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Background

Dengue is the most widely distributed arboviral disease in tropical and subtropical countries. Most suspected cases are diagnosed according to the clinical criteria, and early diagnosis is difficult. Moreover, in underdeveloped countries, several factors continue to challenge the diagnosis and surveillance of dengue cases. This study aimed to design a diagnostic algorithm using rapid diagnostic tests (RDTs), ELISA tests, and clinical and hematological variables to confirm dengue cases in febrile patients in Colombia.





Methods

Altogether, 505 samples were collected. Serum samples were evaluated by RDTs (IgM and IgG antibodies and NS1 antigen), capture IgM and IgG ELISAs, and endpoint hemi-nested RT-PCR assay (qualitative). We statistically analyzed the performance of individual tests to determine the most useful ones to confirm dengue cases accurately.





Results

Individual results for IgM, IgG, and NS1 RDTs yielded lower sensitivity and specificity values than the reference standard. High sensitivity and specificity were obtained after combining IgM and NS1 ELISA results (96.3% and 96.4%) and NS1 RDT plus IgM ELISA results (90.3% and 96.2%), respectively. Adjusted odds ratios (aORs) were calculated for clinical variables and laboratory tests to differentiate dengue from other febrile illnesses (OFI). This approach showed that myalgia, abdominal tenderness, and platelet count were identified with higher sensitivity to confirm dengue cases. IgM RDT and NS1 RDT differentiated dengue cases from OFI. A positive IgM RDT or a positive NS1 RDT combined with specific signs or symptoms confirmed 81.6% of dengue cases. A combination of clinical findings and a positive NS1 RDT or positive ELISA IgM confirmed 90.6% of the cases.





Conclusion

Our findings showed that clinical diagnoses in pediatric population alone cannot confirm true dengue cases and needs to be complemented by laboratory diagnostic tests. We also demonstrate the usefulness of combining clinical criteria with RDTs, suggesting that their implementation with the IgM ELISA test improves dengue case confirmation.
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Introduction

Dengue is considered the most predominant human arbovirus in tropical and subtropical countries. It is caused by one of the four different dengue virus (DENV) serotypes (DENV-1 to DENV-4). It is transmitted through the bites of infected Aedes mosquitoes circulating in Asian and Latin American countries (1–5). In the initial stage of dengue infection, patients show many non-specific signs and symptoms (6–10). However, as the disease progresses, it can follow variable clinical courses, ranging from mild fever to severe symptoms, which may result in fatal outcomes (11–14).

The early diagnosis of dengue infection is difficult; most infections are unidentified or present a delayed diagnosis, leading to complications (1, 15, 16). In the last decade, dengue diagnosis has been made according to the World Health Organization (WHO) definition proposed in 2009 (17). In addition, healthcare centers and international organizations have been involved in studies to establish appropriate diagnostic protocols that integrate clinical criteria and laboratory tests (18–20). Several investigations have been conducted to design diagnostic algorithms to improve case confirmation accuracy and strengthen disease management (21–26). However, in underdeveloped countries, the inequality in access to health services, the inability to perform diagnostic tests within the same day of sample collection (due to limited equipment or trained personnel), and high costs associated with testing, remain some of the drawbacks in the surveillance system (4, 27, 28).

Colombia has a high number of dengue cases and has the second-highest prevalence rate in the Americas (29–31) after Brazil (32–34). This is due to the Aedes aegypti infestation in more than 70% of municipalities located in areas below 1,800 m above sea level (MASL) and some above 2,200 MASL (29, 35, 36). The steady circulation of all four dengue serotypes (31, 37) has led to dramatic changes in dengue endemicity, with dengue cases being reported in municipalities with no prior cases, a reduction in the mean age of patients (29, 38), and an increasing number of cases with severe dengue and fatalities (39, 40). Unfortunately, most of the reported dengue cases in Colombia are diagnosed based on clinical criteria; a third of the patients were confirmed by immunoglobulin M (IgM) enzyme-linked immunosorbent assay (ELISA) tests or reverse transcription-polymerase chain reaction (RT-PCR) (34.7%). Only severe cases or fatal outcomes are investigated by non-structural protein-1 (NS1) ELISA, RT-PCR, or viral isolation (41, 42). For these reasons, some healthcare centers perform rapid diagnostic tests (RDTs) for IgM/IgG or NS1 to improve the clinical diagnosis (43–45). Despite the widespread use of RDTs in Colombia, some reports have evaluated the performance of RDTs and suggest that a negative result in these tests does not entirely rule out dengue; therefore, clinicians should be aware of the diagnosis and confirm cases by specialized diagnostic tests (44–46).

Due to the shortcomings in implementing diagnostic tests in underdeveloped countries, recent studies in Asia and the Americas have focused on evaluating clinic variables and assigning scores depending on the frequency to establish the diagnosis (12, 21–23, 47). Although this strategy has been helpful in improving patient care, the validation of these algorithms is a complex process due to the heterogeneity of the study population and the variability in clinical findings according to each stage of the disease (48–55). Other studies have combined clinical variables with hematological or biochemical biomarkers to confirm cases, such as those developed in Colombia (56) and Vietnam (24, 57), and Brazil (48), to differentiate dengue cases from other febrile illnesses.

Most reported studies have evaluated the performance of serology and virology tests while integrating other tests as the standard reference. These studies show high sensitivity, specificity, and predictive values variability due to factors such as population, DENV serotypes, time of sample collection, and tests considered as the reference standards. However, these studies shed light on the usefulness of these approaches for case confirmation and establish their potential as effective predictors of disease severity (34, 58–67).

Colombia, as an endemic country, requires new strategies to strengthen the clinical diagnosis and laboratory confirmation of dengue cases and evaluate the sensitivity and specificity of tests used in every healthcare center independently of their complexity. These strategies may improve the early detection of cases, promote efficient control of outbreaks, and enhance the dengue surveillance system. Therefore, this study aimed to design a diagnostic algorithm using RDT and clinical and hematological variables to identify and confirm dengue cases in febrile patients from an endemic area in Colombia.





