signal is recorded in binary or octal formats for genotyping interpretations (Supplementary Data 1). The results are compared against the Fourth International Spoligotyping Database (SpolDB4) (42).




Results


Prevalence of MTB RDRio isolates in Ecuador

A total of 814 M. tuberculosis isolates were analyzed by multiplex PCR for MTB RDRio identification (Figure 1). Of those, 17 strains generated a band pattern in the electrophoresis gel compatible with MTB RDRio (Figure 1; Table 1; Supplementary Figure S1), representing a 2.09% of the total MTBC population analyzed. Those MTB RDRio strains were assigned to LAM MTB subfamily by MIRU-VNTR (Table 1; Figure 2; Supplementary Data 1). Those 17 isolates were subsequently analyzed by spoligotyping, with 6 strains with undetermined lineage and 11 of them associated to LAM sublineage: five belong to LAM9, one to LAM5-LAM6, two belong to LAM3, one to LAM2 and two were identified as LAM1, according to the SpolDB4 (Table 1; Figure 2; Supplementary Data 1).



TABLE 1 MTB RDRio isolates in Ecuador.
[image: Table1]
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FIGURE 2
 Neighbour-joining Tree of Ecuadorian MTB RDRio isolates using 24-loci MIRU-VNTR and Spoligotyping data. Labels use three-letter code to identify province of origin: ESM, Esmeraldas; GYS, Guayas; RIO, Los Ríos; SDT, Santo Domingo de los Tsáchilas; STE, Santa Elena.


Regarding the geographic location of the 17 MTB RDRio strains, all of them were isolated from provinces in the Coastal Region of Ecuador: Guayas, Los Rios, Santo Domingo and Santa Elena (Figure 1).



Drug resistance profile of MTB RDRio isolates from Ecuador

Drug susceptibility testing of MTB RDRio isolates was performed for first line antibiotics: 8/17 were resistant to isoniazid (47.1%), 1/17 was resistant to streptomycin (5.9%), 6/17 were resistant to rifampicin (35.3%) and no samples showed resistance to ethambutol and pyrazinamide; 9/17 isolates were sensitive to all first-line antibiotics (52.9%). Finally, 5/11 (29.4%) isolates were resistant to isoniazid and rifampicin, that means multi drug resistance (MDR) strains (Table 2). For the whole collection of 814 MTB strains included in the study, the MDR strains represented 10.9% (Table 3).



TABLE 2 Frequency of MTB RDRio isolates resistant to first-line therapy drugs and prevalence.
[image: Table2]



TABLE 3 Frequency of Ecuadorian MTB isolates resistant to first-line therapy drugs and prevalence.
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Phylogenetic analysis of MTB RDRio isolates from Ecuador

The population structure of the MTB RDRio isolates was determined through the analysis of 24-loci MIRU-VNTR and spoligotyping using the MIRU-VNTRplus platform (Supplementary Data 1), as it is detailed in the Neighbour-Joining Tree (NJT) presented in Figure 2. Although several spoligotype patters were repeated for 2 or 3 MTB RDRio strains, none of the strains shared the same MIRU-VNTR pattern. Based on total identity in 24 loci for MIRU-VNTR, no actively transmitted MTB RDRio clones were found (Figure 2).

Additionally, a phylogenetic analysis was done using 12-loci MIRU-VNTR, including all the MTB RDRio strains reported in the bibliography (18, 43), as well as the strains identified in the current study for Ecuador. This analysis is detailed in the Minimum Spanning Tree (MST) in the Figure 3, where the maximum locus difference within a clonal complex was set at 2. MST included 17 MTB RDRio isolates from Ecuador, 8 from Argentina, 31 from Paraguay, 51 from Venezuela and 15 from Brazil. Four clonal complexes of MTB RDRio isolates are well defined in the MST: two clonal complexes comprising isolates exclusively from Ecuador, one clonal complex comprising isolates exclusively from Paraguay, and one large clonal complex including MTB RDRio isolates from Ecuador, Argentina, Brazil, Paraguay and Venezuela. Interestingly, 12 of 17 MTB RDRio strains from Ecuador are well differentiated from strains from the other South American countries.

[image: Figure 3]

FIGURE 3
 Minimum Spanning Tree of Latin American RD Rio isolates isolates using 12-loci MIRU-VNTR data. Maximum locus difference within a clonal complex is 2. Labels use three-letter code to identify country of origin (ARG, Argentina; BRA, Brazil; ECU, Ecuador; PAR, Paraguay; VEN, Venezuela).





Discussion

We found the lowest prevalence of MTB RDRio subfamily described for South America in Ecuador (2.09%), while neighbor countries like Peru and Colombia have an MTB RDRio prevalence over 30% (21). Although some biological advantages that improve virulence and transmissibility over other genotypes has been described for MTB RDRio (36, 44, 45), this could explain its successful transmission in some countries like Venezuela, Brazil, Peru and Colombia, but not in Ecuador (22, 46, 47). In fact, two recent studies have shown a very limited transnational transmission of MTB between Ecuador, Colombia and Peru that would also explain the low prevalence of MTB RDRio sublineage found in our study (48, 49).

The phylogenetic analysis of MTBC RDRio strains identified in Ecuador suggests a regional cluster associated to provinces in the Coastal Region but with an elevated genetic diversity and lack of active transmission chains. While a single large clonal complex includes MTB RDRio isolates from all South American countries was found, 70% of RDRio strains from Ecuador were clearly segregated in two clonal complexes. Additionally, the high genetic diversity of MTB RDRio strains in Ecuador was also confirmed by the multiple patterns of LAM spoligotypes found in our study.

The RDRio strains from Ecuador were found strongly associated to MDR TB in our study. The reported value of 29.4% MDR strains is clearly over either the 9% of MDR TB estimated for Ecuador for 2017 (6) or the 10.9% of MDR TB strains in the collection included in this study. This result points out that MTB RDRio strains should be considered of concern due to their potential to mutate to drug resistance phenotypes (21, 28, 50, 51).

Our study has two main limitations. First, we could only have access to 814 MTB strains from the national reference located in Guayaquil, so geographic bias in this collection could happened with over representation of provinces closer to this city. Second, our study was done with samples from years 2012–2016, prior to the massive Venezuelan migration that arrived to Ecuador since 2018 following this country economic collapse (52, 53). Considering that the highest prevalence of MTB RDRio in South America has been described for Venezuela (19), the current scenario for MTB RDRio prevalence in Ecuador could have changed due to importation of cases and further studies with MTB strains collection from recent years are needed.

In conclusion, we report for the first time the presence of MTB RDRio in Ecuador and its strong association to MDR-TB. We encourage the national surveillance program in Ecuador to follow up the potential expansion of this MTB strains of concern considering the TB burden associated to COVID-19 pandemic and the recent massive regional patters of migration from Venezuela where MTB RDRio is highly present.
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Background: Tuberculosis (TB) is recognized as a significant global public health concern. Still, there remains a dearth of comprehensive evaluation regarding the specific indicators and their influencing factors of delay for adolescents and young adults.

Methods: All notified pulmonary TB (PTB) patients in Jiaxing City were collected between 2005 and 2022 from China’s TB Information Management System. Logistic regression models were conducted to ascertain the factors that influenced patient and health system delays for PTB cases, respectively. Furthermore, the impact of the COVID-19 pandemic on local delays has been explored.

Results: From January 1, 2005 to December 31, 2022, a total of 5,282 PTB cases were notified in Jiaxing City, including 1,678 adolescents and 3,604 young adults. For patient delay, female (AOR: 1.18, 95%CI: 1.05–1.32), PTB complicated with extra-pulmonary TB (AOR: 1.70, 95% CI: 1.28–2.26), passive case finding (AOR: 1.46, 95% CI: 1.07–1.98) and retreatment (AOR: 1.52, 95% CI: 1.11–2.09) showed a higher risk of delay. For health system delay, minorities (AOR: 0.69, 95% CI: 0.53–0.90) and non-students (AOR: 0.83, 95% CI: 0.71–0.98) experienced a lower delay. Referral (AOR: 1.46, 95% CI: 1.29–1.65) had a higher health system delay compared with clinical consultation. Furthermore, county hospitals (AOR: 1.47, 95% CI: 1.32–1.65) and etiological positive results (AOR: 1.46, 95% CI: 1.30–1.63) were associated with comparatively high odds of patient delay. Contrarily, county hospitals (AOR: 0.88, 95% CI: 0.78–1.00) and etiological positive results (AOR: 0.67, 95% CI: 0.59–0.74) experienced a lower health system delay. Besides, the median of patient delay, health system delay, and total delay during the COVID-19 pandemic were significantly lower than that before.

Conclusion: In general, there has been a noteworthy decline in the notification rate of PTB among adolescents and young adults in Jiaxing City while the declining trend was not obvious in patient delay, health system delay, and total delay, respectively. It also found factors such as gender, case-finding method, and the hospital level might influence the times of seeking health care and diagnosis in health agencies. These findings will provide valuable insights for refining preventive and treatment strategies for TB among adolescents and young adults.
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1 Introduction

Tuberculosis is a chronic respiratory infectious disease caused by Mycobacterium tuberculosis (Mtb), which seriously endangers human health (1). Prior to the COVID-19 pandemic, TB held the unfortunate distinction of being the primary cause of death caused by a single infectious agent, surpassing even HIV/AIDS in terms of mortality rates (2). An estimated 2.28 million adolescents and young adults were diagnosed with TB worldwide in 2022, which accounted for approximately 21.5% of all newly reported TB patients (2). Adolescents and young adults are particularly susceptible to TB, as this age group commonly experiences a significant increase in both exposure to TB and rising pressure derived from learning and work (3). In the high burden countries, adolescents and young adults make up a substantial proportion of the general population and a substantial proportion of TB patients. The incidence of TB in China ranks third around the world, and it is also listed as one of the 22 high-burden countries (2). According to the release of the Global TB Report in 2023, there were an estimated 748,000 TB patients and 30,000 died from the disease in 2022 in China, while the reported rate of TB among young and older people was higher than other subgroups (2, 4). Thus, controlling TB among adolescents and young adults is of paramount importance for effectively managing the TB epidemic in China.

Although the strategy of passive case-finding was the mainstream of prevention and control of TB in most countries, it could not hold back TB epidemic and realize the goal of ending TB (5). To ensure effective control of TB and minimize its impact, it is crucial to diagnose the disease early and prompt sufficient treatment. By promptly identifying TB in individuals, treatment could be initiated without delay and prevent further progression of the TB within their body (6). Moreover, timely treatment initiation also plays a significant role in reducing the risk of community transmission. Various factors contribute to the delay (7–9). Consequently, it is imperative to identify them to implement interventions that will optimize the effectiveness of TB control programs.

This study aimed to analyze the changed trend of delay and its influencing factors of TB among adolescents and young adults in Jiaxing City, which would provide a basis for formulating corresponding prevention and control measures, to promote early detection and treatment of TB.



2 Materials and methods


2.1 Geographic information

Jiaxing City, one of the 11 cities under the jurisdiction of Zhejiang Province, is located in the southeast coastal area of China. It consists of 7 counties like Nanhu, Xiuzhou, Haining, Tongxiang, Jiashan, Pinghu, and Haiyan. The total area of Jiaxing City is 3,915 km2. According to the seventh population census, the permanent population in Jiaxing City was 5,400,868, with nearly 722,920 people aged 10–24 years, accounting for 13.39% of the total population. Additionally, Jiaxing City has an average annual temperature of 15.9°C and an annual cumulative precipitation of 1168.6 mm. The location of Jiaxing City is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 The geographical location of Jiaxing City.




2.2 Participants

In this study, we collected all notified pulmonary TB (PTB) cases aged 10–24 years between 2005 and 2022 from China’s TB information management system, which included the details of demographic, treatment, and laboratory testing information of patients (10).



2.3 Definition

All included pulmonary PTB patients were diagnosed according to the National Diagnostic Criteria for Pulmonary Tuberculosis (WS288-2008 and WS288-2017) and the Classification of Tuberculosis (WS196-2001 and WS196-2017) in China, including laboratory-confirmed TB and clinically diagnosed TB (11, 12). Laboratory-confirmed PTB was defined as people who were diagnosed with bacteriological evidence from a sputum smear, sputum culture, or suitable rapid diagnostic technology such as Gene-Xpert. These tests are instrumental in identifying and confirming cases of PTB through the detection of specific pathogens. Additionally, clinically diagnosed PTB refers to the comprehensive diagnosis based on the patient’s epidemiological history, clinical symptoms, imaging manifestations, and negative sputum smear results (13).

Patient delay was defined as the interval days between the first appearance of PTB symptoms and the first visit to a medical institution. Health system delay refers to the interval days between the first visit to a medical institution and the confirmed diagnosis of PTB (14). Total delay consisted of patient delay and health system delay (15). The distribution of different delays at various time points did not follow a normal pattern, therefore median days were utilized as a threshold to define delays. Case-finding methods were divided into active and passive methods: (1) Active method included active screening and physical examination; (2) Passive method included directly seeking medical care and recommendations from other health institutions, etc.



2.4 Statistical analysis

Descriptive analysis was conducted to present the general epidemiological characteristics of the demographic information. Continuous variables were reported using the median and interquartile range (IQR), while categorical variables were presented as counts and proportions. The Mann–Whitney test was utilized to compare two groups, while the Kruskal-Wallis test was employed for comparing three or more groups. The influencing factors of delay were analyzed using univariate and multivariate logistic regression models. Additionally, the annual percentage change (APC) of TB incidence among adolescents and young adults from 2005 to 2022 was calculated by Joinpoint 5.0.2. The geographic information of Jiaxing City was visualized using ArcGIS 10.9. SPSS 26.0 was used for statistical analysis. All variables significantly associated with the delay were identified based on a p-value less than 0.05.




3 Results and discussion


3.1 General epidemiological characteristics

From January 1, 2005 to December 31, 2022, a total of 5,282 PTB cases were notified in Jiaxing City, including 1,678 adolescents and 3,604 young adults. This accounts for approximately 15.32% (5,282/34487) of the total number of PTB cases during that period. The gender ratio was 1.61:1, with males slightly outnumbering females. Students accounted for approximately 17% of all cases, and the majority of cases (92.3%) were of Han nationality. Additionally, migrant PTB cases made up a significant proportion, accounting for 84.17% of the total cases. The notification rate of this specific group showed two distinct stages of change during this period. Initially, the notification rate increased from 32.59 per 100,000 in 2005 to 59.84 per 100,000 in 2007 (APC = 37.76%, p < 0.05). However, the notification rate then decreased from 64.76 per 100,000 in 2008 to 12.86 per 100,000 in 2022, indicating a downtrend (APC = −7.43%, p < 0.05).



3.2 Delays of PTB among adolescents and young adults in Jiaxing

The median of total delay was 13 (7–34) in Jiaxing City and the proportion of total delay was 54.17% (2,861/5,282). Meanwhile, the median for patient delay was 11 (3–30) and the proportion of patient delay was 48.85% (2,580/5,282). The median of health system delay was 1 (0, 4) and the proportion of health system delay was 46.19% (2,440/5,282). The annual proportion of delays is presented in Figure 2. There were no significant annual differences in patient delay, health system delay, and total delay during the study period (all p > 0.05). The results are shown in Table 1.
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FIGURE 2
 The annual proportion of PTB delays in Jiaxing City, 2005–2022.




TABLE 1 Demographic characteristics of adolescents and young adults with PTB from 2005 to 2021 in Jiaxing City.
[image: Table1]



3.3 Influencing factors analysis of delay

The univariate and multiple logistic models were conducted to estimate the influencing factors of patient delay and health system delay. For patient delay, female (AOR: 1.18, 95%CI: 1.05–1.32), PTB complicated with extra-pulmonary TB (AOR: 1.70, 95% CI: 1.28–2.26), passive case-finding (AOR: 1.46, 95% CI: 1.07–1.98) and retreatment (AOR: 1.52, 95% CI: 1.11–2.09) showed a higher delay. For health system delay, minorities (AOR: 0.69, 95% CI: 0.53–0.90) and non-students (AOR: 0.83, 95% CI: 0.71–0.98) experienced a lower delay. Referral (AOR: 1.46, 95% CI: 1.29–1.65) had a higher health system delay compared with clinical consultation.

Furthermore, county hospitals (AOR: 1.47, 95% CI: 1.32–1.65) and etiological positive (AOR: 1.46, 95% CI: 1.30–1.63) were associated with high odds of patient delay. Contrarily, county hospitals (AOR:0.88, 95% CI: 0.78–1.00) and etiological positive (AOR: 0.67, 95% CI: 0.59–0.74) experienced a lower health system delay. This information is presented in Tables 2, 3.



TABLE 2 The influencing factors analysis of patient delay among adolescents and young adults with PTB.
[image: Table2]



TABLE 3 The influencing factors analysis of health system delay among adolescents and young adults with TB.
[image: Table3]



3.4 Impact of COVID-19

Considering the impact of the COVID-19 pandemic, we classified the cases notified around 2020 and compared the differences in delays using the Mann–Whitney test. The median of patient delay, health system delay, and total delay of 2020–2022 were significantly lower than those of 2005–2019, respectively. This information is presented in Table 4.



TABLE 4 Comparison of delays between 2005–2019 and 2020–2022.
[image: Table4]




4 Discussion

In this study, we conducted a comprehensive analysis of the PTB notification rate among adolescents and young adults in Jiaxing City over the last dozen years, as well as patient delay and health system delay. From 2005 to 2022, a total of 5,282 PTB patients aged 10–24 years were notified in Jiaxing City, accounting for 15.32% of the overall cases. This percentage aligns with the global estimates (2). In recent years, China has implemented the directly observed treatment short-course (DOTS) and the “End TB strategy” to enhance the prevention and control of tuberculosis (16–18). As a result of these strategies, the incidence rate and number of notified cases among individuals aged 10–24 years in Jiaxing City have shown a declining trend since 2008. The median patient delay and health system delay in Jiaxing were 11 and 1, respectively, which were lower than the overall levels observed in China and some findings from other countries (19–22). Despite the median time of PTB delay in Jiaxing City being consistently low, there was no significant decrease in the risk of delay between 2005 and 2022. Given seeking medical care with delay exacerbating the burden of tuberculosis and escalating the financial strain on patients, families, and the wider public health system, it therefore highlighted the ongoing need for improved control measures to reduce delays across various stages (23). Besides, a series of specific interventions such as targeted educational campaigns, community outreach programs, the improvement of healthcare infrastructure, and innovative approaches to case detection and treatment initiation also should be strengthened in the future.

In addition, we performed a thorough analysis of various factors, such as gender, age, ethnicity, occupation, and the mode of case-finding, to examine the relationship of influencing factors and delay. Our findings indicated that there was a higher proportion of patient delay among females than males. That is to say, females tend to delay the behavior of seeking health care when presenting PTB symptoms (24). This result was consistent with some available study that listed females emerged as a significant factor associated with a reduced likelihood of seeking diagnosis and treatment for TB (25). In general, airborne pathogens are expected to pose an equal biological risk to all individuals. The reasons for the discrepancy of delay among gender might be attributed to the susceptibility of stigma and vulnerability to PTB. Females were found to have a higher level of TB-related stigma compared to males, which can limit their access to medical care (26). Additionally, due to their vulnerability and unique physiological characteristics, female patients may present milder symptoms than their male counterparts, potentially leading to delays in seeking medical care (27). Thus, the stigma caused by TB needs to be eliminated through extensive and effective health education and health promotion. PTB patients with extra-pulmonary TB demonstrated a higher likelihood of experiencing patient delay. Specifically, patients with extra-pulmonary TB were found to be 1.70 times more likely to delay the diagnosis compared to PTB (AOR = 1.70, 95%CI: 1.28–2.26). Tuberculosis, as a disease associated with poverty, is linked to the timeliness of disease detection, severity, and prognosis with the economic status of patients (28). It is speculated that PTB patients with extra-pulmonary TB may be constrained by their economic conditions and understanding of the disease, thereby increasing the risk of patient delay. Furthermore, the presence of PTB along with extra-pulmonary TB could also lead to the complex clinical presentations and make the PTB diagnosis difficult (29). These findings align with similar studies indicating that PTB patients with extra-pulmonary TB are more prone to delay seeking medical care compared to those with only PTB (29, 30). This emphasizes the importance of providing specific attention in clinical practice to PTB patients with extra-pulmonary TB to enhance the early detection to prevent further complications and transmission.

Retreatment was identified as an independent risk factor for patient delay in our study. Retreatment PTB refers to patients who have received inconsistent anti-TB treatment for more than 1-month, experienced treatment failure, and subsequently relapsed (31). These individuals tend to undervalue their health status and lack the motivation to actively seek medical care. This reminder highlights the importance of paying attention to retreated patients in TB surveillance and active case finding, as this is also important in preventing the emergence of drug resistance (31). Moreover, this study found that active case-finding has been demonstrated to be more effective in reducing patient delay compared to passive case-finding.

Our study also revealed several findings regarding the factors influencing health system delay. We observed that minorities and non-students had a lower risk of experiencing health system delay. Our further analysis found that 90% of minorities and non-students were from workers. In Zhejiang Province, nearly all employees were requested for the pre-employment physical examinations and annual health check-ups. Once people with suspected PTB were considered, the company will require them to seek medical care for a definitive diagnosis, thereby reducing potential health system delay among these groups. Meanwhile, student population generally had heavy study loads, and faced with potential suspension of schooling and possible stigma, leading to poor pre-diagnostic compliance and exacerbating health system delay. In this study, the risk was 1.46 times higher for referral patients compared to those who sought clinical consultation directly. This could be attributed to the fact that referral patients seek medical care across different healthcare institutions, leading to a prolonged diagnostic process. Despite the median health system delay in Jiaxing City being only 1 day, in the context of rapid diagnostic technology taking only 4 h to diagnose, there is still a need for improvement in implementing control measures aimed at reducing health system delay across various stages.

Patient delay at the county level of first diagnosis was found to be higher compared to city-level and higher medical institutions, which might be attributed to characteristics of the visiting population. Patients seeking medical care in county-level hospitals generally have limited economic conditions, milder symptoms, and lower awareness of the disease compared to those in higher-level hospitals. Nevertheless, county hospitals presented a lower health system delay than higher-level hospitals. With the development of primary healthcare services and improved TB screening capabilities in China (16, 18), the health system delay in county-level hospitals are relatively low. People with TB can receive timely TB diagnosis and treatment services when seeking medical care. Conversely, higher-level hospitals receive mainly referrals with complicated condition resulting in a longer time to diagnosis than county hospitals. Our study has indicated that patients with positive etiology are at a higher risk of patient delay and a lower health system delay. The patient delay may be related to the interactive influence and causal transformation between etiology and outcome (32). Meanwhile, with improved etiological detection in hospitals and the availability of Mtb testing, people with a positive etiology are more likely to receive confirmation.

The COVID-19 pandemic is bound to have an impact on the detection and diagnosis of tuberculosis. To assess its effect on the identification of PTB among adolescents and young adults in Jiaxing City more accurately, we compared various types of delays between two time periods: 2005–2019 and 2020–2022. An obvious decline of notified PTB cases was observed in our study during 2020–2022, which was consistent with some studies in China (33–35). The reason may be partly attributed to the implementation of COVID-19 prevention and control policies. Some implementations of non-pharmaceutical interventions in China, such as social distancing and community containment measures, effectively prevented the transmission of COVID-19 until the end of 2022 (19, 36). Interestingly, our study found a significant reduction in delays after 2019. We speculated that the increased awareness for seeking health care among young people, especially presenting serious respiratory symptom like COVID-19 may lead to the increased identification of PTB cases, thereby reducing patient delay. Additionally, the enhancement of etiological detection in hospitals also played a pivotal role in mitigating the health system delay. Still, some rigorous containment measures during the pandemic might impeded the access of non-urgent patients or asymptomatic patients to hospitals, lowering the finding of active PTB and thereby increasing the risk of TB infection in household. Besides, the afraid of the stigma associated with COVID-19 might also promote the refuse to seek medical care among some asymptomatic or mildly symptomatic patients (37, 38). Thus, TB epidemic clustered in family or some communities need be taken into account in the context of the post-pandemic era.


4.1 Limitations

It is important to acknowledge certain limitations of this study. Firstly, the onset time of the research subjects was self-reported by the patients, which existed the possibility of recall bias. Meanwhile, the presence of missing data also had an impact on the results of the study. Additionally, the data utilized in this study was obtained solely from the national TB information management system, without conducting further epidemiological investigations. Some variables like income level and access to healthcare services were hard to acquire, which hindered the comprehensive analysis. It is suggested that longitudinal and qualitative research should be conducted in the future. It is also important to explore the multiple reasons that contribute to delays among adolescents and young adults with PTB and to evaluate the effectiveness of interventions.




5 Conclusion

Over the past decades, there has been a noteworthy decline in the notification rate of PTB among adolescents and young adults in Jiaxing City while the declining trend was not obvious in patient delay, health system delay, and total delay, respectively. It also found factors such as gender, case-finding method, and the hospital level might influence the times of seeking health care and diagnosis in health agencies. These findings will provide valuable insights for refining preventive and treatment strategies for TB among adolescents and young adults.
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Background: Tuberculosis (TB) is a major public health emergency in many countries, including Kazakhstan. Despite the decline in the incidence rate and having one of the highest treatment effectiveness in the world, the incidence rate of TB remains high in Kazakhstan. Social and environmental factors along with host genetics contribute to pulmonary tuberculosis (PTB) incidence. Due to the high incidence rate of TB in Kazakhstan, our research aimed to study the epidemiology and genetics of PTB in Kazakhstan.

Materials and methods: 1,555 participants were recruited to the case–control study. The epidemiology data was taken during an interview. Polymorphisms of selected genes were determined by real-time PCR using pre-designed TaqMan probes.

Results: Epidemiological risk factors like diabetes (χ2 = 57.71, p < 0.001), unemployment (χ2 = 81.1, p < 0.001), and underweight-ranged BMI (<18.49, χ2 = 206.39, p < 0.001) were significantly associated with PTB. VDR FokI (rs2228570) and VDR BsmI (rs1544410) polymorphisms were associated with an increased risk of PTB. A/A genotype of the TLR8 gene (rs3764880) showed a significant association with an increased risk of PTB in Asians and Asian males. The G allele of the rs2278589 polymorphism of the MARCO gene increases PTB susceptibility in Asians and Asian females. VDR BsmI (rs1544410) polymorphism was significantly associated with PTB in Asian females. A significant association between VDR ApaI polymorphism and PTB susceptibility in the Caucasian population of Kazakhstan was found.

Conclusion: This is the first study that evaluated the epidemiology and genetics of PTB in Kazakhstan on a relatively large cohort. Social and environmental risk factors play a crucial role in TB incidence in Kazakhstan. Underweight BMI (<18.49 kg/m2), diabetes, and unemployment showed a statistically significant association with PTB in our study group. FokI (rs2228570) and BsmI (rs1544410) polymorphisms of the VDR gene can be used as possible biomarkers of PTB in Asian males. rs2278589 polymorphism of the MARCO gene may act as a potential biomarker of PTB in Kazakhs. BsmI polymorphism of the VDR gene and rs2278589 polymorphism of the MARCO gene can be used as possible biomarkers of PTB risk in Asian females as well as VDR ApaI polymorphism in Caucasians.
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Introduction

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis (MTB) and is a major public health emergency in many countries, including Kazakhstan. Before the COVID-19 pandemic, TB was the world’s leading cause of death from a single infectious agent (1). The lowest incidence rate is registered in most high-income countries and is lower than 10 per 100,000 population, while the highest rate of 400 per 100,000 population per year is registered in eight countries. There are 30 countries burdened by TB and they build up to 80% of total cases worldwide with an average incidence rate of 183 cases per 100,000 population (2). Enormous research has been done to understand the epidemiology and pathophysiology of TB, and many programs put effort into the fight against TB, which has led to a decline in the number of cases in the new millennia. However, over 10 million new cases of active TB occur annually (3). The incidence rate and mortality of TB remain high since cases involving multi-drug (MDR) and extensive-drug resistant (XDR) strains of MTB are rising every year (1, 4).

Despite having the largest economy in the Central Asian region, Kazakhstan was transferred to the middle-income countries list at the beginning of the new century when Kazakhstan became one of the fastest-growing countries in the world (5). The healthcare system also rose, the increase in the quality of medical care along with the implementation of several anti-TB programs led to a tangible decrease in TB incidence rates and mortality, and an increase in treatment effectiveness. The incidence rate of pulmonary TB (PTB) in Kazakhstan has declined more than two times in the last two decades (from 171 in 2000 to 78 in 2022 per 100,000 population), and the TB mortality rate decreased from 7.4 to 1.5 deaths per 100,000 population. The effectiveness of treatment of TB patients in Kazakhstan reached one of the highest indicators in the world. In 2021, the treatment effectiveness of newly diagnosed patients with sensitive TB was 85.9%, and with drug resistance – 80.2% (6). The government putting an enormous effort into fighting against TB, but cases involving drug-resistant strains of MTB dramatically increased in Kazakhstan. At present time, multidrug-resistant TB (MDR-TB) constitutes almost 26% of primary TB and over 44% of retreatment cases in Kazakhstan (7). Currently, Kazakhstan is among the 30 high MDR-TB-burden countries in the world (1).

TB is a multifactorial disease and the development of which depends on many social and environmental factors. According to the World Health Organization (WHO), such risk factors include smoking, alcohol overconsumption, contact with TB patients, low body mass index (BMI, under 18.5 kg/m2), human immunodeficiency virus (HIV) co-infection, drug abuse, migration, and diabetes (8, 9). TB does not affect genders or age groups equally. Males are twice as susceptible to TB than women. However, pregnancy and maternal leave increase the susceptibility to TB in women (1, 8, 9). Social and environmental factors play a crucial role in TB incidence in low- and middle-income countries where socially vulnerable individuals constitute a major part of TB cases (10).

By estimation, M. tuberculosis has co-evolved with human populations for between 40,000 and 70,000 years (11) resulting in the evolutionary adaptation of the human organism to eliminate the pathogen at the very first encounter or hold the invaded bacteria from multiplication inside the body by the cooperation of innate and adaptive immunity for several months or even for a lifetime. This state is called latent TB (LTB). Individuals with latent TB are infected with MTB, do not show any clinical symptoms, and do not have the disease, but are at higher risk of transitioning to an active form of TB in the future (4). Globally from 25 to 30% of the general population has latent TB, and only up to 10% of them will have active forms of TB (12). This data implies that epidemiological risk factors and host genetics take part in the shift from LTB to an active form of the disease (11, 13).

The immune response to MTB is induced when macrophages recognize certain conserved structures in the cell wall of the invading pathogen with their pattern recognition receptors (PRRs). Toll-like receptors (TLRs) are an important class of PRRs that recognize pathogen-associated molecular patterns (PAMPs). The recognition process activates the expression of many immune response genes encoding various types of pro- and anti-inflammatory molecules, including cytokines (interleukin 1β – IL-1β, and interferon-γ – IFN-γ, etc.), transmembrane receptors (macrophage receptor with collagenous structure – MARCO, and class A scavenger receptors – SRA), monooxygenases (CYP27B1), vitamin D receptor (VDR), and intracellular mediators (nitric oxide – NO) (14–16).

The role of genetics in susceptibility to TB was the subject of extensive research. Initial research was done by twin studies in the mid-40s of the twentieth century by Kallmann and Reisner (17), then Comstock performed a re-analysis 45 years later (18). Later, new methods of genetic engineering allowed researchers to test the genetic susceptibility to TB by animal models (19–21). Since an enormous number of genes are involved in the immune response, numerous point mutations or single nucleotide polymorphisms (SNPs) in many candidate genes were studied, and with the development of microarray technologies, many populations were tested by genome-wide association studies (GWAS) (22–27). However, evolutionary differences in the distribution of genotypes and their frequencies in the different populations give rise to a lack of consistency and low replicability of these research works (28).

The initial step of the immune response is very important. TLRs are important in inducing multidirectional activation of inflammatory responses during MTB infection and play a key role in the development of antigen-specific adaptive immunity (29). Proper recognition of PAMPs by cell-surface expressing TLRs, several of which are required to build heterodimers, is very important for the activation of all players involved in the immune response against MTB. Any alterations in nucleotide sequences of genes encoding TLRs could lead to structural changes and, subsequently, decrease the functionality of these receptors, and affect the whole immune response chain (30). Many research works tested the association of various genetic polymorphisms of TLR genes with TB in many populations, and these works also showed some level of inconsistency (23, 30, 31).

The role of pro- and anti-inflammatory molecules like cytokines, transmembrane receptors, vitamin D, and intracellular mediators in the immune response against MTB is very important (14). Macrophages and neutrophils encountered with MTB produce interleukins that can act as innate immune modulators and are very important during the early stages of infection (32). Interferons are released during MTB infection as a part of the innate immune response and play their part in controlling the infection (33). Transmembrane receptors like SRA and MARCO bind with MTB by cysteine-rich domains and initiate phagocytosis (34). Nitric oxide is an intracellular mediator that directly inhibits the growth of bacteria (35).

The importance of vitamin D in the modulation of the immune response against various pathogens is proven by many research works (36, 37). Recognition of PAMPs by TLRs induces expression of the vitamin D receptor (VDR) gene which is required for binding and transferring the 1,25-dihydroxyvitamin D (25-(OH)D), the active form of vitamin D, into the nucleus and performing its function (38). Any gene variations of VDR might affect the binding of 1,25-dihydroxyvitamin D with its receptor and alter the immune response.

Since TB is a multifactorial infectious disease and the incidence rate in Kazakhstan remains high, the aim of our research was to study the epidemiology and genetics of pulmonary tuberculosis in Kazakhstan.



Materials and methods


Study subjects

A case–control study included individuals diagnosed with active primary pulmonary TB. The group of controls consisted of participants with no family history (first-degree relatives) of pulmonary tuberculosis. Diagnosis of the case group was confirmed by radiographic evidence of TB cavitation and positive laboratory data. The case group participants were recruited at local TB dispensaries. The control subjects were matched by gender, age, and ethnicity, and had clear chest X-rays not older than 3 months before the recruitment date.

All subjects were older than 18 years, with available clinical data. The participants’ clinical information was obtained from the Unified National Electronic Healthcare System (UNEHS).

UNEHS databases provide several data elements and variables including ID and its registration in any sub-databases, information on medical organizations that registered ID, demographic data (birth date, gender, ethnicity, education, residency type), outcomes, all diagnoses with classification, stay in the medical organization, and prescription of medication. The National Registry of Tuberculosis Patients (NRTP) registers all patients under ambulatory follow-up in a designated polyclinic. All contacts of TB patients (household, colleagues, etc.) are under mandatory 6-month follow-up and this information is registered in NRTP. The medical data of the UNEHS database that we used to define the control subjects was (1) TB status (patient or contact person), (2) BCG vaccination status, (3) diabetes, (4) cancers, (5) chronic upper respiratory tract diseases, (6) other immune-compromising diseases, (7) medical prescriptions that affect body mass index (BMI). Additional questions for several medical conditions (diabetes, cancers, cardiovascular diseases, varicose veins, allergies, etc.) and epidemiological risk factors were included in the questionnaire (Supplementary material).

Eligible participants filled out structured sociodemographic and clinical questionnaires during an in-person interview. Anthropometric indicators, including height and weight, were measured during an interview.

We could not identify the latent TB status of the participants since all had been vaccinated with BCG which we indicated in the limitations of the current research. Additionally, the Interferon-Gamma Release Assay (IGRA) blood test costs over 50 USD per person and we could not perform it due to financial limitations.

The study was conducted in accordance with the Declaration of Helsinki and approved by the Local Ethics Committee of the Private Institution “National Laboratory Astana” (01–2020, June 26, 2020). All subjects signed a written informed consent form (Supplementary material).



DNA isolation

Blood was collected into tubes containing K2EDTA. DNA was extracted using the QIAamp DNA Mini extraction Kit (Qiagen GmbH, Germany) and Illustra blood genomicPrep Mini Spin Kit (Cytiva, Danaher, DC, United States), according to the manufacturers’ protocols. The quality and quantity of the DNA were evaluated using the NanoDrop-2000 UV (Thermo Fisher Scientific, Waltham, MA, United States) spectrophotometer. The exact quantity before dilution was assessed using Qubit BR Assay Kit (Thermo Fisher Scientific, Waltham, MA, United States) on a Qubit v2.0 fluorometer (Thermo Fisher Scientific, Waltham, MA, United States). The integrity of DNA was tested on 1% agarose gel electrophoresis running for 30 min at 120 V in TAE buffer. Gel was visualized on a GelDoc imaging system (Bio-Rad, United States). DNA was refrigerated at −20°C until further use.



Genotyping

The recognition of MTB by macrophages induces the activation of several genes involved in the initial stages of the immune response. Genetic variations in these genes can have an impact on the induction of particular members of the immune response chain and can cause alterations in immune response. From the literature search, we chose the most significant polymorphisms (12, 13, 15, 21–23, 27, 30, 33, 34), which showed statistical significance in many populations, and thus, had a lower level of inconsistency. Polymorphisms of the following genes were used for genotyping: VDR (rs2228570, rs731236, rs1544410, rs7975232), IL1B (rs16944), IFG (rs2430561), MARCO (rs2278589), NOS2 (rs2779248), TLR2 (rs1898830), and TLR8 (rs3764880). Detailed information on SNPs is presented in Supplementary material.

