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Abstract
Dengue caused by the Dengue virus (DENV) is a vector-borne viral disease. It is a major public health 
issue in endemic regions such as India, where secondary infections pose a higher risk of severe illness 
due to antibody-dependent enhancement. Differentiating primary and secondary infections is crucial 
for disease management and surveillance. The aim of this study was to estimate the proportion 
of primary and secondary infections among Dengue cases using Capture IgM and IgG ELISAs and 
assess the performance of various ratio- and index-based classification methods. Archived serum 
samples from 784 hospitalized acute-phase Dengue cases in Thiruvallur district, Tamil Nadu, were 
analyzed, with diagnosis confirmed by non-structural protein (NS1) and/or IgM ELISAs. Capture IgG  
Enzyme-Linked Immunosorbent Assay (ELISA) classified 46.6% as primary and 53.4% as secondary 
infections. The IgM/IgG ratio of 2.6 showed the highest concordance (88.6%) with Capture IgG ELISA, 
while the Receiver Operating Curve (ROC) analysis identified an optimal Optical Density (OD) ratio of 
3.08, yielding a sensitivity of 94.3% and specificity of 89.8%. The findings underscore the substantial 
burden of secondary infections, highlighting the need for continuous surveillance and preventive 
strategies to mitigate severe outcomes. Capture IgG ELISA remains a robust tool for distinguishing 
secondary Dengue cases and the IgM/IgG OD ratio of 2.6 serves as a reliable diagnostic alternative 
with minimal misclassification. These results support the integration of ratio-based methods in Dengue 
diagnostics to enhance classification accuracy and inform targeted public health interventions.
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INTRODUCTION 

 Dengue is a vector-borne, neglected 
tropical illness caused by the Dengue virus 
(DENV), a member of the Flaviviridae family. 
DENV is a positive-sense single-stranded RNA 
virus with four distinct serotypes: DENV 1-4 
and transmitted by female Aedes mosquitoes.1 
Clinically, Dengue is categorized as Dengue with 
or without warning signs, and severe Dengue.2 
Since the first documented outbreak in Jakarta in 
1779,3 Dengue fever has been associated with high 
morbidity and mortality. It has emerged as a major 
public health concern with a notable increase in 
prevalence over the last several decades.2 The 
global pooled prevalence of Dengue during 2016 
- 2024 was 32.9%.4 In India, Dengue remains 
endemic, with peak occurrences typically observed 
after the monsoon season and seroprevalence of 
56.9%, with a case fatality ratio of 2%-6%.5

 Primary infection with a single DENV 
serotype does not provide protection against future 
infections with heterologous serotypes, potentially 
due to antibody-dependent enhancement. This 
mechanism contributes to the high incidence of 
reinfections and increases the risk of developing 
Dengue Hemorrhagic Fever and Dengue Shock 
Syndrome, which can result in multi-organ 
complications.6

 B e y o n d  c l i n i c a l  m a n a g e m e n t , 
distinguishing primary from secondary Dengue 
infections is vital for epidemiological assessments. 
The hemagglutination inhibition (HAI) test, 
traditionally used for this purpose has reliability 
issues7,8 due to inconsistent antibody titer rise 
(WHO criterion:1:1280), interference from non-
specific inhibitors, specific need for chemical 
pre-treatment of samples, and the requirement 
of paired samples.7,9 In comparison, the  
Enzyme-Linked Immunosorbent Assay (ELISA) is 
easy to perform and serves as a better alternative 
to the HI test.10 The Dengue Capture IgG ELISA, 
introduced in the early 1990s, is widely used 
for detecting secondary infections.11 Alternate 
methods to classify primary and secondary 
infections based on Capture IgM ELISA Optical 
Density (OD)/IgG OD, Capture IgM index/Capture 
IgG index, and Capture IgG index/Capture 
IgM index have been proposed.11-17 Several 
ELISA-based methods, including avidity testing 

and IgM/IgG ratio assessment, have been 
compared to the HI test and demonstrated greater 
reliability.10,18 Although a few studies have reported 
interpretative cut-offs based on the analysis of 
IgG avidity, IgG titers and IgM/IgG ratios,19,20 none 
have compared the performance of ELISA with 
ratio or index-based methods. This study aimed to 
estimate the proportion of primary and secondary 
dengue infections using Capture IgM and IgG 
ELISAs and assess the performance of ratio- and 
index-based classification methods. 

