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Abstract 

Introduction: Natural anti-DENV antibodies might provide long-lasting immunity against the infecting DENV 

serotype. However, the rationale for infecting DENV serotypes and anti-DENV antibody responses is still missing. 

Here, we investigated anti-DENV IgG and IgM antibodies along with infecting DENV serotypes and clinical dengue 

manifestation in recent dengue outbreaks in Chittagong, Bangladesh. 

Methods: The 112 samples investigated were confirmed dengue cases who were hospitalized. The infecting DENV 

serotyping was done by the ratio of anti-DENV IgG and IgM antibodies determined by ELISA as well as by RT-PCR. 

A hematology cell counter was used for differential blood cell counts following DENV infection. 

Results: DENV serotyping based on anti-DENV IgM/IgG antibodies developed following DENV infection indicated 

that, first, 35% of primary DENV infections, 65% of sera tested had secondary DENV infections, secondly, among 

the primary DENV infections 51% had single DENV infection where the most prevailed serotype was DENV4 and 

49% had concurrent multiple DENV infections where 70% of cases had DENV1 serotype along with other serotypes. 

There was no strong correlation between clinical dengue manifestation and infecting DENV serotype. However, 

patients infected with DENV1 had rapid and progressive loss of platelets in the course of dengue infections (days 0-

4). 

Conclusion: Very high occurrence of secondary DENV infection cases suggested that Bangladesh has been 

experiencing recurrent DENV infection being contributed by cross-reacting primary anti-DENV antibodies through 

ADE. Furthermore, the presence of multiple of DENV serotypes and concurrent multiple DENV infections in a single 

dengue session might be the reason for increased dengue disease incidence and dengue severity in Chittagong, 

Bangladesh. 

 

Keywords: DENV serotypes, DENV sero-specificity, Primary DENV infection, Secondary DENV infection, 

Concurrent multiple DENV infection, Anti-DENV ED3 antibodies. 
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INTRODUCTION 

Dengue viruses (DENVs), the causative 

agents of dengue disease resulting classical 

dengue fever (DF), dengue hemorrhagic 

fever (DHF) and dengue shock syndrome 

(DSS), are affecting millions of people in 

tropical and subtropical countries 

worldwide[1,2]. There are four serologically 

distinct DENV serotypes, DENV1, DENV2, 

DENV3 and DENV4 which have very 

similar sequences and structures [3,4]. 

However, there is very little information 

available on recurrence of DENV infections 

and DENV serotype-specific dengue 

manifestation and whenever available, the 

information was controversial [5-7]. For 

examples, DENV2 had been found very 

aggressive with increased vascular 

permeability and shock over DENV1 

infections in Nicaragua[7]. Similarly,DENV2 

(35%) was most prevailed serotype isolated 

from DHF/DSS cases, followed by DENV3 

(31%), DENV1 (24%), and DENV4 (10%) in 

Thailand[6]. In contrast, in dengue epidemic 

in Indonesia and Brazil the DENV3 was the 

most prevalent serotype associated with 

severe dengue manifestation [8,9]. However, 

the patients’ sera had primary anti-DENV 

antibodies when they were infected with 

DENV1 and DENV3 serotypes, while all the 

patients infected with DENV2 and DENV4 

had secondary anti-DENV antibody 

responses [5]. These observations clearly 

suggested high recurrent DENV infections 

with the same and/or heterotypic DENVs in 

dengue endemic countries making the 

DENV-serotype-dengue disease severity 

association more complicated than 

previously thought[10-13]. 

In recent years,dengue burden has been 

increasing substantially worldwide with 

reemergence of new prevalent DENV 

serotypes replacing previous ones[11-14]. In 

addition, high occurrence of concurrent 

multiple DENV infections have also been 

reported in recent dengue outbreaks[13-17]. 

However, much details on the reemergence 

of DENV serotypes and appearance of 

multiple DENV serotypes in single dengue 

session and details on their association with 

dengue disease severity are yet to be 

available [18-20]. Moreover, occurrence of very 

high number of secondary DENV infection 

cases in dengue endemic regions have been 

restricting the investigation of dengue 

etiology in details, and hence hindering the 

development of a rationale for infecting 

DENV serotype and anti-DENV antibody 

responses following natural DENV infection 
[19-22]. 

At early stages of DENV infections (day 1-7 

of symptom onset) DENV is typically present 

in blood and virus-specific IgM antibodies 

appear and thus positive anti-DENV IgM and 

IgG antibodies in infected sera have been 

used for the confirmation of recent DENV 

infections[23]. The anti-DENV IgM is thought 

to develop following recent primary DENV 

infections while high anti-DENV IgG could 

be an indication for secondary DENV 

infection [19]. Accordingly, the ratio of anti-

DENV IgM and IgG antibodies may be used 

to differentiate primary and secondary 

dengue infections [24,25]. Recently, we 

reported that DENV4 was the most prevailed 

serotype by RT-PCR in recent dengue 

outbreaks in Chittagong, Bangladesh [26].  

Here we report anti-DENV IgM and IgG 

antibodies in natural DENV infections along 



Journal of Survey in Fisheries Sciences                      10(4S) 627-642                                                  2023 

 

629 
 

with clinical dengue manifestation and 

observed that, first, DENV serotyping by 

anti-DENV IgM (also IgG) antibodies might 

be very difficult as anti-DENV antibodies 

were highly sero-cross-reacting. Secondly, 

almost 49% of primary DENV infected cases 

had concurrent multiple DENV and finally, 

almost 65% of total DENV infections might 

have secondary DENV infections. The co-

existence of all four DENV and high 

prevalence of concurrent multiple DENVs in 

a single dengue session may not only 

complicated the understanding dengue 

disease in details but also might be 

contributing to increased dengue incidences 

and dengue severity in dengue endemic 

countries, like Bangladesh. 