The gene polymorphisms were determined by allelic discrimination real-time polymerase chain reaction (RT-PCR) using pre-designed TaqMan™ probes (Thermo Fisher Scientific, Foster City, CA, United States) on 7900 HT Fast Real-Time PCR System following the manufacturer’s protocol. Ten microliter reaction mixture consisted of 5 uL of 2× TaqMan™ Genotyping master mix (Thermo Fisher Scientific, Foster City, CA, United States), 0.25 uL of 40× TaqMan™ Probe (Thermo Fisher Scientific, Foster City, CA, United States) or 0.5 uL of 20× TaqMan™ Probe (Thermo Fisher Scientific, Foster City, CA, United States). A total of 10 ng of genomic DNA was added to the reaction. Two microliter of nuclease-free water was added to negative control which was included in each set of reactions. RT-PCR program consisted of 10 min incubation at 50°C, denaturation at 95°C for 3 min, followed by 40 cycles of 92°C for 15 s and 60°C for 1 min with automatic scanning after each cycle.

The distribution of the genotypes was analyzed using SDS software (v2.4, Thermo Fisher Scientific, Foster City, CA, United States). The software distributes each of the genotypes according to the obtained signals of a preloaded set of detectors. To avoid biases in the genotype distribution, the genotyping of each sample was repeated three times.



Statistical analysis

Quantitative variables were expressed as a result (± standard deviation) with normal distribution. The Hardy–Weinberg equilibrium test was applied separately for all subjects, case, and control groups. 2×2 association between the risk of pulmonary TB and epidemiological risk factors was analyzed using the Pearson χ2 test. The association between the risk of pulmonary TB and selected polymorphisms was evaluated using multimodal (genotypic, dominant, recessive, and overdominant) logistic regression and assessed with the ORs and their corresponding 95% CIs. We defined the models as follows: genotypic (AA vs. Aa vs. aa), dominant (AA vs. Aa + aa), recessive (AA + Aa vs. aa), and overdominant (AA + aa vs. Aa), where the major and the minor alleles are A and a, respectively. All the tests were 2-sided, with a significance level of p < 0.05, and were estimated using SPSS 25 (IBM, Armonk, NY, United States) software.




Results


Study group

Sixteen hundred and eighty-three individuals were recruited for the study. Fifty-three individuals were excluded due to the inability to obtain signed informed consent. During the blood sampling, 32 individuals refused to provide blood samples. Another 43 individuals from both groups were removed due to low blood quality and inability to perform DNA isolation. Five hundred and fifty-seven individuals diagnosed with active primary PTB and 998 participants with no family history of TB constituted the final group of 1,555 participants. The responder rate in the case and control groups was 59.4 and 96.3%, respectively. Study design is shown in Figure 1.
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FIGURE 1
 Illustration of study design.




Epidemiology of pulmonary TB in Kazakhstan


Demographic characteristics and epidemiological data

At enrollment, the median age was 39.0 ± 13.84 years (18–76), median height was 167.07 ± 8.46 cm, weight 65.41 ± 13.28 kg and BMI 23.40 ± 4.40. Slightly over half of the participants were females (53.3%). Almost four-fifths were Asians (79.8%). The study group consisted of 557 cases of primary pulmonary TB and 998 controls with no family history of TB (Table 1). All participants had BCG scars.



TABLE 1 Demographic and epidemiological data of study participants.
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Epidemiological risk factors of pulmonary TB

Epidemiological risk factors of pulmonary TB are presented in Table 1. Over 55% of the case group consisted of males, and little less than three-fifths of the control group were females (58.1%). 55.8% of the study group were living in rural locations, 835 (53.7%) participants were unemployed, 1.7% of the participants consumed alcohol regularly, 224 participants were active smokers, 55 participants (3.5%) had diabetes with prevalence in the case group, 32 participants were in contact with TB patients, and all of them are in the case group, as 3 drug abusers. Nine participants had human immunodeficiency virus (HIV) and 8 of them were in the case group. 59% of participants were in normal BMI ranges (18.50 > <24.99), over 30% were overweight or obese, and a little over 10% were in underweight BMI ranges with prevalence in the case group (124 vs. 38 in controls). Out of 829 recruited females, 10 were on maternity leave (1.2%), and all were diagnosed with primary PTB.

Ethnicity, residence, alcohol consumption, and smoking showed no significant association with PTB in the studied population (Table 2). There were no participants who had contact with TB patients, no drug abusers in the overall control group, and no participants on maternity leave among females in the control group. In addition, a single participant in the control group had HIV (vs. eight in the cases). Due to the lack or low number of participants with corresponding risk factors, the contribution of contact with TB patients, drug abuse, HIV, and maternity leave, cannot be estimated. There were dramatic differences in case and control groups regarding diabetes, employment, and underweight-ranged BMI. Diabetes (χ2 = 57.71, p < 0.001), unemployment (χ2 = 81.1, p < 0.001), and underweight BMI (<18.49, χ2 = 206.39, p < 0.001) are strongly associated with the PTB.



TABLE 2 Association between PTB and socioeconomic and environmental risk factors (n = 1,555).
[image: Table2]



Genetics of pulmonary tuberculosis in Kazakhstan


Genes and polymorphisms

All samples were successfully genotyped for SNPs. All SNPs were verified by triple repeat, and no deviations were detected. Only 4 individuals (0.26%) had the A/A genotype (rs1898830) of the TLR2 gene. Rest polymorphisms had more than 5% of minor allele frequency. According to the Hardy–Weinberg Equilibrium (HWE) test, genotype frequencies of TaqI, ApaI, BsmI, IL1B, MARCO, and NOS2 did not deviate from the expected frequency values. However, FokI, IFG, TLR2, and TLR8 polymorphisms deviated from HWE.




Association between pulmonary tuberculosis and polymorphisms in the studied genes

The association between pulmonary tuberculosis and studied polymorphisms was evaluated through various models: genotypic, dominant, recessive, and overdominant, with no adjustment (crude analysis) and adjustment by gender (where applicable), age, BMI, smoking, alcohol consumption, and diabetes. Since the control group lacked or had a small number of participants with risk factors like contact with TB patients, drug abuse, HIV, and maternity leave, these risk factors were excluded from the adjustment model. The association between pulmonary tuberculosis and studied polymorphisms is shown in Table 3.



TABLE 3 Association between PTB and studied polymorphisms (n = 1,555).
[image: Table3]

TaqI and ApaI polymorphisms of the VDR gene, IL1B, and IFG did not show a statistically significant association with PTB in the overall group. FokI and BsmI polymorphisms of the VDR gene showed no significant association with PTB in the unadjusted model. However, after adjustment, their significance entered 0.05 (FokI, OR = 1.29, 95% CI = 1.02–1.63, p = 0.04; BsmI, OR = 1.14, 95% CI = 0.90–1.45, p = 0.02) in overdominant model, suggesting increased risk of PTB in individuals with heterozygous alleles (A/G for FokI, C/T for BsmI). Polymorphisms of TLR8 and NOS2 genes showed a statistically significant association with PTB in unadjusted analysis. However, in the adjusted model, p values of both polymorphisms exceed 0.05 (p = 0.24, and 0.08, respectively). MARCO gene polymorphism (rs2278589) showed a statistically significant association with an increased risk of PTB in several models in the overall study group.

Polymorphism of the TLR2 gene showed a decreased risk of PTB in the studied group. However, only three individuals in the case group and a single individual in the control group had a homozygous minor allele (A/A). The association analysis of this SNP with PTB requires larger cohort studies. Polymorphism of the MARCO gene showed a statistically significant association with PTB in several unadjusted models, and its significance remained after adjustment. A/G and G/G genotypes (OR = 1.57, 95% CI = 1.15–2.14, and OR = 1.73, 95% CI = 0.59–5.10, respectively, p = 0.01) increase the risk of PTB in the studied population. The overdominant model indicated the increased risk of PTB in individuals with heterozygous A/G allele (OR = 1.55, 95% CI = 1.14–2.12, p < 0.01).

Regarding to genotype distribution phenomenon, some genotypes are present in different proportions in different populations and lead to heterogeneity of genetic data. We analyzed an association of studied polymorphisms and risk of PTB separately in Asians and Caucasians, and males and females. Statistically significant associations are presented in Table 4.



TABLE 4 Association between PTB and studied polymorphisms in Asians and Caucasians.
[image: Table4]

ApaI polymorphism of the VDR gene and polymorphism of the IL1B gene did not show a statistically significant association in Asians (males and females). FokI polymorphism of the VDR gene showed an increased risk of susceptibility to PTB in the overdominant model (G/G-A/A vs. A/G, OR = 1.32, 95% CI = 1.02–1.72, p = 0.04) in all Asian participants. However, this polymorphism showed a decreased risk of susceptibility to PTB among Asian males in the recessive model (A/A-A/G vs. G/G, OR = 0.38, 95% CI = 0.15–1.00, p = 0.045). TaqI polymorphism of the VDR gene showed a decreased risk of susceptibility to PTB only among Asian males in the recessive model (G/G-A/G vs. A/A, OR = 0.53, 95% CI = 0.30–0.95, p = 0.03). BsmI polymorphism of the VDR gene showed an increased risk of susceptibility to PTB among Asians in the dominant model (C/C vs. C/T–T/T, OR = 1.31, 95% CI = 1.00–1.71, p = 0.045). This polymorphism showed a strong association with PTB among Asian females in genotypic or codominant (C/C vs. C/T vs. T/T, OR = 1.58, 95% CI = 1.04–2.40 for C/T and OR = 2.77, 95% CI = 1.07–7.15, p = 0.017 for C/T, p = 0.017) and dominant (C/C vs. C/T–T/T, OR = 1.70, 95% CI = 1.14–2.54, p < 0.01) models. Interestingly, the minor allele (G) of rs2278589 was found only in 19 Asian individuals (1.5%) of our study population. rs2278589 polymorphism showed a statistically significant association with an increased risk of PTB in several models in overall Asians and Asian females but not in Asian males. Moreover, the deeper analysis of genotypes revealed that the minor G allele was detected only in ethnic Kazakhs (1.6%). Further analysis showed that MARCO gene polymorphism (rs2278589), and its heterozygous A/G genotype is associated with an increased risk of PTB in Kazakhs (A/A-G/G vs. A/G, OR = 1.59, 95% CI = 1.16–2.19, p < 0.01).

Polymorphism of the NOS2 gene showed a decreased risk of PTB among Asians and Asian males, but not in Asian females. A/A and A/G polymorphisms of the TLR8 gene showed a statistically significant association with PTB in overall Asians (OR = 1.95, 95% CI = 1.03–3.70, and OR = 1.29, 95% CI = 0.96–1.72, p = 0.04, respectively) and Asian males (OR = 2.84, 95% CI = 1.18–6.82, and OR = 1.19, 95% CI = 0.77–1.84, p = 0.044, respectively), but not in females. Interestingly, polymorphism of the TLR8 gene showed a statistically significant association with PTB in dominant model for overall Asians (G/G vs. A/G-A/A, OR = 1.37, 95% CI = 1.04–1.80, p = 0.03) and Asian females (G/G vs. A/G-A/A, OR = 1.50, 95% CI = 1.00–2.25, p = 0.049), but not for Asian males. The recessive model for TLR8 polymorphism revealed a statistically significant association with PTB among Asian males only, indicating that the A/A genotype increases susceptibility to PTB among Asian males (G/G-A/G vs. A/A, OR = 2.71, 95% CI = 1.14–6.47, p = 0.02).

A/A genotype of the TLR2 gene was detected only in one individual per group (case and controls) in Caucasians. Estimation of their association with PTB requires large cohort studies. FokI, TaqI, and BsmI polymorphisms of the VDR gene and polymorphisms of IFG and NOS2 genes did not show a statistically significant association among Caucasian representatives of the study group. An association analysis among Caucasian participants revealed a statistically significant association of ApaI polymorphism of the VDR gene with higher PTB risk in the recessive model, indicating that the A/A genotype almost doubles the susceptibility to PTB (C/C-A/C vs. A/A, OR = 1.98, 95% CI = 1.08–3.64, p = 0.023) in overall Caucasians, but not in Caucasian males and females separately. TLR8 genotypes showed a decreased risk of PTB in Caucasian males in the overdominant model (A/A-G/G vs. A/G, OR = 0.32, 95% CI = 0.09–0.84, p = 0.017). No significant association between the studied genotypes and risk of PTB was found in Caucasian females.




Discussion

Tuberculosis remains a major health problem globally. The incidence rate has been decreasing over the years worldwide. However, incidence rates still hold high numbers in low- and middle-income countries where social and environmental factors dramatically contribute to the incidence number (1).

Kazakhstan is a multinational state with wide ethnocultural, linguistic, religious, racial, and national diversity, and is the ninth largest country by surface area (2.717 million km2) and takes 184th place in the world by population density. The population of Kazakhstan is over 20 million people and ethnic Kazakhs represent over 70% of the total population. Other nationalities include Russians (15.6%), Uzbeks (3.2%), Ukrainians (2.0%), Uighurs (1.5%), Germans (1.2%), Tatars (1.1%), and other ethnic groups and those who did not indicate nationality (5.1%) (39, 40).

Approximately 80% of the population of Kazakhstan consists of Asian ethnic groups. Caucasian ethnicities represent little less than 20%. The ratio of Asians and Caucasians in both case and control groups of our study population was the same (4:1). We had a response rate of 59.4% in the case group and 96.3% in the controls. The differences in response rates resulted in uneven representation of participants in case and control groups and could subjected to a selection bias. Response rate depends on many factors. Recent research works show that educated, employed, and economically stable persons are keener to participate in the studies or take a survey. Also, there is a lower chance that men will agree to participate in the case–control or epidemiologic study than women. 53.3% of recruited individuals were women which corresponds to recent response rate data (41). However, we recruited more men diagnosed with primary PTB than women. This confirms that the incidence rate among men is higher than among women, in Kazakhstan and globally (1). A low response rate in the case groups is normal since being diagnosed with a disease or health condition has a strong emotional effect, and we recruited patients right after hospitalization and before they started their treatment. In addition, there is a decline in response rates of case–control or epidemiologic studies, and people are reluctant to participate in the study (41). The response rate of 97.9% in the control group means healthy people are more likely to agree to participate in such studies.

Since social and environmental risk factors play a crucial role in TB incidence in low- and middle-income countries, Kazakhstan is not an exception. In the current research, we investigated an association of risk factors indicated by WHO with the PTB in Kazakhstan. We did not find any association between the PTB and such risk factors as smoking and regular alcohol consumption. There was no statistically significant association between PTB and residency (urban vs. rural). We could not estimate the role of contact with TB patients, HIV coinfection, drug abuse, pregnancy, and maternity leave due to the lack or low number of participants with these risk factors in the control group. However, underweight BMI (<18.49 kg/m2), diabetes, and unemployment showed a statistically significant association with PTB in our study group. Our findings confirm the results of other studies in different countries (42–44).

The disease progression does not depend on social and environmental factors alone. Genes regulate almost all processes in the human body. The immune response is a complicated process of interactions between host and pathogen where proper signaling and fast coordination take the central stage (15, 45). In the current study, we investigated the potential associations between functionally relevant polymorphisms of VDR (TaqI, ApaI, BsmI, and FokI), IL1B, IFG, MARCO, NOS2, TLR2, and TLR8 genes, and PTB in Kazakhstani population group. No significant associations were observed between IL1B and IFG polymorphisms and PTB risk. We could detect the A/A genotype of the TLR2 polymorphism (rs1898830) only in 4 individuals and the A allele constituted only 0.3% of our study population. However, according to the National Library of Medicine, the lowest frequency of the A allele (rs1898830) was detected in South Asians (over 40%), and the share of this allele in the global population is over 66% (46). These findings suggest a unique distribution of genotypes of TLR2 rs1898830 polymorphism among the Kazakhstani population. However, larger cohort studies are needed to identify the correct distribution of genotypes of this SNP and its association with PTB.

The association of rs2779248 polymorphism of the NOS2 gene with PTB is poorly studied. Velez et al. (47) showed an association of several NOS2 SNPs with TB. Gómez et al. (48) showed no individual association of the NOS2A gene with TB in the Colombian population. Möller et al. (49) reported that genes iNOS and CCL2 play a role in susceptibility to tuberculosis in the South African population. Our results showed an association of NOS2 gene polymorphism (rs2779248) with the lower risk of PTB in Asians.

TLR8 is an intracellularly expressed toll-like receptor and is located in the membranes of the endosomal compartment. It recognizes foreign single-stranded RNA and regulates the induction of IFN and inflammatory cytokines (50). The TLR8 gene locus encodes for two splice variants with alternative translation start sites, resulting in two variants of TLR8 protein that differ by 19 amino acids in the N-terminus, the functional contribution of which is unknown. The TLR8 rs3764880 SNP is located in the start codon region and regulates the translation of the two main TLR8 isoforms (51). In our study, rs3764880 polymorphism of the TLR8 gene did not show a significant association with PTB in the overall study group. The distribution of this polymorphism varies in many populations. The frequency of the A allele of the TLR8 polymorphism (rs3764880) is over 70% among Caucasians and less than 20% in Asians, so the heterogeneity of the genetic data was the reason for the lack of significance in the overall studied cohort. However, this polymorphism showed a statistically significant association with increased risk of PTB in the codominant model in overall Asians and Asian males but not Asian females. The combination of A/G and A/A genotypes was also associated with an increased risk of PTB in overall Asians and Asian females but not in Asian males. The A/A genotype of TLR8 polymorphism showed an association with an increased risk of PTB among Asian males in the recessive model (G/G-G/A vs. A/A) indicating that A/A polymorphism of the TLR8 gene increases the susceptibility to PTB almost three-fold in Asian males (OR = 2.71, 95% CI = 1.14–6.47, p = 0.02). In addition, the A/G heterozygous genotype showed an association with the decreased risk of PTB among Caucasian males but not in overall Caucasians and Caucasian females. An association between the TLR8 gene (rs3764880) and susceptibility to TB was shown in many populations. Zhou et al. (52) found an association of TLR8 polymorphisms with TB in the overall population. Wang et al. (50) reported an association of TLR8 polymorphisms with TB in Chinese Han population. Dalgic et al. (53) found an association of TLR8 polymorphism (rs3764880) with TB in Turkish male children. Varzari et al. (54) also reported an association of TLR8 polymorphisms with TB in Moldavian males. Davila et al. (55) reported a strong allelic association with the minor allele A of the rs3764880 with susceptibility to pulmonary TB in Indonesian and Russian males. All the abovementioned research works confirm the findings of our pilot (56) and current studies suggesting that the A/A genotype of TLR8 polymorphism (rs3764880) is strongly associated with TB risk in Asian males and can be a possible biomarker for PTB.

Macrophage receptor with collagenous structure (MARCO) is a member of the class A scavenger receptor family. MARCO is expressed on the cell surface of macrophages and binds invading intruders. It plays an important role in phagocytosis and activation of the immune response at early stages of infection (34, 57). MARCO gene has several SNPs and one of them, rs2278589 showed an association with TB in several populations. Ma et al. (58) reported on the association of two MARCO SNPs with TB in the Chinese Han population. Six years later Lao et al. (59) found an association of SNPs in MARCO and CD36 genes with TB in the Chinese Han population. Bowdish et al. (60) found an association of genetic variants of MARCO with PTB susceptibility in the Gambian population. Thuong et al. (34) found that rs2278589 was associated with susceptibility to TB and Beijing lineage of MTB in the Vietnamese population. The absence of the G allele in Caucasians and other Asians in our study group gives rise to several questions and requires larger cohort studies since this allele is present in over three-quarters of the global population (61).

Vitamin D is a strong immune modulator and is a key member of the immune response chain (15). The active form of vitamin D binds with its receptor, enters the nucleus, and activates the macrophages. This process also induces the synthesis of several antimicrobial agents. Many VDR gene polymorphisms have been tested for an association with TB. The most extensively researched ones are TaqI (rs731236), FokI (rs2228570), ApaI (rs7975232), and BsmI (rs1544410). Areeshi et al. (62) reported that variant allele A of FokI polymorphism showed an increased risk of PTB in Asians. Yadav et al. (63) also found a significant association of FokI with TB susceptibility in the Asian population. Chen et al. (24) reported an association of the variant homozygote genotype of the FokI polymorphism with a significantly increased risk of tuberculosis in the recessive model in the Chinese population [ff vs. Ff + FF: OR = 1.97, 95% CI: 1.32–2.93, p = 0.0032; heterogeneity test: χ(2) = 0.24, p = 0.62], but his finding showed a significantly decreased risk of tuberculosis for European subjects [bb + Bb vs. BB: OR = 0.41, 95% CI, 0.22–0.76, p = 0.02; heterogeneity test: χ(2) = 2.59, p = 0.11] in dominant model. However, our study revealed that the A/G genotype of FokI polymorphism of the VDR gene is associated with an increased risk of PTB in the overall group and Asians, but the A/A genotype was associated with a lower PTB risk among Asian males. Lee et al. (64) for a significant association of TaqI and BsmI polymorphisms with TB susceptibility in the Han Taiwanese population. Mohammadi et al. (65) investigated the association of FokI, TaqI, ApaI, and BsmI polymorphisms of the VDR gene with susceptibility to pulmonary tuberculosis in an Iranian population. He indicated that TaqI showed a significant association with the increased risk of TB in all models. BsmI showed a significant positive effect on TB risk only in its dominant genotype (bb + bB/BB) [1.44 (1.0, 1.9); p-value: 0.02]. FokI and ApaI did not show any significant effects on TB development in Iranian populations in their study (65). The recessive model analysis of the association between the ApaI polymorphism of the VDR gene and PTB among Caucasians showed that the A/A genotype increases susceptibility to PTB in Caucasians almost twice. Areeshi et al. (66) reported that ApaI polymorphism of the VDR gene is associated with a decreased risk of PTB in the overall, and African population.

To date, there is not much research done on the genetic component of susceptibility/predisposition to TB in the population of Kazakhstan. Zhabagin et al. (67) found a potential association between ApaI and FokI polymorphisms of the VDR gene and TB in Kazakh individuals of Almaty and Almaty area (south-east Kazakhstan). Sadykov et al. (25) performed an association study in vitamin D pathways with susceptibility to TB in Kazakhstan. They reported that FokI and BsmI polymorphisms of the VDR gene were associated with a decreased risk of TB (25). In our pilot study, we indicated that the heterozygous A/G genotype of the TLR8 gene was associated with an increased risk of PTB development in Kazakhs (56). Zhetkenev et al. (68) performed a preliminary case–control study in a Kazakhstani population. They found a statistically significant association between heterozygous rs12722 SNP polymorphism of the COL5A1 gene and TB susceptibility.

Our study presents important novel genetic findings. We found an association between FokI (rs2228570) and BsmI (rs1544410) polymorphisms of the VDR gene and an increased risk of PTB. Our study results showed that the A/A genotype of the TLR8 gene (rs3764880) is significantly associated with an increased risk of PTB in Asians and Asian males. For the first time, an association of MARCO gene polymorphism (rs2278589) and PTB risk in the Kazakhstani population was studied. It is worth mentioning that the G allele of the rs2278589 polymorphism of the MARCO gene was detected only in Kazakhs and it increases PTB susceptibility in the representatives of Asian ancestry and Asian females. A significant association between BsmI (rs1544410) polymorphism of the VDR gene and PTB risk among Asian females is also being reported for the first time. Another novel finding is the significant association between VDR ApaI polymorphism and PTB susceptibility in the Caucasian population of Kazakhstan. However, any findings must be interpreted with caution. More scientific evidence is required to state any SNP as a biomarker and the results of the present study should be validated in an independent cohort. This is the first research work that studied the epidemiology and genetics of PTB in Kazakhstan on a relatively large cohort.

Some limitations in our study that we have to bear in mind when interpreting our findings. The differences in the response rates between case and control groups led to the uneven representation of recruited individuals in our study cohort. The low number of selected SNPs is another limitation since we could miss polymorphisms that might play a key role in the immune response. We could not detect whether were the recruited individuals of the control group latently infected by TB since all participants in both groups had been vaccinated with BCG.



Conclusion

This is the first study that evaluated the epidemiology and genetics of PTB in Kazakhstan on a relatively large cohort. Social and environmental risk factors play a crucial role in TB incidence in Kazakhstan. Underweight BMI (<18.49 kg/m2), diabetes, and unemployment showed a statistically significant association with PTB in our study group. FokI (rs2228570) and BsmI (rs1544410) polymorphisms of the VDR gene can be used as possible biomarkers of PTB in Asian males. rs2278589 polymorphism of the MARCO gene may act as a potential biomarker of PTB in ethnic Kazakh individuals. BsmI (rs1544410) polymorphism of the VDR gene and rs2278589 polymorphism of the MARCO gene can be used as possible biomarkers during the estimation of PTB risk in Asian females as well as ApaI polymorphism of the VDR gene in Caucasians.
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Drug-resistant (DR) tuberculosis (TB) is a major public health concern globally, complicating TB control and management efforts. West Africa has historically faced difficulty in combating DR-TB due to limited diagnostic skills, insufficient access to excellent healthcare, and ineffective healthcare systems. This has aided in the emergence and dissemination of DR Mycobacterium tuberculosis complex (MTBC) strains in the region. In the past, DR-TB patients faced insufficient resources, fragmented efforts, and suboptimal treatment outcomes. However, current efforts to combat DR-TB in the region are promising. These efforts include strengthening diagnostic capacities, improving access to quality healthcare services, and implementing evidence-based treatment regimens for DR-TB. Additionally, many West African National TB control programs are collaborating with international partners to scale up laboratory infrastructure, enhance surveillance systems, and promote infection control measures. Moreso, novel TB drugs and regimens, such as bedaquiline and delamanid, are being introduced to improve treatment outcomes for DR-TB cases. Despite these obstacles, there is optimism for the future of DR-TB control in West Africa. Investments are being made to improve healthcare systems, expand laboratory capacity, and support TB research and innovation. West African institutions are now supporting knowledge sharing, capacity building, and resource mobilization through collaborative initiatives such as the West African Network for TB, AIDS, and Malaria (WANETAM), the West African Health Organization (WAHO), and other regional or global partners. These efforts hold promise for improved diagnostics, optimized treatment regimens, and provide better patient outcomes in the future where drug-resistant TB in WA can be effectively controlled, reducing the burden of the disease, and improving the health outcomes of affected individuals.
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1 Introduction

Tuberculosis (TB) caused by drug resistant (DR) strains of the Mycobacterium tuberculosis complex (MTBC) is called DR-TB whose treatment requires the use of relatively more toxic drugs for extended period of time with comparatively low success rate (1–4). Over the years, TB has been the leading cause of mortality by a single infectious disease until the recent COVID-19 pandemic. In 2022, the World Health Organization (WHO) reported 10.6 million new cases of TB and 1.6 million deaths (5). There was an estimated 410,000 cases of people who developed TB caused by MTBC that is resistant to rifampicin; the backbone of the Directly Observed Treatment Short-Course (DOTS) regimen (5). Africa, home to about 15.19% of humans on earth carries ~24% of the global TB burden (5). Unlike other geographical areas which harbor single to few lineages of the MTBC, WA harbors all the six major lineages of the MTBC (6, 7).

The primary risk factors for DR-TB infection include close contact with a DR-TB patient, history of TB treatment, cavity pulmonary TB, poor drug quality, inadequate supply of anti-TB drugs, treatment failure, poor adherence to treatment, inappropriate use of TB drugs and having a weakened immunity, such as in the case of HIV/AIDS, uncontrolled diabetes mellitus (DM), or malnutrition (8–12). Close contact with a DR-TB patients exposes one to potential inhalation of air droplets containing DR-TB bacilli released by infected patient. Therefore, if such a person develops TB from this exposure, it is very likely that it will be DR-TB from the onset. History of TB treatment presupposes that a person had a prior exposure to anti-TB drugs. However, among TB patients with multiple episodes of TB, molecular characterization has shown that there is more relapse than reinfection (13, 14). Exposure to anti-TB drugs can serve as selective pressure for DR-MTBC (15, 16). Therefore, TB patients with history of treatment are more likely to be DR-TB patients. On the other hand, poor adherence to treatment, inadequate supply of drugs and poor drug quality can lead to suboptimal concentration of drugs in the blood stream of infected patients. Thus, promoting selection of DR-MTBC and development of DR-TB during treatment (17–19). Again, improper prescription practices, such as using suboptimal drug regimens or using the wrong combination of drugs, can contribute to the development of drug resistance. For example, misuse of TB drugs in the treatment of other infections can contribute to the emergence of DR-MTBC strains. Thence, the need to keep drugs at desired temperature, prescribe good quality medications, follow the prescribed treatment regimen for the full duration even if symptoms improve, and reserve TB drugs for treatment of TB disease only. Lastly, factors that can potentially compromise the immunity, including HIV/AIDs, uncontrolled DM and malnutrition, negatively impact recovery from TB infection by prolonging the time it takes to clear the bacilli thus, allowing the bacteria enough time to evolve to tolerate the drugs potentially leading to resistance (13–15, 17–20). Addressing these risk factors is crucial for preventing the emergence and spread of DR-TB and improving treatment outcomes.

Unlike other bacteria that can easily acquire DR-conferring genes through horizontal gene transfer, DR among the MTBC is mostly caused by point mutations within DR- associated genes or promotor region of such genes (21). Nevertheless, the emergence and fixation of mutations that cause resistance to specific drugs is influenced by the genetic background of the infecting MTBC (22–24). This shows that resistance to same drug can be caused by different mutations with respect to different lineages of the MTBC (25, 26). This could lead to misdiagnosis of DR-TB in West Africa (WA) which has unique lineages of the MTBC when using commercially available rapid diagnostic assays. There is, therefore, the need for research into studying the determinants of DR in WA to support global efforts to develop rapid TB diagnostics. This opinion review explores the various aspects of DR-TB, including its definitions, causes, prevalence, challenges in diagnosis and treatment, and the implications for public health in WA.



2 Types of drug-resistant tuberculosis

There are several categories of DR-TB based on the drugs to which the infecting bacteria have developed resistance (Table 1). Mono-resistance refers to resistance to any single TB drug. Multidrug-Resistant (MDR) TB (MDR-TB) is defined as resistance to at least isoniazid and rifampicin. These two drugs are the backbone of the first-line TB treatment regimen. They are critical for TB treatment because resistance to both drugs automatically leads to treatment failure with the first line regimen and significantly limits the available treatment options (27–29). Extensively DR-TB (XDR-TB) is a more severe form of DR-TB caused by an MDR-MTBC that has developed further resistance to any fluoroquinolone and at least one of bedaquiline and linezolid (30). This further narrows down the treatment options, making XDR-TB challenging to treat successfully (27). The precursor to XDR-TB is pre-XDR-TB which is any MDR-TB with additional resistance to any fluoroquinolone whereas Polyresistant (PR) TB is defined as resistance to at least two TB drugs excluding rifampicin (30).


TABLE 1 Description of categories of DR-TB.
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3 Prevalence and distribution of drug-resistant tuberculosis in West Africa

Data on DR-TB in WA are scanty which reflect diagnostic limitation but not actual epidemiologic situation (31). Drug-resistant TB including but not limited to MDR and XDR is an emerging public health problem in WA with several countries reporting different prevalence over the years (7, 32–35). A collaborative DR-TB surveillance among nine WA countries by the West African Network for Tuberculosis, AIDS and Malaria (WANETAM) showed that the WHO estimates are almost always below the actual incidence (Figure 1) (33). While the WHO estimated the prevalence of MDR-TB in new and retreatment cases to be 2 and 17%, respectively, this study which analyzed 974 bacterial isolates found 6 and 35%, respectively. It was found that 39% of isolates (corresponding to 39% of TB patients) were resistant to at least one first-line TB drug whereas 22% were MDR/RR-TB. Of concern is that, pre-XDR-TB cases were found in all the eight participating countries (33). The most recent WHO TB report shows different burden of MDR/RR-TB across WA ranging from least 0.67% among new TB cases in Togo to the highest 54% among previously treated TB cases in Guinea-Conakry as summarized below (Figure 2). However, getting the actual current prevalence and distribution of DR-TB in WA is essential for effective control and future management strategies. This section reviews the current burden and distribution of DR-TB in WA.
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FIGURE 1
 Comparing the 2016 WHO estimates of MDR-TB with actual incidence in nine West African countries [Adopted from Gehre et al. (33)].
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FIGURE 2
 Comparing the 2022 WHO estimates of MDR/RR-TB between new and retreatment TB cases in West Africa (According to Global tuberculosis report, (5)).



3.1 Benin

The WHO estimated 0.93 and 4.6% MDR/RR-TB, respectively, among new and retreatment cases (5). However, there are varying prevalence rates of DR-TB reported in the country including 1.6 and 11% among new and previously treated TB patients, respectively (36), similar to another report of 12% MDR-TB among retreatment cases (34).



3.2 Burkina Faso

The WHO estimates of MDR/RR-TB in the country are 1.2 and 4.1% among new and retreatment cases, respectively (5), a slight reduction from 1.6 to 14% estimated in 2016. However, national survey between 2006 and 2007 found 2 and 14.5% MDR-TB, respectively, among new and retreatment cases (37).



3.3 Cape Verde

The island country has an estimated 0.69 and 12% MDR/RR-TB among new and previously treated TB cases, respectively, whereas the actual number of cases confirmed stood at two patients who were all put on an appropriate treatment regimen (5).



3.4 Côte d'Ivoire

The estimated figures are 3.5 and 16% MDR/RR-TB, respectively, among new and retreatment cases in the country (5). This correlates with a 10-year national survey which found 4.5 and 22% RR-TB among new and previously treated TB cases in the country (35). A cohort of 81 MDR-TB patients monitored in a pneumology unit, faced debilitating side effects leading to dropouts (39.2%), deaths (15.2%), diverse attacks (30.4%), and only 5% cured (38).



3.5 Gambia

The WHO estimated 1.2 and 7.8% MDR/RR-TB among new and retreatment cases, respectively (5). However, an earlier study reported no MDR-TB among new cases but 12.6% among retreatment cases in The Country (33).



3.6 Ghana

The WHO estimated 1.9 and 3.6% MDR/RR-TB among new and retreatment cases in Ghana (5). The first national DR-TB survey reported MDR/RR-TB rate of 3.1% (39) whereas a recent survey also reported a high rate of 5.6% (40) with 3.1% among new cases and as high as 33.3% among retreatment cases. Other studies in different parts of the country reported MDR/RR rates of 2.9% in the Greater Accra region (41), 3.31% in the Southern and Northern sectors (23), 3.5% in the Southern and Northern sectors (42), 3.1% in the Northern sector (43), and 8.1% in the Volta region (44). Additionally, a recent analysis of MTBC isolates from difficult-to-treat TB cases from Ghana over 2 years reported MDR/RR rate of 42% and pre-XDR-TB rate of 6.4% (45) agreeing with an earlier reported higher proportion of pre-XDR-TB (35%) among MDR-TB patients in the first pre-XDR-TB (33, 46) and XDR-TB case in the country (47).



3.7 Guinea-Bissau

The WHO estimated 0.73 and 47% MDR/RR-TB, respectively, among new and retreatment TB cases in the country (5). A study in the country also estimated 10 and 40% MDR/RR-TB, respectively, among new and retreatment cases but a mere 25% of these cases are diagnosed (48). To exacerbate the situation, about 45% of the diagnosed never complete treatment and for the remaining 55% who completed the treatment, success rate was only 34% (48).



3.8 Guinea-Conakry

The WHO estimated 1.2 and 54% MDR/RR-TB among new and retreatment cases, respectively (5). However, there is limited information on the actual burden of TB as well as DR-TB in the country. Nevertheless, there is a report of a high treatment cure rate (80.6%) MDR-TB in the country (49).



3.9 Liberia

As one of the three high TB burden countries in WA, the WHO estimated 2.1 and 4.8% MDR/RR-TB among new and retreatment cases, respectively (5). However, report by Borgenproject.org in collaboration with the national TB control program stipulates 2.5% prevalence of MDR/RR-TB in the country (https://borgenproject.org/tuberculosis-in-liberia/). Contrary to these estimates, two independent studies have reported very high MDR-TB prevalence of including 38.3% (50) and 23.5% (51) in the country.



3.10 Mali

The WHO estimate 1 and 8.8% MDR/RR-TB (5) contrary to the 3.3 and 58.6% MDR-TB (33), respectively, among new and retreatment TB cases in Mali. A similar report (3.4 and 66.3% among new and retreatment TB patients, respectively) has also been published (52). Furthermore, the investigators identified 18.8% resistance to second-line TB drugs among a random 38 (50%) of MDR isolates. The first 2 cases of XDR-TB were reported in 2017 with genomic evidence of nosocomial transmission from the first patient to the second. Of great concern, it took 10 months after diagnosis for the patients to receive appropriate treatment (53).



3.11 Niger

The WHO estimated 2.7 and 12% MDR/RR-TB among, respectively, new and previously treated TB cases in the country. The country seems to have a good program with 132 out of the 135 confirmed cases put on an appropriate treatment regimen (5).



3.12 Nigeria

Nigeria is one of the WHO recognized 30 high MDR/RR-TB burden countries with estimated 2.1% among new cases and 14% among previously treated TB cases (5). A recent study reported 3.5 and 7% MDR-TB among new cases and retreatment cases, respectively, in the country (54). However, relatively high prevalence of MDR/RR-TB 6 and 32%, respectively, among new and retreatment cases was also reported from a systematic review of studies from different parts of the country (55). A study did not distinguish new and retreatment cases reported MDR/RR-TB rate of 6.3 and 0.8% pre-XDR-TB (56).