MATERIALS AND METHODS

Study population and samples
 Archived serum samples from hospitalised 
Dengue cases in the acute phase (0-7 days) without 
any coinfections were included in the study. These 
cases were from acute febrile illness surveillance 
(2016-2019) at select secondary care health 
facilities in Thiruvallur district, Tamil Nadu, India. 
Dengue diagnosis was confirmed based on NS1 
and/or IgM ELISA positivity. 

Case definitions
 Primary and secondary Dengue infections 
were classified using Dengue IgM ELISA and IgG 
Capture ELISA. A primary Dengue infection was 
defined by a positive IgM Capture ELISA and a 
negative IgG Capture ELISA, while a secondary 
infection was confirmed by positive results for 
both IgM and IgG Capture ELISAs.

Laboratory analysis
 The Dengue IgM Capture ELISA (Panbio, 
Germany) was performed on all samples following 
the manufacturer’s guidelines. A cut-off greater 
than 11 Panbio units indicated either an active 
primary or secondary Dengue infection. The assay 
had a sensitivity of 94.7% (95% CI: 85.4%-98.9%) 
and specificity of 100% (95% CI: 95.7%-100%).
 The Dengue IgG Capture ELISA (Panbio, 
Germany) was performed on IgM Capture positive 
sera following the manufacturer’s guidelines to 
detect secondary Dengue infections. The assay 
had a sensitivity of 80.9% (95% CI: 75.1%-86.7%) 
and specificity of 87.1% (95% CI: 80.6%-93.7%) 
and used a cut-off value greater than 22 Panbio 
units, which was equivalent to a hemagglutination 
inhibition (HI) titer of 1:2560.21
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 In addition to the classification of primary 
and secondary Dengue by the IgM and IgG ELISAs, 
the following ratio or index cutoffs were used for 
comparison.
A. Capture IgM/IgG optical density (OD) ratio 

cutoffs (i) 1.212 (ii) 1.422 (iii) 1.7811 (iv) 1.815 and 
(v) 2.6,13 where a sample OD ratio greater than 
the particular ratio cut-off indicated primary 
Dengue whereas lesser value indicated 
secondary Dengue infections. 

B. IgM index/IgG index of 1.3214 [primary Dengue 
(>1.32); secondary Dengue (≤1.32)]

C. IgG index/IgM index of (i) 1.1016 and (ii) 1.1417 

[primary Dengue (<1.1); secondary Dengue  
(≥1.1)]

Data analysis
 Descriptive statistics were applied 
to present categorical variables in terms of 
frequencies and percentages. Bar plots were 
used to visualize the distribution of Dengue 
cases by post-onset days. Dot plots were used 
to compare different classification ratios among 
Dengue IgG Capture positive cases, highlighting 
the discordance rates for each ratio threshold. 
Sensitivity and specificity were evaluated to 

Figure 1. Distribution of Dengue cases by post-onset days (N = 784)

Figure 2. Clinical features of primary and secondary Dengue infections (N = 784)



  www.microbiologyjournal.org1404Journal of Pure and Applied Microbiology

Asish et al | J Pure Appl Microbiol. 2025;19(2):1401-1409. https://doi.org/10.22207/JPAM.19.2.43

determine the optimal cut-off value for IgM/IgG 
ratios, IgM/IgG index ratios, and IgG/IgM indices. 
Receiver Operating Characteristic (ROC) curves 
were generated and the area under the curve 
(AUC) was measured to assess the performance. 
The plots were created using IBM SPSS Statistics 
for Windows, Version 25.0 (IBM Corp., Armonk, 
NY) and R studio. 

RESULTS

 Among the 784 Dengue cases included 
in this analysis, 191 (24.4%) were NS1 positive, 
IgM negative, whereas the remaining 593 (75.6%) 
were NS1 negative, IgM positive. Based on Capture 
IgG testing, 365 (61.6%) and 228 (38.4%) of the 
593 cases were categorized as primary Dengue 
and secondary Dengue infections. All 191 NS1-

Figure 3. Proportion of primary and secondary Dengue cases based on different classification ratios (N = 593). A. 
IgM/IgG ratio-based classification B. IgM/IgG index and IgG/IgM index-based classification