Methods




Patients and data collection

This study was revised and approved by the Ethics Committee of Hospital Universitario de La Samaritana, Bogotá (Resolution 7 and 9 of 2013 and 2014, respectively). Patients who consulted for a primary diagnosis of febrile syndrome in the Hospital de Girardot between March 2014 and July 2015 were enrolled. The Girardot municipality, located 134 km from Bogotá, has 150,000 inhabitants, and is situated at an altitude of 289 MASL with a mean temperature of 33°C and 66.4% relative humidity. Girardot reported a dengue incidence of 572.5 cases [95% confidence interval [CI] (525.3 – 619.9)] and 98,000 individuals at risk in 2010 (68) and a prevalence of dengue IgG specific antibodies higher than 90% (69).

Patients were invited to participate and required to provide written informed consent (consenting guardian for patients who were underage) for participation. Following the disease description by the WHO in 2009 (17), the inclusion criteria were patients with fever, malaise, headache, retro-orbital pain, myalgias, exanthema, abdominal pain, and arthralgia. Age and day of illness were not considered as inclusion criteria. Patients with an apparent infectious focus were excluded (e.g., otitis, tonsillitis, or urinary infection). The sample size was calculated based on acceptable precision for estimates of sensitivity and specificity values and the estimated prevalence of disease in an endemic area. Considering 20% loss of information in the regression models due to population characteristics and insufficient volume sample to evaluate the complete panel of diagnostic tests-due to the characteristics of the study population-, the final sample size evaluated was 505 patients.





Sample processing

After a thorough medical examination and completion of the clinical report form, blood samples were taken to immediately analyze hematological variables (leukocytes, erythrocytes, platelet counts, hemoglobin, and hematocrit). The sera were processed for evaluation by RDT for IgM/IgG antibodies [Dengue duo cassette (01PF10), Panbio, Alere] and NS1 RDT [Dengue early rapid (01PF20), Panbio Alere]. The remaining serum was aliquoted, frozen, and sent to the laboratory (Universidad El Bosque, Bogotá) to be stored at -80°C until further use. All samples were processed for RNA extraction (QIAmp Viral Mini Kit, Qiagen) following the manufacturer’s instructions. The isolated RNA was retrotranscribed and amplified using primers described previously (70, 71) and PCR-modified protocols (72). For the first round, SuperScript III Platinum One-step RT-PCR (Invitrogen), mD1 and D2 primers were used. The amplified product was analyzed for DENV serotypes in a multiplex format using specific primers (mD1, TS1, mTS2, TS3, and rTS4). The specificity of the assay is based on the ability of the serotype-specific primers to recognize sequences unique to each dengue virus serotype, as previously demonstrated by Lanciotti et al., 1992 and Chien et al., 2006 (70, 71).

IgM Capture ELISA [UMELISA Dengue IgM Plus (UM2016), Tecnosuma Intl, La Havana] and IgG Capture ELISA [Panbio Dengue IgG Capture ELISA (01PE10)] were used to confirm the cases. Positive results for either of these tests were further analyzed by NS1 antigen ELISA Panbio Dengue Early ELISA (01PE40). Additionally, indirect IgG ELISA [Panbio Dengue IgG Indirect ELISA (01PE30)] was performed to assess the history of dengue infection in enrolled patients. Approximately 10% of the patients provided a second serum sample during convalescence (10 to 30 days after the acute phase). These samples were processed for IgM and IgG Capture ELISA to determine seroconversion.





Clinical diagnosis and dengue case confirmation

Dengue cases were clinically diagnosed and classified according to the 2009 WHO criteria (17). Clinical signs and symptoms identified the same day where sample was taken, was considered to stablish dengue clinical diagnosis. Additionally, hematological parameters were assessed in the following groups: dengue without warning signs (DWoWS), dengue with warning signs (DWS), and severe dengue (SD); however, the final classification was based on laboratory tests.

A confirmed dengue case was positive by IgM capture ELISA or RT-PCR or if there was an IgM seroconversion between the acute and convalescent samples – considering these tests as standard reference-. The remaining samples were categorized as having other febrile illnesses (OFI). Finally, to establish the percentage of true dengue cases, an algorithm integrating the clinical description combined with laboratory findings was derived and divided into three diagnostic categories: dengue without warning signs (DWoWS), dengue with warning signs (DWS), and severe dengue (SD) (Figure 1).




Figure 1 | Design of the study dengue clinical diagnosis, case confirmation, and classification of febrile patients according to the severity of the disease. All febrile patients were evaluated, clinical and laboratory information were considered to confirm dengue cases. Non dengue cases were defined as other febrile illness. Dengue cases were classified according to disease severity DWoWS, DWS and SD.







Statistical analyses

Quantitative variables measuring central tendency (mean) and dispersion (standard deviation) were employed after checking the normality of their distribution using the Shapiro–Wilk test. If the assumption was not verified, they were described using median and interquartile ranges. Qualitative variables are described using proportions. To compare the difference between groups (i.e., according to diagnosis), a one-way ANOVA was utilized for continuous variables with normal distribution, and Kruskal–Wallis test was used for non-parametric data. For qualitative variables, differences were calculated using Pearson´s chi-square test when the expected square values were ≥5. Otherwise, Fisher’s exact test was used. Dengue diagnostic test sensitivity, specificity, and predictive values were determined. Receiver operating characteristic (ROC) curves were derived, and the area under the curve (AUC) was estimated to compare the dengue laboratory tests and the confirmation case algorithm or if there was an improvement after combining a few parameters from them.