3.13 Senegal

The WHO estimated 0.82 and 4.4% MDR/RR-TB, respectively, among new and retreatment cases (5). The National TB Control Program (NTP) of Senegal reported an increase in number of MDR-TB cases from 36 in 2010 to 77 in 2015 and MDR-TB rates of 0.5 and 17.9% among new and previously treated TB cases in 2014. However, an independent study in Senegal found the rate of MDR-TB to be 5.5 and 25% among new cases and retreatment cases, respectively (33).



3.14 Sierra Leone

There has been no national survey but the WHO estimated 1.3 and 15% MDR/RR-TB among new and retreatment cases, respectively (5). A recent study reported 14.7% MDR/RR-TB incidence (57) and a systematic review of reports from the country showed that among 628 identified MDR/RR-TB cases, 440 (70.1%) were retreatment cases with most being males (374/440) (58).



3.15 Togo

The WHO estimated 0.67 and 3% MDR/RR-TB, respectively, among new and retreatment cases (5). Nevertheless, a study monitoring a cohort of previously treated TB patients using GeneXpert and BACTEC MGIT found 24 and 25% of MDR-TB cases, respectively (59).




4 Challenges in diagnosis and treatment of drug-resistant tuberculosis


4.1 Diagnostic methods for detecting DR-TB and challenges

Accurate and timely diagnosis of DR-TB is essential for appropriate treatment plan. Several diagnostic methods including both phenotypic (culture-based) and DNA-based tests are available for detecting DR-TB. Due to the drawbacks of culture-based drug susceptibility testing (DST) methods such as requiring specialized laboratories, high expertise and often take weeks to provide results (60, 61), DNA-based using of polymerase chain reaction (PCR) are preferably used. For example, many of the countries are usingXpert MTB/RIF assay (Cepheid) detects rifampicin resistance (RR) and the line probe assays (Hain LifeSciences) (62). Nevertheless, these may not be accessible in some remote settings (63, 64). Furthermore, difficulty in maintenance of these equipment leads to referral of diagnostic services to distant reference labs leading to delayed diagnosis and initiation of appropriate treatment (64–66). Additionally, the paucibacillary nature of TB among HIV co-infected cases and children poses a diagnostic challenge, resulting in false-negative results and eventual underestimation of DR-TB (67).



4.2 Drug resistant TB treatment challenges

Treating DR-TB requires the use of multiple drugs for an extended duration, typically from 6 to 9 months (https://www.cdc.gov/tb/topic/drtb/bpal/default.htm#print). This long and complex treatment regimen poses significant challenges. First, the combination of drugs used can have significant side effects, including gastrointestinal disturbances, hepatotoxicity, ototoxicity, and psychiatric effects (68). These side effects can potentially lead to treatment discontinuation, non-adherence, and hence decreased treatment effectiveness. Secondly, availability of these second-line drugs may be limited in resource-constrained settings such as WA, affecting the ability to provide appropriate treatment to all diagnosed DR-TB patients (69). For example, out of the total 1,131 MDR-TB cases diagnosed in Ghana from 2018 to 2022, those that were put on treatment were 956 (84.5%) (Ghana, National Tuberculosis Control Program, Annual Report 2022, Unpublished). Albeit this proportion can be considered one of the highest in WA, it is still below the 90% enrolment recommended by the WHO (70). Consequently, limited access to these drugs can potentially lead to suboptimal treatment regimens that compromise treatment outcomes and contribute to the development of additional drug resistance.




5 Public health challenges for control of DR-TB in West Africa

Preventing the emergence and spread of DR-TB in WA is a multifaceted problem that demands a wholistic solution. Firstly, limited access to rapid diagnostics for accurate and timely detection of DR-TB leads to delayed diagnosis and inadequate treatment regimens (69, 71, 72). Delayed diagnosis compromises patient outcomes and allows for prolonged infectious period of DR-TB patients which potentiates transmission to others (73). Timely diagnosis and initiation of appropriate treatment are therefore crucial for better treatment outcomes that interrupt the transmission chain. Secondly, TB is highly stigmatized as a disease associated with either death or curse among many WA ethnic groups (64, 74, 75), thus the affected do not accept and seek help early, leading to high community transmissions (76).

Furthermore, due to the limited counseling at diagnosis and community engagement, some TB patients after diagnosis spend prolonged periods seeking spiritual assistance. Some also alternates between taking certified TB drugs from the clinics and seeking spiritual help leading to emergence and spread of DR-TB and poor treatment outcomes (77–79). Thus, incompetent treatment and poor adherence to treatment regimen undermines positive treatment outcomes (80, 81). Additionally, difficulty in tracing contacts of DR-TB patients for screening also contribute to delay in identifying potentially infected DR-TB patients for proper management (82). Contact tracing can further be complicated by the inability of sputum-based diagnostics to pick-up latent infections which may progress to active disease later (82–84).

Congregate settings, such as correctional facilities, homeless shelters, and refugee camps, create environments conducive for DR-TB spread (70). WA has over the past decade faced political instability in some countries leading to creation of several overcrowded refugee or internally displaced people camps with poor ventilation, and limited access to proper healthcare services conducive for spread of TB including DR-TB (85). Additionally, malnutrition and poor immunity negatively affect effectiveness of TB treatment and can lead to emergence of DR-TB (70). The interaction between TB and HIV can lead to more severe disease and treatment complications. The co-management of TB and HIV is a complex process involving multifaceted drug therapy, needing careful monitoring of drug-drug interactions (86). Therefore, the high prevalence of HIV/AIDS in WA further exacerbates the challenge of managing DR-TB. Notwithstanding these factors, the contribution of the TB bacteria itself to emergence, evolution and spread of DR cannot be overlooked. WA is a hot-spot of MTBC diversity with seven of the nine phylogenetic lineages including two WA restricted lineages with some genotypes associated with DR as well as specific DR-conferring and/or associated mutations (7, 23, 87–91).

Drug resistant MTBC strains require more expensive and prolonged treatment regimens, straining healthcare systems and diverting resources from other public health priorities (70, 71, 92, 93). This is even more apparent in resource limited settings in WA where the demand for these resources overwhelms supply. The high cost and intermittent supply of diagnostics and medications for DR-TB limits their accessibility and subsequently hinder effective control and management of DR-TB (71). DR-TB undermines TB control efforts by reducing treatment success rate and increasing cost of management (94). The average treatment success rate for uncomplicated TB is 85% whereas that for MDR/RR-TB albeit more expensive is reduced to 60% and that for pre-XDR/XDR-TB is even worse and requires using relatively more expensive drugs compared to MDR-TB (70, 95). With the continuous increase in the number of drugs becoming ineffective against the MTBC, the affected TB patients are gradually challenged with limited treatment options.

The Economic Community of West African States (ECOWAS) allows free movement of goods and services among member states. While there is daily heavy movement of people including nomads, herdsmen and refugees as well as animals along approved and unapproved routes (96–98), the sub-region has no border control measures. The non-existent TB testing strategies at these ports of entry concomitant with TB endemicity of the region, encourages people and/or livestock with either active or latent TB infection (LTBI) including DR-TB to cross borders unhindered with it accompanying public health implications (36, 99). There is therefore the need for regional collaborations and coordination in addressing DR-TB through regional active surveillance and creation of awareness.



6 Potential consequences of uncontrolled DR-TB

The consequences of uncontrolled DR-TB transmission are far-reaching. Firstly, it will result in hyper transmission of DR-TB and consequently a higher DR-TB burden and increased mortality (100, 101). Again, uncontrolled DR-TB can result in economic burdens at both individual and societal levels, because the costs of extended treatment regimens, hospitalization, and the loss of productivity have profound implications for individuals and healthcare systems (102–104). The economic impact can be exacerbated because DR-TB disproportionately affects poor populations, thus furthering poverty and inequality (105–107). Moreover, uncontrolled transmission of DR-TB in WA will compromise global health security because the interconnectedness of countries and ease of travel within the sub-region and overseas will facilitate the spread of DR-TB across borders, posing a threat to populations worldwide (70, 86).



7 Strategies for addressing drug-resistant tuberculosis in West Africa


7.1 Strengthening healthcare infrastructure and capacity

A critical step in addressing DR-TB in WA is political will of respective governments to reduce overreliance on foreign aid (71, 108). They must be committed to strengthen their health care systems to be more responsive/sensitive and resilient. Notwithstanding the significant help these aid agencies offer, their activities are affected by shocks such as outbreaks of other diseases as was seen with COVID-19 (64, 66, 86, 109, 110). Therefore, ensuring uninterrupted DR-TB control activities in WA demands governments in WA to set aside significant portions of their annual budgets toward improving laboratory facilities for accurate and timely diagnosis of DR-TB, ensuring access to DST, and establishing robust treatment programs that do not run out of required drugs (71, 111). In addition to physical structure and supplies, there is also the need to offer specialized training for healthcare providers in the diagnosis, management, and treatment of DR-TB, as well as improving infection control (112, 113).



7.2 Enhanced surveillance for early detection of DR-TB

There is the need for comprehensive surveillance system that tracks DR-TB patterns and monitors the spread of resistant strains in endemic communities (82, 114). Such surveillance system requires sensitive, rapid diagnostics for point-of-care testing and real-time data collection analysis tools to promote early detection of outbreaks as well as monitor cross-border importation/exportation of DR-TB (115). The deployment of GeneXpert MTB/RIF in WA, allowing dual diagnosis of TB and rifampicin resistance within hours is commendable (116, 117). The new GeneXpert MTB/XDR deployed in few reference labs in the sub-region work in concert with the GeneXpert MTB/RIF to give better resolution on MTBC susceptibility to RIF, INH, RQs and (118, 119). Nevertheless, the GeneXpert is inapplicable as a point of care tool in rural areas. On the other hand, the newly introduced Seegene-Anyplex-II-MTB/MDR/XDR (120), a real-time PCR-based diagnostics may account for some limitations of the GeneXpert platform, but requires evaluation in WA the hot-spot of MTBC diversity to access its sensitivity and specificity (7, 121, 122). Furthermore, efficient contact tracing and follow-up of individuals exposed to DR-TB patients with regular testing and screening can promote early detection of potential emerging cases and help prevent secondary transmissions whilst improving treatment outcomes with appropriate treatment regimens (123, 124).



7.3 Research into the impact of MTBC diversity on TB control

In the past two decade, some West African scientists are gradually making progress in basic scientific research toward understanding the biology of the MTBC (122, 125–130) and the potential impact of MTBC diversity on TB control (47, 131–133). This is because WA harbors seven out of the nine phylogenetic lineages (L1-L4, L7 & L8 making up M. tuberculosis sensu stricto [Mtbss] and L5, L6 & L9 making up M. africanum [Maf]) of the MTBC (6, 90) with a couple of WA-restricted several lineages (Maf lineages) and sub-lineages (Ghana and Cameroun sub-lineages of L4) (7). Some highlights of research findings from WA are described below. Maf transmits equally as Mtbss but progresses relatively slowly to active disease and is associated with relatively smaller transmission clusters (134, 135). Whereas, INH-resistance among Mtbss is driven by katG mutations conferring high-level resistance, INH-resistance among Maf is driven by inhApro mutations conferring low-level resistance (23). Maf lineages L5 and L6 are two distinct pathogens restricted to WA by unknown mechanisms (122). Maf L5 is also more likely to be associated with DR-TB compared to L6 similar to the association of Mtbss L4 Ghana genotype with DR-TB in WA (23, 43). Finally slower in vitro growth of Maf (136) in concomitance with its slower sputum-smear conversion rate (137) may warrant review of DOTS in West Africa as the 6 months may not be adequate for TB caused by Maf (138). Nevertheless, there is still room for further TB research in WA to contribute knowledge toward development of more efficient control tools.



7.4 Development of new drugs from traditional medicinal plants

The continuous evolution of DR limits treatment options for DR-TB and threatens to eventually make TB untreatable. Therefore, new and more effective drugs are crucial for combating DR-TB. Current treatment regimens for DR-TB are lengthy, complex, and associated with significant side effects (70). Investing in research and development of potent but less toxic drugs is essential whereas those that can give shorter treatment duration would be an added advantage. Most current efforts toward development of new TB treatment regimens involve exploring new drug targets and repurposing existing drugs (94, 139, 140). However, WA is home to numerous plant-based medicines for treating myriad of diseases including TB for centuries. Some of these plant preparations have recently been scientifically assessed for their anti-mycobacteria activity with promising outcomes (141). There is the need to invest in taking these promising preparations into pre-clinical trials for further development and advance research into identify and characterizing the active compound (s) as leads for new anti-TB drugs. Expedite development of novel anti-TB agents originating from the sub-region as well as integration of traditional, complementary, and alternative medicine into the health care system, particularly in rural areas where they are most prevalent, can enhance access to TB treatment, provided safety and efficacy standards are met. The provision of independent expert advice and support to countries in this regard by the WHO and African Centres for Disease Control are thence commendable (142).



7.5 Efficient public education and awareness campaigns for promoting knowledge, dispelling myths, and encouraging behavioral change

There are many innovative communication platforms that can be used for public education on DR-TB including mass media, social media, community meetings, workshops, and educational materials tailored to different populations using local languages to enhance the reach and impact of the message (71, 143–147). Such campaigns must engage communities, healthcare providers, policymakers, and other influential persons including but not limited to celebrities and local leaders in efforts to prevent the spread of DR-TB (143). The campaign should rely on experts to provide accurate and accessible information about TB, its causes, transmission, and preventive measures to help dispel misconceptions surrounding TB that negatively impact timely diagnosis and treatment (70, 147–150). Dispelling such myths will dispel stigma and discriminations against TB patients and fostering understanding, empathy, and acceptance as well as support for those affected. Secondly, such campaigns must raise awareness on antibiotic stewardship that promotes responsible use of antibiotics emphasizing the importance of completing prescribed courses of treatment and avoiding the use of antibiotics without prescription to help protect the potency of available TB drugs (151, 152). In addition, there should be a system for monitoring the campaign activities and evaluating the impact of the campaign on knowledge acquisition and attitudinal changes in relation to TB and DR-TB in the catchment communities as well as identify areas for improvement. Finally, such public education efforts must be sustained for longer periods to ensure that the intended knowledge becomes part and parcel of the target.



7.6 Fostering collaborations and partnerships among stakeholders

Addressing the complex challenge of DR-TB requires collaboration and partnerships among stakeholders including national TB control programs, government agencies, non-governmental organizations, healthcare providers, donors, religious bodies, traditional leaders, industry, and academia across the region. Such collaborative efforts can help mobilize resources, share expertise, coordinate activities, and advocate for enactment of new policies as well as modification of existing policies to fight DR-TB in the sub-region (153, 154). The initiative by the West African Network for Tuberculosis, AIDs, and Malaria (WANETAM) including 14 institutions in eight West African countries needs commendation. WANETAM is funded by the European and Development Countries Clinical Trials Partnership (EDCTP) to build capacity in standardized laboratory techniques essential for clinical trials and public health relevant diagnostics and research since 2008 (https://wanetam.org). Over the years the network has trained several clinicians, laboratory technicians, research administrators and research scientists as well as built both physical and electronic infrastructure in WA contributing to the fight against diseases of public health importance including DR-TB. There is, however, the need for several of such within sub-region collaborations funded by local governments for sustainability.




8 Conclusion

The growing burden of DR-TB in WA demands collective action and a unified approach to combat this daunting public health challenge. The strategies and interventions discussed in this article, including strengthening healthcare infrastructure, enhancing surveillance and infection control measures, developing innovative rapid, accurate and affordable diagnostics, developing new potent but less toxic drugs, ensuring access to care, and fostering partnerships and collaborations with academic institutions, pharmaceutical companies, and NGOs provide a roadmap for addressing DR-TB in the sub-region. However, the actual fight against DR-TB requires sustained commitment and innovations to overcome the existing barriers and improve patient outcomes. To effectively combat DR-TB in WA, it is imperative for West African governments, regional bodies, international organizations, healthcare providers, researchers, and affected communities and other interested stakeholders to work together to mobilize resources, advocate for policy changes, and ensure the implementation of comprehensive interventions in the sub-region. By implementing these comprehensive strategies against DR-TB, we can achieve a sub-region that is free from the threat of TB including DR-TB and ensuring the wellbeing of people living in WA and beyond.
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Background: Despite the effectiveness of antiretroviral therapy in reducing mortality from opportunistic infections among people living with HIV (PLHIV), tuberculosis (TB) continues to be a significant cause of death, accounting for over one-third of all deaths in this population. In Ethiopia, there is a lack of comprehensive and aggregated data on the national level for TB-associated mortality during co-infection with HIV. Therefore, this systematic review and meta-analysis aimed to estimate TB-associated mortality and identify risk factors for PLHIV in Ethiopia.

Methods: We conducted an extensive systematic review of the literature using the Preferred Reporting of Systematic Review and Meta-Analysis (PRISMA) guidelines. More than seven international electronic databases were used to extract 1,196 published articles from Scopus, PubMed, MEDLINE, Web of Science, HINARY, Google Scholar, African Journal Online, and manual searching. The pooled mortality proportion of active TB was estimated using a weighted inverse variance random-effects meta-regression using STATA version-17. The heterogeneity of the articles was evaluated using Cochran’s Q test and I2 statistic test. Subgroup analysis, sensitivity analysis, and Egger’s regression were conducted to investigate publication bias. This systematic review is registered in Prospero with specific No. CRD42024509131.

Results: Overall, 22 individual studies were included in the final meta-analysis reports. During the review, a total of 9,856 cases of TB and HIV co-infection were screened and 1,296 deaths were reported. In the final meta-analysis, the pooled TB-associated mortality for PLHIV in Ethiopia was found to be 16.2% (95% CI: 13.0–19.2, I2 = 92.9%, p = 0.001). The subgroup analysis revealed that the Amhara region had a higher proportion of TB-associated mortality, which was reported to be 21.1% (95% CI: 18.1–28.0, I2 = 84.4%, p = 0.001), compared to studies conducted in Harari and Addis Ababa regions, which had the proportions of 10% (95% CI: 6–13.1%, I2 = 83.38%, p = 0.001) and 8% (95% CI: 1.1–15, I2 = 87.6%, p = 0.001), respectively. During the random-effects meta-regression, factors associated with co-infection of mortality in TB and HIV were identified, including WHO clinical stages III & IV (OR = 3.01, 95% CI: 1.9–4.7), missed co-trimoxazole preventive therapy (CPT) (OR = 1.89, 95% CI: 1.05–3.4), and missed isoniazid preventive therapy (IPT) (OR = 1.8, 95% CI: 1.46–2.3).

Conclusion: In Ethiopia, the mortality rate among individuals co-infected with TB/HIV is notably high, with nearly one-fifth (16%) of individuals succumbing during co-infection; this rate is considered to be higher compared to other African countries. Risk factors for death during co-infection were identified; the included studies examined advanced WHO clinical stages IV and III, hemoglobin levels (≤10 mg/dL), missed isoniazid preventive therapy (IPT), and missed cotrimoxazole preventive therapy (CPT) as predictors. To reduce premature deaths, healthcare providers must prioritize active TB screening, ensure timely diagnosis, and provide nutritional counseling in each consecutive visit.

Systematic review registration: Trial registration number in Prospero =CRD42024509131 https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=509131.
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Introduction

People living with the human Immune deficiency virus (PLHIV) are more susceptible to tuberculosis (TB), which is a leading cause of mortality (1, 2). There is a strong synergy between HIV infection and TB, as PLHIV are at high risk of dying from TB, and HIV infection is the biggest risk factor for active TB incidence due to declining cellular immunity and increased endogenous reactivation of latent TB bacilli in the lungs (3, 4).

Globally in 2020, 1.2 million TB deaths from HIV-negative people and 208,000 deaths from HIV-positive individuals were reported (5). TB infection remains the leading cause of morbidity and mortality for PLHIV worldwide (6). In Sub-Saharan Africa (SSA) countries, the incidence of new TB-associated cases and new mortality cases were reported to be 2,017 cases/100,000 patients per year (7) and 25 cases/100 patients per year, respectively (8–10). Global TB reports of 2022 indicated that the African continent accounted for 1.5 million TB deaths, with 14.30% of those being co-infected deaths among PLHIV (1).

Previous studies have identified several factors contributing to mortality during TB/HIV co-infection, including missed isoniazid preventive therapy (IPT), poor adherence to antiretroviral therapy (ART), acute malnutrition, late diagnosis, the influence of HIV on clinical presentation and diagnosis, immune reconstitution inflammatory syndrome (IRIS), interruptions in drug treatment, and loss to follow-up (LTFU), presence of multiple comorbidities, hepatotoxicity, low body mass index (BMI), and poor medication adherence, were prominent predictors for premature death among PLHIV (11–13). However, having a CD4 count of ≤200 cells/mL serves as a proxy indicator for premature death during twine infection (during TB and HIV co-infection) (6, 14). The finding of a previous retrospective cohort study involving 4,210 co-infected patients in Ethiopia revealed that more than 72.1% of death cases occurred when the CD4 count was ≤200 cells/mL (15).

Reducing mortality during co-infection can be achieved by implementing effective public health policies, such as comprehensive case screening and timely treatment, along with nutritional counseling (3, 16), and concurrent administration of IPT with highly active antiretroviral therapy (HAART) could decrease active TB occurrences by ≥90% (17). However, perceived stigma during health care provision was attributed to 63.7% incidence of common mental health disorders, indirectly contributing to loss to follow-up and premature death (16, 18, 19). In Ethiopia, deaths from the co-infection varied both at the population level and across each region, with 23.01 cases per 100 person-years in Tigray for adults (20), 17.15 cases per 100 person-years for children in Southern Ethiopia (21), and 10.9 cases per 100 person-years in Amhara region (17).

In Ethiopia, despite improvements in ART coverage, implementation of IPT, and collaborative efforts in TB/HIV management, the rates of co-infection and associated mortality remain high. Limited systematic review and meta-analysis studies exist on the mortality for TB/HIV-co-infected population in Ethiopia, and there is a lack of aggregated data on TB-associated mortality during co-infection; this meta-analysis aimed to estimate the pooled TB-associated mortality and identify risk factors for people living with HIV in Ethiopia. This systematic review and meta-analysis report provide evidence on TB mortality rates in both adults and children, regional estimates of mortality rates, and associated risk factors for vulnerable populations.



Methods


Study setting and periods

This systematic review and meta-analysis study was conducted from 1 January 2013 to 30 December 2022 over a 10-year-period in Ethiopia. The study covered nine regions in Ethiopia, namely, Tigray, Afar, Amhara, Oromia, SNNR, Somalia, Gambella, Benishangul Gumuz, and Harari, and two city administrative areas (11).



Protocol registration and searching strategy

Based on the information provided, the protocol of the study can be accessed through the following web address: https://www.crd.york.ac.uk/prospero/#recordDetails. The protocol registration number for the study is CRD42024509131. The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA-2020) guideline has been utilized to report the findings of this study (Supplementary Table S1) (22).



Eligibility criteria


Inclusion criteria

This systematic review and meta-analysis report included articles with defined outcomes of any type of TB-associated death among PLHIV based on the following inclusion criteria: (1) scientific papers reporting co-infections of TB and HIV leading to death among PLHIV in Ethiopia; (2) articles containing defined estimates of death, including either incidence proportion or prevalence proportion of TB and HIV co-infection in their final reports; (3) observational studies (including cross-sectional, cohort, and case control studies) published in English, without time restrictions; and (4) study subjects including either young adults or adolescents or adult population living with HIV in Ethiopia. Only studies that met the inclusion criteria were eligible for this meta-analysis.



Exclusion criteria

Studies that reported lacking abstracts and/or full-text, anonymous reports, editorials, and qualitative studies were excluded from the analysis. Furthermore, before the analysis, unfitted articles without a journal name and/or author, articles that lacked the year of publication, and those with citations but without abstracts and/or full text available were excluded from the final meta-analysis.




Outcome ascertainment

This systematic review and meta-analysis had two main objectives. The first objective was the estimation of the proportion of death during TB and HIV co-infection (TB can be PTB or EXPTB) among HIV-infected population after HIV care was started in Ethiopia. The second objective was identifying risk factors for death during co-infection treatment, which was achieved by collecting significant predictors reported in the included studies with their adjusted odds ratio and their respective 95% CIs extracted and then calculated during the meta-analysis.



Information sources for articles searching

Articles were retrieved from seven databases, namely PubMed (N = 784), Scopus (N = 68), MEDLINE (N = 43), Web of Science (N = 39), HINARY (N = 161), Google Scholar (N = 70), and African Journal Online (N = 22), without time restriction for inclusion. However, the search was limited by studies conducted in Ethiopia and articles published only in the English language.



Data searching

The search strategy employed included specified eligible criteria and the following MeSH terms: (1) mortality, (2) incidence, (3) tuberculosis, (4) HIV infection, (5) individuals, (6) children, (7) adults, and (8) Ethiopia; the included articles were extracted. The authors employed the following search terms to retrieve relevant studies from databases: “Epidemiology” OR “prevalence” OR “Incidence” AND “Death,” OR “Mortality,” OR” Case fatality” AND “Tuberculosis,” OR “Pulmonary TB,” OR “Disseminated TB,” OR “TB lymphadenitis,” AND “HIV,” OR “AIDS,” AND “Children” OR “Pediatrics” OR “Infant” OR “Adult” OR “Population” AND “Ethiopia.” The search process involved three authors (FK, DT, and TK) who selected the most pertinent studies based on predefined criteria.



Quality assessment and appraisal procedures

Four authors (FK, BB, SA, and AA) independently extracted the data and evaluated the quality of each study by determining the eligibility of the titles and abstracts of the studies after removing duplicates. Any disagreement or uncertainty that arose during the article extraction process was resolved by discussion. These reviewers assessed the full-text of the studies; if one or more of them believed a study could be significant, it qualified for inclusion after the study was carefully examined for its titles, abstracts, and full text. Three authors (MW, NS, and BB) used a Microsoft Excel spreadsheet to extract the specifics of each study. After through discussion with a third-party reviewer (FK and AA), the disagreement during data extraction was resolved by consensus. All eligible studies were approved with the agreement of all authors, and any differences were worked out through discussion until a consensus was reached. Following the agreement, information about principal investigators, year of publication, study period, study setting, study population, and sample size was retrieved from the identified articles. The authors of the study conducted a comprehensive assessment of the risk of bias in all included studies. This assessment was performed by SA, TK, and BB and involved evaluating and screening the studies. The Joanna Briggs Institute of Critical Appraisal (JBI) checklist was utilized to evaluate the quality of the studies, and the findings from this assessment were incorporated into the final meta-analysis. To gather the relevant published article citations, the authors employed Endnote version 8 and exported and collected all potentially suitable citations, ensuring that any duplication was removed during the selection and screening processes. A team of five independent reviewers (FK, BB, NS, MW, and TK) first reviewed the abstracts of the publications to determine their suitability. Subsequently, they evaluated the full-text articles. The quality of the included articles was assessed using the JBI checklist for cohort-study design evaluation criteria, which consists of 11 critical appraisal criteria for each eligible article (Supplementary Table S3). During the process of screening articles for eligibility, any disagreements regarding the critical appraisal were resolved through discussion among the assigned reviewers.



Data synthesis and analysis procedures

After cleaning and modifying the extracted data on a Microsoft Excel spreadsheet, we employed STATA version 17 for further descriptive statistics, fixed effects regression, and random-effect regression to present the results of pooled TB-associated deaths for PLHIV (23). The I2 statistics and Cochran’s Q test were utilized to detect the degree of heterogeneity and elaborate on heterogeneity among studies, respectively (24). The source of heterogeneity among the included studies was further examined using the subgroup analysis and sensitivity test (23). The estimated risk factors obtained from each eligible study were combined and determined as a single estimated risk factor after performing a random effect meta-analysis regression analysis for TB-associated mortality among PLHIV in Ethiopia (23).



Publication of biases and sensitivity analysis

The publication biases were assessed by inspecting funnel plots of the shape of the graph and quantitatively using Egger’s weighted regression test of a p value of <0.1 (23, 25, 26). The subgroup analysis was also conducted based on predefined themes such as study facilities (health center and hospital setup, study regions, and study population) for identifying further sources of heterogeneity and final policy implication based on the findings.




Results


Study screening process

A total of 1,196 published articles were extracted from seven international electronic databases: Scopus (N = 68), PubMed (N = 784), MEDLINE (N = 43), Web of Science (N = 39), HINARY (N = 161), Google Scholar (N = 70), and African Journal Online (N = 22). Additionally, manual searching was employed, resulting in the identification of 11 articles using snowball techniques. After removing 873 duplicates, we assessed 323 articles. Among these articles, 195 were excluded based on titles and abstracts. We then screened the full text of the remaining 128 articles and excluded 51 due to unclear methodology, 21 for not reporting the overall mortality rate, 19 because the full text was inaccessible, 12 for not having reported multivariable analysis, and three articles for other reasons. Finally, 22 individual studies met the inclusion criteria for the meta-analysis shown in the PRISMA flow diagrams (5, 7, 27–44) (Figure 1).

[image: Figure 1]

FIGURE 1
 PRISMA flow diagram for articles searching diagram.



Description reports of included studies

The included studies were extracted from six Ethiopian regions. Accordingly, five were from Amhara, five were from SNNR, three were from Oromia, three were from Tigray, three were from Harari, two were from Addis Ababa, and one was from a national-level (5, 7, 27–44) study. The smallest sample size was 169 from the Amhara region (28), and the largest number of participants was 1,123 from Addis Ababa (38).

Among the included studies, only nine (40.1%) were conducted on the adult population, whereas the remaining 8 (36.6%) and 5 (22.8%) studies involved children and both adult and children populations, respectively. More than half of the included studies, i.e., 81.5%, employed cohort study designs, and the remaining used cross-sectional designs with the study period ranging from 1 year (42) to 12 years (28) (Table 1).



TABLE 1 Characteristics of included articles for TB associated death for PLHIV in Ethiopia.
[image: Table1]




Tuberculosis associated mortality

In the final meta-analysis, a total of 22 individual studies were included and a total of 9,856 cases of TB and HIV co-infection were screened, which reported 1,296 co-infected deaths. The overall pooled proportion of TB-associated mortality among people living with HIV (PLHIV) was found to be 16.2% [95% CI: 13.0–19.2, (I2 = 92.99%, p = 0.001)] (Figure 2).

[image: Figure 2]

FIGURE 2
 Forest plot for the polled tuberculosis-associated death of PLHIV in Ethiopia.




Subgroup analysis

In the subgroup analysis, TB-associated mortality rates varied across each region, with the estimated rates being 21.1% (95% CI: 18.1–28.0, I2 = 84.4%) in Amhara, followed 19% (95% CI: 15–22, I2 = 56.95%) in Oromia, 19% (95% CI: 12.01–25, I2 = 6.64%) in Tigray, 16% (95% CI: 12.01–20, I2 = 76.44%) in SNNR, and 10% (95% CI: 6–13, I2 = 81.6%) in Harari, which had the lowest mortality rate compared to other regions (Figure 3).
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FIGURE 3
 Subgroup analysis by study regions for tuberculosis-associated death of PLHIV in Ethiopia.


Similarly, the subgroup analysis based on the study subjects was higher in adults with 17% (95% CI: 12–21.01, I2 = 93.4%) than in studies that included both adult and children participants with 16% (95% CI: 10–20.01, I2 = 96.4%) and children alone with 15% (95% CI: 13–17, I2 = 0.001%), respectively (Figure 4). In addition, based on the study setting, a higher proportion of TB-associated mortality of 17% (95% CI: 14–19, I2 = 93.8%) was observed among studies conducted in hospital settings compared to those conducted in health centers, which reported 14% (95% CI: 10.0–17.01, I2 = 0.001), and in hospital setups, which reported 12% (95% CI: 7–17, I2 = 0.001%).

[image: Figure 4]

FIGURE 4
 Subgroup analysis by the study population for tuberculosis-associated death for PLHIV.



Publication bias

The publication bias was assessed using funnel plots, as well as quantitative methods such as Begg’s and Egger’s tests (45, 46). The final publication result indicated no evidence of publication bias, and all studies were included in the plots, suggesting no significant publication biases in both graphical and quantitative estimation (Figure 5).

[image: Figure 5]

FIGURE 5
 Publication bias assessment for TB-associated mortality of PLHIV in Ethiopia.





Sensitivity analysis

The sensitivity analysis showed that all studies were within the confidence interval bounds of the meta-regression, as shown in Egger’s (p = 0.01) and Begg’s tests (p = 0.01) with no significant publication bias.


Predictors for TB-associated death

In this systematic review, we categorized adjusted odds ratios from primary studies into themes to identify the risk factors for tuberculosis (TB)-associated mortality of PLHIV. Thus, TB-associated mortality was assessed mainly in four categorical themes, including WHO advanced clinical stages (III and IV), declining CD4 count (≤200 cell/mm2), missed IPT, and missed CPT. Accordingly, missed IPT, missed CPT, and WHO advanced clinical stages (III and IV) themes were significantly associated with mortality during co-infection (Table 2).



TABLE 2 Random effect meta-regression of factors associated with TB-associated death of PLHIV in Ethiopia.
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Effects of advanced clinical stages on TB-associated death

We analyzed 11 studies (7, 20, 30, 31, 33, 36, 37, 39, 42, 47, 48) that examined the association between WHO clinical stages (III and IV) and TB-associated mortality among 3,737 participants. The results indicated that participants in the advanced WHO clinical stages III and IV had an increased risk of TB-associated death compared with their counter groups [OR = 3.01 (95% CI: 1.9–4.7)] with (Tau2 = 0.45, I2 = 89.5%, p = 0.001) (Figure 6).

[image: Figure 6]

FIGURE 6
 Association of WHO Clinical Stages III&IV with TB associated mortality for PLHIV in Ethiopia.




Effects of missed IPT on TB-associated death

We identified four published articles investigating the association between missed isoniazid preventive therapy (IPT) and TB-associated death. Three of these studies reported a significant risk of TB-associated death with missing IPT, while one study found no significant association. A meta-regression analysis involved 1,200 study participants, and the meta-analysis revealed that PLHIV who missed IPT had a 2-fold risk of TB-associated death compared to those who received IPT [OR = 1.8 (95% CI: 1.46–2.31) with (I2 = 96.6%, p = 0.001)] (Figure 7).

[image: Figure 7]

FIGURE 7
 Association between missed IPT and TB associated death for PLHIV in Ethiopia.




Effects of missed CPT on TB-associated death

The association between missed CPT and TB-associated death was examined in five studies (5, 20, 29, 36, 37, 40) involving 2,229 participants. Five studies reported a significant association with missed CPT, and the final meta-regression analysis revealed that missed CPT doubled (OR: 1.89, 95% CI: 1.05–3.42) the risk of mortality (I2 = 93%, p = 0.035) (Figure 8).

[image: Figure 8]

FIGURE 8
 Association between missed CPT and TB associated death for PLHIV in Ethiopia.




Effects of declining CD4 count on TB-associated death

A total of six studies (7, 30, 37, 40, 42, 43) investigated the impact of declining CD4 count on TB-associated mortality among PLHIV. The final meta-regression analysis revealed no significant association between CD4 count ≤200 cells/mL and increased mortality risk (OR = 2.18, 95% CI: 0.97–3.08; I2 = 82.8%, p = 0.064).





Discussion

In the final report of this systematic review and meta-analysis, we included 22 published studies, encompassing a total of 9,856 cases of TB and HIV co-infection. Among these cases, a total of 1,296 deaths were reported. The highest mortality was observed in the Tigray region (30) and the lowest mortality in Addis Ababa city (27). The overall pooled proportion report of TB-associated death in Ethiopia was estimated at 16.2% (95% CI: 13.0–19.2) (I2 = 92.99%, p = 0.001). This finding is significantly higher than the previous meta-analysis that reported 4.3% in South Africa (19), 9.2% in Amsterdam (49), and 11.1% in England (50), and 2.8% in the Netherlands (51). The possible reason for the estimated difference is poor screening and diagnosis of TB by healthcare providers during successive follow-ups for PLHIV, poor adherence to treatment guidelines, low completion rate for IPT among patients during successive follow-ups, and reports of higher mortality compared with the developed nations (3). Conversely, the estimated proportions of TB-associated mortality are lower than those reported elsewhere in systematic review reports: 17.7% in Geneva (6) and 40.1% in London (52). This difference may be attributed to differences in the included studies and recruitment study periods. Furthermore, the possible reason for the estimated difference between the two countries might be the effect of poor screening and diagnostic ability of TB by healthcare providers among suspected PLHIV in Ethiopia compared to the highly sophisticated diagnosing equipment for TB detection available in countries such as Geneva and London.

In this report, the observed heterogeneity among studies during the meta-analysis report was assessed by using a subgroup analysis, including predetermined themes of study region, population, and follow-up time. Accordingly, the Amhara region had the highest proportion of TB-associated mortality at 21.1% (95% CI: 18.1–28.0, I2 = 84.4%, p = 0.001) compared to Addis Ababa, which had 8% (95% CI: 1.1–15, I2 = 87.6%, p = 0.001). This difference may be attributed to the ongoing civil war in the Amhara region since July 2021, leading to the loss of life and displacement of more than 1.4 million population who ended up living in slums and destitution, including PLHIV, where, tuberculosis fatality and transmission dynamics are high (53, 54).

