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Introduction: Novel coronavirus (COVID-19) and tuberculosis (TB) are the newest and one of the oldest global threats, respectively. In the COVID-19 era, due to the health system's focus on the COVID-19 epidemic, the national TB control program received less attention, leading to a worsening of the global TB epidemic. In this study, we will review the characteristics of TB patients coinfected with COVID-19.

Material and Methods: Using Scopus, PubMed/Medline, Embase, and Web of Science databases, a systematic search was performed. Case reports and case series on TB/COVID-19 coinfection published from January 1, 2019 to February 24, 2021 were collected. There were no limitations regarding publication language.

Results: Eleven case series and 20 case reports were identified from 18 countries, with the majority them being from India (N = 6) and China (N = 4). Overall, 146 patients (114 men and 32 women) coinfected with TB and COVID-19 enrolled. Smoking (15.1%), diabetes (14.4%), and hypertension (8.9%) were the most frequent comorbidities among these patients. The COVID-19 patients with TB mainly suffered fever (78.8%), cough (63.7%), and respiratory distress (22.6%). Hydroxychloroquine (64.0%) and lopinavir/ritonavir (39.5%) were the most common treatments for them. The mortality rate was 13.0% and the rate of discharged patients was 87.0%.

Conclusion: Global prevalence of COVID-19-related deaths is 6.6%. Our results showed that 13.0% of patients with TB/COVID-19 died. Thus, this study indicated that coinfection of TB and COVID-19 can increase the mortality. The respiratory symptoms of TB and COVID-19 are very similar, and this causes them to be misdiagnosed. In addition, TB is sometimes diagnosed later than COVID-19 and the severity of the disease worsens, especially in patients with underlying conditions. Therefore, patients with TB should be screened regularly in the COVID-19 era to prevent the spread of the TB/COVID-19 coinfection.
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INTRODUCTION

The most recent problem in the world today is the spread of the 2019 novel coronavirus (2019-nCoV). The virus originated in China and is now affecting many countries around the world (1). COVID-19 is the name of the respiratory syndrome caused by 2019-nCoV (2). Various symptoms, including fever, breathlessness, and lung lesions are seen in infected persons (3). Interhuman transmission occurs in hospitals and medical staff and also among family members (4). Mycobacterium tuberculosis (M. tuberculosis) is the causative agent of tuberculosis (TB) (5, 6). Airborne transmission is the most common method in which M. tuberculosis spreads between healthy and TB-active infected persons (7). The prevalence of TB in 2019 is approximately 10 million people and decreases by only 1–2% every year (8). Contact with people coinfected with TB and HIV is one of the main risk factors to increase the prevalence of TB (9). Social factors such as poverty, living environment, population, and economic status affect the COVID-19 and TB incidence. Therefore, improving social life can be effective in controlling TB and COVID-19 (10). Bacterial coinfection is a common problem in COVID-19 patients (11). During the outbreak of COVID-19, many cases of TB/COVID-19 coinfection were reported (12–16). Some studies reported death in coinfected patients with TB and COVID-19 (16–18). A previous study has shown an association between the high incidence of COVID-19 in TB patients (19). Both COVID-19 and TB have respiratory symptoms (20). The presence of respiratory diseases in patients causes dysfunction of the respiratory system and lungs, making TB a risk factor for COVID-19 (19). Prioritizing financial and human resources to combat the COVID-19 epidemic and increasing the risk of SARS-CoV-2 in people with TB raises concerns about TB control. These may reverse the achievements of TB control and increase the prevalence of TB in the future (10, 21). In this systematic review, we reviewed the case reports and case series presenting the TB/COVID-19 coinfection to evaluate the various aspects such as symptoms, diagnosis, treatment, and mortality rate.



MATERIALS AND METHODS

This systematic review was performed according to preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement (22).


Information Source and Search Strategies

We performed a systematic review using Web of Science, Embase, Scopus, and PubMed/Medline. Search criteria included case series and case reports articles published from January 1, 2019 to February 24, 2021. There were no limitations regarding the publication language, but for eligible non-English studies, we used Google Translate. The search terms for our review included Mycobacterium tuberculosis, tuberculosis, COVID-19, severe acute respiratory syndrome coronavirus 2, novel coronavirus, SARS-CoV-2, nCoV disease, SARS2, 2019-nCoV disease, coronavirus disease-19, coronavirus disease 2019, novel coronavirus 2019, Wuhan coronavirus, Wuhan seafood market pneumonia virus, and Wuhan pneumonia outbreak.