Odds ratios (ORs) were calculated to identify the confounding clinical variables in the final diagnosis and functional and valuable variables to build a logistic regression model to measure the association between signs and symptoms and the final diagnosis outcome: DWoWS, DWS, and SD. Regression analysis was performed to calculate the adjusted odds ratios (aOR) and 95% CI; models presenting p< 0.05 were included to propose the decision trees. The model’s reliability was evaluated through re-estimation tests, the deviance test, and the Hosmer–Lemeshow goodness of fit test. Statistical significance was set at p <0.05. Statistical analyses were performed using Stata V.12.1.






Results

Clinical and laboratory data of 505 patients were evaluated (54.7% male); the median age was 11 years (interquartile range [IR 6 – 23]), with 80.6% of patients presenting within the first seven days of the illness (Table 1). Only 21.9% had a temperature above 38°C during the day of admission (Table S1). Following the clinical criteria suggested by the WHO and the results of defined laboratory dengue tests (ELISA IgM, RT-PCR, or seroconversion), a definitive diagnosis was assigned to each patient, and 305 (76.2%) were confirmed cases of dengue with 19% DWoWS, 45.7% DWS, and 11.5% SD cases. Dengue serotype 2 (64.4%) was the most frequent in confirmed dengue cases. Patients who were negative for the selected tests were classified as having OFI (23.8%). Table S1 describes the distribution of febrile patients according to the tests considered in standard reference.


Table 1 | Epidemiological characteristics of patients according to diagnosis (dengue cases or OFI)



The most frequently reported symptoms in all febrile patients analyzed were myalgia (81.8%), headache (73.5%), abdominal pain (61.8%), nausea (53.8%), vomiting (53.6%), and retro-ocular pain (31%).

The main identifiable signs were abdominal pain on palpation (54.6%), hepatomegaly (14.1%), ascites (10.9%), and edema (10.3%). In addition, the leukocyte count was <4,000/mm3 in 34.9% of the patients, while platelet counts <100,000/mm3 were observed in 43.7% of the patients (Table 2).


Table 2 | Laboratory values according to diagnosis.



Dengue IgM and IgG RDT were positive in 64.1% and 66.1% of the samples, respectively. However, only 30.5% of the samples were positive for dengue NS1 antigen rapid test NS1. IgM capture, IgG capture, and NS1 ELISAs were positive in 63.4%, 52.4%, and 30.5% of the patients, respectively (Figure 2).




Figure 2 | Frequency of positive and negative samples analyzed.



Clinical manifestations such as myalgia (84.2% vs. 73.8%), rash (27.1% vs. 8.8%), and abdominal pain (55.7% vs. 45.9%) were significantly more frequent in dengue confirmed cases than in the OFI group (p<0.05). For example, 43.2% of patients in the OFI group had abdominal tenderness on palpation compared to 74.8% in the DWS group and 80.4% in the SD group. In addition, other symptoms such as hepatomegaly and ascites were significantly more frequent in dengue cases than in OFI patients. For instance, hepatomegaly was identified in 18.5% of DWS patients and 42.1% in the SD group vs. 3.4% in the OFI group (p<0.001). Edema was seen in 11.7% of the DWS patients and 29.8% in the SD group vs. 6.7% in the OFI group (p<0.001). In contrast, exanthema was reported in fewer patients in the entire cohort (10.1%, 5.2%, 3.6%, and 2.5% in the DWS, DWoWS, SD, and OFI groups, respectively) (Figure 3). However, the OFI group showed respiratory difficulty (5.0%) and pleural effusion (2.5%), two characteristic clinical signs commonly seen in patients with severe dengue (72.4% and 100%, respectively). In addition, platelet counts were significantly lower in the dengue confirmed cases than in the OFI group (p=0.0001).




Figure 3 | Clinical features of febrile patients according to diagnosis and disease severity. Maps present clinical information from febrile patients included in the study, according to diagnosis: Dengue without warning signs (DWoWS), dengue warning signs (DWS), severe dengue (SD), Other Febrile Illness (OFI). Colors represent the percentage of patients presenting specific clinical sign, light gray represent absence of signs or symptoms in the diagnostic group.






Performance of dengue laboratory tests

Considering confirmed dengue cases as the reference, we compared the performance of the RDT and other tests performed in this study. Positive IgM RDT was significantly lower in DWoWS patients (60%) than in DWS (73.2%) or SD cases (77.2%) (p=0.029), and similar results were observed for IgG RDT (56.8% of dengue samples were positive and 77.1% and 80.7% were positive in the DWS and SD groups, respectively; p<0.0001). However, there was no difference in the number of NS1 RDT- positive patients between the groups (p=0.612). The percentage of IgM Capture ELISA-positive cases was significantly different between the groups (64.1%, 86.8%, and 89.1% for DWoWS, DWS, and SD, respectively; p<0.001). Similar results were observed for the IgG capture ELISA, where 39.1%, 68.1%, and 58.9% of cases were positive in the DWoWS, DWS, and SD groups, respectively (p<0.001). The NS1 ELISA test results did not show differences between the groups (p=0.630). On the other hand, RT-PCR detected significantly more cases in the DWoWS group (70.2%) than in the DWS group (55.2%) and SD group (50.0%) (p=0.018). According to the RT-PCR, the DENV-2 was the most frequently identified serotype in the DWoWS, DWS, and SD groups (69.7%, 63.0%, and 58.6%, respectively), followed by DENV-1 (12.1%, 14.2%, and 17.2% in DWoWS, DWS, and SD group, respectively). We also observed that DENV-1/DENV-2, DENV-1/DENV-3, and DENV-2/DENV-3 coinfections were slightly higher in the SD cases (13.8%) than in the DWS and dengue groups (13.4% and 9.1%, respectively) (Figure 4). Based on indirect IgG ELISA, at study entry, 85.7% of patients with febrile syndrome had IgG antibodies, and within dengue confirmed cases 83.9% DWoWS, 90.9 DWS, and 94.7 SD had IgG antibodies (p=0.069). We found that 64.5% of febrile patients (children <5 years) have had a DENV infection previously of which 77.9% developed secondary dengue infection and 22.1% primary infection.