Figure 4. Comparison of different ratio-based classifications among secondary Dengue (IgG Capture ELISA Positive) 
cases (N = 228) A. Falconar et al. ratio ≥2.6 (primary) <2.6 (secondary) B. Innis et al. ≥1.78 (primary) <1.78 (secondary) 
C. Kuno et al. ≥1.4 (primary) <1.4 (secondary) D. Pei-Yun et al. ≥1.2 (primary) <1.2 (secondary) E. Sa-ngasang et al.  
≥1.8 (primary) <1.8 (secondary) F. ≥1.2 (primary) <1.2 (secondary)
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positive cases were secondary infections. In total, 
365 (46.6%) of cases were identified as primary 
Dengue, while the remaining 419 cases (53.4%) 
were classified as secondary Dengue infections 
(Figure 1). 
 The median age of primary dengue cases 
was 24 years (IQR: 16-40), and secondary dengue 

cases were 25 years (IQR: 17-38). The median 
duration from onset of symptoms to sample 
collection was similar for both primary (4; IQR: 
3-6 days) and secondary Dengue cases (4; IQR: 2-5 
days). Fever, dehydration, headache, and joint pain 
were present in all cases, with abdominal pain, 
myalgia, and vomiting seen more often among the 
secondary Dengue cases (Figure 2).

Figure 5. Comparison of index-based classifications among secondary Dengue (IgG Capture ELISA Positive) cases (N 
= 228). A. Harry prince et al. >1.31 (primary) <1.32 (secondary). B. Changal et al. <1.1 (primary) ≥1.1 (secondary) 
C. Cucunawangsih et al <1.14 (primary) ≥1.14 (secondary)

Figure 6. ROC curve for IgM/IgG OD ratios, IgG/IgM index and IgM/IgG index ratios. The AUC is 0.96, with the blue 
curve positioned at the far left. An AUC value greater than 0.9 is considered excellent. A. IgM/IgG ratio B. IgG/IgM 
index-based ratio C. IgM/IgG index ratio
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 Classification by different ratio-based 
methods:
IgM/IgG OD ratio
 Among the 593 Capture IgM and IgG 
positive cases, the proportion of primary and 
secondary Dengue classified by different ratios 
were 1.2 [456 (76.9%), 137 (23.1%)]; 2.6 [357 
(60.2%), 236 (39.8%)]; 1.78 [406 (68.5%), 187 
(31.5%)]; 1.4 [439 (74.0%), 154 (26.0%)]; 1.2 [456 
(76.9%), 137 ( 23.1%)], and 1.8 [404 (68.1%), 189 
(31.9%)] respectively. 

IgM/IgG index
 Based on the ratio of 1.3, 403 cases 
(68.8%) were classified as primary Dengue, and 
185 cases (31.2%) as secondary Dengue.

IgG/IgM index
 Based on the ratio of 1.1, 459 (77.4%) 
and 134 (22.6%) cases were classified as primary 
and secondary Dengue, respectively. A similar 
proportion of primary 459 (77.4%) and secondary 
134 (22.6%) cases were seen with an index ratio 
of 1.14 (Figure 3). Overall, 331 cases (55.8%) were 
consistently classified as primary and 129 (22.3%) 
as secondary based on both IgG Capture ELISA and 
IgM/IgG ratios (Figure 3). 

Relative performance of ratio-based methods 
versus IgG capture ELISA
 Among 228 secondary Dengue cases 
classified using the IgG Capture ELISA, the IgM/
IgG ratio of 2.6 showed the lowest discordance 26 
(11.4%) when compared to other ratio thresholds 
(Figure 4 & 5). 

Optimal Cut-Off value for different classification 
ratios
 Based on ROC analysis, the estimated 
optimal cut-off value for IgM/IgG OD ratio was 
3.08 (sensitivity 94.3%, specificity 89.8%, accuracy 
91.5%); for IgG/IgM index was 0.41 (sensitivity 
97.4%, specificity 85.5%, accuracy 90.0%), and for 
IgM/IgG index ratio was 2.42 (sensitivity 97.4%, 
specificity 85.5%, accuracy 90.0%) (Figure 6).