In this review, factors associated with TB-associated mortality for PLHIV were identified from aggregated studies; patients who missed CPT experienced a two-fold increase in mortality risk compared to those who received CPT during follow-up periods (AHR = 1.89, 95% CI: 1.05–3.42, I2 = 93%, p = 0.03). This finding is consistent with the findings of previous primary studies (3, 5, 20, 29, 36, 37, 40) and meta-analyses reported by universities in Gondar (55) and Debre Markos (56). This consistency in findings may be attributed to cotrimoxazole, which is an effective drug against the incidence of lethal opportunistic infections, including TB, which can increase immunosuppression and mortality risk.

This systematic review found that PLHIV co-infected with TB and in advanced WHO clinical stages (III and IV) had 3.01 times increased risk of death compared to those in stages I and II (AHR = 3.01, 95% CI: 1.9–4.7). This finding is consistent with previous reports from universities in Debre Markos (57), Gondar (10), and Addis Ababa (58). This association might be related to PLHIV who developed TB commonly at the advanced WHO clinic stages, leading to a higher risk of having a reduction in CD4 count and decreased cellular immunity. This decline accelerated the existence of rapid viral replication and indirectly contributed to the increased likelihood of premature mortality among PLHIV.

The final report of this meta-analysis revealed that PLHIV who missed IPT had a significant risk of mortality during TB co-infection disease courses. Accordingly, TB-associated mortality showed a two-fold increase for those who missed IPT as compared to those who completed IPT during successive follow-ups of care (AHR = 1.8: 95% CI 1.46–2.32). This finding aligns with the findings of a previous meta-analysis conducted in Ethiopia (10, 57) and is supported by previous premier studies (59–61). In line with the above finding, the concomitant use of IPT with ART administration has been shown to reduce or demote new cases of TB incidence and associated deaths by over 90% among PLHIV (10). However, factors such as IRIS, inadequate screening by a caregiver, low IPT completion, and poor comprehensive care during successive follow-ups have been associated with poor treatment outcomes.

In contrast to previous systematic review findings (6, 14, 15, 52, 55) and primary studies (6, 7, 14, 15, 30, 37, 40, 42, 43, 52, 55), this meta-regression found no significant association between declined CD4 count (≤200 cells/mL), age of patients, duration of follow-up, comorbidity status, and body mass index with the risk of death during TB and HIV co-infection treatment (AHR = 2.18, 95% CI: 0.97–3.08, I2 = 82.8%, p = 0.064). This lack of association might be related to the methodological differences, heterogeneity of included studies and populations, sample size limitations, publication bias, and unaccounted factors, and further experimental studies are highly needed to understand this relationship better.


Strengths and limitations of the study

The strengths of this study included a comprehensive search and involvement of multiple authors. In addition, it included 22 studies with 8,315 TB-HIV co-infected cases, providing valuable mortality screening data for national-level representation. However, it is important to consider the limitation that the majority of the studies employed a retrospective nature of data collection and thus were limited to specific regions in Ethiopia, which may impact the generalizability of the results.



Conclusion and recommendations

In Ethiopia, the mortality rate among individuals co-infected with TB and HIV is notably high, with nearly one-fifth of individuals (16%) succumbing during co-infection, which is higher compared to other African countries. Risk factors for death during co-infection were identified; the included studies examined advanced WHO clinical stages IV and III, hemoglobin levels (≤10 mg/dL), missed isoniazid preventive therapy (IPT), and missed cotrimoxazole preventive therapy (CPT) as predictors. To reduce premature deaths, healthcare providers must prioritize active TB screening, ensure timely diagnosis, and provide nutritional counseling in each consecutive visit.
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Background: Voluntary counseling and testing for HIV has proven to be a highly effective and cost-efficient approach in many locations, yielding excellent results. It serves as a gateway to a range of HIV-related services, including the provision of antiretroviral drugs. Therefore, this study was aimed to assess the willingness toward VCT and associated factors among TB infected patients at Public Hospitals in Addis Ababa, Ethiopia; 2023.

Methods: A facility-based cross-sectional study was undertaken at public hospitals in Addis Ababa from 1st to 30th of March 2023 with 235 participants using systematic random sampling. Trained data collectors employed a pretested data extraction tool for information gathering. Variables with p-value less than 0.05 in the multivariable logistic regression were considered statistically significant.

Results: The prevalence of willingness toward VCT among TB infected patients was (78.3, 95%CI: 72.8, 83.4). Individuals with a primary education level (AOR: 6.32; 95%CI: 1.65, 24.25), government employees (AOR: 5.85; 95%CI: 1.78, 19.22) and private employees (AOR: 3.35; 95%CI: 1.12, 10.01), good knowledge of VCT (AOR: 3.12; 95%CI: 1.36, 7.16), perceived a higher risk (AOR: 6.58; 95%CI: 2.44, 17.73) and perceived stigma (AOR: 14.95; 95%CI: 4.98, 44.91) were factors associated with willingness toward VCT.

Conclusion: The proportion of Tuberculosis infected patients expressing willingness toward Voluntary Counseling and Testing in this study was higher than in previous studies, it falls below the UNAIDS target of 90% of people knowing their HIV status. Notably, factors such as level of education, occupation, knowledge, perceived risk, and perceived stigma emerged as independent factors significantly associated with the willingness of TB-infected patients to undergo VCT. These findings underscore the importance of considering socio-demographic characteristics, knowledge levels, and psychosocial factors in designing strategies to enhance VCT acceptance among TB-infected individuals.
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Background

The World Health Organization (WHO) estimates that around one-third of the world’s population is infected with Mycobacterium tuberculosis, resulting in nearly 8.7 million incident cases of tuberculosis (TB) and approximately 1.4 million deaths (1). Notably, TB remains the leading cause of death among individuals living with HIV/AIDS (PLWHA) (2). These statistics underscore the pervasive impact of TB on a global scale and emphasize the critical association between TB and HIV/AIDS. Comprehensive strategies are necessary to address both diseases concurrently and effectively combat their public health implications.

The primary cause for the failure to achieve TB control targets in regions with a high prevalence of HIV is attributed to HIV infection itself. HIV infection is associated with a progressive decline in immune response and contributes to the pathogenesis of TB. This heightened susceptibility increases the risk of co-infection, leading to a more frequent occurrence of extra-pulmonary disease (3). Individuals infected with both HIV and TB face a higher annual risk of reactivating TB infection, estimated at 7–10%, compared to the 10% lifetime risk in those who are HIV-seronegative (4). To effectively address TB in regions with a high prevalence of HIV, the Stop TB strategy necessitates the implementation of collaborative TB/HIV activities within the country (3, 5). This collaborative approach is crucial for achieving successful control measures in the context of coexisting HIV and TB epidemics.

Globally, only 20% of individuals living with HIV are aware of their status, and just one in four people estimated to be co-infected with HIV and TB are identified and treated for both diseases (6). In response to this challenge, UNAIDS established the 90–90-90 targets in December 2013. These targets aim for 90% of people to be aware of their HIV status, with 90% of those individuals being connected to care, and ultimately, 90% achieving viral suppression (7). These targets set by UNAIDS reflect a comprehensive approach to improving awareness, access to care, and treatment outcomes for individuals affected by HIV, particularly those co-infected with TB.

The implementation of voluntary counseling and testing (VCT) for human immunodeficiency virus (HIV) has yielded excellent results in various locations. This approach is not only cost-effective but also serves as a gateway to accessing a range of HIV-related services, including the provision of antiretroviral drugs (8). As HIV/AIDS continues to spread globally, VCT have become integral components of efforts to prevent and control the impact of HIV (9). This underscores the significance of VCT as a pivotal strategy in the broader framework of HIV prevention and management initiatives.

In this approach, fundamental principles such as confidentiality, consent, and counseling remain crucial, and the standard pre-test counseling employed in VCT is adjusted to ensure informed consent without a comprehensive education and counseling session (10). In order to obtain informed consent, individuals must be aware of several key aspects: (i) the clinical and preventive advantages of testing; (ii) their right to refuse the test; (iii) the subsequent services that will be provided; and (iv) the significance of sharing test results with a partner in the event of a positive outcome (11). This emphasizes the importance of ensuring that individuals undergoing HIV testing are well-informed and empowered to make decisions regarding their healthcare.

Counseling and testing for HIV not only offer opportunities for preventing and treating HIV infections but also play a crucial role in the care of HIV patients. Moreover, during counseling and testing visits, there is a substantial demand for the co-management of TB-HIV cases (12). Obtaining information about the prevalence of HIV among TB patients is vital for addressing the growing demand for HIV/AIDS care and support, including the administration of antiretroviral therapy (ART), for individuals co-infected with HIV and TB (3). This underscores the importance of integrated approaches to address the dual challenges of TB and HIV within affected populations.

Conducting routine HIV testing for all patients in settings with generalized HIV epidemics is recommended due to the potential benefits of early diagnosis. This approach can help prevent morbidity, mortality, and sustained transmission by enabling the initiation of cotrimoxazole prophylaxis and timely antiretroviral treatment (ART) (13). Both the World Health Organization (WHO), the Joint United Nations Program on HIV/AIDS (UNAIDS), and the International Standards for TB Care endorse the provision of counseling services and HIV testing for every TB patient, particularly in countries with a high prevalence of HIV infection, exceeding 1% of the general population (14–16). This underscores the global recognition of the importance of integrated strategies in managing both HIV and TB for improved health outcomes (17, 18).

Presently, there is a lack of robust data on routine HIV testing and counseling of TB patients, highlighting the need for obtaining reliable information (19, 20). One suggested approach to address this issue is strengthening routine data through periodic surveys (21, 22). In numerous countries, the HIV prevalence among TB patients serves as a dependable indicator reflecting the spread of HIV into the general population (23–25). This study finding offer valuable insights for healthcare providers and policymakers to improve integrated TB and HIV care in Addis Ababa. Therefore, this study aimed to assess the willingness of TB patients toward VCT at Public Hospitals in Addis Ababa.



Materials and methods


Study design, area and period

A facility-based cross-sectional study was undertaken in the city of Addis Ababa, the capital of Ethiopia. Addis Ababa boasts a population of 2,738,248 million, experiencing an annual growth rate of 2.1%. The city is organized into 11 sub-cities and 99 kebeles, which represent the lowest administrative units within the urban structure. This study specifically focuses on 12 public hospitals situated in Addis Ababa, namely Tikur Anbessa Specialized Hospital, St. Peters Hospital, Alert Hospital, St. Paul Hospital Millennium Medical College, Zewditu Memorial, Yekatit 12, Minilik II, Ras Desta Damtew Hospital, Tirunesh Beijing Hospital, Dejazmach Balcha Hospital, Torhailoch Hospital, Police Hospital, and Gandhi Memorial Hospital. The study period spanned from the 1st to the 30th of March 2023.



Populations

The source population for this study comprised all TB infected patients receiving care at public hospitals in Addis Ababa, while the study population encompassed a randomly selected subset of TB-infected patients at these public hospitals. All TB-infected patients in public hospitals in Addis Ababa were included in the study, with the exclusion criteria encompassing individuals who were unable to communicate effectively, those with severe illness, and pregnant women.



Sample size determination and sampling procedure

The sample size for the first objective was determined using the single proportion formula with the following assumptions: a proportion level (“p”) of 73%, a 95% confidence level, and a 5% margin of error (degree of precision, “d”). The standard normal value at a 95% confidence level (Z ± α/2) was considered as 1.96. Applying these values to the formula, the initial sample size was calculated to be 303. Given that the average number of TB patients with follow-up in public hospitals in Addis Ababa is 710, and recognizing that the total source population is less than 10,000, a correction formula was applied, resulting in a sample size of 213. Incorporating a 10% adjustment for potential non-response, the final sample size was determined to be 235 (213 + 22).

The five governmental hospitals in Addis Ababa, namely Menelik II Referral Hospital, Ras Desta Hospital, St. Paul Hospital Millennium Medical College, Yekatit 12 Hospital Millennium Medical College, and St. Peter Hospital, were chosen through a simple random sampling method. The sample size was allocated proportionally to each selected hospital. Subsequently, study participants were chosen using a systematic sampling method, where the sampling fraction was determined by the formula k = N/n, resulting in k = 470/235 = 2. The initial sample was randomly selected, and subsequent samples were obtained by adding the sampling fraction of 2.



Variables

The dependent variable for this study was willingness toward VCT and the independent variables were socio demographic factors (age, sex, residence, educational status, occupational status and estimated monthly income), self-perception (perceived risk, perceived stigma, perceived self-imagination and perceived support) and knowledge toward VCT.



Operational definitions


Good knowledge

The mean of correct answers was computed and those who score a value greater than or equal to the mean were considered knowledgeable (26).



Poor knowledge

The mean of correct answers was computed and those who score a value lower than or equal to the mean were considered knowledgeable (26).




Data collection tool and procedures

The data collection process involved face-to-face interviews utilizing pre-tested structured questionnaires. The questionnaire was developed after a thorough review of relevant literature, with necessary modifications (27–30). Initially prepared in English, it underwent translation to Amharic and subsequent translation back to English to ensure consistency. Six diploma nurses and two public health officers fluent in Amharic were recruited as data collectors and supervisors, respectively. The face-to-face interview technique was employed, following proper orientation for each participant regarding the study’s purpose and significance. Verbal consent was obtained before initiating the interviews, conducted at the participants’ residences.



Data quality assurance

To ensure data quality, the data collection tool underwent a meticulous development process, involving an extensive review of relevant literature and similar studies (31–34). The well-designed instrument was translated into Amharic and provided to data collectors and supervisors after proper training. The training, conducted over 2 days by the principal investigator, covered the study’s objectives, procedures, data collection techniques, interviewing skills, and data management procedures. A pre-test of the questionnaire was conducted on 5% of the samples at Zewditu Memorial Hospital 1 week before the actual data collection period. Based on the pretest results, necessary corrections were implemented to enhance clarity and improve question completion. Throughout the data collection period, daily reviews and cross-checks were performed to ensure the completeness and relevance of the collected data before the data entry process.



Data processing and analysis

Data coding, cleaning, and entry were carried out using Epi-data version 3.0.1, and the data were subsequently exported to the Statistical Package for the Social Sciences (SPSS) version 25.0. The dataset underwent additional recoding and cleaning procedures to address inconsistencies and missing values before the analysis. Descriptive statistics, including frequency distributions and mean values, were computed. The questionnaire included four questions with responses categorized as “Yes” or “No,” focusing on the study subjects’ knowledge about VCT.

Bivariate analysis was initially conducted to assess the association between independent variables and the dependent variable. Subsequently, both bivariate and multivariable logistic regression analyses were employed to identify factors associated with willingness toward VCT. The significance level was set at a p-value <0.25 with a 95% confidence interval (CI) for crude odds ratios (COR) during bivariate analysis and <0.05 with a 95% CI for adjusted odds ratios (AOR) during multivariable analysis. Finally, the study determined adjusted odds ratios (AOR) with 95% CI to identify factors significantly associated with willingness toward VCT, considering variables with a p-value <0.05 as statistically significant.



Ethical considerations

The study adhered to pertinent guidelines and regulations throughout all procedures. Ethical clearance was obtained from the Yekatit 12 Hospital Medical College ethical review board. Prior to participation, all individuals provided informed verbal consent.




Results


Socio demographic characteristics

The study included a total of 235 participants, achieving a response rate of 100%. The participants’ ages ranged from 23 to 45 years, with a mean age of 33 ± 7 years. A majority of the participants (54.5%) were below the mean age, and most of them (73.6%) were males. Regarding education, the majority (40.9%) had attained college and above, while a small proportion (8.9%) had no formal education (Table 1). The minimum and maximum estimated monthly income of the study participants was 500.00ETB and 20000.00ETB, respectively, with the mean of 9165.00 ± 5411.00 ETB (Table 1).



TABLE 1 Socio demographic characteristics of TB infected patients at public hospitals in Addis Ababa, Ethiopia; 2023.
[image: Table1]



Self-perception and related characteristics

In terms of self-perception, 160 (68.1%) of the study participants acknowledged a perceived risk of acquiring HIV infection. Additionally, 171 (72.8%) of the respondents had self-imagined scenarios related to HIV, and a substantial majority, 186 (79.1%), believed they would require support if diagnosed with HIV (Table 2).



TABLE 2 Self-perception and related characteristics of TB infected patients at public hospitals in Addis Ababa, Ethiopia; 2023.
[image: Table2]



Perceived stigma and related characteristics

In this study, 118 (50.2%) anticipated experiencing stigma if they tested positive for HIV. Therefore, the overall perceived stigma was 50.2%. Almost half of the study participants (118, 50.2%) fear social rejection. Similarly, 132 (56.2%) of the study participants feel an internalized stigma and 101(43.0%) feel perceived discrimination. Consequently, 126 (53.6%) of the study participants feel lack confidentiality and 133 (56.6%) feel gender based stigma (Table 3).



TABLE 3 Self-perception and related characteristics of TB infected patients at public hospitals in Addis Ababa, Ethiopia; 2023.
[image: Table3]



Knowledge on VCT

The majority of the study participants, 227 (96.6%), reported having information about VCT. In this study, 133 (56.6%) of the participants scored above the mean score in the knowledge assessment questions. Therefore, the proportion of TB-infected patients with good knowledge about VCT was 56.6% (95% CI: 50.2, 62.6). Among the respondents, 85 (36.2%) indicated that HIV testing is provided with counseling, and 26 (11.1%) stated that HIV testing is conducted voluntarily. Similarly, 32 (13.6%) of the participants were aware of the locations where VCT is provided, and 19 (8.1%) expressed the view that VCT is important for the prevention and control of HIV.



Health facility and related factors

More than half of the study participants (123, 52.3%) travel for less than half an hour to reach the nearest health facility. Similarly, 135 (57.4%) of the study participants have less than 10 kilometers between their home and the nearest health facility. In addition, 95 (40.4%) of the study participants perceived that, their home is very near to the nearest health facility (Table 4).



TABLE 4 Health facility and related characteristics of TB infected patients at public hospitals in Addis Ababa, Ethiopia; 2023.
[image: Table4]



Willingness toward VCT

In this study, 184 (78.3%) of TB infected patients were willing toward VCT. Therefore, the prevalence of willingness toward VC among TB infected patients at Public Hospitals in Addis Ababa was 78.3% (95%CI, 72.8, 83.4).



Factors associated with willingness toward VCT

The odd of the likelihood of having willingness toward VCT among TB infected patients who were studied primary education was six folds higher as compared with those who have no formal education (AOR: 6.32; 95%CI: 1.65, 24.25). Government employed TB patients were 5.85 times more likely to be willing toward VCT as compared with merchants (AOR: 5.85; 95%CI: 1.78, 19.22). Similarly, willingness toward VCT was 3.35 times higher among private employee TB infected patients as compared with merchants (AOR: 3.35; 95%CI: 1.12, 10.01). In addition, students were 3.71 times more likely to be willing toward VCT as compared with merchants (AOR: 3.71; 95%CI: 1.10, 12.49). The odd of the likelihood of having willingness toward VCT among patients who have poor knowledge on VCT was three folds higher as compared with the counterparts who have poor knowledge (AOR: 3.12;95%CI: 1.36, 7.16). TB infected patients who have perceived risk were6.58 times more likely to be willing toward VCT as compared with those who have no perceived risk (AOR: 6.58; 95%CI: 2.44, 17.73). In addition the odd of the likelihood of being willing toward VCT among TB infected patients who have perceived stigma was 15 times higher as compared with the counterparts who have no perceived stigma (AOR: 14.95; 4.98, 44.91) (Table 5).



TABLE 5 Factors associated with willingness toward VCT among TB infected patients at public hospitals in Addis Ababa, Ethiopia; 2023.
[image: Table5]




Discussion

The VCT stands out as a crucial tool in combatting the spread of HIV/AIDS and is recognized as a key element in HIV/AIDS prevention strategies (35–37). This study sought to assess the degree of willingness toward VCT among TB patients and explore the associated factors. Despite evidence from previous studies indicating low utilization of VCT services, especially in developing countries (38–41), this research aimed to delve into the levels of willingness and the factors influencing it among individuals with TB.

The study revealed that 56.6% (95%CI: 50.2, 62.6) of TB-infected patients possessed good knowledge about VCT. This finding aligns with a similar report from Ethiopia (42, 43). While the level of awareness may differ, reports from Nigeria and Tanzania have indicated a satisfactory level of knowledge regarding VCT (44–46). However, a community-based study in China identified a notable lack of knowledge about HIV and VCT (42), potentially attributed to variations in the socio-demographic characteristics, particularly educational levels, among the study participants.

The prevalence of willingness toward VCT among TB-infected patients at Public Hospitals in Addis Ababa was determined to be 78.3% (95%CI: 72.8, 83.4). This finding surpasses the results of a study conducted in Tanzania, where willingness stood at 30.3% (39). However, this proportion falls considerably short of the UNAIDS target, which aims for 90% of people to be aware of their HIV status. Numerous studies have highlighted the underutilization of VCT services in many developing countries, despite increased awareness of the benefits of testing (47, 48).

The level of education emerged as a significant factor associated with willingness toward VCT among TB patients. The odds of having willingness toward VCT among TB-infected patients who had received primary education were six times higher compared to those with no formal education (AOR: 6.32; 95%CI: 1.65, 24.25). Moreover, government-employed TB patients were 5.85 times more likely to express willingness toward VCT compared to merchants (AOR: 5.85; 95%CI: 1.78, 19.22). This finding aligns with a study in Zambia, suggesting that educated individuals, particularly women, may possess greater knowledge about VCT and understand the benefits of HIV testing (49). Additionally, results from other Sub-Saharan African countries have consistently shown that TB patients with a secondary education level or higher tend to be more knowledgeable about VCT (41, 50). These findings underscore the importance of education in promoting understanding and acceptance of VCT, as studies have indicated that insufficient awareness about VCT contributes to the reluctance of TB patients to undergo HIV testing (40, 41, 51).

Occupation was identified as a significant factor associated with willingness toward VCT among TB patients. TB-infected patients employed in the private sector were 3.35 times more likely to express willingness toward VCT compared to merchants (AOR: 3.35; 95%CI: 1.12, 10.01). Moreover, students demonstrated a 3.71 times higher likelihood of being willing toward VCT compared to merchants (AOR: 3.71; 95%CI: 1.10, 12.49). This association may be attributed to mandatory testing during employment, which could prompt job applicants to seek knowledge about their HIV status or those with the potential to be diagnosed as HIV positive (52). Additionally, employees and students might have better access to information about HIV, encouraging TB-infected patients to be more willing to undergo VCT.

Knowledge was identified as a significant factor associated with willingness toward VCT. The likelihood of being willing toward VCT among patients with poor knowledge on VCT was three times higher compared to those with good knowledge (AOR: 3.12; 95%CI: 1.36, 7.16). This finding aligns with a study conducted in North West Ethiopia (53). The result supports the notion that individuals seeking VCT may have greater exposure, information, and knowledge about HIV/AIDS before visiting VCT centers (15). This underscores the importance of health education and counseling sessions in disseminating information, suggesting that including relevant topics in these sessions and maintaining continuous mass media activity could enhance knowledge and willingness toward VCT.

Perceived risk was identified as a significant factor associated with willingness toward VCT among TB patients. TB-infected patients who perceived a risk were 6.58 times more likely to be willing toward VCT compared to those who perceived no risk (AOR: 6.58; 95%CI: 2.44, 17.73). This finding is consistent with a study conducted in North West Ethiopia (53). It emphasizes the importance of individuals’ perception of their own risk as a motivating factor for their willingness to undergo VCT, suggesting that interventions should address and enhance individuals’ awareness of the potential risks associated with HIV.

The likelihood of being willing toward VCT among TB-infected patients who perceived stigma was 15 times higher compared to those who had no perceived stigma (AOR: 14.95; 4.98, 44.91). This finding aligns with a study conducted at the National Hospital Ambulatory Medical Care (54). The reluctance to undergo HIV testing may be linked to the potential consequences, such as loss of relationships, employment, housing, and other forms of stigmatization upon discovering a positive result. This fear of stigma can act as a significant barrier to HIV testing (55, 56).


Limitation of the study

It’s important to note that this study’s cross-sectional design does not establish a cause-and-effect relationship, and being a facility-based study limits its generalizability to the broader community. Consistently, this study did not assess HIV serostatus result of the study participants and their CD4 cell count.




Conclusion

Despite a higher proportion of TB-infected patients expressing willingness toward VCT, the rates fall below the UNAIDS target of 90% of people knowing their HIV status. Factors such as level of education, occupation, knowledge, perceived risk, and perceived stigma were identified as independent factors associated with willingness toward VCT. To meet WHO standards for HIV testing, it is crucial for the government to implement strategies aimed at providing information, especially to those with lower levels of education. These efforts can contribute to achieving higher rates of awareness and acceptance of VCT services among TB patients.
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Eastern 20) 2(100) 0(0) 2(100) 0(0)
Mediterranean 1(15) 1(100) 0(0) 1(100) 0(0)
Southeast Asia 66(100) 56(84.9) 10(15.1) 42(933) 367
South America
Total
Refugee category 52(78.8) 43(827) 9017.3) 025" 33917 363) 1.000"
GARs 10(15.2) 10 (100) 0(0) 6(100) 0(0)
PSRs 46 3(75) 105) 3(100) 0(0)
Refugee claimants 66(100) 56(84.9) 10(15.1) 42(933) 367)
Total
Arrival year 30 (45.4) 24(30) 6(20) 038 20(909) 200 052
2017 17(257) 13.(765) 4(235) 13.(100) 0(0)
2018 9(13.7) 9(100) 00) 6(857) 10143)
2019 9(13.7) 9(100) 00) 3(100) 000)
2020* 1015) 1(100) 00) 000) 00
2021 66 (100) 56(84.9) 10(15.1) 42(933) 3(67)
Total
LTBI treatment chosen n (%) Completed n (%) Not completed 7 (%) prvalue
3HP 2044 2(100) 00) 047°
3HR 3(67) 3(100) 00)
9H 28(62.2) 26 (92.9) 2(7.1)
4R 12(26.7) 11(91.7) 1(83)
Total 45 (100) 42(93.3) 3(67)

“Countries of origin regrouped by WHO regions for clarty but included Exritrea, Somalia, Sudan, Burundi, Syria, Ethiopia, the Democratic Republic of Congo, Kenya, Columbia, Uganda,
Tanzania, Nepal, Syria, Niger, Thailand, Pakistan, and Irag

“Significant decrease in the number of new arrivals after March 2020 due to the COVID-19 pandemic. Numbers increased back to pre-pandemic levels in the last quarter of 2021 and early
2022 after the study period.

sher-Freema-Halton Test.

“Fisher's Exact Test WHO = World Health Organization, GARs = Government- Assisted Refugees, PSRs

ivate-Sponsored Refugees.
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Variable LTFU (n) Total (n) Total follow-up LTFU rate (per 1,000

(years) person-years)
Age
<20 4 203 1164 344
20-34 59 1,499 863.8 68.3
3549 0 229 13548 143
50-64 116 3995 2289.2 50.7
265 17 6,949 34586 338
Sex
Male 216 8,976 4860.3 444
Female 140 5,966 32226 434
BMI
Underweight (<18.5kg/m?) 73 2472 12245 596
Normal or overweight (18.5-25kg/m?) 227 10,213 5596.9 40.6
Obesity (>25kg/m?) 56 2,257 1261.5 “e
Family
Living with family 176 9,190 5096.0 345
Living alone 180 5752 2986.8 60.3
Alcohol habit
No drinking or social drinking 318 13,986 7565.6 420
Heavy drinking. 38 956 517.2 735
Smoking
Non-smoker 214 8,996 47728 448
Ex-smoker 60 2946 1578.1 380
Current smoker 82 3,000 17319 473
Comorl
DM 65 3,043 1583.5 410
chronic pulmonary disease 9 781 4056 22
Cardiovascular disease 7 853 4145 169
Chronic liver disease 12 334 1839 65.3
Chronic renal disease 12 549 2195 81
Chronic neurologic disease 20 1,437 6353 315
Malignancy 43 1,390 687.1 626
Autoimmune disease 5 174 1003 198
Nationality
Korean 280 14,360 77754 36.0
Foreign 76 582 307.5 472
Symptoms
Asymptomatic patients 15 4,674 2570.1 4“7
Patients with TB-related symptom 241 10,268 55127 57
Cough/sputum 107 5,401 29583 362
Dyspnea 46 2614 12684 363
Chest pain 20 1150 629.7 318
Hemoptysis 15 600 3415 439
Fever 41 1976 1001.6 409
General weakness 20 744 3204 624
Weight loss 21 1,096 6146 342

Past TB history

New patients 277 12,600 6744.8 411
Relapse 44 1953 11372 387
Previous unfavorable outcome (LTFU or
23 195 108.1 2128
failure)
Uncertain® 12 194 927 1294
Results of microbiological examinations
Smear (+), bacteriologically confirmed
62 3,630 1960.8 316
PTB
Smear (<), bacteriologically confirmed
%2 5422 28941 318
PTB
Clinically diagnosed PTB. 74 2378 1255.7 589
EPTB 128 3512 19723 649
Resistance pattern and regimen type
DS-TB, standard regimen 302 13,194 7071.8 27
DS-TB, modified regimen 39 1,070 576.2 67.7
Hr-TB 15 678 4347 345

Patients with unknown TB history or patients with past TB history whose treatment outcome was uncertain. LTEU, loss to follow-up; TB, tuberculosis; HR, hazard ratio; CI, confidence
interval; BMI, body mass index; DM, diabetes mellitus; PTB, pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis; DS-TB; drug-susceptible tuberculosis, Hr-TB, isoniazid mono-
resistant tuberculosis.
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Variable Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Age

<20 1 1

20-34 197 (0.72-5.41) 0.187 120 (0.43-3.31) 0729

3549 1.27 (0.46-3.48) 0.643 1,06 (0.38-2.92) 0917

50-64 142(0.53-3.85) 0.485 136 (0.50-3.72) 0553

265 0.86 (032-232) 0.766 107 (0.39-2.94) 0.903
Sex

Male 1 1

Female 0.99 (080-1.22) 0.902 1.02(0.82-1.27) 0843
BMI

Underweight (<18.5kg/m?) 133 (1.03-1.74) 0.031 147 (1.12-1.92) 0,005

Normal or overweight (18.5-25.0kg/m) 1 1

Obesity (225.0kg/m?) 112(0.83-1.50) 0.461 109 (0.81-1.47) 0564

Living with family 1 1
Living alone 169 (1.37-2.08) <0.001 143 (1.16-1.76) 0.001
Alcohol habit
No drinking or social drinking 1 1
Heavy drinking 173 (1.23-2.42) 0.001 167 (1.16-2.39) 0,005
Smoking
Non-smoker 1
Ex-smoker 0.85 (0.64-1.13) 0.262
Current smoker 110 (0.86-1.42) 0.444
Comorbidities
DM 0.8 (067-1.15) 0339
Chronic pulmonary disease 047 (024-090) 0,023 0.62(0.32-1.21) 0.162
Cardiovascular disease 0.33(0.16-071) 0.004 047 (0.22-0.99) 0047
Chronic liver disease 145 (0.82-2.57) 0.206
Chronic renal disease 092 (052-164) 0.776
Chronic neurologi 0.60 (038-094) 0.026 0.76 (0.48-1.21) 0.250
Malignancy 134 (0.97-1.84) 0072 149 (1.07-2.05) 0017
Autoimmune disease 0.8 (067-1.15) 0.339
Nationality
Korean 1 1
Foreign 7.11(550-9.18) <0.001 5.96 (451-7.89) <0.001
Symptoms
Any TB-related symptom (vs asymptomatic) 0.94(075-1.18) 0592
Cough/sputum 0.76 (0.60-095) 0.016 1.06 (0.83-1.35) 0.666
Dyspnea 0.72(053-098) 0,037 081 (058-1.11) 0.191
Chest pain 073 (0.46-1.14) 017
Hemoptysis 103 (0.61-1.72) 0.921
Fever 0.8 (0.64-122) 0437
General weakness 117 (0.75-1.83) 0.487
Weight loss 0.77 (049-1.19) 0.241
Past TB history
New patients 1 1
Relapse 0.95 (0.69-131) 0.756 0.98 (0.71-1.36) 0914
Previous unfavorable outcome (LTFU or
P 5.15(336-7.89) <0.001 443 (277-7.08) <0.001
Uncertain® 301 (167-5.43) <0.001 281(152-5.19) 0.001
Results of microbiological examinations:
Smear (+), bacteriologically confirmed PTB 0.96 (0.70-133) 0,809 0,87 (0.63-1.20) 0.400
Smear (=), bacteriologically confirmed PTB 1 1
Clinically diagnosed PTB 1.90 (1.40-2.59) <0.001 159 (1.16-2.18) 0.004
EPTB 209 (1.60-273) <0.001 201 (151-2.67) <0.001
Resistance pattern and regimen type
DS-TB, standard regimen 1 1
DS-TB, modified regimen 145 (1.04-2.03) 0.030 1,36 (0.94-1.95) 0.100
He-TB 0.83 (0.50-1.40) 0.488 0,86 (0.51-1.45) 0,560

Patients with unknown TB history or patients with past TB history whose treatment outcome was uncertain. LTEU, loss to follow-up; TB, tuberculosis; HR, hazard ratio; CI, confidence
interval; BMI, body mass index; DM, diabetes mellitus; PTB, pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis; DS-TB; drug-susceptible tuberculosis, Hr-TB, isoniazid mono-
resistant tuberculosis.
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Treatment LTFU group Univariable analysis Multivariable analysis®
success group (n=356)

& OR(95%Cl)  pvalue  adjustedOR  pvalue
iy ©5%CI)

Any consecutive interruption of
945 (9.1%) 187 (52.5%) 11,03 (8.87-1373) <0.001 13.09 (10.29-16.66) <0.001
anti-TB treatment for 7-60 days

Any consecutive self-interruption of
271 26%) 108 (30.3%) 16.23 (12.56-20.96) <0.001 1801 (13.57-23.90) <0.001
anti-TB treatment for 7-60 days

‘Adjusted for age, sex, nationality, having a family living together, alcohol habit, body mass index, having chronic lung disease, having cardiovascular disease, having chronic liver disease,
having malignancy, presenting with cough/sputurm, presenting with chest pain, presenting with general weakness, past TB history, results of microbiological examinations, reistance pattern,
and regimen type, which were significant in univariable analysis. TB, tuberculosis; LTEU, loss to follow-up; OR, odds ratio; Cl, confidence interval.
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Treatment Failu

success
Total 10,368 (100.0) 10 (100.0)
Age (mean£5.D.) 589+1838 6162184
Sex
Male 6,178 (59.6) 7(700)
Female 4,190 (40.4) 3(30.0)
BMI (kg/s
e 20533 208539
Family
Living with family 6,730 (64.9) 7(700)
Living alone 3,638 (35.1) 3(300)
Nationality
Korean 9,989 (96.3) 10 (100.0)
Foreigner 379(37) 0(0)
Alcohol habit
No drinking 6,571 (634) 7(700)
Social drinking 3201 (30.9) 2(200)
Heavy drinking 596 (5.7) 1(10.0)
Smoking
Non-smoker 6,150 (59.3) 5(500)
Ex-smoker 2065 (19.9) 3(30.0)
Current smoker 2153 (20.8) 2(20.0)
Comorbidity
DM 1913 (18.5) 2(20.0)
Chronic pulmonary
. 497 (4.8) 1(10.0)
Cardiovascular disease 502 (4.8) 1(100)
Chronic liver disease 192(19) 00)
Chronic renal disease 266(26) 00)
Chronic neurologic
e 756 (7.3) 0(0)
Malignancy 850 (8.2) 1(10.0)
Autoimmune disease 108 (1.0) 1(100)
TB-related symptom
Asymptomatic 3,494 (33.7) 3(30.0)
W T relted 6874(66.3) 7(700)
symplom
Cough/sputum 3811(368) 5(500)
Dyspnea 1,619 (15.6) 3(30.0)
Chest pain 875(8.4) 00)
Hemoptysis 440(42) 1(100)
Fever 1,220 (11.8) 1(10.0)
General weakness 317.0) 00)
Weight loss 732(7.1) 1(100)
Past TB history
New patients 8,877 (85.6) 6(60.0)
Relapse 1,280 (12.3) 3(30.0)
Previous LTFU 85(0.8) 1(10.0)
Previous failure 90.1) 0(0)
Other previously 2(02) 0(0)
treated
Unknown TB history 95(0.9) 00)
TB site
PTB 7,153 (69.0) 9(90.0)
EPTB 2490 (24.0) 0(0)
PTB+EPTB 725(7.0) 1(100)
Initial treatment regimen
HREZ 9819 (947) 10(100.0)
HRE 326 (3.1) 00)
Other modified 23(22) 00)
regimen
Resistance pattern
HITB 4240 0(0)

LTFU

356 (100.0)

5635189

216 (60.7)

140 (39.3)

215436

176 (49.4)
180 (50.6)

280 (78.7)

76/(213)

233 (65.4)
85(239)

38(10.7)

214 (60.1)
60 (16.9)
82(23.0)

65 (18.3)

9(25)

7020
12(3.4)

12(3.4)

20(56)

43 (12.1)
5014)

115 (32.3)

241(67.7)

107 (30.1)
46 (12.9)
20(5.6)
15(4.2)
41(115)
20(5.6)

21(59)

277 (77.8)

44(12.4)
23(6.5)
00
0(0)

12(3.4)

204 (57.3)
128 (36.0)
24(67)

316 (88.8)

22(62)

18(5.1)

15(42)

Death

1,469 (100.0)

7445143

932(63.4)

537 (36.6)

204438

798 (54.3)

671(45.7)

1442 (98.2)

27(1.8)

1,119(76.2)
238 (162)

112(7.6)

960 (65.4)
325 (22.1)

184(12.5)

428 (29.1)

119 (8.1)

171 (11.6)
51(35)

156 (10.6)

331 (225)

286 (19.5)
19(1.3)

335 (228)

1,134(77.2)

461 (31.4)
483 (32.9)
74(5.0)
40(2.7)
264 (18.0)
207 (14.1)

102(6.9)

1,221 (83.1)
202(13.8)
20(14)
201
302

21(14)

1,076 (73.2)
269 (183)
124 (8.4)

1,231 (83.8)

130 (8.8)

108 (7.4)

48 (3.3)

Results of microbiological or radiological exam among patients with PTB

Smear-positive 2,269 (28.8) 5(50.0)
Culture-positive 5268 (66.9) 8(80.0)
Bacteriologically- 5945 (755) 8(80.0)
confirmed

Cavitary TB 1731 (22.0) 4(40.0)

62(27.2)
123 (53.9)

147 (64.5)

68(29.8)

508 (42.3)
844(70.3)

998 (83.2)

251 (209)

Transfer:

1769 (100.0)

6514189

1,054 (59.6)

715 (40.4)

213435

898 (50.8)

871(49.2)

1710 (96.7)
59(3.3)

1,230 (69.5)
403 (22.8)

136 (7.7)

1,105 (6255)
332(18.8)

332(18.8)

441 (24.9)

101 (5.7)

127 (72)
44(25)

85(4.8)

266 (15.0)

137 (7.7)
211.2)

480 (27.1)

1,289 (72.9)

658 (37.2)
349 (19.7)
124 (7.0)
66(3.7)
316 (17.9)
154 (87)

149 (8.4)

1,475 (83.4)
235 (13.3)
29(1.6)

2(0.0)

7(04)

21(1.2)

1,280 (724)
352(19.9)
137 (7.7)

1,603 (90.6)
100 (57)

66 (3.7)

87(49)

498 (35.1)

996 (70.3)

1,142 (80.6)

332(23.4)

Still on

treatment

970 (100.0)

5804176

589 (60.7)

381 (39.3)

217435

581(59.9)

389 (40.1)

929 (95.8)

41(4.2)

629 (64.8)
268 (27.6)

73(7.5)

562 (57.9)
161 (16.6)

247 (25.5)

194 (20.0)

54(5.6)

45(4.6)
35(3.6)
306.1)

64(6.6)

73(7.5)
20(2.1)

247 (25.5)

723 (74.5)

359 (37.0)
114 (11.8)
57(5.9)
38(3.9)
134(13.8)
46(4.7)

91 (9.4)

744 (76.7)
189 (19.5)
18(1.9)
6(06)
202

1(L1)

600 (61.9)
273 (28.1)
97 (10.0)

848 (87.4)
43(4.4)

79(8.1)

106 (10.9)

288 (41.3)
523(75.0)

583 (83.6)

248 (35.6)

Total

14,942 (100.0)

61.0£19.0

8,976 (60.1)

5,966 (39.9)

217435

9,190 (61.5)

5,752 (38.5)

14,360 (96.1)
582 (3.9)

9,789 (65.5)
4,197 (28.1)

956 (6.4)

8,996 (60.2)
2,946(19.7)

3,000 (20.1)

3,043 (20.4)

781(5.2)

853 (5.7)
33422

549 (37)

1437 (9.6)

1,390 (9.3)
174(12)

4,674 (31.3)

10,268 (68.7)

5401 (36.1)
2614(17.5)
1150 (7.7)
600 (4.0
1976 (13.2)
744 (5.0)

1,09 (7.3)

12,600 (843)
1953 (13.1)
176 (1.2)
190.)