Figure 4 | Serotypes of DENV identified from dengue samples. (A) Distribution of serotypes of DENV identified according to disease severity. Co-infections are defined by the detection of two DENV serotypes in the patient's sample. (B) Description of DENV coinfections.







Quantitative analysis of dengue diagnostic tests

We analyzed different tests to determine the most accurate in confirming dengue cases. The sensitivity, specificity, predictive values, and ROC area under the curve (AUC) were estimated for IgM, IgG, NS1 RDT, IgG capture, and NS1 ELISA using confirmed dengue cases as a reference standard (positive samples for IgM Capture ELISA or RT-PCR). The individual sensitivity and specificity were 81.6% and 58.1% for capture IgM ELISA and RT-PCR, respectively (Table 3).


Table 3 | Statistical measures of dengue diagnostic tests.



Individual IgM, IgG, and NS1 RDT results did not yield higher values than those obtained in the reference standard to confirm cases; similar results were observed after analyzing IgG capture and NS1 ELISAs (Table S2). However, the sensitivity (97.0%), specificity (82.1%), and ROC AUC (0.896) after combining IgM Capture and NS1 ELISA were higher than those obtained with individual tests (Table 3). However, these results were not replicated when IgM Capture ELISA was combined with IgG Capture ELISA or when NS1 ELISA was combined with IgG Capture ELISA during the analysis. To complement this information, combining the results of NS1 RDT and capture IgM ELISA showed better values (90.3%, 96.2%, and 0.932 for sensitivity, specificity, and AUC, respectively) than those obtained for each test that constituted the reference standard. Furthermore, the positive results from RDT (IgM, IgG, or NS1) combined with the RT-PCR results showed a higher sensitivity (97.4%) but low specificity (36.3%) and AUC (0.668).

On the other hand, analysis using a combination of any of the positive RDT (IgM OR IgG OR NS1) showed a higher sensitivity (90.5%) but lower specificity (37.4%) compared to ELISA tests. In addition, when we evaluated the combination of results of two RDTs, with one of them being positive (IgM OR IgG; IgM OR NS1; IgG OR NS1), the sensitivity identified was 84.1%, 80.5%, and 85.5%, respectively, and the specificities were 39.7%, 54.8%, and 52.2%, respectively. However, we observed a significant decrease in the sensitivity (22.1%) and an increase in the specificity (99.1%) by combining the positive test results of the three RDTs (Table S2). Thus, we did not find improvement in the sensitivity or specificity in confirming dengue cases upon evaluating a combination of leukocyte or platelet counts with the results of individual dengue diagnostic tests compared to the reference standard.





Dengue cases confirmation predicting models

Using the median and interquartile ranges of leukocytes and platelets of dengue confirmed cases and OFI patients, we established a dengue-related disease cutoff of 5,100 cells/mm3 and 140,000 platelets/mm3. These data were used to perform a univariate analysis and calculate the odds ratio (OR) for symptoms, signs, and laboratory diagnostic test results. This approach showed that myalgia, abdominal tenderness, platelet count of <140,000/mm3, and the result of the RDT (alone or in combination) were identified with higher sensitivity to confirm dengue cases (Table 4).


Table 4 | Univariate analysis of clinical and laboratory variables as possible predictors of dengue diagnosis.



In contrast, for this cohort, clinical signs such as fever, exanthema, leukopenia <5,100/mm3, days of disease evolution, and age were not significantly associated with dengue diagnosis. Following the univariate analysis, variables with p-values of less than 0.05 were included in the logistic regression analysis to determine the effect of these variables on the diagnosis of dengue. The adjusted OR estimates (aOR) showed that myalgia (aOR: 1.87, 95% CI: 1.04-3.38, p=0.038), abdominal tenderness (aOR: 1.89, 95% CI: 1.14-3.10, p=0.013), platelet count less than 140,000/mm3 (aOR: 2.19, 95% CI: 1.31-3.67 p=0.003), and IgM RDT positive result (aOR: 2.63, 95% CI: 1.59-4.33, p<0.001) were independent variables that enabled a differential diagnosis of dengue compared to OFI. The positive NS1 RDT results adjusted for these signs also differentiated dengue cases from OFI cases (Table 5).


Table 5 | Multivariate analysis of risk factors associated with diagnosis in febrile patients .



Therefore, using the results of the IgM RDT, NS1 RDT, and the combination of IgM RDT or NS1 RDT with the afore mentioned clinical variables allowed the differentiation between dengue cases and OFI cases (Table 5).

The significant variables from the regression analysis were used to establish decision trees with the RDT results representing the first branch and the presence or absence of clinical signs in the secondary branches (Figure S1). For example, for the IgM RDT decision tree, compared to the confirmed cases reference standard, we detected 72.4% of the cases. In contrast, for the NS1 RDT decision tree, the percentage of detected dengue cases was 37%. Furthermore, the decision tree using the combined positive cases for NS1 RDT or IgM ELISA, we could detect 90.6% of dengue cases with LR values LR (+) = 25.88 and LR (–) = 0.09 respectively (Figures 5A, S1A; Table S5). While the decision tree using the IgM RDT OR NS1 RDT positive cases detected 81.6% of true cases (Figures 5B, S1B).




Figure 5 | Scheme of dengue cases confirmed by the proposed algorithms using diagnostic test, clinical and laboratory variables. (A) Algorithm NS1 RDT OR IgM ELISA (Platelets, Myalgia and Abdominal pain). The area highlighted in blue represents dengue confirmed cases (True positive) when applying the proposed algorithm identified as novel algorithm. Green circles (True negative), defined as non dengue cases by standard reference (OFI). Gray circles represent dengue cases confirmed by standard reference but negative by novel algorithm (False negative). (B) Algorithm IgM RDT OR NS1 RDT (Platelets, Myalgia and Abdominal pain), Colours description is the same as the description in section 5a. Analysis was performed using information from patients who met all clinical and laboratory variables.