DISCUSSION

 Early diagnosis of secondary dengue 
infection is essential, as it is a major risk factor for 

severe manifestations such as thrombocytopenia, 
haemorrhagic manifestations, hyperproteinaemia, 
and hepatic dysfunction.23 Therefore, distinguishing 
primary and secondary infections is critical for 
effective disease management, particularly in 
endemic countries such as India. This study 
documented a higher proportion (53.4%) of 
secondary dengue infections among hospitalized 
acute Dengue cases based on the detection of 
elevated IgG antibodies by Dengue IgG Capture 
ELISA. A multicentric study conducted across 
several states of India reported about two-thirds 
of study cases as primary Dengue, except in Tamil 
Nadu (Theni), Andhra Pradesh, and Karnataka, 
where two-thirds were secondary Dengue.24 A 
retrospective cross-sectional study from Uttar 
Pradesh, India, reported a higher proportion of 
primary Dengue cases of 90.0% (N = 198) during 
2021-2022.23 In contrast, a hospital-based cross-
sectional study in Thoothukudi district, Tamil 
Nadu, documented 53.57% (N = 15) of cases to be 
secondary Dengue.25 Similarly, a high proportion 
of secondary Dengue was seen in an outbreak 
investigation in Madurai district, Tamil Nadu, 
during 2017.26 Studies from Dengue-endemic 
countries such as Saudi Arabia,27 Colombia,28 

Vietnam,29 and the Philippines30 have also 
highlighted a high proportion of secondary Dengue 
cases. 
 Various OD-based and index-based ratios 
were used to evaluate alternative criteria for 
differentiating primary and secondary infections. 
In this study, the relative performance of ratio-
based methods on secondary Dengue cases 
revealed that the highest concordance was 
observed with the OD-based ratio of 2.613 for 
identifying secondary Dengue infections. The 
lower level of discordance with this ratio would 
result in fewer secondary cases being misclassified 
as primary Dengue infections. Compared to the 
OD-based ratios, the index-based evaluation 
had comparatively higher discordance with IgG 
capture ELISA. Overall, one-half of the cases were 
consistently classified as primary cases, whereas 
only a smaller proportion of cases were classified 
as secondary by all methods included in this study. 
 U s i n g  t h e  I g M / I g G  rat i o - b a s e d 
classification is challenging due to the prolonged 
persistence of IgM,31 even up to eight months. IgG 
Capture ELISA detects elevated IgG from secondary 
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infections, resulting in higher IgM/IgG ratios in 
primary infections. Over time, as IgM decreases 
and IgG increases in primary cases, the ratios may 
resemble those of recent secondary infections.14 
This emphasizes the importance of knowing 
the time of sample collection while performing 
antibody-based assays. 
 The ROC analysis identified optimal 
cut-off values for each of the methods to detect 
secondary Dengue infections. However, since 
Dengue infection patterns vary by region, these 
cut-off values should be adjusted based on their 
geographical location. Using region-specific 
cut-offs improves detection, but changing them 
without considering prevalence in the area may 
reduce their reliability.20

 This study underscores the importance 
of selecting the appropriate cut-off ratio for 
distinguishing between primary and secondary 
dengue infections using IgG/IgM capture ELISA. 
By systematically comparing several ratio-
based methods to the reference capture IgG 
ELISA method, we demonstrate that diagnostic 
performance is highly sensitive to the choice 
of threshold values. Our findings highlight the 
need for standardized cut-off criteria to minimize 
misclassification and improve the validity of 
serological diagnosis. In addition, clinical and 
epidemiological contexts, including sample 
collection timing and population immunity, 
need to be taken into account when interpreting 
results to ensure accurate classification of Dengue 
infections.

Limitations
 This study has certain limitations. First, 
we were unable to exclude/rule out the possibility 
of co-circulating flavivirus infections, which 
are known to induce cross-reactive antibodies 
with DENV. The presence of these antibodies 
could affect the measured IgM and IgG levels, 
potentially resulting in misclassification of primary 
and secondary Dengue infections. Specifically, 
elevated IgG levels from prior flavivirus exposure 
could lead to a low IgM/IgG ratio, resulting in 
misclassification of the infection as secondary 
Dengue. Second, our study relied on a single time-
point sample collection and as a result, patients 

in the early stages of infection who may not yet 
have seroconverted may have been inadvertently 
excluded from the analysis. 

CONCLUSION

 This study highlights the predominance 
of secondary dengue infections among the 
reported cases in the study region. This finding 
underscores the need for continuous surveillance 
and effective prevention efforts to identify and 
manage individuals with secondary Dengue, who 
are at higher risk of complications and adverse 
outcomes. The Capture IgG ELISA provides a 
reliable and accessible diagnostic option for 
detecting secondary dengue infections. When 
comparing the performance of various methods, 
an IgM/IgG OD ratio of 2.6 showed minimal 
misclassification, supporting its use as an effective 
tool for detecting secondary dengue.
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