34(02)

160 (1.1)

10322 (69.1)
3512(235)
1,108 (7.4)

13,827 (92.5)
621 (4.2)

494(33)

678 (45)

3,630 (31.8)

7,762 (67.9)

8,823(77.2)

2,634(23.0)

B, tuberculosis; LTFU, loss o follow-up; 5.D., standard deviation; BMI, body mass index; DM, diabetes mellitus; PTB, pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis; Hr-TB,

isoniazid mono-resistant tuberculosis
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Questions umber Percentage (%)
Q1: What is TB?

Acute communicable disease 1,390 315
Acute non-communicable diseases 345 7.8
Chronic communicable diseases 2,251 51.0
Chronic non-communicable diseases 428 9.7
Q2: How is TB transmitted?

No idea 272 62
Through respiratory tract 4,003 90.7
transmission

Through digestive tract transmission 78 1.8
Through blood-borne transmission 61 1.4
Q3: What are the suspicious symptoms of TB?

No idea 235 5.3
Abdominal pain and diarrhea 25 0.6
Cough and sneeze 131 3.0
Cough, sputum for more than 2 weeks 4,023 91.1

or sputum with blood

Q4: If you suspect that you hav

e TB, what should you do?

No idea 131 3.0
Visit local TB designated medical 4,248 96.2
institutions

Visit a private clinic 18 0.4
Buy your own medicine 17 0.4
Q5: Is TB curable?

No idea 611 138
Most of them can be cured 3,341 75.7
All of them can be cured 273 62
Incurable 189 4.3

Qé6: While at school, when you

symptoms of TB or are diagnos

develop suspicious

ed with TB, what should you do?

Take lessons while in therapy 27 0.6
Immediate hospitalization 659 149
Observation without treatment if 43 1.0
symptoms are not severe

Take the initiative to report to the 3,685 83.5

school and do not conceal your illness
or bring it to class

Q7: What practice is beneficial

in preventing the spread of TB?

Not drinking raw water 392 89
No littering 100 23
Regular diet 562 127
Open windows regularly for 3,360 76.1
ventilation

Q8: Which lifestyle habit will improve your immunity?
Stay up late, overeat and exercise 44 1.0
occasionally

Stay up late, irregular diet, lack of 98 22
exercise

Wear a mask, eat a balanced diet and 379 8.6
exercise consistently

Keep early hours, balanced diet and 3,893 88.2

consistent exercise
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Demographic factors

Awareness level

p-value

Good,n  Poor, n
(%) (%)

Age of year 0.773
<20 919 (61.3) 579 (38.7)
20 1,146 (60.6) 744 (39.4)
>20 615 (59.9) 411 (40.1)
Sex <0.001
Male 1,284 (56.3) | 998 (43.7)
Female 1,396 (65.5) | 736 (34.5)
Nationality 0.248
Han 2,584 (60.9) 1,660 (39.1)
Others 96 (56.5) 74 (43.5)
Area residence 0.013
Urban 987 (63.2) 575 (36.8)
Rural 1,693 (59.4) | 1,159 (40.6)
Origin of the students 0.063
Zhejiang Province 1,944 (61.6) | 1213 (38.4)
Others 736 (58.6) 521 (41.4)
Grade 0.673
Year 1 1,437 (60.4) 941 (39.6)
Year2 1,243 (61.1) | 793(38.9)
Discipline of study <0.001
Humanity social sciences 815(59.6) 552 (40.4)
Science and engineering 1,139 (57.3) 850 (42.7)
Medicine 495 (73.3) 180 (26.7)
Art 231(60.3) 152(39.7)
Monthly living expenses <0.001
(RMB)
<500 24(33.3) 48 (66.7)
501-1,000 184 (57.9) 134 (42.1)
1,001-1,500 834 (61.6) 519 (38.4)
1,501-2,000 1,082 (61.8) 670 (38.2)
>2,000 556 (60.5) 363 (39.5)
Have you previously received <0.001
information about TB?
Yes 2,193 (64.4) 1,211 (35.6)
No 487 (48.2) 523 (51.8)
Have you ever had TB? 0.058
Yes 17 (63.0) 10 (37.0)
No 2,663 (60.7) 1,724 (39.3)
Have you ever had contact with <0.001
aTB patient?
Yes 151 (76.6) 46 (23.4)
No 2,062 (60.4) | 1,353 (39.6)
No idea 467 (58.2) 335 (41.8)
Total 2,680 (60.7) | 1,734 (39.3)
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Variables aORP 95%Cl p-value
Sex

Male 1

Female 144 1.25-1.65 <0.001
Discipline of study

Humanity social sciences 1

Science and engineering 1.08 0.92-126 0361
Medicine 2.00 1.63-2.46 <0.001
Art 1.09 0.86-1.38 0487
Monthly living expenses (RMB)

<500 1

501-1,000 2.66 1.54-4.59 <0.001
1,001-1,500 2.90 1.74-4.83 <0.001
1,501-2,000 2.66 1.60-4.43 <0.001
22,000 250 1.49-4.19 <0.001
Have you previously received information about TB?

No 1

Yes 1.95 1.68-2.25 <0.001
Have you ever had contact with a TB patient?

No idea 1

Yes 213 1.48-3.08 <0.001
No 1.05 0.90-124 0510

*Variables: variables of age of year, nationality, area residence, origin of the students, grade
and whether had TB before were excluded by the logistic stepwise regression. aOR; adjusted

odds ratio.
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Percentage (%)

<20 1,498 339
20 1,890 42.8
>20 1,026 232
Sex

Male 2,282 51.7
Female 2,132 483
Nationality

Han 4,244 96.1
Others 170 39

Area residence

Urban 1,562 35.4

Rural 2,852 64.6

Origin of the students

Zhejiang Province 3,157 715
Others 1257 285
Grade

Year 1 2,378 539
Year2 2,036 46.1

Discipline of study

Humanity social sciences 1,367 310
Science and engineering 1,989 45.1
Medicine 675 153
Art 383 8.7

Father's level of education

Tlliterate 46 1.0
Primary school 706 16.0
Middle school 1,766 40.0
High school 935 212
University/College 890 202
Postgraduate 71 1.6

Mother’s level of education

Illiterate 97 22
Primary school 952 21.6
Middle school 1,706 38.6
High school 832 18.8
University/College 772 175
Postgraduate 55 12

Monthly living expenses (RMB)

<500 72 1.6
501-1,000 318 72
1,001-1,500 1,353 30.7
1,501-2,000 1,752 39.7
2,000 919 20.8

Have you previously received information about TB?

Yes 3,404 77.1

No 1,010 229

Have you ever had TB?

Yes 4,387 99.4

No 27 0.6

Have you ever had contact with a TB patient?

Yes 197 45

No 3,415 77.4

No idea 802 18.2
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LTBI
treatment
regimen

3HP
4R
9H

3HR

Agent(s)

Isoniazid + rifapentine
rifampin
isoniazid

Isoniazid + rifampin

Dosage
frequency

weekly
daily
daily
daily

DOT vs SAT

SAT

Duration

12weeks
4months
9months.

3months.

H, isoniazid; P, rifapentine; R, rifampin; DOT, directly-observed therapy: SAT, self-administered therapy.

Number of doses required for
treatment completion with an
acceptable timeframe during which
treatment completion was considered
obtained ()

12 (at least 11 doses within 16 consecutive weeks)

120 (witl

n 6 consecutive months)
270 (within 12 consecutive months)

90 (within 4 consecutive months)
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TB registry—descriptive statistics
Age

Mean (SD)

Median [IQR]

Range

Sex

Male

Female

Year of TB case notification

2012

2013

2014

2015

2016

New case of TB or relapse

New case

Relapse

‘Treatment outcome—original categories
Cured

‘Treatment completed

Death (not tuberculosis)

Treatment falure

‘Treatment interrupted or patient not treated
Patient transferred

Still under treatment

Death (tuberculosis)

Death (unknown reason)

‘Treatment outcome—merged categories
Treatment success

Death—tuberculosis

Death—not tuberculosis

Other result

Comorbidities

None

Diabetes

Alcoholism

Immunosuppressive therapy
Cancer

Nicotinism

Clinical classification

Pulmonary tuberculosi

Extra pulmonary tuberculosis

Drug-susceptible tuberculosis

Multidrug resistant and rifampicine resistant tuberculosis
Drug resistance not submitted to registry

'n (%).

52(17.4)
530 [40.0,63.0]

00,101

12,838 (67%)
6,379 (33%)

4,756 (25%)
4,240 (22%)
3731 (19%)
3,185 (17%)
3,305 (17%)

17,610 (92%)
1,607 (8.4%)

8,096 (42%)
8,804 (46%)
363 (1.9%)
17 (<0.1%)
1,165 (6.1%)
524 (27%)
74 (0.4%)
152(0.8%)
22(0.1%)

16900 (88%)
152 (0.8%)
385 (2.0%)

1,780 (9.2%)

12,765 (66%)
1,132 (5.9%)
2,389 (12%)
23 (0.1%)
72(0.4%)
289 (1.5%)
816(42%)
1,731 (9.0%)

17,810 (93%)
1,407 (7%)
12,446 (99%)
115 (0.6%)
6,636
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TB registry—pediatric

population—descriptive

statistics

Treatment outcome

Cured 407 (97%)
Death—tuberculosis 102%)
Death—not tuberculosis 1(02%)
Other result 1229%)
Comorbidities

None 401 (95%)
Diabetes 4(1.0%)
Alcoholism 102%)
Drug addiction 1(02%)
HIV 1(0.2%)
Immunosuppressive therapy 9(2.1%)
Cancer 0(0%)

Nicotinism 4(1.0%)
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Risk factor

comorbidity: diabetes
alcoholism
drug addiction
HIV
immunosuppressive therapy
cancer
nicotinism

relapse

gender: female

age

‘Odds ratio
454
7.01

2247
2863
594
15.38
220
0.98
0.50
1.06

P-value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.934
<0.001
<0.001
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Risk factor

comorbidity: diabetes
alcoholism
drug addiction
HIV
immunosuppressive therapy
cancer
nicotinism

relapse

gender: female

age

‘Odds ratio
170
386
3.09
183
1.80
249
130
134
073
1.00

P-value
<0.001
<0.001

0.043
0.112
0.003
<0.001
0.005
<0.001
<0.001
0.710
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AllTB cases notified to
National Registry
between 2011and 2016

n=34,365

Excluded cases with
incomplete comorbidity
and outcome data

n=14,998

Cases with complete
comorbidities and
outcomes data

n=20,280

Duplicates removed
n=150

Relapses excluded from
outcome analysis

n=913

Study population
n=19,217

Cases without comorbidities
n=12,765

Cases with comorbidites
n=6,452
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Risk factor
comorbidity: diabetes
alcoholism
HIV
immunosuppressive therapy
cancer
nicotinism
relapse
gender: female

age

‘Odds ratio
1.90
8.34
652
578
337
057
126
0.68
1.05

P-value
0.040
<0.001
0.068
<0.001
<0.001
0.286
0.356
0.059
<0.001
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Total T patients enrolled between 2018.08 — 2020.12
(©-19,540)

Paticuts with rifampicin resistance TB (n=420)

TB paticats without known rifampicin resistance (n-19,120) |

Enrolled as transferred-in case (n=2,355)

Newly diagnosed TB paticnts without known rifampicin resistanee
(0=16,765)

[ Who initated a2t TB treatmeat a other bospitals (a-757) |

Newly diagnosed TB patients without known rifampicin resistance,
who initiated anti-TB treatment (n=16,008)

Diagnosed as not TB, finally (n=1.066)

Newly diagnosed TB patients without known rifampicin resistance,
who initiated anti-TB treatment (n=14,942)






OPS/images/fpubh-11-1255756/fpubh-11-1255756-t003.jpg
Variable

Total no. of stes with Truenat results

Total number of MTB tests performed using Truenat MTB chip

“Total number of MTB “not detected” results (MTB-)

“Total number of MTB “detected” results (MTB+)

Total number of test showing an “invalid” result (MTB invalid)

Total number of errors (in cases where MTB chips were used)

Number of repeat tests for TB diagnosis out of total errors / invalid results

Number of MTB “detected” results out of errors/invalid results

N, number; CI, confidence interval.

Table 3 shows an analysis of Truenat MTB testing based on estimation of certain critical variables, i

of inconclusive results, and MTB detection upon retesting.

N
1,690 -
327,649 -

72,504 22.1(21.99-22.27)
232328 70.9 (70.75-71.06)
16,998 5.2(5.11-5.26)
8,240 25 (2.46-2.57)
15,114 59.9 (59.28-60.49)
4222 27.9 (27.23-28.66)

luding MTB “not detected” results, MTB “detected” results, invalid results/errors, retesting
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Variable N % (95% CI)
Total no. of sites with Truenat RIF results 1,088 =

Total number of RIF tests performed using Truenat RIF chip 40,926 -

Total number of RIF “not detected” results (RIF-) 2,006 49 (470-5.12)
Total number of RIF resistance “detected” results (RIF+) 31978 78.0 (77.74-78.54)
Total number of tests showing indeterminate results 6,267 153 (14.97-15.67)
Total number of errors (in cases where RIF chips were used) 675 1.6(1.53-1.78)
Number of repeat tests for rifampicin resistance out of errors/indeterminate results 1,514 (n=1,047)* 218 (20.86-22.80)
Number of tests positive for rifampicin resistance out of errors/indeterminates 139 (n=1,047)% 90.2(7.84-1076)

N'=number; Cl = confidence interval. *Outliers for RIF resistance: errors/indeterminate results were not considered due to data discrepancy.
Table 4 shows an analysis of Truenat RIF testing based on estimation of certain critcal variables, including RIF “resistance not detected” results, RIF “resistance detected” results, indeterminate resuls/
errors, and retesting of inconclusive resuts, and RIF status upon retesting.
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Reasons for high rates of

invalid results in MTB
testing

1. Issues related to device
‘maintenance: heater plate
‘malfunctioning, chip carrier tray
and pinion not functioning, valve V1
damage, damage to switchboard
light-emitting diode (LED),

motherboard failure.

2. Faulty reagent pack supply at
somesites: leakage, manufacturing

defect, not able to connect properly.

3. Delay in rectification of machine

fauls.

4. Validation of machine and quality
control testing not performed after

device shifiing.

5. Lack of monitoring of sample

quality by technical staff (LTs).

6. Improper storage conditions for
reagents and chips; melting of wax
inside the reaction well due to high

temperature ranges.

Reasons for high rates of
indeterminate results in RIF
testing

1. Testing on paucibacillary load samples
(EPTB, UDST >8weeks).

2. Issues with laboratory technician (LT)

proficiency.

3. Non-compliance with standard

operating procedures

4. Improper storage conditions for
reagents and chips; melting of wax inside
the reaction well due to high
temperatures.

5. Non-adherence to TB diagnostic
algorithm.

6. Lack of hands-on training and pipette

calibration issues.
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IRL, Naharlagun
% February 24-25, 2022
CHC Kandhla, Shamli
January 7, 2022

DH Hindoun city, Karauli
January 3, 2022

(t

CHC Parbatsar, Nagaur
January 4, 2022

N

Q District Hospital Sehore

ot February §-10, 2022

District Hospital Ujjain

Eehoary $:10,2002 DHH. Rajanna Siricilla:
X 0 VFimmy 1415, 202

GCCH, Hyderabad

BRIMS, Bidar district February 16, 2022
February 17-18, 2022 Q Q)
A

. CHC Bheemili February
DTC, Palakkad \ 21.‘;3, 202;

December 22, 2021

Pulayanarkottah,
Thiruvananthapuram
December 23, 2021
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% of invalid/

indeterminate results

1 <5%

2 5-10%

3 10-20%

4 20-30%

5 More than 30%

Very low
Low
Moderate
High

Very high

Table 1 shows the classification of rates of invalid and indeterminate results into different
levels of Truenat MTB-RIF tet performance n this study: Data were analyzed using STATA
version 16,0 and the proportions of invalid/indeterminate results obtained in Truenat tsting

at selected sites were determined based on descriptive stat
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Sites Invalid Indeterminate MTB tests Exclusion Reason No. of

selection MTB RIF rate conducted criteria sites
criteria rate per day visited
Criterion A <5% <% S-Sormorethan§ | <300 MTB tests/ High test rate-+ good performance 18 2
tests/day quarter (qtr); <60 RIF
tests/qtr
Criterion B <5% <% Sltestsidayor2-4 | <I00MTBtests/qt;  Low test rate + good performance 20 1
tests/day <60 RIF tests/qtr
Criterion C >10% >10% S-Sormorethan8 <300 MTBtests/qtr;  High test rate-+ high rates of 18 5
tests/day <60 RIF tests/qtr invalid MTB and indeterminate
RIF results
Criterion D >10% >10% Sltestsidayor2-4 | <300 MTBtests/qt;  Low-to-medium test rate + high 6 2
tests/ day <60 RIF tests/qtr rates of invalid MTB and

indeterminate RIF results

Criterion E <5% >20% Al groups. <300MTBlests/qus  Any test rate +low rates of invalid 19 2

red <60 RIF tests/qtr MTB results + high rates of
indeterminate RIF results

Table 2 shonwssite selction for root cause analysis based on raes of invalid MTB and indeterminate RIF resuls in Truenat MTB-RIF testing. Among the sites meeting the criteria, further
selections were made based on the numbers of MTB and/or RIF tests per day.
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(Intercept) Diabetes  Alcoholism Drug Immunosuppressive ~ Cancer  Nicotinism = Relapse  Female

addiction therapy
Death— 0(0,0001)%** 1,905 (1.031, 8339 (5557, - 65160871, 5784 (2595, 12.891) 4% 3368 (1856,  0573(0207, 12610771, | 0.678(0453,  105(1.037,
tuberculosis 3517 12.515)0%% 48.743) 6.109)7% 1591) 2.065) 1015) 1.063)***
Death—not 0(0,000)%*% 4543 (3.203, 7.006 (5.075, 22472 (4801, 28631 5935 (3181, 11.073) %% 15379 2203(1.413, 0.985 (0684, | 0.505 (0388, 1038
tuberculosis 6.443)7% 9.671)7% 105.183)%%% (12285, (11487, 3433550 1.418) 0.657)7%% (1049,
66.726)% 20.59)%%% 1.067)%#*
Other result 0.08 (0.067, 1702 (138, 3857 (3407, 3085(1034, 183 (0868, 1798 (1222, 2.647)** 2487 (199, 1296 (1,08, 132(1147, | 0729(0.647, 0999
0.096)+* 2.099)%+ 4.367)%% 9.21)% 3.859) 3.109)%5 1555)*% 1.57)0 0.822)%5% (0.99,
1.003)

Multinomial model —summary (Odds Ratios, 95% confidence intervals, sttistical significance).
cal significance: **#p <0.001; **p<0.01; *p<0.05
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(Intercept)

Percentage of elder people (per 10% increase)
Percentage of Migrants (per 10% increase)
Percentage of Female (per 10% increase)

Number of Healthcare Institutions units per 100 persons

(per Tincrease)

Number of Health Technicians per 100 persons (per 1

increase)

p. coefficient of covariate; RR, relative risk; Crl, credible interval.

p(Crl)

—4.148 (~10.086, 1.838)

1.37 (0,638, 2.083)
0301 (0142, 0.459)

0.235 (~0.969,1.427)

0.157 (0.025,0.29)

~0.004 (~0.008, 0.001)

RR (Crl)
0.02(0,6.28)
3.93(1.93,8.03)
135 (1.15,135)

126 (0.38,5.17)

117 (102, 1.34)

1(0.99,1)





OPS/images/fpubh-12-1372146/fpubh-12-1372146-t003.jpg
haracteristics Univariable Multivariable

Cl Cl
Gender
Female
Male 122 102-1.44 003
Demographic attributes
Resident
Migrant 09 019
Age
15-24
25-44 125 101-155 004 117 094-1.47 016
45-65 154 1.24-192 <001 139 109-1.76 <001
>65 111 0.86-1.43 042 104 0.77-141 079
Ethnic group
Non-Han Chinese
Han Chinese 11 061-2.00 074
Occupations
Household/Unemployed
Cadres and staff 089 06-132 057 099 0.67-1.47 096
Labor worker 099 08-1.22 094 105 085-131 063
Farmer 06 042-0.86 <001 059 041-0.86 <001
Student and teacher 0.56 003 00 047-1.36 040
Others 099 08-1.22 090 099 0.79-1.24 093
Unclear 121 081-18 036 121 081-1.82 035
Treatment category
New
Previously treated 227 185277 <001 218 176-2.70 <001
Diagnosis delay
0-2weeks
2wveeks-1 month 102 084-1.25 082
1-3month 093 077-113 048
3-6month 108 0.79-149 062
6month-1year 072 045-116 018

OR, odds ratio; aOR, ajusted odds ratio; CI, confidence interval
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New cases (622)
(%)

Retreated cases (136)
(%)

p-value

Gender
Female
Male
Age
15-24
25-44
45-65
>65
Ethnic group
non-Han Chinese
Han Chinese
Demographic attributes
Resident
Migrant
Occupations
Household/Unemployed
Cadres and staff
Labor worker
Farmer
Catering service
Student and teacher
Others
Unknown,
Patient source
Active screening
Passive case-finding
Diagnosis delay
0-2weeks (w)

2w-1months (m)

6m-1year

168

454

131
224

187

613

279

343

134

31

199

32

2

32

590

164

182

21

43

12

Hr-TB, isoniazid-resistant, rifampicin-susceptible tuberculosis.

(7.01)
(72.99)

(21.06)
(36.01)
(30.07)
(12.86)

(145)
(98.55)

(44.86)

(55.14)

(21.54)
(4.98)
(3199)
(5.15)
(1.78)
(2.57)
(27.33)
(4.66)

(5.14)

(94.86)

(26.37)
(29.26)
(35.53)
(6.91)
(1.93)

23

13

40

52

36

133

59

77

2

34

57

134

39

35

(16.91)
(83.09)

(5.88)
(29.41)
(38.24)
(26.47)

(21)
97.79)

(43.38)

(56.62)

(132
(147)
(25.00)
(5.88)
(147)
(0.74)
(41.91)

(221)

(0.74)

(9853)

(28.68)
(@5.74)
(3235)
(7.35)
(5.88)

00140

<001

04595

07542

00325

00414

01045
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Hr-TB (758) DS-TB (8107)

(%) (%)
Gender
Female 191 (25.20) 2350 (28.99) 003
Male 567 (74.80) 5757 (71.01)
Age
15-24 139 (18.34) 1850 (2282) <001
25-44 264 (34.83) 2,803 (3458)
45-65 29 (3153 2064 (25.46)
>65 116 (15.30) 1,390 (17.15)
Ethnic group
Non-Han Chinese 12 (158) 141 (74 076
Han Chinese 745 (98.28) 7,966 (98.26)
Demographic attributes
Resident 356 (46.97) 3,605 (44.47) 019
Migrant 402 (53.03) 4,502 (55.53)
Occupations
Household/Unemployed 40 (438) 677 (8.35) 0.04
Cadres and staff 33 (5.23) 376 (4.64)
Labor worker 233 (2934) 2391 (29.49)
Farmer 132 1602) 1,301 (16.05)
Commercial service 163 (23.19) 1,660 (20.48)
Student and teacher 17 (295) 289 (3.56)
Others. 108 (14.67) 1,143, (14.10)
Unknown 32 (4.22) 270 (333)

Treatment history

New 622 (82.06) 7.392 9118 <001
Previously treated 136 (794 715 (882)

Patient source
Active screening 33 (433) 387 “77) 061
Passive case-finding 724 (95.51) 7,714 (95.15)

Diagnosis delay
0-2weeks () 203 (26.78) 2122 (26.17) 052
2w-1months (m) 217 (28.63) 2215 (2732
1-3m 265 (34.96) 2,968 (3661)
3-6m 53 (699 513 (6.33)
6m-1year 20 (2.64) 289 (3.56)

Outcomes

Favorable outcomes
Cure 494 (65.17) 5,536 (68.29) <001
Treatment completion 166 (21.90) 1759 (21.70)

Poor outcomes

Failure 17 (2.24) 60 (0.74)
non-TB death 10 (1.32) 198 (2.44)
TB death 9 (1.19) 71 (0.88)
Loss to follow up 4 (053) 66 (0:81)
Others 45 (5.94) 314 (3.87)
Unknown 13 (1.72) 103 (127)

Hr-TB, isoniazid-resistant, rifampicin-susceptible tuberculosis; DS-TB, drug-susceptible tuberculosis.
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Drug Resistance Profile  Frequency Prevalence (%)

Isoniazid resistant 8 471
Streptomycin resistant 1 59
Rifampicin resistant 6 353
Isoniazid + Rifampicin resistant 5 294
(MDR)

Sensible to all tested drugs 9 529

TOTAL 17
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Procedence*  MIRU- SITVIT  SpolDB4

VNTR

ECU33  ESM LAM 42 LAM9
ECU195  GYS LAM 1708 LAMY
ECUI9%  GYS LAM - -
ECU197  GYS LAM 20 LAMIL
ECUI98  GYS LAM - -
ECUI9  GYS LAM 867 LAMS5-LAM6
ECU200  GYS LAM 130 LAM3
ECU201  GYS LAM = -
ECU202  GYS LAM 1277 LAMY
ECU203  GYS LAM 130 LAM3
ECU204  GYS LAM 545 LAM2
ECU25  GYS LAM - -
ECU206  GYS LAM 195 LAMI
ECU384  RIO LAM - -
ECU394  SDT LAM - -
ECU395  SDT LAM 42 LAMY
ECU405  STE LAM 42 LAMY

"ESM, Esmeraldas; GYS, Guayas; RIO, Los Rios; SDT, Santo Domingo de los Tsichilas; STE,
Santa Elena.
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Rescarch records identified from different data
bases (N=1,196), Scopus (n=68), PubMed

Recoded screened and excluded after looking
Tittles and Abstracts (N= 195

Included

8 (n=784), MEDLINE (n=43), Web of Science

g (1=39), HINARY (n=161), Google Scholar

& (n=70), African Journal Online (n=22), and

2 Manual searching using snowball (N=11).

2

2 Recorded identified after duplication

8 removed (N=323)

5

e —
Records scre€ned (N=128)

2

E

e Full text afticles screened for

5] eligibility (N=128)

No

woa W

Failure to provide full text of articles (
Studies not provided multivariable analysis (N=12)
Studies excluded other reason (n=3)

Full text Articles removed due to
1. Unclear methodology for data collection (N=51)

reported overall mortality rate (N=21)
19)

Included Articles for Meta-Analysis (N=22)
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Treatment regression status Number of cases

2016 2017 2018 2019 2020

Cure 105 127 18 143 190
Complete the course of treatment 470 440 416 296 202
Non-tuberculosis death 1 4 2 3 4
Fail 2 0 0 1 0
Lose 0 0 0 0 0
Diagnostic change 2 0 2 4 1
Adverse reaction 0 0 0 0 0
Transferred to multi-drug resistance treatment 0 0 0 0 0
Other 0 0 0 0 0
Refuse treatment 0 0 0 0 0
Total 584 573 539 448 391

217

130

900
1949

2

Proportion
(%)

30.87
67.4
079

01

038

021

100





OPS/images/fpubh-12-1386113/crossmark.jpg
©

2

i

|





OPS/images/fpubh-11-1254579/fpubh-11-1254579-t004.jpg
2016
2017
2018
2019
2020
2021

Total

Number of
reported
patients

631
370
452
469
390
392

2704

Referral

7
61
66
63
150
153
564

Referral tracking

Tracking

235
236

2098

Other

21

623
364
450
467
388
391

2,683

Overall arrival
rate

98.73

98.38

99.56

99.57

99.49

99.74

99.23





OPS/images/fpubh-12-1374703/fpubh-12-1374703-t001.jpg
DR catego Description

RR Resistance to RIF

IR Resistance to INH

MDR Resistance to RIF & INH

pre-XDR MDR with additional resistance to a FQ

XDR MDR with additional resistance to an FQ and at
least one of LZD and BDQ

PR Resistance to at least two drugs excluding RIF
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Number of population Number of patients The reported Standardized incidence

incidence (1/10,000i (1/10,0000)

0-4 301,797 0 0.00 0.00

5-14 788,629 12 1.52 2640
15-24 815,761 312 38.25 608.12
25-34 884,362 315 35.62 702,05
35-44 791,547 320 4043 619.34
45-54 1,298,072 762 58.70 702,67
55-64 759,667 576 75.82 537.58
65-74 590,094 468 79.31 38544
75- 316,267 134 42.37 9491

Summation 6,549,196 2899 44.29 3677
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Quarter  Month The number of reported cases Summation Proportion Summation =~ Seasonal

2016 2017 2018 2019 2020 2021 3 Db
Spring 3 3 48 53 30 38 39 243 8.38 24.42 1.01
4 47 45 37 39 37 35 240 8.28 099
5 45 40 49 2 21 28 225 7.76 093
Summer 6 42 42 40 34 34 39 231 7.97 23.97 0.96
7 49 39 30 51 36 21 226 7.80 094
8 79 38 43 31 23 24 238 821 099
Autumn 9 74 52 31 34 25 41 257 8.87 25.87 1.06
10 59 49 35 33 39 30 245 845 101
11 45 52 47 39 38 27 248 8.55 1.03
Winter 12 35 57 72 37 44 34 279 9.62 2573 115
1 34 57 40 38 38 15 222 7.66 092
2 40 54 62 40 18 31 245 8.45 Lol

Summation 584 573 539 448 391 364 2,899 1000 100 100
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2016

2017

2018

2019

2020

2021

Summation

Gender

Male
Female
Subtotal
Male
Female
Subtotal
Male
Female
Subtotal
Male
Female
Subtotal
Male
Female
Subtotal
Male
Female
Subtotal
Male
Female

Subtotal

Number of
population

591,446
522,737
1,114,183
590,444
522,623
1,113,067
583,941
516,174
1,100,115
574811
507,442
1,082,253
569,134
502,423
1,071,557
565,812
499,209
1,065,021
3,475,588
3,070,608

6,546,196

Register

patients

134
539
339
109
448
295
%
391
258
106
364

2172
727

2,899

Incidence
rate

727
29.46
5242
75.37
24.49
5148
69.36
25.96
48.99
58.98
2148
414
5183
19.11
3649
456
2123
3418
62.49
23.68
4429

Standardized
incidence rate

(1/100,000)
71.06
3051
51.62
60.85
2223

428
56.29
2488
41.29
46.85

193
3387
3931

18.05
29.14
33.28

19.41
26,55
50.13
2186

3677

Pathogenic
positive
patients

91
20
1
98
37
135
108
2
137
124
2
150
164
38
202
152
68
220
737
218

955

Pathogenic
positive
incidence
rate

(1/100,000)
1539
383
9.96
166
7.08
12,13
185
562
1245
2157
502
13.86
2882
7.56
18.85
2686
1362
20.66

2121

1459

Number
of patients
with drug
resistance

20

53
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Polymorphisms Genotype Case, Control, C-OR (95 P- A-OR P-

n (%) n (%) Cl) value (95 CI)* value

Asians (n=1,242)