Discussion

Based on a robust dengue case definition, we challenged serology and clinical characteristics of dengue infection in pediatric population from endemic areas to improve case confirmation. A combined strategy yielded high sensitivity and specificity rates that could help clinicians, especially in underdeveloped countries, to gain opportunity and accuracy in confirming dengue cases in endemic areas. The evaluation of diagnostic algorithms for dengue is challenging because of the dynamics of its clinical presentation (49, 54). The disease includes significant changes hematological, biochemical, and immunological biomarkers assessed by clinicians in dengue patients (51, 73, 74), specially in patients with similar sociodemographic conditions, characteristics such as age, time of disease, degree of severity, and host genetic factors (50, 75, 76). These differences make it difficult to stablish standard diagnostic algorithms for the treatment and management of dengue due to the degree of uncertainty they generate and their effectiveness in early identification of true cases. However, the search and application of diagnostic algorithms is urgent, since they may be the major strategy to reduce the percentage of people who develop complications, and the costs associated with care and treatment of the infection.

Our results offer two reliable and efficient options that can be applied in Colombia and endemic countries with a high incidence of dengue in children, where the number of medical appointments, hospitalizations and complications related to dengue infection increase, especially in populations with unfavorable socio-economic situations and difficulties in accessing to health services for disease diagnosis and timely management. The first algorithm, which involved the simultaneous application of the NS1 RDT OR IgM ELISA combined with Platelets, Myalgias, and Abdominal pain during dengue cases management, can be used in specialized health care institutions that have the development capacity to process patients samples within the routine diagnostic panel. The second algorithm IgM RDT OR NS1 RDT combined with Platelets, Myalgias, and Abdominal pain, can be used in health care institutions in endemic areas because of the combination of low cost and accessible diagnostic tests, that complement clinical findings identified during patients assessment, which would allow early diagnosis for disease management and treatment. The application of this new algorithm could increase the number of confirmed cases, since the test has the capacity to detect those cases that IgM ELISA test can not identify or define as negative casesm and establish the diagnosis as other febrile syndrome (OFI).

The evaluation of the patients included in the study, sample collection and processing were performed in a period prior to Zika virus introduction and its spread in Colombia, which allowed the control of cross-reactivity in the tests applied. Proposed algorithms requires the evaluation of reproducibility in areas where there is evidence of dengue-zika co-circulation, in populations with similar characteristics, which could show differences in the percentage of detected cases. However, the search and application of diagnostic algorithms is urgent, since they may be the major strategy to reduce the percentage of people who develop complications, and the costs associated with care and treatment of dengue infection.




The reason of NS1 RDT in combination with IgM ELISA

Colombia as most underdeveloped countres, laboratory diagnosis of dengue infection is based on assessment of IgM antibodies, over viral RNA detection or measure of viral antigens in patient samples. ELISA tests in diagnosis and confirmation of infectious diseases is only performed by reference laboratories or those specialiced in epidemiological surveillance.

The percentage of positive results for IgM and IgG tests observed in our study differed from those reported in other studies. Senaratne et al. found that the percentage of samples positive for IgM and IgG was 61.9% and 83.9%, respectively (77). We observed that differences could be explained by three population characteristics: (1) age of the subjects, (2) place of residence, and (3) duration of residence. We found that the percentage of children <5 years have had a DENV infection previously (64.5%), of which confirmed diagnosis of dengue infection was confirmed in 72 subjects. The analysis showed that 22.1% of this patients was experiencing a primary DENV infection, while most of these patients was experiencing secondary infections (77.9%).

We also demonstrated the usefulness of rapid diagnostic tests coupled with IgM ELISA allows the confirmation of a high percentage of dengue cases. NS1 detection in febrile patient samples has become a valuable tool in the early diagnosis of DENV infection. In this work we found that the NS1 RDT sensitivity was 37.8% and 39.3% for ELISA NS1. These values were similar to that reported by other studies in Colombia, Brazil (43, 46, 78), and Singapore (79).

However, our results differ from the findings of studies conducted in Vietnam (24, 57, 74) and Malaysia (80), where the reported sensitivity of these tests were higher than 80%. These differences in sensitivity may be related to factors such as the assay type applied (RDT OR ELISA) (43, 44, 46) and the frequency of DENV-2 infections. Previous studies have reported a loss of sensitivity of NS1 detection tests in secondary DENV-2 infections (20, 44, 57, 81). Additionally, a decrease in sensitivity of NS1 test has been observed in secondary infections due to the presence of NS1 antibodies from a previous infection, which in a secondary infection may block the antigens and inhibit its detection (43, 79, 82).

In laboratory case confirmation, the percentage of positive cases or dengue infection was statistically different between IgM RDT (64.1%) and IgM ELISA (63.4%) (p= 0.033 and p<0.0001, respectively). The obtained values for sensitivity (70.5%) and specificity (56.9%) of the IgM RDT, compared to the reference standard, were slightly lower than the values obtained by other studies which are 70-80% (60, 76). These differences may be explained by variables such as the day of illness on which samples were obtained, diagnostic test were applied and the percentage of secondary infections identified, these variables are critical to establish this type of inference.





Clinical presentation of dengue disease: Suggestive or predictive

The evaluation of diagnostic algorithms for dengue represents a challenge due to the dynamics of clinical presentation, specially in pediatric population (49, 54). Similarly, haematological, biochemical and immunological biomarkers assessed in dengue patients show significant variability (51, 73, 83). These differences have been observed even in populations with similar characteristics such as age, time of illness, degree of severity and genetic characteristics of individuals (51, 73, 75). Additionally, differences raise the challenge of including diagnostic algorithms in dengue management protocols for patients care, as their application generates a certain degree of uncertainty about their usefulness and efficacy in early case identification. However, the use of diagnostic algorithms may lead to a reduction in the percentage of individuals who develop complications and must afford the costs associated with the care of these patients.