Study Selection

Studies included in this review met the following criteria: retrospective, descriptive, and prospective case series and case reports of COVID-19 in hospital settings. The studies presenting diagnostic methods, laboratory and clinical features, and treatment and its outcomes were also included. Reviews, publications without peer review processes, and papers describing experimental approaches were excluded. All potentially related articles followed two steps for eligibility. In the first step, two independent reviewers screened the titles and abstracts of the articles and eliminated duplicate papers using the EndNote X7 program (Thomson Reuters, New York, NY, USA). In the second step of evaluation, the same reviewers retrieved and reviewed the full text of those abstracts that met the inclusion criteria. Technical uncertainties and disagreements were resolved between the authors.



Data Extraction

The extracted data entailed first author's name, study country, year of publication, type of the study, number of co-infected patients, median age, gender, TB diagnostic method, TB treatment, TB disease, SARS-CoV-2 diagnosis method, clinical manifestations, comorbidities, and outcomes. Three authors independently extracted the data from the selected articles. The reviewed data was jointly reconciled, and disagreements resolved between authors.



Quality Assessment

The critical appraisal checklist for case reports and case series provided by the Joanna Briggs Institute (JBI) was used for the qualitative evaluation of the studies (23).




RESULTS

Our systematic search resulted in 2,123 potentially relevant articles, of which 1,260 were excluded after title and abstract evaluation (Figure 1). By applying the inclusion/exclusion criteria to the full-text documents, we found that 31 articles were eligible for inclusion in our systematic review. A total of 146 TB/COVID-19 coinfected patients were confirmed with different methods.
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FIGURE 1. Flow diagram detailing review process and study selection.


In the search, we detected 11 case series and 20 case reports from 18 countries, and the majority of studies were from India (N = 6) and China (N = 4). Characteristics of the eligible studies are listed in Table 1. We included case reports in our review because they reported new laboratory findings, new CT findings and clinical features, atypical manifestations, treatment outcomes, and some of these reports were the first in a specific country.


Table 1. Characteristics of the included studies.
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Regarding TB, the main diagnostic methods in eligible studies were chest X-ray (CXR), smear, and GeneXpert. CT scan served as a diagnostic tool in 21 (67.74%) COVID-19 articles. In addition to CT scan, RT-PCR for COVID-19 was present in 25 (80.64%) papers as inclusion criteria.

A summary of the case report and case series findings is shown in Table 2. Of the total patients, 114 (78.082%) and 32 (21.917%) were men and women, respectively. The most frequent comorbidities in the included studies were smoking (n = 22; 15.068%), diabetes (n = 21; 14.383%), hypertension (n = 13; 8.904%), and alcoholism (n = 11; 7.534%). CT images commonly showed ground-glass opacification (GGO) patterns (n = 44; 30.136%). The most common treatment drugs for COVID-19 were hydroxychloroquine (n = 55; 63.953%), lopinavir/ritonavir (n = 34; 39.534%), and azithromycin (n = 23; 26.744%).


Table 2. Summary of the case report and case series findings.
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Extrapulmonary TB (EPTB) and disseminated form were reported in eight and 14 (12.068 vs. 6.896%) TB cases. Concerning viral and bacterial infectious diseases, 10 (6.849%), one (0.684%), and five (3.424%) patients had HIV, HBV, and bacterial infection, respectively. In addition, MDR and XDR M. tuberculosis strains were identified in four and one patient, respectively. The most frequent clinical complications were fever (78.767%), cough (63.698%), GGO (30.136%), dyspnea (18.493%), and respiratory distress (22.602%).

The present systematic review reported that the mortality rate in patients with TB/COVID-19 coinfection was 13.04% and the rate of discharged patients was 86.96%.