GIG-A/A 261 (58.4) 427(537) 100 100
VDR Fokl Overdom o 0.04
AIG 186 (41.6) 368 (46.3) 1.21 (096-1.53) 132 (102-1.72)
cre 263 (58.8) 434 (54.6) 100 100
VDR Bsml Dom 015 0.045
=T 184 (412) 361 (45.4) 119 (0.94-1.50) 131 (1.00-1.71)
AIA 361 (80.8) 586 (73.7) 100 100
Gen AIG 80(17.9) 196 (24.6) 151(113-202) 002 164(117-230) 001
GIG 6(13) 13 (16) 1.3 (0.50-3.54) 1.72(0.58-5.10)
MARCO AIA 361 (80.8) 586 (73.7) 100 100
Dom <0.01 <001
AIG-GIG 86(19.2) 209(26.3) 1,50 (1.13-1.99) 165 (1.19-2.28)
AIAGIG 367 (82.1) 599 (75.3) 100 100
Overdom <0.01 <001
AIG 80(17.9) 196 (24.6) 150 (112-2.01) 1,62 (1.16-2.27)
cie 223 (499) 459(57.7) 100 100
Gen ot 183 (409) 287 (36.1) 076(0.60-097) 001  081(062-107)  0.04
T 41002 49(62) 0.58 (0.37-0.91) 0.54(0.33-0.89)
NOs2 cre 223(499) 459(57.7) 100 100
Dom <0.01 0.04
=T 224 (50.1) 336 (423) 0.73 (0.58-0.92) 0.76 (0.59-0.99)
cear 406 (90.8) 746 (93.8) 100 100
Rec 0053 0.04
T 41092) 49(62) 0.65 (0.42-1.00) 0.59 (0.36-0.96)
GIG 304 (68) 481(60.5) 100 100
Gen AIG 127 (28.4) 265 (33.3) 132(102-170) 061 129(0.96-172) 004
TLRS AIA 16 (3.6) 49(62) 194 (1.08-3.47) 195 (1.03-3.70)
GIG 304 (68) 481(60.5) 100 100
Dom 0.60 0.03
AIG-AIA 143(32) 314(39.5) 139 (1.09-1.77) 1,37 (1.04-1.80)
Asian males (i
GIG-AIG 215(87) 313 (89.4) 100 100
VDR Fokl Rec 037 003
AIA 32013) 37(10.6) 0.79 (0.48-131) 0.53 (0.30-0.95)
AIA-AIG 232(93.9) 342(97.7) 100 100
VDR Tagl Rec 0.02 0.045
GIG 15(6.1) 8(23) 0.36(0.15-0.87) 0.38 (0.15-1.00)
GIG 177(717) 226 (64.6) 100 100
Gen AG 61(24.7) 100 (28.6) 1.28 (0.88-1.87) [ 1190.77-184) 0044
TLRS AIA 9(36) 24(69) 209 (095-4.61) 2.84 (1.18-6.82)
GIG-AIG 238 (96.4) 326 (93.1) 100 100
Rec o1 002
A/A 9(36) 24(69) 1.95 (0.89-4.26) 2.71(1.14-6.47)
Asian females (n=645)**
cre 126 (63) 236(53) 100 100
Gen or 67(33.5) 179 (402) 143(1.00-203) 0033 158(104-240)  0.017
VDR Bsml VT 7(33) 30(67) 2.29(0.98-5.36) 277 (1.07-7.15)
cre 126 (63) 236(53) 100 100
Dom 0.02 <001
=TT 74(37) 209 (47) 151 (1.07-2.12) 170 (1.14-2.54)
AIA 160 (80) 318 (715) 100 0056 100 0.016
Gen AIG 36 18) 118 (26.5) 1.65 (1.08-2.51) 2,03 (1.23-3.35)
GIG 1) 9(2) 113 (0.34-3.73) 1,59 (0.39-6.42)
MARCO Dom AIA 160 (80) 318 (715) 100 0.02 100 <001
AIG-GIG 4020 127 (28.5) 1.60 (1.07-2.39) 199 (1.23-3.21)
Overdom AIAGIG 164 (82) 327 (73.5) 100 0.017 100 <001
AIG 36 (18) 118 (26.5) 1,64 (1.08-2.50) 2,01 (1.22-3.31)
TLRS, Dom G/G 127 (63.5) 255 (57.3) 1.00 014 100 0.049
AIG-AIA 73(36.5) 190 (427) 130 (0.92-1.83) 1,50 (1.00-2.25)
Kazakhs (Asians, n=
MARCO AIA 344 (80.4) 553(73) 100 0.02 100 <001
AIG 78(18.2) 192(253) 1,53 (1.14-2.06) 1,60 (1.16-2.19)
GIG 6(1.4) 13(1.7) 135 (0.51-3.58) 1.08 (0.39-2.95)
Dom AIA 344 (80.4) 553(73) 100 <0.01 100 <0.01
AIG-GIG 84(19.6) 205 (27) 152 (1.14-2.02) 155 (1.14-2.11)
Overdom AIAGIG 350 (81.8) 566 (74.7) 100 <0.01 100 <001
AIG 78(18.2) 192 (25.3) 152 (1.13-2.04) 1,59 (1.16-2.19)
Caucasians (n=313)
VDR Apal Rec cIc-AIC 92(83.6) 147 (72.4) 100 0.023 100 0.023
AIA 18(164) 56(27.6) 1.95 (1.08-3.52) 1.9 (1.08-3.64)
Caucasian males (n1=129)**
TLRS, Overdom AIAGIG 45(738) 61(89.7) 100 0.017 100 0.017
AIG 16(262) 7(103) 0.32(0.12-0.85) 0.27(0.09-0.84)

*Adjusted by gender, age, BMI, smoking, alcohol consumption, and diabetes; **gender was excluded from adjustment model; A-OR, adjusted odds ratio; CI, confidence interval; C-OR, crude
odds ratio; Dom, dominant; Gen, genotypics IEG, interferon gamma; IL1B, interleukin 1 beta; MARCO, macrophage receptor with collagenous structure; NOS2, nitric oxide synthase 2
Overdom, overdominant; Rec, recessive; TLR2, toll-like receptor 2; TLRS, tolllike receptor §; VDR, vitamin D receptor. A satisically significant values of p and Odds ratios are indicated as
bold. Boldness of these indicators are needed to highlight the important indicators.
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Polymorphisms  Model  Genotype Case Control, C-OR (95% A-OR (95%

n (%) n (%) (el)] ci*
GIG 240 (43.1) 405 (40.6) 1.00 1.00
Gen AIG 233 (41.8) 464 (46.5) 1.18 (0.94-1.48) 0.18 1.25 (0.97-1.61) 0.1
AIA 84(15.1) 129(12.9) 091 (0.66-1.25) 0.90 (0.63-1.28)
GIG 240 (43.1) 405 (40.6) 1.00 1.00
Dom 034 023
VDR Fokl AIG-AIA 317 (56.9) 593 (59.4) 1.11(0.90-1.37) 115 (0.91-1.46)
GIG-AIG 473 (84.9) 869 (87.1) 1.00 1.00
Rec 0.24 0.19
A/A 84(15.1) 129 (12.9) 0.84(0.62-1.12) 0.80 (0.57-1.11)
GIG-AIA 324(58.2) 534(53.5) 1.00 1.00
Overdom 0.08 0.04
AIG 233(41.8) 464 (46.5) 1.21(0.98-1.49) 1.29 (1.02-1.63)
AIA 313(56.2) 565 (56.6) 1.00 1.00
Gen AIG 207 (37.2) 379 (38) 1.01 (0.82-1.26) 0.61 1.00 (0.78-1.28) 047
GIG 37(6.6) 54(5.4) 0.81(0.52-1.26) 0.74 (0.45-1.21)
A/A 313(56.2) 565 (56.6) 1.00 1.00
Dom 0.87 074
VDR Tagl AIG-GIG 244 (43.8) 433 (43.4) 0.98 (0.80- 0.96 (0.76-1.22)
AIA-AIG 520 (93.4) 944 (94.6) 1.00 1.00
Rec 033 022
GIG 37(6.6) 54(5.4) 0.80 (0.52-1.24) 0.74 (0.45-1.20)
AIA-GIG 350 (62.8) 619 (62) 1.00 1.00
Overdom 0.75 0.8
AIG 207(37.2) 379 (38) 1.04 (0.84-1.28) 1.03 (0.81-1.31)
cic 161 (28.9) 312(31.3) 1.00 1.00
Gen AlC 284(51) 483 (48.4) 0.88 (0.69-1.12) 0.56 0.85 (0.65-1.11) 0.49
AIA 112(20.1) 203(20.3) 0.94 (0.69-1.26) 0.92 (0.66-1.28)
ciec 161 (28.9) 312(31.3) 1.00 1.00
Dom 033 0.27
VDR Apal A/C-AIA 396 (71.1) 686 (68.7) 0.89(0.71-1.12) 0.87 (0.67-1.12)
CIC-AIC 445(79.9) 795(79.7) 1.00 1.00
Rec 091 092
AIA 112(20.1) 203(20.3) 1.01(0.78-1.31) 1.01 (0.76-1.36)
CIC-AIA 273 (49) 515(51.6) 1.00 1.00
Overdom 033 0.28
AIC 284(51) 483 (48.4) 0.90 (0.73-1.11) 0.88 (0.70-1.11)
ciec 324(58.2) 543 (54.4) 1.00 1.00
Gen CIT 207 (37.2) 385 (38.6) 111 (0.89-1.38) 0.11 1.20 (0.94-1.54) 0.06
T/T 26(4.7) 70(7) 1.61 (1.00-2.57) 1.74 (1.04-2.92)
cic 324(58.2) 543 (54.4) 1.00 1.00
Dom 0.15 0.049
VDR Bsml CIT-TIT 233(41.8) 455 (45.6) 1.17 (0.95-1.44) 1.27 (1.00-1.61
cie-crr 531(95.3) 928 (93) 1.00 1.00
Rec 0.06 06
/T 26(4.7) 70(7) 1.54(0.97-2.45) 1.62(0.97-2.69)
CIC-TIT 350 (62.8) 613(61.4) 1.00 1.00
Overdom 0.58 0.02
CIT 207 (37.2) 385(38.6) 1.06 (0.86-1.32) 1.14 (0.90-1.45)
GIG 180 (32.3) 360 (36.1) 1.00 1.00
Gen AIG 278 (49.9) 486 (48.7) 0.87 (0.69-1.10) 0.22 0.96 (0.74-1.25) 0.66
AIA 99(17.8) 152(15.2) 0.77 (0.56-1.05) 0.85 (0.60-1.21)
Dom GIG 180 (32.3) 360 (36.1) 1.00 0.13 1.00 0.58
ILIB A/G-A/A 377(67.7) 638 (63.9) 0.85 (0.68-1.05) 0.93 (0.73-1.19)
Rec GIG-AIG 458 (82.2) 846 (84.8) 1.00 0.19 1.00 039
AIA 99(17.8) 152(15.2) 0.83 (0.63-1.10) 0.87 (0.64-1.19)
Overdom GIG-AIA 279 (50.1) 512(51.3) 1.00 0.65 1.00 091
AIG 278 (49.9) 486 (48.7) 0.95(0.77-1.17) 1.01 (0.80-1.28)
IEN Gen TIT 312(56) 525(52.6) 1.00 0.25 1.00 0.8
AIT 205(36.8) 381(38.2) 1.10 (0.89-1.38) 1.05 (0.82-1.34)
A/A 40(7.2) 92(9.2) 137 (0.92-2.03) 115 (0.74-1.79)
Dom TIT 312(56) 525 (52.6) 1.00 0.2 1.00 0.6
AIT-AIA 245 (44) 473 (47.4) 1.15(0.93-1.41) 1.07 (0.84-1.35)
Rec TIT-AIT 517 (92.8) 906 (90.8) 1.00 0.16 1.00 0.58
AIA 40(7.2) 92(9.2) 1.31(0.89-1.93) 1.13 (0.73-1.74)
Overdom TIT-A/A 352(63.2) 617 (61.8) 1.00 059 1.00 0.82
AT 205 (36.8) 381(38.2) 1.06 (0.86-1.31) 1.03 (0.81-1.31)
MARCO Gen AIA 463 (83.1) 773(77.5) 1.00 0.03 1.00 0.01
AIG 88(15.8) 212(21.2) 1.44 (1.10-1.90) 1.57 (1.15-2.14)
GIG 6(1.1) 13(1.3) 1.30 (0.49-3.44) 1.73 (0.59-5.10)
Dom AIA 463 (83.1) 773(77.5) 1.00 <0.01 1.00 <0.01
A/G-GIG 94 (16.9) 225(22.6) 1.43 (1.10-1.87) 1.58 (1.17-2.13)
Rec A/A-AIG 551(98.9) 985 (98.7) 1.00 0.7 1.00 039
GIG 6(L1) 13(1.3) 1.21 (0.46-3.21) 1.59 (0.54-4.67)
Overdom A/A-GIG 469 (84.2) 786 (78.8) 1.00 <0.01 1.00 <0.01
AIG 88(15.8) 212(21.2) 1.44 (1.09-1.89) 1.55 (1.14-2.12)
NOs2 Gen crc 266 (47.8) 537(53.8) 1.00 0.056 1.00 0.08
aT 233(41.8) 379 (38) 0.81 (0.65-1.00) 157 (1.15-2.14)
TIT 58(10.4) 82(8.2) 0.70 (0.49-1.01) 1.73 (0.59-5.10)
Dom crc 266 (47.8) 537(53.8) 1.00 0.02 1.00 0.08
CIT-TIT 291(52.2) 461 (46.2) 0.78 (0.64-0.97) 158 (1.17-2.13)
Rec cic-er 499 (89.6) 916 (91.8) 1.00 0.15 1.00 0.06
T 58 (10.4) 82(8.2) 0.77 (0.54-1.10) 1.59 (0.54-4.67)
Overdom G/G-TIT 324(58.2) 619 (62) 1.00 0.14 1.00 0.49
GIT 233(41.8) 379(38) 0.85 (0.69-1.05) 1.55 (1.14-2.12)
TLR2 Gen GIG 517(92.8) 955(95.7) 1.00 0.03 1.00 0.03
AIG 37(6.6) 42(4.2) 0.61 (0.39-0.97) 0.55 (0.33-0.91)
AIA 3(05) 1(0.1) 0.18 (0.02-1.74) 0.21 (0.02-2.51)
Dom GIG 517(92.8) 955 (95.7) 1.00 0.02 1.00 0.01
A/G-AIA 40(7.2) 43(4.3) 0.58 (0.37-0.91) 0.53 (0.32-0.87)
Rec GIG-AIG 554(99.5) 997 (99.9) 1.00 0.11 1.00 0.21
A/A 3(0.5) 1(0.1) 0.19 (0.02-1.78) 0.22(0.02-2.62)
Overdom GIG-AIA 520 (93.4) 956 (95.8) 1.00 0.04 1.00 0.02
AIG 37(6.6) 42(42) 0.62 (0.39-0.97) 0.55 (0.33-0.92)
TLR8 Gen GIG 314(56.4) 492 (49.3) 1.00 0.02 1.00 0.24
AIG 168 (30.2) 337(33.8) 1.28 (1.01-1.62) 1.14 (0.88-1.49)
A/A 75(13.5) 169 (16.9) 1.44 (1.06-1.95) 1.33 (0.93-1.90)
Dom GIG 314(56.4) 492 (49.3) 1.00 <0.01 1.00 0.14
A/G-AIA 243 (43.6) 506 (50.7) 1.33 (1.08-1.64) 1.20 (0.94-1.52)
Rec GIG-AIG 482 (86.5) 829 (83.1) 1.00 0.07 1.00 0.17
A/A 75 (135) 169 (16.9) 131 (0.98-1.76) 1.27 (0.90-1.78)
Overdom GIG-AIA 389 (69.8) 661 (66.2) 1.00 0.14 1.00 057
AIG 168 (30.2) 337(33.8) 118 (0.94-1.48) 1.08 (0.83-1.39)

*Adjusted by gender, age, BMI, smoking, alcohol consumption, and diabetes; A-OR, adjusted odds ratio; CI, confidence interval; C-OR, crude odds ratio; Dom, dominant; Gen, genotypic;
IFG, interferon gamma; IL1B, interleukin | beta; MARCO, macrophage receptor with collagenous structure; NOS2, nitric oxide synthase 2 Overdom, overdominant; Rec, recessive; TLR2,
oll-lke receptor 2 TLRS, toll-ike receptor 8; VDR, vitamin D receptor. A statistically significant values of p and Odds ratios are indicated as bold. Boldness of these indicators are needed to
highlight the important indicators.
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Risk factors Control,

n (%)
Asian 447 (803) 795 (79.7)
Ethnicity 008 078
Caucasian 110 (19.7) 203 (203)
No 511 (91.7) 989 (99.1)
Diabetes 57.71 <0.001
Yes 46 (83) 9(09)
No 554(99.5) 998 (100)
Drug abuse 539 002
Yes 3003 000)
No 525 (94.3) 998 (100)
Contact with TB. 5854 <0.001
Yes 32(5.7) 0(0)
Urban 248 (45.5) 439 (44)
Residence 0,042 084
Rural 309.(55.5) 559 (56)
No 544(97.7) 984 (98.6)
Alcohol consumption 182 018
Yes 13(23) 14(1.4)
No 466 (83.7) 865 (86.7)
Smoking 263 on
Yes 91(163) 133 (133)
No 543 (98.6) 997 (99.9)
HIV 1109 0.001
Yes 8014) 10.)
No 384 (68.9) 451 (45.2)
Employment 811 <0.001
Yes 173 (31.1) 547 (54.8)
<1849 124(22.3) 38(38)
BMI, kg/m? 185><2499 359(64.5) 558 (55.9) 20639 <0.001
>25.00 74 (13.3) 402 (40.3)
Maternity Leave (females, No 239(96) 580 (100)
2358 <0.001
n=829) Yes 10(4) 0(0)

BMI, body mass index; HIV, human immunodeficiency virus; TB, tuberculosis; 7%, Pearson's chi square.
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Details All (n =1,555) Case (n =557) Controls (n =998)
Age, mean £ D, years 39041384 3588£13.05 4091£13.46
Height, mean £ 5D, cm 167.0728.46 167.224885 16699824
Weight, mean £D, kg 654141328 59.60+11.26 68.66+13.22
BMI, mean+D, kg/m2 23404440 212943.64 24614445
Gender, n (%)

Male 726 (46.7) 308 (55.2) 418 (41.9)

Female 829(53.3) 249 (44.7) 580 (58.1)
Ethnicity, n (%)

Asian 1242 (79.8) 447 (80.3) 795(79.7)

Caucasian 313(202) 110 (19.7) 203 (20.3)
Risk factors, 1 (%)
Residence

Urban 687 (44.2) 248 (50.0) 439 (44.0)

Rural 868 (55.8) 248(50.0) 559(56.0)
Employment

No 835(53.7) 384 (68.9) 451 (45.2)

Yes 720 (46.3) 173(11) 547 (54.8)
Alcohol consumption

No 1528 (983) 544 (97.7) 984 (98.6)

Yes 27(1.7) 13(23) 14(14)
BMI, kg/m®

<1849 162 (10.4) 124 (223) 38(3.80)

18.50><24.99 917 (59.0) 359 (64.5) 558 (55.9)

>25.00 476 (30.6) 74(133) 402 (40.3)
Diabetes

No 1500 (96.5) 511(91.7) 989 (99.1)

Yes. 55 (3.5) 46(8.3) 9(0.9)
Contact with TB

No 1523 (97.9) 525 (94.3) 998 (100)

Yes. 32(21) 32(57) 0(0)
Smoking

No 1331 (85.6) 466 (83.7) 865(86.7)

Yes 224 (14.4) 91(163) 133(133)
Drug abuse

No 1552 (99.8) 554(99.5) 998 (100)

Yes 3002) 3005) 00)
HIV

No 1546 (99.4) 549 (98.6) 997 (99.9)

Yes 9(06) 8(14) 101
Maternity Leave (n=829), n (%)

No 819 (98.8) 239(%6) 580 (100)

Yes 10(12) 10(4) 0(0)

BMI, body mass index; HIV, human immunodeficiency virus; SD, standard deviation; TB, tuberculosis.
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Types of
delay
(median,
[e]]
Patient delay
Health system
delay

Total delay

2005-2019
(n =4,886)

2020-2022
(n=396)

11(3,31) 9(3,23)
1(0,4) 0(0,4)
15(7,35) 13(6,26)

p-value

0.038

0.002

0.024
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Variables No. of cases  Health system Crude OR p-value Adjusted OR p-value

delay (%) (95% CI) (95% ClI)

Gender
Male 3,256 1511 (46.41) Reference Reference
Female 2026 929 (45.85) 0.98 (0.88-1.09) 0,695 0.99 (0.89-1.11) 0899
Age
10-19 1678 785 (46.78) Reference Reference
20-24 3,604 1,655 (45.92) 0.97(0.86-1.09) 0559 100 (0.88-1.13) 0955
Ethnics
Han 5031 2342 (46.55) Reference Reference
Minorities 251 98(39.04) 0.74(0.57-095) 0020 0.69 (0.53-0.90) 0.006
Occupation
Student 779 389 (49.94) Reference Reference
Others 4503 2051 (45.55) 0.84(0.72-098) 0023 0.83 (0.71-0.98) 0.032
Residence

Local 836 384 (45.93) Reference Reference

Migrant 4446 2036 (46.24) 101 (087-1.17) 0.869 0.98 (0.84-1.15) 0818

Sources of patients

Clinical consultation 2841 1,230 (43.29) Reference Reference
Referral 2282 1,141 (50.00) 131 (1.17-146) 0.000 146 (1.29-1.65) 0.000
others 159 69 (43.40) 1,00 (0.73-1.39) 0.980 106 (0.76-1.47) 0.748

Classification

PTBsolo 5067 2341 (46.20) Reference Reference
PTB complicated with
i 25 9 (16.05) 099 (0.76-131) 0.965 0.91(0.69-1.20) 0502
Season of onset
First quarter 1321 623 (47.16) Reference Reference
Second quarter 1488 676 (45.43) 093 (0.80-1.08) 0358 0.92(0.79-1.07) 0271
“Third quarter 1359 622(45.77) 095 (0.81-1.10) 0470 0.95(0.82-1.11) 0518
Fourth quarter LI 519.(46.59) 098 (0.83-1.15) 0778 0,97 (0.83-1.14) 0722
Hospital level of first diagnosis
Provincial and municipal
Dol 2304 1,070 (46.44) Reference Reference
County hospitals 2978 1,370 (46.00) 0.98 (0.88-1.10) 0752 0.88 (0.78-1.00) 0.049
Treatment history
New 5113 2365 (46.25) Reference Reference
Retreatment 169 75 (44.38) 093 (0.68-126) 0630 105 (0.77-1.44) 0741
Etiological diagnosis
Negative 2877 1,449 (50.36) Reference Reference
Positive 2303 940 (40.82) 068 (0.61-076) 0.000 0.67 (0.59-0.74) 0.000
Unknown 102 51(50.00) 099 (0.66-1.46) 0942 0,97 (0.65-1.44) 0880

The bold values mean that statistical significance.
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Variables No. of cases  Patient delay Crude OR Adjusted OR

(%) (95% ClI) (95% CI)

Gender
Male 3,256 1,531 (47.02) Reference Reference
Female 2026 1,049 (51.78) 1.21(1.08-135) 0.001 118 (1.05-1.32) 0.004
Age
10-19 1678 841(50.12) Reference Reference
20-24 3,604 1739 (48.25) 093 (0.83-104) 0.206 0.93(0.82-1.05) 0218
Ethnics
Han 5031 2445 (48.60) Reference Reference
Minorities 251 135 (53.78) 123 (096-1.59) 0.109 1.02(0.78-1.32) 0.900
Occupation
Student 779 373 (47.88) Reference Reference
Others 4,503 2207 (49.01) 1.05 (090-1.22) 0560 103 (0.87-1.21) 0749
Residence

Local 836 1409 (48.92) Reference Reference

Migrant 4446 2171 (48.83) 100 (0.86-1.16) 0961 1,00 (0.86-1.17) 0982

Case-finding methods
Active 182 77 (42.31) Reference Reference
Passive 5,100 2,503 (49.08) 1.31(0.97-1.77) 0.073 1.46 (1.07-1.98) 0.016

Classification

PTB solo 5,067 2,451 (48.37) Reference Reference
PTB complicated with
extra-pulmonary TB 215 129 (60.00) 1.60 (1.21-2.12) 0.001 1.70 (1.28-2.26) 0.000
Season of onset
First quarter 1321 676 (51.17) Reference Reference
Second quarter 1,488 709 (47.65) 0.87 (0.75-1.01) 0.062 0.87 (0.75-1.01) 0.064
“Third quarter 1,359 668 (49.15) 0.92(0.79-1.07) 0.296 0.90 (0.78-1.05) 0.198
Fourth quarter 1114 527 (47.31) 0.86 (0.73-1.01) 0.057 0.87 (0.74-1.02) 0.084
Hospitallevel of first diagnosis
Provincial and municipal
hospials 2,304 1,001 (43.45) Reference Reference
County hospitals 2978 1,579 (53.02) 147 (132-164) 0.000 147 (1.32-1.65) 0.000
“Treatment history
New 5113 2,480 (48.50) Reference Reference
Retreatment 169 100 (59.17) 154(1.13-2.10) 0.007 152 (1.11-2.09) 0.009
Etiological diagnosis
Negative 2,877 1,285 (44.66) Reference Reference
Positive 2,303 1,243 (53.97) 1.45 (1.30-1.62) 0.000 1.46 (1.30-1.63) 0.000
Unknown 102 52(50.98) 1.29(0.87-1.91) 0.209 1.29(0.86-1.93) 0213

The bold values mean that statistical significance.
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Variables
Total
Number of cases

Notification rate

(per 100.000)
Gender,n (%)
Male

Female
Agen ()
1019

2024
Ethnics, (%)
Han

Minorities

Ocupation, (%)

Student
Others
Residence, (%)
Local

Migrant

21

3259

140(6335)

8103665)

76(34.39)
145 (65.61)

221(100.00)

0(000)

270222)

194 (87.78)

9 (44.80)

122(55.20)

“Types of delay, (Median, IQR)

Patient delay

Health system delay

Total delay

9(3.31)
2(1,5)

13(6,37)

006

346

5040

215 (62.14)

131 (37.86)

113(32.66)

233 (4191)

346 (100.00)

0(000)

45(13.01)

301 (86.99)

103(2977)

23(70.23)

125(3,33)
201,6)

19(7,50)

2007

416

5981

251(60.34)

165 (39.66)

149 (35:82)

267(34.86)

416 (100.00)

0(000)

49(11.78)

367 (88.22)

110 (26.44)

306 (73.56)

165(5.55)
20,5

2809, 68)

2008

a1

6176

257 (58.28)

184(41.72)

132(2993)
309 (32.88)

440 (99.77)

1(023)

63(1429)

378 (85.71)

7817.69)

363 (82.31)

206,59
20,49

31010,66)

2009

354

s211

201 (56.78)

153 (43.22)

115 (32.49)
239 (10.96)

334(94.35)

20(5.65)

63(17.80)

291(82.20)

37(1045)

317(89.55)

12(3,34)
10,4

19(7,41)

2010

1

6170

248 (58.49)

176 (41.51)

137 (3231)

287 (3420)

407 (95.99)

17 o1

53(12:50)

371 (8750

3071)

21(9929)

114,30)
10.4)

1607,32)

2011

397

5341

254(63.98)

143(36.02)

107 (2695)
290 (36.52)

373(93.95)

20(605)

2(1058)

355 (89.42)

3076)

394 (99.24)

9(4,30)
10.4)

16(6,33)

2012

362

3826

218(60.22)

14(39.78)

13(31.22)

249 (40.06)

353 97.51)

9(249)

47(1298)

315 (87.02)

70193

355 (98.07)

10(4,21)
10,3

135(7,29)

2013

209

3151

192 (6421)

107 (35.79)

98(3278)
201 (48.49)

284 (9498)

15(502)

36(1200)
263 (87.96)

14(4.68)

285 (95.32)

13(5,24)
10.3)

15(9,29)

2014

9

3701

224 (66.08)

115 (3392)

12(3300)
27 (12.77)

318 9381)

21619

521539

287 (84.66)

712099

268 (79.06)

9(516)
10.2)

10,20

315

3136

209(66.35)

106(33.65)

103(32.70)

212(46.03)

291(92.38)

20.6)

33(10.48)
282(89.52)

65(2063)

250(79.37)

9(3.24)
10,2)

165,28)

2016

27

3189

189 (65.85)

98(3415)

97(33.80)

190(5052)

28 (86.41)

39013.59)

50(17.42)

237 (8258)

5519.16)

252 (50.84)

7(0.29)
00.2)

10(0,31)

2017

250

27.69

172 (68.50)

78(31.20)

77(3080)
173(58.00)

228 (91.20)

2850

30(1200)
220 (88.00)

56(22.40)

194(77.60)

50116
10.4)

95(3,23)

2018

28

2043

134(6147)

81(38.53)

74(3394)

144 (6651)

197(9037)

21963

38017.43)

180 (8257)

20101

194(88.99)

13(4,30)
10,0

16(5,33)

2019

27

3422

143(65.90)

74(31.10)

66 (30.41)
151 (66.82)

204 (94.01)

13(599)

50 (23.04)

167 (76.96)

3415.67)

183 (84.33)

12(5,27)
10.4)

17(,32)

2020

161

2599

770783)

84(5217)

39(2422)

122(90.06)

152 (94.41)

9(559)

36(2236)

125 (77.64)

30(1863)

131(81.37)

8(.17)
00.4)

16.22)

2021

12

1964

87(61.27)

55(38.73)

39 (27.46)

103 (102.11)

137 (96.48)

5(52)

38(26.76)

104(73.24)

25.07.61)

17 (8239)

11(4,26)
00.4)

14(7,29)

9

1286

145(18.39)

18(51.61)

31(3339)
62(155.91)

82(88.17)

1(1L83)

272909

66(7097)

2(2366)

71(7634)

9(3-29)
2006

13(7,29)
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Drug Resistance Profile Frequency Prevalence (%)

165 203
Streptomycin resistant 62 76
Rifampicin resistant 102 125
Ethambutol resistant 9 11
Pyrazinamide resistant 19 23
Isoniazid + Rifampicin resistant 8 109
(MDR)
Sensible to alltested drugs 455 559
Without information 159 195

TOTAL 814
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Variable Univariate analysis Multivariate analysis

Adjusted OR (95% CI) p-value Adjusted OR (95% ClI) p-value
Group
Routine group 100 0092 100 0.650
Digital tool group 0.64(0.38-1.08) 0,88 (051-153)
Age (years)
<60 100 <0.001 100 <0.001
>60 450 (2.63-7.67) 3.74 (1.87-7.47)
Sex
Male 100 0192 100 0,19
Female 0.69 (0.40-1.20) 0.68(0.39-121)
Occupation
Farmer/migrant worker 100 0734 100 0441
Others 091 (0.52-1.58) 126 (0.70-2.27)
TB type
New cases 100 0523 100 0.801
Previously treated cases 138 (0.52-3.68) 1,14 (0.41-3.20)

B cases classification

Negative 100 0179 100 0676
Positive 143 (0:85-2.41) 113 (0.65-1.95)

Population type
Local 100 <0001 100 0425

Migrant 036 (021-0.61) 075 (0.38-1.51)
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Variable Univariate analysis Multivariate analysis

Adjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value
Group
Routine group 100 0522 100 0.110
Digital tool group 052 (0.29-0.96) 0,60 (0.32-1.12)
Age (years)
<60 100 <0.001 100 <0001
60 305 (1.67-5.58) 407 (1.78-933)
Sex
Male 100 0219 100 0247
Female 0.67(0.36-1.27) 0,68 (036-131)
Occupation
Farmer/migrant worker 100 0674 100 0844
Others 087 (0.46-1.65) 107 (0.55-2.09)
T8 type
New cases 100 0.455 100 0.634
Previously treated cases 151 (0.51-4.47) 131 (0.43-4.04)

B cases classification

Negative 100 0222 100 0.155
Positive 145 (0.80-2.64) 068 (040-1.16)

Population type
Local 100 0251 100 0.264

Migrant 071(039-1.28) 1.60 (0.70-3.62)
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Variable Univariate analysis Multivariate analysis

Adjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value
Group
Routine group 100 0001 100 0.001
Digital tool group 044 (0.26-0.72) 041(0.25-0.70)
Age (years)
<60 100 0312 100 0228
>60 131(0.77-2.23) 152(0.77-3.02)
Sex
Male 100 0669 100 0726
Female 111(0.68-1.82) 1.09 (0.66-1.81)
Occupation
Farmer/migrant worker 100 0200 100 0179
Others 138 (0.84-2.26) 143 (0.85-2.93)
TB type
New cases 100 0792 100 0.974
Previously treated cases 087 (0.30-252) 0,98 (0.33-293)
B cases classification
Negative 100 0212 100 0.160
Positive 073 (0.45-1.20) 069 (0.41-1.16)
Population type
Local 100 0940 100 0279

Migrant 102 (0.63-0.66) 141 (0.76-2.62)
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Total Routine group Digital tool group

(N =599) (n =268) (n =331)
On-time completion of home visit 0.001
Complete 524 (87.5%) 221 (82.5%) 303 (91.5%)
Incomplete 75 (12.5%) 47 (17.5%) 28(8.5%)
Medication adherence 0033
Good 552(91.2%) 240 (89.6%) 312(94.3%)
Poor 47 (7.8%) 28 (10.4%) 19(5.7%)
Treatment outcome 0.090
Success 535 (89.3%) 233 (86.9%) 302 (91.2%)

Failure 64(10.7%) 35.(13.1%) 29(8.8%)
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Variable

Total
(N =599)

Routine group

(n =268)

Digital tool group
(n=331)

Age (years)
<60
>60
Mean:SD
Sex
Male
Female
Occupation
Farmer/migrant worker
Others
TB type
New cases
Previously treated cases
TB cases classification
Negative
Positive
Population type
Local

Migrant

444 (74.1%)
155 (25.9%)
442242032

357 (59.6%)

242 (404%)

391 (65.3%)

208 (34.7%)

563 (94.0%)
36 (6.0%)

319 (53.3%)
280 (46.7%)

258 (43.1%)
341 (56.9%)

172(64.2%)
96 (35.8%)
48.94+2111

163 (60.8%)

105 (39.2%)

183 (68.3%)

85(31.7%)

256 (95.5%)

12(4.5%)

128 (47.8%)
140 (52.2%)

142 (53.0%)

126 (47.0%)

272 (82.2%)
59(17.8%)

40.40+18.84

194 (58.6%)

137 (41.4%)

208 (62.8%)

123 (37.2%)

307 (92.7%)

24(7.3%)

191 (57.7%)
140 (42.3%)

116 (35.0%)
215 (65.0%)

<0.001

0584

0.164

0.156

0015

<0.001
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Variables Category Willingness toward VCT COR (95%Cl) AOR (95%Cl)

No
Sex Male 141 £ 1.95(1.01, 3.78)" 2.16(098,4.75)
Female a3 19 1 1
Level of education No formal education n 10 1 1
Primary m 10 40(1.34, 11.99)* 6.32(1.65, 24.25)**
Secondary 54 10 491165, 14.61)* 2.44(0.67,8.87)
College and above 75 2 325(1.21,8.68)* 2.58(0.78, 8.56)
Occupation Government employee 54 n 2:62(1.08, 6.36)* 5.85(1.78,19.22)%
Private employee 70 12 3010131, 7.37)* 335(1.12, 10.01)**
Student 30 12 133(0.54,3.29) 371(1.10, 12.49)%*
Merchant 30 16 1 1
Knowledge on VCT Poor 70 32 1 1
Good 114 19 2.74(1.45,5.21)* 3.12(1.36,7.16)**
Perceived risk Yes 132 2 2.09(1.10,3.95)* 6.58(2.44,17.73)**
No 52 2 1 1
Perceived stigma Yes 7 39 432(2.12,8.78)* 14.95(4.98, 44.91)**
No 105 12 1

* indicates variable having P-value <0.25 in bivariate analysis and ** indicates variables having P-value <0.05 in multivariable analysis.
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Variables  Category  Frequency  Percentage
{ =

Travel timeto | Less than halfan 123 523%
the nearest hour
health facility  paifto 11 88 37.4%
Oneto2h 20 85%
More than 2h 4 17%
Distance tothe  Less than or 135 57.4%
nearesthealth  equal to 10
facilty (inkm)  pore than 10 100 42.6%
Perceived Very near 95 40.4%
distancetothe gy P 204%
nearbyhealth P e
facility
Far 0 17.0%

Very far 20 8.5%
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Quantitative findings

Illustrative qualitative quotes

Themes with
explanations of how the
qualitative data
contributed to a better
understanding of the
quantitative data

In the standard-of-care population of
the TBPOC study,less than half (45.2%)
of severely illinpatients with HIV and
high risk of TB obtained a routine test
for TB (sputum Xpert).

In the HCW survey, almost all, 68/69
(98.6%), HCWS experienced the
Determine LAM test procedure as easy
o very casy. In the TBPOC study,
12/174 patients (6.8%) were not tested
with the Determine LAM test despite
being eligible. Reasons included
disrupted communication betsween
HCW (33.3%), the clinician wanting the
infectious disease team to decide on
testing (8.3%), the clinician not
suspecting TB (8.3%), the patient being
discharged before the test was requested
(8.3%), the patient was dying (33.3%) o
not willing to get tested (8.3%).

Inthe TBPOC study it took a median of
4days from hospital admission to have
an Xpert result, and the Determine
LAM intervention reduced the time
from enrolment to TB diagnosis from a
‘median of 2 days to 2 median of 0days.
More than 80% in the HCW survey
estimated that urine could be obtained
within 60min, and that the overall
Determine LAM activity per patient

took a median of 30 min.

‘The majority, 142/162 (87.7%) of the
Determine LAM tests in the TBPOC
study were performed at the bedside.
HCW in the HCW survey also reported

that bedside was the rot

inely used
place for testing in 87% of cases, but
among respondents, more than half
thought that a dedicated room at the
ward or the laboratory would be the
optimal place for testing. More doctors,
15/26 (57.7%), than nurses, 17/40
(42.5%), thought bedside was the

optimal place for testing,

In the HCW survey; around 10% of
respondents did not use the reference

scale card when Determine LAM

testing, and more than 10% of
respondents thought it was difficult to

interpret the Determine LAM test

results with discrimination between the

four intensity bands.