Similar to the results reported by Tukasan et al. (84), we found differences in temperature between severe dengue and DWoWS cases (p=0.0008), as well as in DWS and DWoWS cases (p=0.0051). Analysis of signs and symptoms such as headache, myalgia, nausea and vomiting showed no significant differences between dengue cases and the OFI group (21). These results are consistent with the research findings of Malhi et al. (85) and nd Chaloemwong et al. (25). The clinical sign abdominal pain on palpation in individuals with febrile syndrome allowed classification of dengue cases according to the degree of disease severity, and statistically significant differences were found when this sign were compared between dengue cases and OFI group (p=0.005). However, this symptom was not identified as a predictor variable for inclusion in the regression models and the design of the diagnostic algorithm, so it was not included. In contrast, the patient-reported abdominal pain sign was found as a predictor variable (OR:2.36) and was considered in the development of the regression models. The results of the study are consistent with the study developed by Da Silva et al. in which found the application of the WHO clinical criteria useful to identify dengue cases with alarm signs, with a high probability of developing severe dengue (86).





Use of diagnostic algorithms in case confirmation

In our analysis, we found that the combination leads to an increase in the predictive values (AUC 0.932) compared to the reference standard, along with a higher sensitivity (90.3%) and specificity (96.2%). These results are consistent with those of a study by Clemen et al. in Colombia (81), who observed an increase in sensitivity (between 67.2% to 79.5%) when IgM RDT and NS1 were combined with a negative clinical diagnosis (no clinical criteria for dengue case). In contrast, they found that combining a positive clinical diagnosis with RDT resulted in a decrease in sensitivity (less than 35%) and an increase in specificity (from 66.3% to 98.7% and 97.3%, respectively).

The regression models developed in our study included clinical variables and the combination of clinical variables, diagnostic tests, and hematological variables, such as leukocyte and platelet counts. These models also evaluated likelihood ratios (taking in to account variables (e.g disease prevalence), and we found that of NS1 RDT with the IgM ELISA test, together with clinical and hematological variables, showed that in endemic areas is able to confirm dengue cases with higher sensitivity and specificity, and the same algorithm in non-endemic areas strengthens the post-test odds. A Taiwanese study performed a similar analysis, which identified the usefulness of combining laboratory variables such as leukocyte and platelet counts, liver function tests, and coagulation profiles in laboratory-confirmed dengue cases. They showed low sensitivity (49.5%) with a high positive predictive value (51).

Among the limitations of our study is the low volume of serum samples obtained during the febrile phase, especially in patients under five years of age, which limited the application of the full panel of diagnostic tests, and may have resulted in a loss of individuals in the multivariate analysis. The design of the algotithms did not consider the day of illness due to most patients were between 4 and under 7 days of illness (54.1%) and lower percentage > 7 days (9.9%). However, among the main strengths of our study are the complete clinical information of the patients collected during their attendance at the institution and the number of laboratory diagnostic tests used to confirm dengue cases and could be applied in febrile patients in early or late febrile phase. In addition, the assessment of patients and the design of the algorithm applied during the study period, before the circulation of other arboviruses, minimizes possible cross-reactivity in diagnostic test results as potential confounding variables.

In conclusion, our findings show that clinical diagnosis alone is not helpful in confirming dengue cases and needs to be complemented by laboratory tests. Furthermore, the proposed algorithms demonstrate the usefulness of rapid diagnostic tests in combination with IgM ELISA to confirm a higher percentage of dengue cases. Thus, we suggest that using IgM RDT or NS1 RDT with clinical variables would allow us differentiating dengue and OFI cases. Considering that 70% of the individuals in our study involved the pediatric population (under 15 years), we suggest the evaluation and application of our algorithms in a multicenter study, in both pediatric and adult populations, to confirm their usefulness in the diagnosis and confirmation of dengue cases in endemic areas and are in risk to develop secondary infections.
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OEBPS/Images/table2.jpg
Variable

Leukopenia (Yes) 42 (43.8%) 83 (36.1%) 16 (27.6%) 35 (29.2%) 0.089

WBC Count (x10°/mm?) 43 (35-58) 49 (34-7.1) 59 (3.8 - 8.5) ‘ 5.1(3.8-7.5) 0.0178 ¢
Thrombocytopenia (Yes) 20 (20.8%) 136 (59.1%) 37 (63.8%) ‘ 27 (22.5%) <0.001
Platelets (x10*/mm?) 1355 (107 - 174) 88 (63 - 121.8) 83.2 (52 - 115) ‘ 140 (102.3 - 194) 0.0001 ¢
RBC Count (x10*/mm®) 46 (43 -438) 46 (43 -49) 46 (43-52) 4.4 (4.0 - 4.7) 0.0002 ¢
Hemoglobin (g/dL) 12.8 (119 - 13.7) 12.7 (118 - 142) 127 (118 - 14.2) 122 (113 - 13.3) 0.0042
Hematocrit * (%) 382+39 383+58 373+58 36.5 + 5.0 0.005*
Neutrophils (%) 49.7 (304 - 63.7) 37.0 (251 - 55.2) 402 (280 - 55.9) 57.0 (45.7 - 70.3) 0.0001 ¢
Lymphocytes (%) 39.5 (24.8 - 57.2) 511 (342 - 63.7) 50.8 (35.1 - 61.4) 32,6 (18.7 - 432) 0.0001 *
Monocytes (%) 8.4 (6.6 - 9.8) 8 (5.6 - 10) 69 (4.9 - 9.1) 7.9(5.9 - 9.8) 0.0465
Eosinophils (%) 06 (0.2 - 2.8) 1.3 (04 - 3.0) 0.7 (04 - 1.7) 1.0 (03 - 2.2) 0.0848
Basophils (%) 0.4 (0.3 - 0.7) 0.6 (0.3 - 1.1) 05 (0.2 - 0.9) 0.3 (0.2 - 0.4) 0.0001