DISCUSSION

The novel coronavirus has declared as a public health emergency of international concern on January 31, 2020. The virus has had irreversible effects on the health and economy of the world and has placed limitations on society (48). TB is the most important cause of death through a single infectious agent (49, 50). Both M. tuberculosis and SARS-CoV-2 are transmitted through the respiratory tract and often affect the lungs. Thus, there are concerns about the effect of COVID-19 on the clinical course of TB and its outcome (49). In this study, we described the different dimensions of concurrent COVID-19 and TB infection.

The most common clinical manifestations in TB patients include coughing up mucus or blood, chronic cough (>2 months), chest pain, loss of appetite, weight loss, and chills (21). In contrast, the most clinical manifestations of COVID-19 include fever, cough, dyspnea, muscle ache, confusion, and headache, respectively (51). The findings of the present study introduce different clinical manifestations for coinfection with TB and COVID-19. The highest incidence of clinical manifestations belonged to fever, cough, ground-glass opacities, respiratory distress, dyspnea, and weight loss with 78.767, 63.698, 30.136, 22.602, 18.493, and 8.219%, respectively. COVID-19 has rapid clinical manifestation, but TB is time-consuming, and the onset of symptoms takes longer. This feature can help differentiate between the two diseases.

Our study has demonstrated that the most common comorbidities were smoking, diabetes, hypertension, alcohol consumption, and HIV. Stochino et al. have shown that old age, diabetes, and respiratory diseases are the main factors increasing the mortality in patients with TB/COVID-19 coinfection (49). In addition, it has proven that respiratory illnesses can cause lung dysfunction and reduce resistance to the virus. Thus, TB patients are more likely to develop severe COVID-19 (19).

Tuberculosis and COVID-19 have similarities in symptoms and chest radiographs that can lead to misdiagnosis (31). COVID-19 aggravates or obscures latent TB, leading to increased TB mortality (18). Motta et al. did not consider TB a leading cause of death and reported higher mortality rates in the elderly with coinfection than the others (52). In dead patients, COVID-19 infection was during the primary phases of the epidemic, indicating the importance of careful implementation of infection-control interventions for inpatients and hospital staff (52). Although the signs and symptoms of the two diseases are similar, the treatment and clinical course are different (31). Anti-TB therapies are not effective against COVID-19 because COVID-19 occurs during the use of these therapies (53). According to this study, most treatment of COVID-19 includes hydroxychloroquine (63.95%), lopinavir/ritonavir (39.53%), azithromycin (26.74%), and oxygen therapy (19.7%). Stochino et al. have observed no drug interactions between anti-TB drugs and hydroxychloroquine (49). On March 28, 2020, hydroxychloroquine received an emergency use permit for use in patients with COVID-19. However, clinical trials have shown that the drug has no particular advantage in treating COVID-19, so the FDA revoked the drug's emergency license (54).

Mortality rate was reported among patients coinfected with TB and COVID-19 (18, 31). A systematic review conducted by Nasiri et al. in 2020 reported that the pooled mortality rate from COVID-19 was 6.6% (55). The present review includes case reports and case series around the world. The mortality rate in patients with concurrent infection of TB and COVID-19 in this study is 13.04%, and the rate of discharging from the hospital is 86.96%. The difference in mortality rates in the two studies mentioned above indicates that the coinfection of TB and COVID-19 increases mortality.

Various viruses such as influenza, measles, and HIV cause the malfunction of macrophages that inhibit the growth of M. tuberculosis (56, 57). TypeI IFN signaling pathway plays a key role in increasing the growth of M. tuberculosis among patients coinfected with respiratory viruses and M. tuberculosis (58). Intracellular growth and response of macrophages to IFN-γ increases with increasing typeI interferon (59). Interferon-gamma is highly present in the early stages of COVID-19 (60). Therefore, COVID-19 is a risk factor for TB (31). COVID-19 weakens the immune system in various ways: (1) Destroying lymphocytes (2) destroying B cells (3) damage to T-cell (4) damage to NK cell (61). Lymphocyte depletion is one of the common causes of coinfection (62). The immune system, especially CD4 T cell-mediated immunity, is exposed to TB. In addition, both M. tuberculosis and SARS-CoV-2 can interfere with the immune system. It leads to immunodeficiency and lymphopenia with a decrease in CD4+ T cells. (31). Lymphopenia is a good indicator of the severity of the disease. Defected immune systems worsen in patients with COVID-19. On the other hand, TB causes respiratory failure in patients with COVID-19 due to interference with the cellular immune system and lymphopenia (31).