In the TBPOC study, 22/41 (53.7%)
patients did not initiate TB treatment

despite having a positive Determine

LAM test with reasons including
disrupted communication of result
between HCW (13.6%), awaiting
sputum Xpert (13.6%), being
discharged without having a referral for
treatment (9.1%), being referred to
Chest clinic to initiate treatment but
was not initiated (9.19%), another main
diagnosis was more likely (18.2%),
patient had comorbidities or was
unstable (18.2%), the patient died
before treatment was requested or the
first dose was taken (9.1%) or nor
reason registered (9.1%)

‘The TBPOC study was not able to show
any intervention impact on time to TB
treatment initiation that remained at a
‘median 3days from enrolment. It was

registered in the study that a few cases

that were Determine LAM positive were
not initiated on TB treatment as the
clinical team wanted to await a sputum

Xpert result

“For those who come in who are il, who are admitted onto our wards we virtually would do a
chest X-ray minimum for each of the patients and irrespective of what we are managing them
for, because we know of the prevalence of HIV/TB co-infection, virtually everybody unless
those who cannot produce sputum, everybody gets the opportunity to be investigated for B
Infectious diseases doctor

“So then for a LAM test, it can be performed right at the ward by the patient bedside, with
immediate result o that T would not have to wait for relatives to first go and get me a sputum
bottle, patients aways produce urine, so getting a sample is far easicr than i a patient who is
not coughing and you would have to wait for them to get you a sputum sample:” Junior

medical doctor

“There are certain patients, because of the stigma. 1 wan o ask do you cough, and she see this
red botle, she would say no” TB diagnostic HOW
“Because sometimes patients will be on the ward for perhaps a week or more before we think to

do a retro screen [HIV test]. Junior medical doctor

“The challenges that we tend to have with the LAM test is that, we need to want it. The doctors
need to embrace it, and it has to be prescribed for almost all of our patients who come on
admission who we think have [HIV-associated] TB” Senior medical nurse

for instance with the sputum testing, they have to go and come back in 24 for their
result, and then a lot of people get frustrated. Some people will not even come back because
they are like, why do I have to take transportation, go and come. But with the LAM, i its an

instant th

ng, you cut down the costs for the patients, you cut down the chances of losing,

them to follow up...” Senior medical nurse

“Ithink that as a point-of-care test it can be done by any clinical staff with appropriate

training, so the key word is training” TB diagnostic staff

“S0 thase emergency cases that comes [in the weekend] and they are then suspected [of having
TB], they find it diffcult to take samples [for Xpert] until Monday." TB diagnostic HCW

GeneXpert, the sputum, it takes like 100 min to @ maximun two hours, but sometimes it
takes days! We have to follow up to get the resuts, but his one it right by the bedside. You can
do it and know the resut. I think, ifs not to say that those [Xpert] are not important, but the

point s, this [Determine LAM] willbe a very helpful addition.” Infectious discases doctor

There has been quite a number of instances where you send a patient from the consulting room
10 the X-ray room, and the machine is down or” dumsor;” power, there is no power. So, and
even with the GeneXpert, the AFB, the DST, sometimes they do not have...chh...materials
[Xpert cartridges etc.] or sometimes their machine needs to be worked on. So then the 24} I'm
talking about extends to further notice, which is also an issue” Senior medical nurse

“So I'm thinking that there is a lot of times where you tell somebody to produce sputun for
testing, and they would tell you, ohh I cannot get it. But urine is something that everybody, as
long as you are drinking water, you will pee. So it will be easier to get urine samples than other

‘samples for testing” Senior medical nurse

“Evenif you screen [use physical screens between beds]. At first you explain the procedure to
the patient. The patient laying on the next bed can actually hear, And then they hear that...eci,
you are about to perform tuberculoss est, then they get alarmed (laugh). So I stilldo not see it

1o be private enough. Senior medical nurse

“Most times we do it a the patient’ bedside but I think that we should have, not the lab per
Say, because we, nurses and doctors, can easily do it at the ward. We should have  special
room for example the treatment room: or procedure room, so when the sampl is taken it is sent
there for it o be done. So that patient privacy and disclosure of patient information wil

be maintained. Cause we talk about the patients'rights. They have the right to privacy. When
youdoit, it should be done in an excluded environment so that when the result i positive,

you will know the best way to disclose it to patient, not letting everybody know that the patient

is positive. “Sen
“Ifs just that the aim of the test is to reduce the patient time, and get fast results. So if we take

it to the lab, it means that it defeats the purpose of the test...” “..but i’ not a bad idea, it’ just

ot the best idea.” Infectious diseases doctor

“For the taking of the sample it is not anything difficult and then taking your test kit, dropping
it onto it s not so much diffcult. But I think where we need to dwell much is the interpretation
of the result. The interpretation of the result is where I think we need to dwell much upon.”
Senior medical nurse

“I think we did one, the line was very faint. I was finding it difficult to read whether it was
positive o it was negative. Senior medical nurse

at a point when I was explaining to one of the nurses at (ward name), the reference card
that was given to them was nowhere to be found. So they did not like, I think they had put it
somewhere, so they did not know where it was. Because it was in a folder somewhere on the

desk” Junior medical doctor

“.she wast't able to interpret on the numbers, the grading on the card, that was a challenge.
She was not able o do it so well so I had to come in and explain to her how it is done.” Senior

‘medical nurse

“Ours [the nurses'digital medical notes] i different and theirs [the doctors] i also different. So
we cannot go into their notes. So with this one [the registration of the Determine LAM result],
I think we will have a small sheet which is designed as maybe positive or negative, and

we document it and then we will take it to the doctor to input it into their notes. I think that

will be better” Senior medical nurse

“The LAM test i said not to be, so specific for mycobacterium tuberculosis right. And it may
be positive with other mycobacterial species as welllike with the mycobacterium aviuns
complex and ofhers. S0 t's an issue with the specificity o the test as to whether it is really TB or

something ese” Junior medical doctor

“Yes, o the issue of the [Determine LAM test] fale positives makes it a lttle bit uncomfortable.

Because, yeah like, did I make the right choice?” Infectious diseases doctor

waiting a whole three days and not knowing what to do, is not the best, you know. I mean
even giving anti-Kochs, policy wise, Saturday, Sunday, I mean, they are not there, and it can

be annoying” Infectious discases doctor

“So some of them when they come in, you may have some challenges with even doing their
labs. Because they are very sick and economically they have lost all their sustenance, okay. So it
takes a while for us to get all their investigations to be able to take the final decision to start
them on the TB medications.” Infectious Diseases doctor

“In fact, the duration is a bitlong. Ideally I think the doctors should even negotiate with
themselves. Now we have instituted that when a patient need DOTS [daily observed TB
treatment], we [the public health murses] go to the chest [elinic] with the doctors. So they [the
doctors] will be able to speed up the treatment [initiation] for us. nitially we were going there
alone but we have realised that NO, it takes a long time. So why do not we go there with the
doctors, so that they will be able to champion the course for us...I mean for the patient”...
“Sometimes if you are lucky t0o, you will be given the medications. The moment the
medication is being given to us, we can educate the patient to take i. As early as posible so

every other morning they take t, before they take their meal” Public health nurse

Barriers to routine sputum Xpert
testing

Patient not being able to produce a
sputum sample; Lack of relatives to
assistin sample logistics; Negative

beliefs about the disease

Barriers and facilitators to
Determine LAM testing

Barriers: Patients being unwilling to
gt tested (out of fear, or more trust

in herbal medicine or beli

ing the
disease was spiritual); Delayed HIV
screening Faciltators: Instant test,

any trained HCW can test

Timely TB diagnosis when assisted
by Determine LAM compared to
using Xpert only

Logistics with sputum sample

transportation and pick up of results
from the Xpert laboratory; Limited
Xpertlaboratory opening hours;
Xpert cartridge stock-out; Technical

issue with the Xpert machine

‘The place of Determine LAM testing
in clinical practice was at the
bedside

‘The observed difference between
clinical practice and what HOW
thought was the best place for
Determine LAM testing was better
understood in the qualitative data.
Nurses were concerned about
patient confidentiality, and to ensure
patient confidentialty, they used
physical screens between patient
beds. Nurses thought that the
optimal place for testing and
disclosure of the result would be ina.
dedicated room in the ward, while
one doctor explained that the
Determine LAM test would lose its.
value as a point-of-care test if

performed away from the patient.

Determine LAM test interpretation
Specificall, it was difficult to

discriminate between grade 1

positive and negative. The risk of
losing the small reference scale card
was an experienced barrier to
interpretation and may explain why
some HCWs in the HCW did not
use the card. Nurses and doctors
explained that they took help from a
colleague when they were in doubt

about the test result.

Barriers to Determine LAM guided
'TB treatment initiation

‘The new digital medical record was
a potential weak link for bedside test
result reporting, The dilemma with
the initiation of TB treatment is
knowing that the specificity is sub-

optimal

Routine healtheare practices
compromised timely TB treatment
initiation

Awaiting needed investigation, e.g.,
liver function tests that were
challenging to obtain due to cost;
Limited access to TB treatment and
patient registration in the chest
clinic in the weekends; Limited
access o public health nurses in the
weekend to perform pre-counseling
and supply the TB medication; TB
‘medications are only given early

‘mornings

QT Qualitative theme; HCW, healtheare workers TB, Tuberculosis; LAM, lateral flow urine lipoarabinomannan assay, Determine™ TB LAM Ag test (Abbott Laboratories, Chicago, IL, USA,
previously Alere); Xpert, Xpert=sputum Cepheid Xpert MTB/RIE assay or Xpert Ultra (Sunnyvale, California, United States).
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Variables ~ Category ~ Frequency  Percentage

(n) (%)

Fear of social No n7 49.8%
rejection Yes 18 50.2%
Internalized No 103 438%
stigma Yes 132 56.2%
Perceived No 134 57.0%
discrimination Yo 101 13.0%

No 109 46.4%

Yes 126 53.6%
Gender based No 102 43.4%
stigma Yes. 133 56.6%
Associations No 106 45.1%
with promiscuity Yes 129 54.9%
or drug use
Cultural belief No n 47.7%

Yes 123 523%
Impacton No n 47.7%
relationship Yes 123 52.3%
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Workload and location for Determine LAM Overall LH (n=25) KBTH (n=44) TGH (n=12)

testing population
(n=81)
Do you perform the Determine LAM Yes or Sometimes. 40(51.9) 15 (60.0) 15(37.5) 10(83.3)
yourself? n=77 No 37(48.1) 10 (40.0) 25(625) 2(167)
How long time do you spend on average to 05 min 34(49.3) 9(409) 19(54.3) 6(50.0)
inform the patients about Determine LAM | 5_pmin 26(37.7) 10(45.5) 11(314) 5(417)
g > 10min 9130 3336 5(43) 1(533)
How long time is required on average 0-10min 18 26.1) 6(73) 9(257) 3(250)
before urine s obtained from the patient, —1_30 min 2(19) 7(31.8) 10(286) 5(17)
counting from the ime you requested i |7 o i 16(23.2) 5(36.4) 607.0) 20167)
i >60min 110159) 1046) 5(229) 20167)
Often not possible 2(29) 00 2(57) 0(00)
within the same day
How long do you spend on average for the total Determine LAM 30 (25-40) 30 (25-40) 30(20-35) 32.5(288-52.5)

activity per patient? n=61, median minutes (IQR)

Where do you, in general,perform the Bedside 60 (87.0) 23(920) 27 (84.4) 10(833)
Determine LAM test? n=69 (more than - consultation room 104) 0000) 16.1) 0000)
G U PY——— 343) 140) 304) 000)
the ward
Designated room 1(1.4) 0(0.0) 13.1) 0(0.0)

outside the ward
Laboratory 5072 1(40) 2(63) 2(167)
Other, describe 3(43) 0(0.0) 3(94) 0(0.0)

Ifotherwise, provide a description of where | Designated room at consulting area; In the washroom; At the out-patient clinic when necessary
the Determine LAM test was performed.

What would to you be the optimal location  Bedside 35 (167) 16/(64.0) 14(36.8) 5(17)
to perform the Determine LAM test? #=75 - Congultation room 8(10.7) 1(40) 6(158) 1(83)
(more than one alternative allowed per

Designated room at 21(280) 5(20.0) 15(39.5) 1(83)
respondent)

the ward

Laboratory 20(267) 11(44.0) 4(105) 5(17)

Other, describe 1(1.3) 0(0.0) 1(26) 0(0.0)

Ifotherwise, provide a description of the At the OPD, when the patient is clinically suspected of TB.

optimal place for the Determine LAM test

tobe performed.
Determine LAM use and interpretation Overall LH (n =25) KBTH (n =44) TGH (n =12)
population
(n=81)
How do you experience the Determine | Very easy 28 (40) 16(6.7) 9(257) 3273)
LAM info leaflet? n=70 Easy 40 (57.1) 8(33.3) 24(68.6) 8(72.7)
Difficult 2029 000) 2(57) 0(0.0)
Very difficult 0(00) 0(0.0) 0(0.0) 0(00)
How do you experience the Detern Very easy 27 (39.1) 16 (66.7) 9(27.3) 2(16.7)
LAM procedure overall? n=69 Easy 41(59.4) 8(333) 23(69.7) 10(83.3)
Diffcult 1015) 000) 1(30) 000
Very difficult 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Did you use the reference scale card to Yes 58(89.2) 19(82.6) 27(90.0) 12(100.0)
judge if Determine LAM test was positive |y, 7008) 1079 3100) 000)
or negative? n=65
Did you use the reference scale card to | Yes 57(86.4) 19(82.6) 26(839) 12(100.0)
grade the Determine LAM band No 9(136) 1017.4) 5(16.1) 0(00)
intensity? 11=66
How did you experience interpretation of | Very casy 19 (30.6) 11(52.4) 3(10.3) 5(417)
the Determine LAM test results with Easy 36 (58.1) 9(42.9) 20(69.0) 7(583)
discrimination between the 4 inten
Difficult 5(8.1) 148) 4038 0(00)
bands? n=62
Very diffiult, describe 202 0(0.0) 2(32) 0(00)
I very difficult to discriminate between |~ At the frst encounter but upon subsequently explaining the procedure was ok; Sometimes it s difficult to see the trace line.

the 4 intensity bands, describe:

Urine sample Overall LH (n =25) KBTH (n =44) TGH (n =12)
population
(n =81)
How do you experience | Very easy 17(25.4) 9(39.1) 4(11.8) 4(40.0)
obtaining urine samples | Eaqy 39(58.2) 10(43.5) 26(76.5) 3(30.0)
from patient? n=67
Difficult 10 (14.9) 4(17.4) 3(88) 3(30.0)
Very difficult 105 0(0.0) 129) 0(0.0)
How do you experience | Very easy 21(309) 13(54.2) 7(206) 1010.0)
handling the urine Easy 47 (69.1) 11(45.8) 27(79.4) 9(90.0)
sample? n=68
Difficult 0000) 0(0.0) 0(0.0) 0(0.0)
Very difficult 0(00) 0(0.0) 0(0.0) 0(0.0)
How do you experience | Very casy 24(35.8) 13(54.2) 9(27.3) 2(20.0)
disposal of the urine Easy 41(612) 10 (41.7) 23(69.7) 8(80.0)
20
R Difficult 1015 0(00) 16.0) 000)
Very difficult 1(1.5) 1(42) 0(0.0) 0(0.0)

LH, Lekma Hospital; KBTH, Korle Bu Teaching Hospital; TGH, Tema General Hospital; TB, Tuberculosis; Determine LAM, lateral flow urine lipoarabinomannan assay, Determine™ TB LAM
Ag test (Abbott Laboratories, Chicago, IL, USA); NA, Not applicable. Data are 1 (%) unless stated otherwise.
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Variables Category Frequency Percentage
(n)

(%)

Perceived risk Yes 160 68.1

No 7 319
Perceived self- Yes 171 728
imagination No 64 272
Perceived need Yes 186 7.1

support No 9 209
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Variables  Category ~ Frequency  Percentage

(n)

Age(inyears)  Below average 128 545
More than 107 455
average

Sex Male 173 736
Female 62 264

Level of No formal 2 89

education education
Primary 54 20
Secondary 64 272
College and 9% 09
above

Occupation Government 65 277
employee
Private 82 349
employee
Student 2 179

Merchant 46 196





OPS/images/fpubh-11-1271763/fpubh-11-1271763-t001.jpg
Methods Data type Total (all Lekma Korle Bu Tema General

study sites) Hospital Teaching Hospital Hospital
Training workshops (TBPOC study) QUAN 694 healthcare 137 healthcare 385 healthcare workers*/ 172 healthcare
Key points from discussions with healthcare workers?/ 42 sessions workers'/ 12 15 sessions. workers?/ 15 sessions
workers were used in the building of the qualitative sessions

topic guides.

Patient data (TBPOC study) QUAN 422 patients/ 1trial 91 patients/ 1 trial 142 patients/ 1 trial 189 patients/ 1 trial
Preliminary TBPOC study data (patient and

process data) was used in the building of the

qualitative topic guides. Key findings from the

TBPOC study were used as pre-defined codes in

the qualitative directed content analysis and in the

‘mixed methods joint display.

HCW survey QUAN 81 healtheare 25 healtheare 44 healtheare workers/ 44 12 healtheare
Preliminary healthcare worker survey results were workers/ 81 surveys | workers/ 25 surveys surveys workers/ 12 surveys
used in the building of the qualitative topic guides,

and to inform purposive sampling of participants

10 the qualitative FGD and IDI through

connecting. Key findings from the survey were

used as pre-defined codes in the qualitative

directed content analysis and in the mixed

‘methods joint display:

FGD QUAL 18 healthcare b 18 healtheare workers/ 4 b
Summaries and transcripts were analyzed in the workers/ 4 focus focus group discussions
qualitative-directed content analysis. Quotations group discussions

from the content analysis were arrayed against key

quantitative findings in a mixed methods joint

display.
DI QUAL 15 healthcare b 15 healthcare workers/ 15 b

Summaries and transcripts were analyzed in the workers/ 15 in-depth in-depth interviews

qualitative-directed content analysis. Quotations

from the content analysis were arrayed against key.
quantitative findings in a mixed methods joint

display.

Determine LAM, lateral flow urine lipoarabinomannan assay, Determine™ TB LAM Ag test (Abbott Laboratories, Chicago, IL, USA); QUAN, quantitative; QUAL, qualitative; FGD, focus
group discussions; IDI, semi-structured in-depth interview.
2, The same participant may have participated in one or more sessions within the same hospital. b, FGD and IDI were only conducted at Korle Bu Teaching Hospital.
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TBPOC-study

Preliminary QUAN patient data* and
insights from HCW training workshop
discussions

QUAN patient data*
n=422

Phase

: QUAN surveys Phase II: QUAL FGD & IDI

Analysis & Interpretation

HCW at all three
hospitals
=81

Side-by-side comparison of
QUAN and QUAL data using|
Joint display

HCW at one hospital
=33
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Follow up

21121~
160122

Period 1 2 2 3 4
Date 1ot9-150320 | 199820 051020-140221 | 150221-040721 | osor21-21m121
e 28 weeks pause in 3 %S 3
Hospital TBPOC-study
patient enrolment
due tothe COVID-
19 pandemic Sk
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Teaching 8 8
Hospital E
e ARk
General 38383
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(Control period

crandrd.ofcare

Intervention period
Derermine Librest
vt i adciionto
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[Follow up period

F Healtheare worker training workshops with performance feedback

98 Healtheare worker surveys

Healtheare worker focus group discussions and semi-structured in-depth

interviews






OPS/images/fpubh-12-1386113/fpubh-12-1386113-t002.jpg
Variables No. of studies AHR p value
Advanced WHO Clinical stages, Stages I&11 n Ref Ref Ref Ref Ref
Stage INI&AV 301 (19-47]  895% | 045 0001
Cotrimoxazole preventive therapy (CPT) given 7 2220 Ref Ref Ref Ref Ref
Not given 189 256 (105285 93.0% 036 003
Isoniazid preventive therapy status (IPT) given 4 1,200 Ref Ref Ref Ref Ref

Not given 18 (146-231] | 966% 0001 0.001%
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Name of author Study  Study Study. Study Study ~Quality Sample  Numberof TB Study  Followup Proportions of

year region design population  setting size associated death periods time death
Sime etal. (7) 2022 Harari RC Both HT 3 566 76 2014-2018 4years 0.134
Shewano et al. (44) 2012 SNNR RC Adult HC 3 370 50 2006-2010 6years 0.135
Tolla et al. (40) 2019 Harari RC Both HT 2 349 27 2012-2017 Syears 0.077
Belayneh etal. (30) 2014 Tigray cs Adult HT 3 342 88 2009-2011 2years 0.257
Gemechuet et al. (34) 2022 SNNR RC Children HT 3 284 35 2009-2019 10years 0123
Haile Abrha etal. (35) 2015 Oromia RC Adult HT 3 72 55 2010-2012 2years 0.202
Esayas etal. (37) 2022 Oromia RC Adult HT 3 402 84 2014-2022 8years 0.209
Refera etal. (42) 2013 Oromia RC Adult HT 2 501 79 2011-2012 Iyears 0.158
Birhan etal. (31) 2021 Amhara RC Both HT 3 243 87 2014-2019 Syears 0358
Eshete etal. (33) 2022 Amhara RC Both HT 3 407 74 2005-2015 10years 0.182
Weldegebreal etal. (41) 2018 Harari cs Both HT 3 627 54 2008-2014 6years 0.086
Sileshi et al. (29) 2013 Amhara RC Both HT 3 422 88 2009-2012 3years 0.209
Emaby Gezae (32) 2019 Tigray RC Adult HT 3 305 50 2009-2016 7years 0.164
Ahmed etal. (27) 2016 AA cs Both HT&HC 2 169 20 2012-2013 Iyears o8
Teshome et al. [78] 2017 SNNR cs Adult HT 3 188 24 2012-2015 3years 0.128
Dawitetal. (21) 2021 SNNR RC Children HT 3 274 47 2009-2018 9years 0172
Alula etal. (39) 2017 National PC Both HT 3 355 55 2005-2016 Iyears 0.155
Chanie etal. (5) 2021 Amhara RC Children HT 2 227 39 2014-2021 7years 0172
Wondimu etal. (43) 2020 SNNR RC Adult HT 3 364 8 2007-2017 10years 0.228
Nigussie et al. (36) 2021 Tigray RC Children HT 3 253 38 2008-2018 10 Years 0.150
Seyoum etal. (35) 2022 AA RC Adult HT 3 1123 50 2011-2018 7years 0045
Aale etal. (25) 2018 Amhara RC Children HT 3 £ 39 2005-2017 12years 0.149

AA, Addis Ababa; CS, Cross sectional study design; D, Incident proportions; RC, Retrospective cohort; SNNR, South nation nationalites region; HT, Hospital; HC, Health center; CPT, Cotrimoxazole preventive therapy; IPT, Isoniazid preventive therapy; PLHIY;
People living with HIV/AIDS; TB, Tuberculosis.
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No. Sex Age Grade Class Suspicious TST Chest Methods and  Date of Treatment

symptoms radiography results diagnosis
Sputum
1 Eoos 9 T Ve - Abnormal Abnormal July2,2021  2HREZ/10HR
smear(~).Xpert(+)
Sputum
August 10,
2 Fooas 9 2 No Positive | Normal Abnormal | smear(-)Sputm 2HRZE/4HR
culture(+) Xpert(-)
Sputum smear August 26,
3 M s 9 2 | No - Abnormal Abnormal 2HREZ/10HR
(=)Xpert(+) 2021
Sputum August 26,
4 M s 9 2 No Positive | Normal Abnormal 2HREZ/10HR
smear(-) Xpert(+) | 2021
Sputum August 27,
5 Mo 9 2 |[No Positive  Abnormal Abnormal 2HRZE/MHR
smear(-) Xpert(+) | 2021
Sputum August 29,
6 Mos 9 2 No - Abnormal Abnormal 2HREZ/10HR
smear(—) Xpert(+) | 2021
Sputum
August 29,
7 Mo 9 2 No Positive  Abnormal Abnomal | smear(-)Spatum 2HRAEZ/AHRf
culture(-)Xpert(-)
Sputum August 30,
i Eoos 9 2 No - Abnormal Abnormal 2HRZE/M4HR
smear(-) Xpert(+) | 2021
Sputum August 30,
9 Mos 9 2 No - Abnormal Abnormal 2HRZE/10HRE
smear(-) Xpert(+) | 2021
Sputum August 30,
10 Mo 1s 9 2 No - Abnormal Abnormal 2HRZE/4HR
smear(~).Xpert(+) | 2021
‘Sputum smear(-),
P | eptember2,
n Foos 9 2 No - Abnormal Abnormal | Sputum o 2HRZE/4HR
culture(=) Xpert(=)
Sputum
September 2,
12 Fooas 9 2 No Positive | Normal Abnormal | smear(-)Sputum - 2HREZ/10HR
culture(-) Xpert(-)
Sputum September 6,
13 Fooas 9 1 No Positive  Abnormal Abnormal 2HRZE/AHR
smear(+) Xpert(+) | 2021
Sputum September 20,
1 M1 9 3 No Positive | Abnormal Abnormal 2HRZE/4HR
smear(-) Xpert(+) | 2021
Sputum
October 18,
15 M 1s 9 2 [ No Positive  Abnormal Abnormal | smear(~),Sputum 2HRZE/AHR

2021
culture(+) Xpert(-)

TB: tuberculosis; No. numbers TST: tuberculin skin test; CT: computed tomography; Xpert: Xpert MTB/RIF; (=): negative; (+): positives H: isoniazids R: rifampicin; E: ethambutols Z: pyrazinamides
RIt:rifapentine.
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Tolla etal (2019)
Esayas et.al (2022)
Sileshi et.al (2013)
Gezae etal (2019)
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Age, years 17.00 (12.00, 32.00) 31.00 (24.00, 46.00) 12.00 (9.00, 13.00) Z=-16.129 <0.001
Sex 2.398 0.121
Female 190 (54.8) 103 (58.9) 87 (50.6)

Male 157 (45.2) 72 (41.1) 85 (49.4)

Residence 5.933 0.015
Urban 21(6.1) 16 (9.1) 5(2.9)

Suburb or rural 326 (93.9) 159 (90.9) 167 (97.1)

TB history 97 (28.0) 50 (28.6) 47 (27.3) 0.067 0.796
BCG history 32(9.2) 7 (4.0) 25 (14.5) 11.500 0.001
Type of PTB

Primary PTB 91 (26.2) 1(0.6) 90 (52.3) 120.089 <0.001
Secondary PTB 256 (73.8) 174 (99.4) 82 (47.7) 120.089 <0.001
Acute hematogenous disseminated PTB 17 (4.9) 4(23) 13 (7.6) 5.176 0.023
Subacute hematogenous disseminated PTB 3(09) 0(0) 3(1.7) 1.380° 0.240
EPTB

Tuberculous pleurisy 139 (40.1) 59 (33.7) 80 (46.5) 5.916 0.015
Extrathoracic tuberculous lymphadenitis 154 (44.4) 34 (19.4) 120 (69.8) 89.048 <0.001
Tuberculous peritonitis 52 (15.0) 14 (8.0) 38 (22.1) 13.523 <0.001
Tuberculous pericarditis 54 (15.6) 27 (15.4) 27(15.7) 1714 0.190
Tuberculous meningitis 23(6.6) 3(L7) 20 (11.6) 13.775 <0.001
Osseous tuberculosis 8(23) 3(1.7) 5(29) 0.146" 0.702
Tuberculosis of genitourinary system 3(09) 1(0.6) 2(12) 0.000* 0.988
Comorbidity

Pneumonia 133 (38.3) 77 (44.0) 56 (32.6) 4.804 0.028
Anemia 62 (17.9) 40 (22.9) 22 (12.8) 5.990 0.014
Hypoproteinemia 44(127) 19.(10.9) 25 (14.5) 1.060 0303
Diabets 18 (5.2) 18 (10.3) 0(0) 18.659 <0.001
Hypertension 9(2.6) 9(5.1) 0(0) 7.160 0.007
HIV 2(0.6) 2(L1) 0(0) 0.486" 0.486
Clinical symptoms

Cough 301 (86.7) 149 (85.1) 152 (88.4) 0.787 0.375
Sputum 193 (55.6) 116 (66.3) 77 (44.8) 16.272 <0.001
Fever (temperature >37.3°C) 127 (36.6) 41(23.4) 86 (50.0) 26.394 <0.001
Weight reduction 71 (20.5) 34 (19.4) 37 (21.5) 0.231 0.631
Dyspnea 41 (11.8) 33 (18.9) 8(4.7) 16.801 <0.001
Chest pain 48 (13.8) 27 (15.4) 21(122) 0.754 0.385
Hemoptysis 29 (8.4) 26 (14.9) 3(17) 19.475 <0.001
Night Sweats 7(2.0) 3(17) 4(23) 0.001 0.982
Hoarseness 3(0.9) 1(0.6) 2(12) 0.000" 0.988
Time from symptoms onset to diagnosis of TBTB 64.00 (25.00, 180.00) 120.00 (34.00, 240.00) 36.00 (20.25, 95.75) Z=-5339 <0.001

PTB, pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis; TBTB, tracheobronchial tuberculosis.

2Continuous correction of chi-square.
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Laboratory examinations Children

(n =172)

Sputum test results

Smear-positivity 96/347 (27.7) 73/175 (41.7) 23/172 (13.4) 34,819 <0.001
Culture-positivity 158/347 (45.5) 106/175 (60.6) 52/172 (30.2) 32.194 <0.001
Gene Xpert MTB/RIE-positivity 187/347 (53.9) 115/175 (65.7) 72/172 (41.9) 19.863 <0.001
Rifampicin-resistant in Xpert 55/347 (15.9) 51/175(29.1) 4/172 (2.3) 46.771 <0.001

BALF test results

Smear-positivity 89/347 (25.6) 61/175 (34.9) 28/172 (16.3) 15.700 <0.001
Culture-positivity 163/347 (47.0) 108/175 (61.7) 55/172 (32.0) 30.796 <0.001
Gene Xpert MTB/RIE-positivity 245/347 (70.6) 133/175 (76.0) 112/172 (65.1) 4951 0.026
Rifampicin-resistant in Xpert 64/347 (18.4) 55/175 (31.4) 9/172 (5.2) 39.573 <0.001

‘TBTB, tracheobronchial tuberculosis; BALF, bronchial alveolar lavage fluid.
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Occupations

Commercial service 3,533 (5.8) 9(2-25) 10(5-20) 27 (15-43)
Labor workers 10660 (17.5) 8(2-26) 10(5-19) 25 (14-44)
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Patient source
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Symptomatic visits to non-TB-designated faci 22223 (36.5) 8(2-24) 10(5-19) 24 (14-42)
Physical examination 1917 (3.1) 000-1) 15 (8-27) 19.(10-34)
Close contact tracing 48 (0.1) 0(0-45) 16(6-20) 20 (8-33)
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Others 68 (0.1) 16(0-42) 165 (5-54) 485 (21-90)
Severe cases

No 45,716 (74.9) 12(3-26) 10(5-20) 28 (16-46)
Yes 15,334 (25.1) 13 (4-26) 10(5-19) 28 (16-43)
Treatment category

New 55,087 (90.2) 12(3-26) 9 (4-18) 26 (14-43)
Retreated. 5963 (9.8) 12(4-26) 10(5-19) 28 (16-43)
Pathogen result

Positive 30704 (50.3) 12(3-26) 8(4-15) 26 (14-44)
Negative 28,871 (47.3) 11(3-24) 11(5-21) 27 (16-43)
Unknown 1475 (24) 15 (6-26) 5(0-13) 25 (14-36)

*delays are given as Median days (IQR).
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Characteristics All participants N (%)

N 50 (100)
Sex

Female 22 (44.0)
Male 28 (56.0)

Tuberculin skin test (mm)

<5 31(62.0)
>5t0 <10 6(12.0)
>10to <15 8(16.0)
>15 5(10.0)
ESAT6-CFP10 skin test (mm)

<5 13(29.5)
>5 31(705)
Chest X-ray

Normal 25(80.6)

Abnormal 6(19.4)
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Variables Patient delay Health system delay The total delay

Migrant P-value Local Migrant P-value Local Migrant P-value
Gender
Male 6(3-15) 402-8) 0.00 10(3-23) 11(3-28) 032 21(12-38) 17(9-35) 0.00
Female 6(2-19) 42-8) 0.00 13 (4-30) 14(5-31) 0.23 22(13-40)  20(12-42) 0.50
Age
0- 8(4-14) 5(2-16) 052 13.(7-30) 12(7-31) 087 23(14-44)  26(12-45) 0.40
15- 5(2-13) 40-8) 000 11(3-25) 11(-27) 056 20 (12-36) 17(9-35) 001
60~ 8(-17) 401-11) 0.00 11(3-29) 17(7-39) 0.00 24(14-45) | 27(14-59) 078
Occupation
Farmer 7(2-15) 401-7) 000 11(3-25) 11(4-31) 022 22(13-38) 17(9-38) 0.00
Worker 5(-12) 4(2-9) 001 13(5-23) 12(3-22) 041 20012-34)  17(10-32) 0.47
Housework and
uopieyescal 6(2-14) 401-9) 0.00 15 (6-30) 14(4-30) 0.68 2(3-41)  18(12-37) 053
Retiree 12(3-23) 5(1-13) 000 13 (2-43) 17(7-36) 012 32(18-75) | 27(16-50) 045
Student 7(2-10) 402-8) 013 7(2-19) 11(2-29) 056 17(8-30) 19 (8-38) 0.54

Others 6(3-12) 4(2-9) 002 10 (2-30) 8(2-28) 0.69 19.(11-41) 18 (10-37) 061
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Variable No. of delay No. of cases p-value Crude odds ratio Adjusted odds

(95% CI) ratio (95% ClI)
Age 040
60~ 59 14 1 (Reference) 1 (Reference)
70- 34 66 099 (0.54-1.82) 109 (0.56-2.11)
80~ 8 2 053 (0.21-137) 0.60 (0.21-1.76)
Gender 0.03
Male 58 131 1 (Reference) 1 (Reference)
Female I 7 193 (1.07-3.48) 207 (099-432)
Educational level 0.08
Tliteracy 2 15 1 (Reference) 1 (Reference)
Elementary school and
ifisadize] 83 174 0.23(0.06-0.84) 0.31(0.08-1.21)
High school and above 6 3 021 (0.04-1.14) 0.24(0.04-1.39)
Marital status 052
Married 97 192 1 (Reference) 1 (Reference)
Others 4 10 0,65 (0.18-2.39) 0.68 (0.17-2.81)
Occupation 045
Farmer 91 185 1 (Reference) 1 (Reference)
Others 10 17 148 (0.54-4.04) 148 (0.54-4.04)
Smoking status 048
Current smoker n 25 1 (Reference) 1 (Reference)
Prior smoker s 20 061 (0.24-157) 0.63(0.20-2.04)
Never smoker 82 157 0.72(031-1.68) 0.84(0.31-2.34)
Drinking status 0.93
Non-drinkers 7 159 1 (Reference) 1 (Reference)
Occasional drinkers 4 7 135 (0.29-6.23) 289 (045-18.44)
Frequent drinkers 18 36 1.01(0.49-2.09) 1.41(0.59-3.41)
BMI 084
<185 17 36 1 (Reference) 1 (Reference)
18.5- 6 134 119 (0.57-2.48) 129(0.55-3.02)
224 15 32 0,99 (0.38-2.56) 1.08(0.37-3.21)
Physical exercise 046
Yes 38 7 1 (Reference) 1 (Reference)
No 6 131 0,81 (0.45-1.44) 0.93 (0.49-1.76)
‘Treatment category 024
New 97 190 1 (Reference) 1 (Reference)
Retreated. 4 2 0.48 (0.14-1.65) 0.42(0.11-1.59)
Diabetes [
Yes 20 50 1 (Reference) 1 (Reference)
No 81 152 1.72(0.77-1.89) 212(1.02-4.41)
Bacteriological results 042
Negative 38 84 1 (Reference) 1 (Reference)
Positive 6 s 120 (0.89-3.28) 1.24(0.75-2.06)
Medical insurance 0.62
Utban residents 87 169 1 (Reference) 1 (Reference)

Others 14 33 089 (0.58-1.39) 088 (055-1.42)
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Variable No. of delay No. of cases P-value Crude odds ratio Adjusted odds

(95% CI) ratio (95% ClI)
Age 039
60~ 58 14 1 (Reference) 1 (Reference)
70- 35 66 1.09 (0.59-2.00) 132 (0.68-2.56)
80~ 8 2 055 (0.22-1.42) 0.60 (0.20-1.73)
Gender 019
Male 61 131 1 (Reference) 1 (Reference)
Female 0 7 148 (0.83-2.65) 156 (0.76-3.19)
Educational level 0.07
Tliteracy 2 15 1 (Reference) 1 (Reference)
Elementary school and
ifisadize] 82 174 0.22(0.06-0.82) 0.21(0.05-0.83)
High school and above 7 3 0.29(0.06-155) 0.29.(0.05-1.67)
Marital status 052
Married 97 192 1 (Reference) 1 (Reference)
Others 4 10 0,65 (0.18-2.39) 0.68 (0.17-2.78)
Occupation 0.80
Farmer 93 184 1 (Reference) 1 (Reference)
Others 8 18 0,88 (0.33-238) 070 (0.22-2.23)
Smoking status 0.86
Current smoker 3 25 1 (Reference) 1 (Reference)
Prior smoker n 20 127 (0.50-3.23) 1.80(0.58-5.61)
Never smoker 77 157 113 (0.48-2.62) 1.61(0.59-4.41)
Drinking status 0.88
Non-drinkers 80 159 1 (Reference) 1 (Reference)
Occasional drinkers 4 7 135 (0.29-6.23) 1.08 (0.18-6.52)
Frequent drinkers 18 36 1.01(0.49-2.09) 0.73(031-1.76)
BMI 0.93
<185 18 36 1 (Reference) 1 (Reference)
18.5- 66 134 097 (0.47-2.03) 122 (0.53-2.80)
224 17 32 113 (0.44-2.94) 150 (0.51-4.36)
Physical exercise 088
Yes 36 7 1 (Reference) 1 (Reference)
No 65 131 1.04(0.59-1.86) 0.93 (0.49-1.74)
‘Treatment category 055
New 94 190 1 (Reference) 1 (Reference)
Retreated. 7 2 143 (0.44-4.66) 135 (0.38-4.85)
Diabetes 033
Yes 2 50 1 (Reference) 1 (Reference)
No 79 152 138 (0.72-2.62) 135 (0.66-2.76)
Bacteriological results 030
Negative 37 84 1 (Reference) 1 (Reference)
Positive 64 s 127 (0.81-1.99) 134(0.82-2.19)
Medical insurance
Utban residents 87 169 1 (Reference) 1 (Reference)