Dengue cases: Dengue without warning signs (DWoWS), dengue warning signs (DWS), severe dengue (SD), Other Febrile Iliness (OFI).
Data are presented as n (%), median (interquartile range), “™* media &plusmn; SD. Leukopenia (leukocyte &lt;:4000/mm*) and thrombocytopenia (platelets &It;100.000/mm?), were described
based on definition suggested in dengue guidelines (World Health Organization. Dengue: Guidelines for Diagnosis, Treatment, Prevention and Control 2009, Ministerio de la Protecci&oacute;n
Social, Colombia, 2010).
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Univariate analysis

Variable Dengue cases vs. OFI DWOoWS vs. OFI DWS vs. OFI SD vs. OFI
Cl 95% p OR  C195% Cl 95%

Fever (Yes) 072 0433-120 01724 197  106-367 = 00215 045  025-081 00040 039  0.14-1012 00375
Myalgia (Yes) 189 1.08-326 00152 147 | 069-322 02903 214 | 115-395 <0.001 173 071-455 01946
Abdominal pain Reported

(Yes) 236 149-374 00001 = 018  008-039 <0001 613 | 3.53-1065 <0.001 381 = 176-858  0.0002
Abdominal pain Finding (Yes) | 184 = 117-289 | 00052 0 0-006 <0001 389 & 234-648 <0.001 = 537  239-1264  <0.001
Orbital pain (Yes) 168 095-305 00619 129  057-288 05036 202  110-377 00152 105 041258 09130
Edema (Yes) 179 0.80-455 | 01382 0 0-056 0.009 184  078-483 01424 589  218-1689  <0.001
Exantema 330 099-1720  0.0401 = 212 ??9 9 03001 4 127-2297 00110 = 141 | 0.11-1262 | 07121
Platelets <140.000/mm® 302 193-472 <0001 117 066-208 = 05631 463 | 275-778  <0.001 = 442  200-1030  <0.001
Leukocytes <5.100/mm’ 129 0.84-198 | 02267 | 227 | 125-415 00038 117 | 073-186 04909 = 078 = 039-154 04476

Diagnostic tests

RDT

IgM 3.15 2.01-495  <0.001 1.98 1.10 - 3.57 0.0146 3.59 2.19-591 0.0146 447 2.08 - 9.97 <0.001
1gG 3.26 2.07-512  <0.001 1.62 091 - 291 0.0825  4.133 249 - 6.85 0.0000 5.15 2.32-1205  <0.001
NS1 17.51 | 6.42-66.52 | <0.001 & 1834 6.07-7332 <0.001 1627 @ 582-6255 <0.001 & 2168 6.66-89.96 <0.001
Some RDT * 571 3.31-981  <0.001 267 1.34-544  0.0025 7.03 @ 3.68-13.74 <0.001 3344 527-13747 <0.001
IgM or IgG 347 2.12-5.64 | <0.001 1.74 0.94 - 328 0.0146 4.09 2.33-7.17  <0.001 11.83 347 - 6193 | <0.001
IgM or NS1 5.01 3.12-8.02  <0.001 312 1.68 - 5.85 0.0001 5.58 3.29-949  <0.001 8.65 3.47 - 24.27 <0.001
IgG or NS1 6.45 3.94 - 10.52 | <0.001 332 1.76 - 6.33 0.0001 7.87 4.44 - 14,02 <0.001 14.45 4.79 - 57.79 | <0.001
IgM (RTD or ELISA) 10.54 = 6.21-17.88  <0.001 3.99 2.09 - 7.67 <0.001 1636 = 8.49-32.05 <0.001 36.64 8.67-320.19 <0.001

The dengue cases group comprises cases classified as dengue without warning signs, dengue warning signs, and severe dengue.
*Some RDT: IgM (Positive) OR RDT IgG (Positive) OR RDT NS1 (Positive).
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N  Sensitivity ~ Sensitivity  Specificity = Specificity NPV

Variable
(%) 95% ClI (%) 95% ClI 95% ClI
RDT IgM = 70.5 657 - 748 56.9 47.8 - 655 84.4 800- 36.9 301 - 0.637
87.9 441
IgM ELISA* L 816 77.3 - 852 100 96.5 - 100 100 98.8 - 100 60.8 563;’7' 0.908
499 79.9 - 309 -
RDT I 26 67.9 - 768 5.2 46.1 - 63. 842 37.9 0.63
G 7 9 5 6.1 - 63.9 5% i 9
1gG Capture 490 83.0 - 289 -
£ 4.7 - 64. 1 2.8 - 792 z 4. .657
oA 59.7 547 - 645 717 62.8 - 79, 87.5 o0 348 o 0.65
RDT NS1 95 387 339 - 437 96.5 91.4 - 98.6 97.4 93.4- 323 275 0.676
99.0 374
329 95.4 -
NS1 ELISA 39.3 340 - 450 96.6 82.8 - 994 99.2 999 133 94-186 | 0679
500 36.8 -
RT - PCR* 58.1 53.1 - 63.0 100 96.8 - 100 100 98.3 - 100 424 s 0.791
IgM RDT 479
OR 882 845 -91.1 58.5 49.0 - 674 88.2 B:fl' 58.5 4:%04' 0734
IgM ELISA! . :
1gG RDT 487 5 —
OR 78.5 740 - 82.3 168 37.8 - 56.1 833 ot 39.1 e 0.627
1gG ELISA" ) :
NSI RDT 327 —
OR 431 37.7 - 488 96.4 823 -994 99.2 35 137 96-192 | 0.697
NSI ELISA' .
RDT s 80.5 76.2 - 84.2 54.8 457 - 636 85.5 8l 46.0 0 0.677
(IgM or NSI1) : ) ) : ) ) : 887 : 543 2
RDT NSI o 476 97.0 - 65.8 -
0. 86.9 - 92. 2 6 - 98.5 8 73. 0932
IgM ELISA 903 6.9 - 92.9 96. 90.6 - 98. 98. o 37 - 9