In 2020, Nigeria reported a decreasing number of diagnoses and possible cases of TB compared with 2019, which could be due to the prevalence of COVID-19 and restrictions on the assessment of diagnosis and uninterrupted treatment of TB (53). Lai et al. in Taiwan declared that the prevalence of TB decreased in the first 20 weeks of 2020 (63). Failure to diagnose TB promptly not only delays the treatment of patients but also infects others. On the other hand, late treatment also increases the severity of the disease and consequently increases the mortality rate. Since the global health system today focuses on COVID-19, the TB control program has received less attention. This has led to delays in the “End TB Strategy” (21). With proper care, the effect of COVID-19 on active TB can be controlled clinically (49).

SARS-CoV-2/bacteria coinfections can cause problems in the diagnosis, treatment, and prognosis of COVID-19 and increase the symptoms of the disease and mortality rate (11). According to the results of a systematic review by Gao et al., the prevalence of TB among COVID-19 patients was 0.37 to 4.47% (19). To prevent coinfection of TB and COVID-19 during the epidemic, physicians should be aware of the following: (1) Pneumonia associated with COVID-19 (2) Methods of distinguishing TB and COVID-19 from each other (3) The differences between TB and COVID-19 (31).

The COVID-19 epidemic has led to a decline in immunization services and increase in deaths from vaccine-preventable diseases (64). Among the vaccines proposed against COVID-19, the BCG vaccine has found a special place to prevent COVID-19 in the scientific community. In addition, the BCG has nonspecific effects on the immune system that lead to protective immunity from other infections. The BCG vaccine may reduce viremia after exposure to SARS-CoV-2 and decrease the severity of COVID-19 (65). People with active and latent TB should avoid COVID-19. Therefore, appropriate vaccination should be provided for them (21).

There are several limitations to this review. First, only case report/case series studies were included in this review, and the observational studies were excluded because of their absence or insufficient data. Second, case reports and case series are more likely to be biased than other studies. Third, case studies and case series are descriptive and describe the patient's signs and symptoms. The prevalence and percentage of coinfection in them have not been studied. For this reason, it was not possible to perform metaanalysis calculations in this review. Therefore, the prevalence of TB among COVID-19 patients and vice versa has not been calculated. Fourth, one of the problems with the SARS-CoV-2 virus is the existence of new variants (66). In recent months, the appearance of a new variant of this virus called the SARS-CoV-2 Delta variant (B.1.617.2) has spread in different parts of the world. This variant was first found in India and, its main feature is its high ability to transfer and escape from the immune system (67). One of the challenges ahead in curbing the spread of M. tuberculosis during the COVID-19 epidemic is the new variants of the virus. However, the extent to which new variants may play a role in the prevalence of coinfection has not yet been determined and requires further and more extensive studies.



CONCLUSIONS

There have been many reported cases of viral, fungal, and bacterial infections associated with COVID-19. In this study, we studied the association between TB and COVID-19. We discussed clinical characteristics, diagnosis, treatment, and mortality rate of TB/COVID-19 coinfectetd patients. Patients with TB are more likely to get COVID-19 infection. Testing TB patients for COVID-19 and vice versa is a controversial topic in the scientific community. COVID-19 and TB, although slightly different in how they are transmitted, have similar clinical features and manifestations such as fever, shortness of breath, and cough. However, these symptoms are also slightly different from each other. A noteworthy point in distinguishing these two diseases from each other is the time of onset of clinical symptoms, which is rapid in patients with COVID-19 but time-consuming in people with TB. Since the symptoms of both the diseases are similar, it is difficult to diagnose them, and sometimes the diagnosis of TB occurs later, which causes the progression and severity of the disease. Both diseases have similar risk factors, such as old age, diabetes, immunodeficiency, HIV, and COPD. Several reasons show that TB can facilitate COVID-19 establishment. One of these factors is related to the damage caused by TB in the lungs that predispose a person. The second reason is the immune system of a patient with TB that can increase the susceptibility to COVID-19. Finally, a regular program is recommended to detect TB during the outbreak of COVID-19 and follow it up continuously to prevent the occurrence of these two diseases simultaneously.
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