Others 14 33 085 (0.55-1.32) 090 (056-1.43)
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2010
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2012
2013
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2016
2017
2018
2019
2020
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2010-2021

4(1-12)
5(3-9)
40-11)
6(3-13)
5(2-13)
4(1-14)
5(1-14)
10 (4-15)
10 (4-17)
13(5-21)
11(4-18)
85 (5-15)

6(3-14)

Days (median, IQR)

Migrant

3(1-6)
42-7)
3(1-6)
5(3-7)
3(1-7)
3(1-7)
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4(1-8)
5(2-13)
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0.01

0.03

0.01

0.00

0.00

0.00

0.00

0.01

0.00

35 (19.13)
35(19.34)
42(22.46)
38 (23.46)
36 (21.82)
36 (25.17)
38 (28.15)
50 (33.78)
48 (39.34)
59 (48.76)
31(38.75)
28(2857)

476 (27.59)

Proportion (n, %)
Migrant
8(6.56)
9(6.12)
9(8.33)
10(9.90)
20(13.16)
15(11.63)
15.(10.42)
18(1L11)
35(20.47)
21(1529)
28(1931)
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236 (13.74)
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0.00
0.00
0.00
001
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0.00
0.00
0.00
0.00
0.00
0.00
054

0.00
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9(2-22)
12(5-27)
13 (4-31)
105 (3-31)
9(3-24)
9(3-15)
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10(2-30)
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Pillbox Al Ethiopia (n = 50) The Philippines

(n = 210) (GE10)]
Mobile phone access, 1 (%) 200 (95.2%) 48 (96%) 48 (96.0%) 47 (95.9%) 57 (93.4%)
Own mobile phone and not shared, 154 (73.3%) 36 (72%) 31 (62%) 44 (89.8%) 43 (70.5%)
n (%)
Own mobile and share with family, 11 (5.2%) 0(0%) 5(10.0%) 0 (0%) 6(9.8%)
n (%)
Family shared phone, not own, n 35 (16.7%) 12 (24%) 12 (24%) 3(6.1%) 8 (13.1%)
(%)
Changed phone number/ SIM in 33 (15.7%) 3 (6.0%) 13 (26%) 3(6.1%) 14 (23%)
the last 1 year, n (%)
Use box alert to remind to take TB 183 (87.1%) 36 (72%) 43 (86%) 49 (100%) 55 (90.2%)
medicine, 7 (%)
Household members know 198 (94.3%) 48 (96%) 44 (88%) 46 (93.9%) 60 (98.4%)
participant uses box, 7 (%)
Ever missed a dose, 1 (%) 25(11.9%) 3(6.0%) 9 (18%) 9 (18.4%) 4(6.6%)
No contact by health care worker 9 (36%) 0 (0%) 7(77.8%) 1(11.1%) 1(25%)
for a missed dose % (n/N)*
Paid extra to use DAT, (%) 11 (4.8%) 0(0%) 4(6.8%) 0(0%) 7 (11.3%)
phone credit ® 10 (90.9) 0(0%) 3(75.0%) 0(0%) 7 (100%)
Health care worker showed 150 (71.4%) 32 (64.0%) 23 (46%) 46 (93.9%) 49 (80.3%)
adherence information, 1 (%)
Ever taken TB medicine without 45 (22%) 11 (22.0%) 19 (38%) 9(18.4%) 6(9.8%)
using box, 1 (%)
Not having the box with them* 31 (68.9%) 8 (72.7%) 10 (52.6%) 8 (88.9%) 5(83.3%)
Poor network connection® 8(17.8%) 1(9.0%) 7 (36.8%) 0 (0%) 0 (0%)
Did not want to be seen using box® 1(2.2%) 0 (0%) 0(0%) 1(11.1%) 0 (0%)
Charging problems® 3(6.7%) 0(0%) 3(15.8%) 0 (0%)
Medication labels Ethiopia (n The Philippines i Tanzania

(n =52) (n = 38)

Phone access, 11 (%) 168 (99.4%) 50 (100%) 52 (100%) 29 (100%) 37 (97.4%)
Own mobile phone, 1 (%) 122 (72.2%) 35 (70.0%) 33 (63.5%) 28(96.6%) 26 (68.4%)
Own mobile and share with family, 14 (8.3%) 2 (4.0%) 10 (19.2%) 1(3.4%) 1(2.6%)
n (%)
Family shared phone, not own, n 32(18.9%) 13 (26.0%) 9(17.3%) 0 (0%) 10 (26.3%)
(%)
Changed phone number/ SIM in 35(20.7%) 7 (14.0%) 11 (21.2%) 11(37.9%) 6 (15.8%)
the last 1 year, n (%)
Set alarm to remind to take TB 41(24.3%) 7 (14%) 17 (32.7%) 14 (48.3%) 3(7.9%)
medicine, 7 (%)
Family/ friend remind to take TB 69 (40.8%) 34 (68.0%) 20 (38.5%) 4(13.8%) 11 (28.9%)
medicine, 7 (%)
Household members know 160 (94.7%) 49 (98.0%) 50 (100%) 24 (82.9%) 37 (97.4%)
participant uses label, n (%)
Ever missed a dose, 1 (%) 22 (13.0%) 2 (4.0%) 9(17.3%) 7 (24.1%) 4(10.5%)
No contact by health care worker 7 (31.8%) 0(0%) 6(66.7%) 1(14.3%) 0(0%)
for a missed dose %, (n/N)*
Paid extra to use DAT, (%) 15 (8.1%) 3 (6.0%) 3(5.8%) 2(6.9%) 7 (18.4%)
Phone credit® 8 (53.3%) 0(0%) 3 (100%) 1(50.0%) 4(57.1%)
New phone® 5(33.3%) 1(33.3%) 0(0%) 2 (100%) 2 (28.6%)
Repair phoneb 2(28.6%) 2(66.7%) 0(0%) 0(0%) 0(0%)
Health care worker showed 114 (67.5%) 35 (70.0%) 23 (44.2%) 27 (93.1%) 29(76.3%)
adherence information, 1 (%)
Ever taken TB medicine without 70 (41.4%) 16 (32.0%) 27 (51.9%) 15 (51.7%) 12 (31.6%)
using label, 7 (%)
Phone access challenges® 19 (27.1%) 7 (43.8%) 4(14.8%) 3(20.0%) 5 (41.7%)
Poor network connection® 10 (14.3%) 1(6.3%) §(29.6%) 0(0%) 1(8.3%)
Forgot to send text® 40 (57.1%) 7 (43.8%) 20 (74%) 8 (53.3%) 5(41.7%)
Charging problems® §(11.4%) 3(18.8%) 2(7.4%) 2 (13.3%) 1(8.3%)

2% out of those who reported a missed dose (non-engagement with the technology); ®% out of those who paid extra to use the DAT; % out of those who reported taking treatment without
using pillbox.
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All countries (n = 379) Ethiopia (n = 100) The Philippines (n = 102) South Africa (n = 78) Tanzania (n = 99)

Pillbox Labels Pillbox Labels Pillbox Labels Pillbox Labels Pillbox Labels

Individual level

DAT received 210 169 50 50 50 52 49 29 61 38

Age (years), median, IQR 41(30,53) 36 (27, 50) 35(24,44) 33.5(24,39) 45 (32, 56) 38(26,53) 43 (34,52) 41(31,47) 42 (35, 52) 40.5 (34, 56)
Female, 1 (%) 95 (45%) 73 (43%) 25 (50%) 25 (50%) 25 (50%) 26 (52%) 19 (39%) 8 (28%) 26 (42%) 14 (37%)
HIV status positive, 1 (%) 57/157 (36%)* 33/117 (28%)* 7 (14%) 5(10%) NA NA 32 (65%) 19 (66%) 18 (31%)** 9 (24%)
On ART (among those HIV-positive), 54 (95%) 32 (97%) 7 (100%) 5 (100%) NA NA 29 (91%) 18 (95%) 18 (100%) 9 (100%)
n (%)

Continuation phase, n (%) 131 (62%) 119 (70%) 31 (62%) 31(62%) 34 (68%) 44 (85%) 28 (57%) 20 (69%) 38 (62%) 24 (63%)
PTB, 1 (%) 189 (91%)*** 159 (94%) 50 (100%) 50 (100%) 50 (100%) 50 (100%) 41 (84%) 22 (76%) 48 (81%)** 35 (92%)
Bacteriologic confirmed, n (%) 114 (55%)*** 92 (54%) 29 (58%) 28 (56%) 26 (52%) 30 (58%) 26 (53%) 16 (55%) 33 (56%)*** 18 (47%)

Cluster-level

# facilities randomized to the DAT arm 20 20 5 5 5 5 5 5 5 5
Urban, n (%) 15 (75%) 13 (65%) 4 (80%) 4 (80%) 4 (80%) 3 (60%) 4 (80%) 4 (80%) 3 (60%) 2 (40%)
Facility type - Clinic: public n (%) 18 (90%) 19 (95%) 5 (100%) 5 (100%) 5 (100%) 4 (80%) 5 (100%) 5 (100%) 3 (60%) 5 (100%)
Data collection period 8/10/2021- 21/10/2021- 8/10/2021- 21/10/2021- 21/2/2022- 17/2/2022- 24/1/2022- 9/12/2021- 3/2/2022- 3/2/2022-
25/5/2022 12/5/2022 20/4/2022 12/5/2022 25/5/2022 20/4/2022 25/5/2022 9/3/2022 14/3/2022 2/3/2022

*Excluding the Philippines where HIV status data are not available; **data missing for n = 3 participants using the pillbox; ***data missing for n = 2 participants using the pillbox. IQR, interquartile range; PTB, pulmonary tuberculosis; NA, not available.
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Drug-resistant Isolates Prevalence (%)

Profile

Isoniazid resistant 2 25
Streptomycin resistant 10 102
Ethambutol resistant 6 6.1
Rifampicin resistant 17 173
Pyrazinamide resistant 5 5.1
MDR-TB 16 163
Sensible to all tested

drugs i 724
Total 98

ithout informati
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Mortality Total TB-related  Non-TB-

death death related
death

Total population 1,317 (10.6%) 280 (2.3%) 1,037 (8.4%)
Olderadult (270years) | 909 (187%)* | 192(3.9%)*  719(14.8%)*
Male sex 833 (1.0%) 160 (2.1%) 673 (8.9%)*
Underweight 402 (18.5%)* 100 (4.6%)* 302 (13.9%)*
Heart disease 146 (19.8%)* 17 (2.3%) 129 (17.5%)*
Liver disease 50 (16.19%)* 3(1.0%) 47(15.1%)*
Kidney disease 132 (26.4%)* 13 (26%) 119(23.8%)*
CNS disease 290 (233%)° 59 (47%)* 231 (18.6%)*
NS TB involvement 29(16.6%)* 7 (4.0%) 22(12.6%)
Dyspnea 431 200%)* 108 (5.0%) 323 (15.0%)*
Fever 2A7(134%)° 60 (37%)* 157 (9.7%)*
General weakness 174266%)° | 52(80%)* 122 (18.7%)*
Bilateral discase SI90160%)* | 138(3%N* 381 (117%)*
AFB smear + 393 (155%)% | 143 (5.6%)* 250 (9.9%)*
AFB culture + 660 (128%)* | 182(3.5%)* 478 (9.3%)*

“statstically significant difference.
TB, tuberculosis; CNS, central nervous system; AFB, acid-fast bacill,
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Age

Body mass index
Current smoking
Heavy drinker
Diabetes

Lung disease
ONS disease
Dyspnea

Fever

General weakness
Cavitary lesion
Bilateral lesion
AFB smear positivity

AFB culture positivity

1044

0.869

0.596

1549

1628

1536

2452

3.064

1841

4349

1453

282

4206

2649

Univariable

1035-1.053
0.837-0.901
0.420-0.844
1054-2.277
1252-2.111
0.995-2.369
1829-3.289
2398-3916
1377-2.461
3.183-5942
1057-1.997

2223

577

3313-5339

2,067-3.396

1035

0930

2110

1581

2462

1728

2932

Multivariable

1027-1.044

0.896-0.965

1633-2.727
1172-2.134
1774-3.416
1345-2.221

2282-3.769

95% ClI

Age
Male sex

Body mass index
Current smoking
Diabetes

Lung disease
Heart disease
Liver disease
Kidney disease
ONS disease

TB pleurisy
CNSTB
Cough/phlegm
Dyspnea

Chest pain

Fever

General weakness
Weight loss
Cavitary lesion
Bilateral lesion

AFB smear positivity

AFB culture positivity

OR, odds ratio; CI, confidential interval; CNS, central nervous system; TB, tuberculo

1049

1195

0.896

0.563

1526

1610

2495

1987

3716

2914

1288

1580

0.736

2333

0.656

1204

2705

0.794

0771

1724

1250

1213

1044-1.053

1046-1.364

0879-0914

0.467-0.679

1332-1.761

1272-2.037

2039-3.052

1447-2.728

2992-4615

2484-3.420

1.084-1530

1.006-2.481

0.641-0845

2027-2685

0.493-0872

1.001-1.439

2197-3330

0.609-1.036

0625-0.952

1509-1.970

1076-1.451

1067-1378

AFB, acid-fast bacilli

1041

1382

0912

1409

2147

2574

1483

2854

1589

1620

0732

1261

1036-1.046

1.197-1595

0.894-0.931

1134-1752

1532-3.009

2042-3246

1245-1.766

1762-4.621

1367-1848

1.293-2.030

0552-0.970

1093-1.454
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Total recruited database during 2019-2020
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N=13,448
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N=12,432 Diagnosis changed: 1,016 (7.6%)
N=12,340 Missing data for Tx outcome: 69 (0.5%) & mode of death: 23 (0.2%)
/ \\
Death: 1,317 (10.7%) Live: 11,023 (89.3%)

Sy

TB-related death: 280 (21.3%) Non TB-related death: 1,037 (78.7%)
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Survived Death (N =1,317)

UEELLED) TB-related  Non-TB-related p-value
(N =280) (N=1,037)
Age (years) 5994189 7355151 7335166 736+14.7 0823 <0.001
Male sex (1,%) 6707 (60.8%) 833 (63.2%) 160 (57.1) 673 (64.9%) 002 0.097
Body mass index (kg/m’) 217£34 204237 201537 205£3.6 0.109 <0001
Marriage (1, %) 8,295 (75.3%) 1,131 (85.9%) 231 (82.5%) 900 (868%) 0.227 <0001
Family (%) 6,567 (59.6%) 668 (50.7%) 141 (504%) 527 (50.8%) 0.291 <0.001
Occupation (1, %) 2926 (26.5%) 84(6.4%) 14 (5.0%) 70 (6.8%) 0.408 <0001
Current smoking (%) 2321 211%) 171 (13.0%) 37(132%) 134 (129%) 0977 <0001
Heavy drinker (1, %) 788 (7.1%) 109 (8.3%) 30 (107%) 79.(7.6%) 0122 0.152
Comorbidities (1, %) 6369 (57.8%) 1,074 (81.5%) 204 (72.9%) 870 (83.9%) <0001 <0001
Diabetes 2,192 (19.9%) 371 (282%) 83 (29.6%) 288 (27.8%) 0587 <0001
Lung disease 578 (5.2%) 109 (8.3%) 23 (8.2%) 86 (8.3%) 50999 <0001
Heart disease 592 (5.4%) 146 (11.1%) 17 (6.1%) 129 (124%) 0.004 <0001
Liver disease 261 (2.4%) 50 (3.8%) 3(11%) 47 (45%) 0012 0.002
Kidney disease 368 (3.3%) 132 (10.0%) 13 (4.6%) 119 (11.5%) 0.001 <0001
N disease 953 (8.6%) 290 (22.0%) 59 (21.1%) 231 (223%) 0726 <0001
Involved site (1, %)
TB pleurisy 1,472 (45.4%) 212(625%) 40 (64.5%) 172 (62.1%) 0833 <0001
TBINP 689 (21.2%) 29(8.6%) 5(3.1%) 24(87%) 50999 <0001
GITB 429(13.2%) 33 (9.7%) 7(113%) 26 (9.4%) 0826 0082
Bone/joint TB 254.(7.8%) 15 (4.4%) 1(1.6%) 14(5.1%) 0396 0031
CNSTB 146 (4.5%) 29(3.6%) 7(113%) 22(7.9%) 0548 0.002
Urogenital TB 90 (0.8%) 2(0.6%) 0(0%) 2(07%) 20999 0025
Symptom presence (, %)
Cough/phlegm 4,026 (36.5%) 404 (30.7%) 96 (34.3%) 308 (29.7%) 0.161 <0001
Dyspnea 1728 (15.7%) 431 (327%) 108 (38.6%) 323 (311%) 0.023 <0001
Chest pain 846 (7.7%) 65 (4.9%) 12(43%) 53.(5.1%) 0.682 <0001
Hemoptysis 444 (4.0%) 37 (28%) 6(2.1%) 31(3.0%) 0578 0037
Fever 1,399 (12.7%) 217 (165%) 60 (21.4%) 157 (15.1%) 0015 <0001
Gw 479.(4.3%) 174 (13.2%) 52 (18.6%) 122 (11.8%) 0,004 <0001
‘Weight loss 813(7.4%) 87 (6.6%) 25 (8.9%) 62(6.0%) 0.104 0338
TB classification (1, %) 0.063 0001
PTBonly 7,778 (70.5%) 987 (74.3%) 218 (77.9%) 760 (73.3%)
PTB+EPTB 806 (7.3%) 111 (84%) 28 (10.0%) 83 (8.0%)
EPTB only 2437 (22.1%) 227 (17.2%) 34(121%) 193 (18.6%)
Radiographic characteristics (1, %)
Cavitary disease 1,367 (12.4%) 150 (11.4%) 47 (16:8%) 103 (99%) 0002 0311
Bilateral discase 2711 (24.6%) 519 (39.4%) 138 (49.3%) 381(36.7%) <0001 <0001

Microbiologic characteristics (1, %)

AFB smear positivity 2,148 (19.5%) 393 (29.8%) 143 (51.1%) 250 (24.1%) <0001 <0001
AFB culture positivity 4,493 (40.7%) 660 (50.1%) 182 (65.0%) 478 (46.1%) <0001 <0001
Drug susceptibility testing (1, %)
INH resistance 281 (2.5%) 19 (1.4%) 3(11%) 16.(1.5%) 0.795 0014
69 (0.6%) 10 0.7%) 1(04%) 9(0.8%) 0.649 0733
Any resistance 692(6.3%) 58 (4.3%) 12.(43%) 46 (4.3%) 0.861 <0001
Follow-up period (days) 20632927 8331913 5642830 90.6+92.1 <0.001 <0001

B, tuberculosi
acid-fast baci

NP, lymphadenopathy; G, gastrointestinal; CNS, central nervous system; G/W, general weakness; PTB, pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis, AFB,
s DST, drug susceptibility test; INH, isoniazid; RE, rifampin.
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Study DNA sequencing Country Sample Specimen type Type of Confirmed Confirmed
(First platform size research MTBC MTBC

author/ positive negative
year)

Chen2020(12) | BGISEQ-50 c 200-300bp  Pulmonary and Retrospective 24(66.7%) 33 (97.1%)

extrapulmonary specimen

Fu2022(13)  MGISEQ-2000 c 200-300bp  BALF and biopsy tissue Retrospective 36 (78.3%) 357 (100%)
Jin2020(14)  BGISEQ-100 c 150-200bp  Pulmonary and Retrospective 62(49.6%) 683 (98.3%)
extrapulmonary specimen
Liu2021(15)  BGISEQ-50 c NA BALF Retrospective 85(59.9%) 111 (100%)
Shi2020(16)  NextSeq CN500 c 200300bp  BALF Prospective 23 (47.9%) 61(98.3%)
XuP2022(17)  NextSeq550 DX c NA BALF Retrospective 67 (94.4%) 23 (100%)
Zhou2019 (18)  BGISEQ-50 c NA Pulmonary and Prospective 20 (44%) 59 (95%)
extrapulmonary specimen
Zhu2021(19)  BGISEQ-50 c NA BALE and biopsy tissue Retrospective 41(89.1%) 60 (98.4%)
Sun2021(20)  BGISEQ-50 c 200-300bp  Extrapulmonary specimen  Retrospective 101 (56.1%) 28 (100%)
Li2022(21) MGISEQ-2000 c 200300bp  granulation tissue and pus | Prospective 36 (94.7%) 62 (100%)
Jin2023(22)  BGISEQ-50 c NA spinal tissue Retrospective 79 (71.2%) 92 (100%)
Ga02023(33) | NA c NA BALF Retrospective 30 (79.0%) 148 (100%)
Chen 2022 (24)  BGISEQ-100 BGISEQ-50/ c 200-300bp  CSF Retrospective 74 (63.2%) 99 (100%)
MGISEQ-2000
Yu2021(25)  NA c NA CSE Retrospective 10 (43.5%) 14.(100%)
Yan2020(26)  BGISEQ-50 c NA CSE Retrospective 38 (84.4%) 6(100%)
Wang 2019 (27)  BGISEQ-100 c 200~300bp | CSF Retrospective 18 (78.3%) 6(100%)
Xing2020(25)  BGISEQ-500/50 c NA CSE Prospective 12(27.3%) 163 (96.4%)

C. China; NA, unable to get data; BALF, bronchoalveolar lavage fluid obtained by bronchoscope; Pulmonary specimen: includes BALF, Sputum and biopsy tissue etc;
Extrapulmonary specimen includes Serous fluid, Pus, extrapulmonary tissue, Blood and Cerebrospinal fluid etc.
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Context Specific Steps in TB Contact Investigation
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@ Step 5a. Identification of
con(am;sora .trgs'l;:‘?:greferral 1. Evaluation of risk factors of contacts
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Characteristics otal

Gender
Female 25 (63%)
Male 15 (37%)

Age (years) 53 (24-80)

Race
Indigenous 1(25%)
African Colombian 12:5%)
‘White-Mestizo 38 (95%)

‘Type of health insurance
Contributory (private) 27(67.5%)
Subsidized (public) 11(27.5%)
Other” 2(5%)

‘Mean (range)
"Special, prepaid, or traditional medicine.
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Themes &

Sub-themes

Barriers

Facilitators

Healthcare operations

Data quality and
inter-institutional

coordination

Resource needs

Access to households

Essential knowledge

General TB
knowledge

Skills needs for
Clinic and SoPH
staff

‘Time limitations and competing responsibil

Time constraints of
Clinic and SoPH
staff

Competing demands

for Contact

Provider: mi

g or inaccurate data reported to the surveillance system impedes tracking

of contactsSoPH: missing data i

pedes the scheduling of household visitsSoPH:

mits proges
adequate or missing communication between insurers impedes the uptake.

suboptimal local inter-institutional cooperation

in solving data quality
issuesContact:

Of TB testing.

SoPH: lack of specific guidelines and scripts for scheduling and household visit procedures
affect scheduling success.SoPH: lack of dedicated phone lines for contact investigation-

related tasks creates inconveniences for CHWs

SoPH: missing data hinders scheduling efforts and increases the risk of vsit rejection or
absence of some household membersSoPH: safety concerns impede access to households in

some neighborhoods

Provider: lack of TB awareness by physicians causing delayed diagnosisProvider:

misinformat teractions with index casesContact: low.

1 among staff causing negat
perception decreased the likelihood of contacts secking TB diagnosisContact:
misinformation about transmission within the household resulted in unnecessarily harsh

preventive measures against TB cases.

None identified

fes

Provider: time limitations for physicians affect data qualitySoPH: multiple job

responsibil

ies complicate scheduling household visits

SoPH: C/co competing demands prevent the scheduling of household visitsContact:
competing demands related to work or caring for relatives impedes TB uptake|Contact:

time and effort to obtain a prescription for TB testing for contacts

Interpersonal interactions

Stigma

Trust

Provider: stigmatizing experiences with clinic staff could discourage further interaction

with the cl

ic or SoPH staffSoPH: anticipated stigma can prevent acceptance of houschold

visits

None identified

SoPH: collaboration with community leaders
promotes access to households in unsafe

neighborhoods

Provider: index cases dissel

ate accurate

information to their contacts,

ncreasing test
uptakeContact: secking diagnostic behaviors was
reported among those with better TB knowledge and

good TB knowledge transfer interactions

SoPH: knowledge of the structure of the healthcare

stem to find or correct patient informationSoPH:

good communication skills increase the likelihood of

acceptance of household visits and associated tasks

None identified

None identified

None identified

SoPH: continuity of CHW for scheduling and visits

increased the likelihood of acceptance of household
visitsContact: follows-up visits, particularly by a

trusted CHW, encouraged contacts to seek TB testing

The table organizes barriers to and facltatorsof the TB contact investigation process for each theme and sub-theme identified. CHW, community health workers; SoPH, Secretary of Public

Health; TB, tuberculosis
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Method Avs. B

Diagnostic yield (%/totals)

Method A

Method B

Sputum smear vs. sputum culture 96/347 (27.7) 158/347 (45.5) 23.870 <0.001
Sputum smear vs. Gene Xpert in sputum 96/347 (27.7) 187/347 (53.9) 49.410 <0.001
Sputum culture vs. Gene Xpert in sputum 158/347 (45.5) 187/347 (53.9) 4847 0.028

BALF smear vs. BALF culture 89/347 (25.6) 163/347 (47.0) 46.436 <0.001
BALF smear vs. Gene Xpert in BALF 89/347 (25.6) 245/347 (70.6) 140.462 <0.001
BALF culture vs. Gene Xpert in BALF 163/347 (47.0) 245/347 (70.6) 39.991 <0.001
Sputum smear vs. BALF smear 96/347 (27.7) 89/347 (25.6) 0.361 0.548

Sputum culture vs. BALF culture 96/347 (27.7) 163/347 (47.0) 27.652 <0.001
Gene Xpert in sputum vs. Gene Xpert in BALF 187/347 (53.9) 245/347 (70.6) 20.627 <0.001

BALE bronchial alveolar lavage fluid.
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Children

(n=172)

Pulmonary atelectasis 47 (13.5) 20 (11.4) 27 (15.7) 1.350 0.245
Airway stenosis 56 (16.1) 27 (15.4) 29 (16.9) 0.131 0717
Obstructive pneumonia 16 (4.6) 9(5.1) 7(4.1) 0227 0.634
Roughness of bronchial wall 51(14.7) 27 (15.4) 24 (14.0) 0.151 0.698
Pulmonary cavities 127 (36.6) 88 (50.3) 39 (22.7) 28.500 <0.001
Lesions involve the lung fields 66.305 <0.001
Unilateral lung, single lobe 43 (12.4) 6(3.4) 37 (21.5)

Unilateral lung, multiple lobes 100 (28.8) 30 (17.1) 70 (40.7)

Bilateral lungs, single lobe 13(3.7) 7 (4.0) 6(3.5)

Bilateral lungs, multiple lobes 191 (55.0) 132 (75.4) 59 (34.3)

TBTB, tracheobronchial tuberculosis.
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Subtypes of TBTB 87.659* <0.001
Inflammatory infiltration 83 (23.9) 52(29.7) 31 (18.0)

Ulceration necrosis 72 (20.7) 53(30.3) 19 (11.0)

Granulation hyperplasia 93 (26.8) 26 (14.9) 67 (39.0)

Cicatrices stricture 69 (19.9) 44(25.1) 25(14.5)

Tracheobronchial malacia 1(0.3) 0(0) 1(0.6)

Lymph fistula 29 (8.4) 0(0) 29(21.2)

Site of lesions

Trachea 20 (5.8) 13(7.4) 7 (4.1) 1.802 0.180
Right main bronchus 50 (14.4) 23 (13.1) 27 (15.7) 0.459 0.498
Right upper lobe bronchus 118 (34.0) 69 (39.4) 49 (28.5) 4.626 0.031
Right middle bronchus 54 (15.6) 25(14.3) 29 (16.9) 0.351 0.553
Right middle lobe bronchus 50 (14.4) 21(12.0) 29(16.9) 1.662 0.197
Right lower lobe bronchus 52 (15.0) 27 (15.4) 25 (14.5) 0.131 0717
Left main bronchus 76 (21.9) 39(22.3) 37 (21.5) 0.030 0.862
Left upper lobe bronchus 128 (36.9) 62 (35.4) 66 (38.4) 0.323 0.570
Left lower lobe bronchus 77 (22.2) 39(22.3) 38(22.1) 0.002 0.966
Number of lesions involved 0.003 0.959
Single 176 (50.7) 89 (50.9) 87 (50.6)

Multiple 171 (49.3) 86 (49.1) 85 (49.4)

Tracheobronchial stenosis 276 (79.5) 131 (74.9) 145 (84.3) 27.046 <0.001
Mild 79 (22.8) 18 (10.3) 61(35.5)

Moderate 114 (32.9) 65(37.1) 49 (28.5)

Severe 83(23.9) 48 (27.4) 35(20.3)

Tracheobronchial obstruction 2(12.1) 18 (10.3) 14 (8.1) 0.477 0.490

TBTB, tracheobronchial tuberculosis.
3Likelyhood ratio of chi-square.
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Characteri 2010 2011 2012 2013 2014 2016 2017 2019 2020 2021
Total

Number of cases 305 328 295 263 317 272 279 310 293 278 225 277
Incidence rate 57.53 66.71 59.57 53.26 64.01 54.83 55.15 60.89 57.34 53.98 43.60 4797
(1/100,000)

Census register, n (%)

Local TB patients. 183 181 187 162 165 143 135 148 122 121 80 98

(6000)  (55.18) | (6339)  (6L6) | (5205) | (5257)  (4839)  (47.74)  (4164)  (4353)  (3556) | (3538)

Migrant TB patients 122 147 108 101 152 129 144 162 171 157 145 179
(4000)  (4482) | (3661)  (384) | (4795)  (4743)  (5L61)  (5226) = (5836) | (5647)  (6444) | (6462)

Sex, n (%)

Male 207 223 182 170 213 179 201 208 203 201 159 197
(67.87) (6799 | (6169)  (6464)  (67.19) | (6581) = (7204)  (67.0) = (6928) = (7230)  (70.67) | (7L12)

Female 9% 105 13 93 104 93 78 102 %0 77 66 80

(3213) (32.01) (38.31) (35.36) (32.81) (34.19) (27.96) (32.90) (30.72) (27.70) (29.33) (28.88)
Age group, n (%)
0- 2060 4022 | 87) 0000 20063 1037 20072) 2065 20068 3008 1049 | 1(036)
1= 254 256 226 200 249 205 201 215 209 189 160 190
(8328) (7805 (7661) | (7605) (7855 | (7537) | (204) (6935 | (7133) | (6799) (L) | (6859)

60~ 49 68 6l 63 66 66 76 93 (30) 82 86 64 86
(1607)  (2073) | (2068) (2395 = (2082) = (2426)  (27.24) (27.99) | (30.94)  (2844) | (31.05)

Occupation, n (%)

Farmer 201 192 179 150 149 (47) 157 181 124 (40) 109 121 82 110
(6590)  (5854) | (60.68)  (57.03) (57.72) | (64.87) (37.2) | @353) | (644) | (3971)

Worker 45 44 32 26(9.89) 38 21(772) | 26(932) 74 72 49 46 51
(1475)  (1341) | (1085) (11.99) (2387) | (2457)  (1763)  (2044) | (1841)

Housework and 13(4.26) 45 22(746) 49 91 57 40 65 59 53 52 48
unemployment (13.72) (1863)  (871) | (2096) | (1434)  (2097) | (014) | (1906  (2311) | (17.33)
Retiree 8(262) | 7(213) | 12(407)  7(266)  4(126) | 7(257) | 12(430) 9(29) | 8(273)  10(36) = 8(336) | 26(9.38)
Student 1361 11(335) | 17(576)  11(418)  13(410)  8(294) 8(287) 8(258)  7(239) | 18(647) 12(533) 6(217)

Others 27(886)  29(8.85) 33 20(761)  22(694)  22(809)  12(430)  30(9.68) 38 27971) 2 36
(118 (1297) L) | (300

Interval from onset to the visiting in designated hospital (day), n (%)

0-13 185 185 160 138 185 170 160 167 121 130 107 140
(60.66)  (56.40) | (5424) | (5247) | (5836) | (6250) = (5735)  (5387) = (4130)  (4676) = (47.56) | (50.54)

214 120 143 135 125 132 102 Jit] 143 172 148 118 137
(3934)  (4360) | (4576)  (4753)  (4L64) | (3750) (4265  (4613)  (S870) | (5324)  (5244) | (49.46)

Interval from visiting in designated hospital to confirmation of PTB (day), n (%)

0-13 262 284 244 215 261 221 226 242 210 195 166 204
(85.90) (86.59) (82.71) (81.75) (8233) (81.25) (81.00) (78.06) (71.67) (70.14) (73.78) (73.65)

214 43 4“4 51 48 56 51 53 68 83 83 59 73
(14.10) (13.41) (17.29) (18.25) (17.67) (18.75) (19.00) (21.94) (2833) (29.86) (26.22) (26.35)
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Factor Mortality in all, Rate (per Mortality in male, Rate (per Mortality in female, Rate

100,000) 100,000) (per 100,000)

Age

25-29years 0.10 (0.09-0.11) 0.11(0.10-0.12) 0.10 (0.08-0.12)
30-34years 0.16 0.15-0.18) 0.20 (0.19-0.22) 0,12 (0.10-0.14)
35-39years 0.22(0.20-0.23) 031(0.29-0.33) 012 (0.11-0.14)
40-44years 0.27(0.26-0.29) 041 (0.39-0.44) 013 (0.11-0.14)
45-49years 0,30 0.28-0.31) 047 (0.44-0.50) 012 (0.11-0.14)
50-54years 031(0.30-0.33) 051 (0.48-0.54) 012 (0.11-0.14)
55-59years 032(0.30-034) 052 (0.49-0.56) 0.12/(0.10-0.14)
60-64years 0,30 0.28-0.32) 049 (0.46-0.53) 011 (0.10-0.13)
65-69years 0.27(0.25-0.29) 0.46 (0.43-0.49) 0,09 (0.08-0.11)
70-74years 0.27(0.25-0.29) 048 (045-0.52) 0,09 (0.08-0.10)

75-79years 026 (0.24-0.28) 050 (0.46-0.54) 0.08 (0.07-0.09)
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Factor Mortality in all, RR (95%CI) Mortality in male, RR Mortality in female, RR

(95%CI) (95%CI)
Period
1990-1994 Ref Ref Ref
1995-1999 0.68 (0.66-0.70) 072 (0.70-0.74) 061 (0.57-0.64)
2000-2004 053 (051-0.55) 0.58 (0.56-0.60) 0.43 (0.40-0.46)
2005-2009 035 (0.34-0.37) 040 (0.38-0.42) 026 (0.24-0.28)
2010-2014 0.22(021-0.23) 026 (0.25-0.27) 0.14(0.13-0.16)
2015-2019 0.16 (0.15-0.16) 0.19 (0.18-0.20) 0.10(0.09-0.11)
Cohort
1915 42,82 (38.95-47.08) 3135 (28.45-34.54) 99.12 (82.78-118.69)
1920 30.96 (28.58-33.54) 2397 (22.12-25.96) 6271 (53.57-73.42)
1925 234(21.75-25.18) 1882 (17.50-20.23) 4188 (36.18-48.48)
1930 16.77 (15.63-17.97) 1362 (1272-14.59) 2828 (24.6-32.51)
1935 1138 (10.64-12.16) 9.25 (8.66-9.89) 18.87 (16.48-21.61)
1940 731 (6.85-7.81) 599 (5.62-6.40) 1187 (10.39-13.57)
1945 4,57 (4.28-4.87) 382 (3.58-4.07) 7.22(633-8.23)
1950 303 (284-322) 26 (245-277) 453(3.99-5.14)
1955 1.98 (1.86-2.10) 179 (1.69-1.91) 257 (226-292)
1960 133 (1.24-142) 127 (1.19-1.36) 149 (1.30-1.70)
1965 Ref Ref Ref
1970 0.74 (0.68-0.80) 0.76 (0.70-0.82) 0.69 (0.59-0.80)
1975 0.53(0.47-0.59) 057 (0.51-0.63) 043 (0.35-0.53)
1980 0.40 (0.34-0.46) 0.46 (0.40-0.54) 028 (0.20-0.38)
1985 0.31(0.25-0.38) 039 (0.31-0.48) 0,19 (0.12-0.29)
1990 0,26 (0.18-0.37) 036 (0.25-0.52) 0.13(0.06-0.26)

RR, rate ratio; CI, confidence interval.
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95%UI (per
100,000
population)
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UL uncertainty interval; C1, confidence interval; ASMR, age-standardized mortality rates; AAPC, average annual percent change.
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