Statistics measures of single tests applied or combined.
*Test were considered in the gold standard definition 1Positivity of each RDT OR the respective ELISA test.
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Variable

Gender

Male 276 (54.7) 51 53.1 130 56.3 [ 33 56.9 62 5117 0.829*
Female 229 (45.4) 45 46.9 101 43.7 25 43.1 58 48.3

Age

Under 5 years 100 (19.8) 23 240 36 156 13 224 28 233 0.014*
>5 to <9 years 89 (17.6) 15 15.6 45 195 14 24.1 15 12.5

>9to <15 123 (24.4) 24 25.0 64 27.7 17 29.3 18 15.0

years

>15 years 193 (38.2) 34 354 86 372 14 24.1 59 49.2

Number of days of fever/symptoms

< 3 days 134 (26.5) 43 448 40 17.3 6 103 45 37.5 <0.001*
4 - <7 days 273 (54.1) 46 47.9 149 64.5 29 50.9 49 40.8
>7 days 50 (9.9) 4 42 26 113 7 12.1 13 10.8
Not specified 48 (9.5) 3 3.1 16 6.9 16 276 13 10.8
Fever (Yes) 109 (21.9) 39 415 32 13.9 7 12.5 31 26.5 <0.001*

Dengue cases: Dengue without warning signs (DWoWS), dengue warning signs (DWS), severe dengue (SD), Other Febrile Iliness (OFI).
Analysis using chi square test (categorical data).
*Pearson (p-value) represents the differences between variables gender, age, and number of days of fever between diagnosis groups.
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Multivariate analysis

Dengue cases vs. OF| DWoWS vs. OFI DWS vs. OFI SD vs.OFI
aOR  IC 95% p aOR IC 95% IC 95% IC 95%
RDT IgM 263 159-433 | <0001 | 209  1.04-422 | 0040 = 271 152 - 481 0001 = 424 | 178-1012  0.001
Myalgia (Yes) 187 104-338 | 0038 221 095-515 | 0067 194 = 097-389 = 0062 150 054-416 | 0434
Abdominal pain (Yes) 189 L14-310 | 0013 019  0.08-042 | <0001 446 = 248-803 0000 293 124-692 0014

Platelets <140.000/mm’ 219 131 - 3.67 0.003 0.95 0.47 - 1.93 0.897 3.15 1.74 - 5.69 0.000 3.99 1.59 - 10.00 0.003

RDT NS1 18.09 5.52 - 59.34 <0.001 15.08 4.09 - 55.49 <0.001 17.99 5.18 - 62.52 <0.001 29.2 6.84 - 124.65 = <0.001
Myalgia (Yes) 2.06 1.09 - 3.85 0.024 1.88 0.76 - 4.66 0.170 215 1.01 - 4.59 0.047 221 0.62 - 7.83 0.219
Abdominal pain (Yes) 2.00 1.19 - 3.37 0.009 021 0.09 - 0.49 <0.001 = 4.92 2.59-932 <0.001  3.70 134 - 1021 0.011

Platelets <140.000/mm”* 235 1.38 - 3.99 0.032 0.85 0.40 - 1.82 0.682 331 1.77 - 6.18 <0.001 = 2.70 0.99 - 7.39 0.052

RDT (IgM or NSI1) 4.22 249-7.13 | <0001 @ 298 1.40 - 6.33 0.004 427 232-785 <0.001 = 12.05 379-3834  <0.001
Myalgia (Yes) 1.84 1.00 - 3.39 0.049 215 0.91 - 5.08 0.082 201 098 - 4.12 0.058 1.47 051 - 423 0.474
Abdominal pain (Yes) 2.00 119 - 335 0.008 0.20 0.09 - 0.45 <0.001 4.65 253 - 855 <0.001 3.28 1.34 - 8.05 0.009

Platelets <140.000/mm”® 1.89 1.11-323 0.020 0.84 0.41 - 1.75 0.650 2.83 154 -5.21 0.001 3.75 143 -9.83 0.007

IgM (RDT op ELISA) 9.39 5.13-17.19 | <0001 = 3.98 1.81 - 875 0.001 12.22 5.86-2549  <0.001 6293 | 7.86-503.94 <0.001
Myalgia (Yes) 2.09 1.07 - 4.09 0.031 265 1.05 - 6.66 0.039 1.98 0.89 - 439 0.094 1.22 0.38 - 3.972 0.737
Abdominal pain (Yes) 177 1.00 - 3.12 0.048 0.19 0.08 - 0.45 <0.001 = 4.64 2343 9.16 <0.001 = 420 151- 1172 0.006

Platelets <140.000/mm”® 141 0.77 - 2.59 0.271 0.72 0.33 - 1.56 0.403 2.34 117 - 4.66 0.016 4.97 1.65 - 14.97 0.004

RDT NSI o IgM 0.001 -
ELISA 0.003 0.008 - 0.01 <0.001 0.009 0.002 - 0.039 <0.001 0.002 0.010 <0.001  0.002 0.004 - 0.010 = <0.001
Myalgia (Yes) 0.76 0.29 - 1.97 0.566 0.56 0.15 - 2.08 0.388 0.89 0.26 - 3.08 0.864 0.63 0.041 - 9.62 0.741
Abdominal pain (Yes) 050 022-115 0102 18 = 059-576 = 0287 013  0034-049 = 0003 9.58 | 085-1076 0067

Platelets <140.000/mm”* 171 0.63 - 4.68 0.292 242 0.58 - 10.12 0.224 115 0.37 - 3.60 0.809 0.43 0.04 - 4.51 0.483

Dengue cases group is composed of dengue cases classified as dengue without warning signs (DOWoWS), dengue warning signs (DWS) and severe dengue (SD).