 

MATERIALS AND METHODS: 

Study setting and design 

This is a retrospective observational study 

performed with a total of 112 dengue serum 

specimens obtained from Chittagong 

Medical College Hospital, Chittagong, 

Bangladesh. The serum specimens were 

collected from patients who were primarily 

admitted for dengue treatment at the hospital 

and diagnosed (NS1-based DENV diagnosis 
[23]) as dengue patients from July-August 

2019. More precisely, patients with sign and 

symptoms of dengue infection and dengue 

confirmation through NS1-based dengue 

diagnosis (day 0-7 of disease onset) and 

hospitalized at Chittagong MedicalCollege 

Hospital, Chittagong, Bangladesh were 

enrolled in this study. On the day of 

hospitalization (considered as day 0) blood 

samples were collected for clinical 

investigation (using fresh samples) and anti-

dengue antibody determination (using frozen 

sera). Blood parameters were furthermore 

investigated daily for 4/5 days at Chittagong 

Medical College Hospital facilities and 

recorded. 

 

The ED3 in dengue research: DENV ED3 

design, expression and purification 

The envelop protein domain 3 (ED3) has 

been reported to contain all the putative 

epitope residues conferring DENV-

serospecificity[27] and has long been 

considered as a simplified model system for 

DENV serospecificity[28].Furthermore, the 

commercial monoclonal anti-DENV 

antibodies showed very similar serospecific 

recognition of serotype-specific ED3s [29]. 

Therefore, DENV ED3s may serve as 

alternative simplified models of DENVs in 

dengue research. The ED3 sequences of 

DENV1 (1ED3), DENV2 (2ED3), DENV3 

(3ED3), and DENV4 (4ED3) were retrieved 

from Uni-Prot IDs P17763, P14340, 

P27915.1 and P09866, respectively (Figure 

1). The nucleotide sequences encoding ED3s 

along with a thrombin cleavage site and a 

His6-tag were cloned into pET15bexpression 

vector using NdeI and BamHI restriction 

enzymes as reported previously [28-30]. 

All four DENV ED3s were overexpressed 

through IPTG induction in 

JM109(DE3)pLysS cell line as inclusion 

bodies[30].Cells were collected through 

centrifugation, lysed in lysed in lysis buffer 

(150 mMNaCl, 0.5% sodium deoxycholate, 

and 1% SDS in 50 mMTris-HCl pH 8.5) and 

lysis wash buffer (lysis buffer plus 1% v/v 

NP-40) through sonication keeping on ice. 

The Cys residues   were air oxidized in 6M 

guanidine hydrochloride followed by 

extensive dialysis in 50 mMTris-HCl, pH 
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8.7at 4ºC and purification through Ni-NTA 

(Wako, Japan) chromatography. Finally, the 

N-terminal His6-tag was cleaved by thrombin 

proteolysis [29]and removed by a second 

round of Ni-NTA chromatography and ED3s 

were purified by reversed-phase HPLC. 

Protein identities were confirmed by MALD-

TOP mass and preserved as lyophilized 

powder at -30ºC until used. 

 

Immunological assay 

 

Detection anti-DENV ED3 antibodies in 

dengue-infected sera 

 

Anti-DENV ED3 IgG and IgM antibodies 

(hereafter as anti-ED3 IgG and anti-ED3 

IgM) in naturally DENV infected human sera 

were tested by ELISA in 96-well microtiter 

plates (Nunc), as reported previously[28,30]. 

The plates were coated overnight at room 

temperature at 2.5 μg/mL of purified ED3s in 

phosphate buffered saline (PBS, pH7.4; 100 

μL/well). Unbound ED3s were washed out 

with PBS, and the plates were blocked with 

1% BSA in PBS for 45 min at 37°C. After 

washing with PBS, anti-dengue sera were 

applied at an initial dilution of 1:50 in 0.1% 

BSA in PBS, followed by a 3-fold serial 

dilution and incubated at 37°C for 2 hours. 

Unbound antibodies were removed by 

thoroughly washing three times with 

PBS−0.05% Tween-20, and once with PBS. 

Microtiter plates were blot dried, and a 

100μL/well of anti-human IgG-HRP 

conjugate (at 1:4000 dilution) and anti-

human IgM-HRP conjugate (at 1:10000) in 

0.1% BSA in PBS-0.05% Tween-20 and 

incubated at 37ºC for 90 minutes. The 

unbound conjugates were removed by 

washing three times with PBS−0.05% 

Tween-20 and once with PBS. Coloring was 

performed by adding the substrate OPD (o-

phenylenediamine) at 0.4 mg/ml 

concentration supplemented with 4 mM 

H2O2 (100 μL/well) and the color intensity 

was measured after 20 minutes of incubation 

at 450 nm (OD450nm) using a microplate 

reader (DynatechMicroplate 

Reader).Antibody titers were calculated from 

the power fitting of OD450nm vs the reciprocal 

of the antisera dilution using a cutoff of 

OD450nm = 0.1 and 0.4 above the background 

values for IgM and IgG, respectively [30]. 

 

Differentiation of DENV infections 

Categorization of DENV infections into 

primary and secondary infections was done 

based on the anti-ED3 IgM and IgG ratio, as 

previously reported [25, 31-33]. To be more 

precise, anti-ED3 IgG and IgM antibody 

titers of anti-dengue sera were determined 

against ED3s of four DENVs. Then anti-ED3 

IgM titers were divided by anti-ED3 IgG 

titers and if the anti-ED3 IgM antibody titers 

were≥1.5 fold over anti-ED3 IgG titers the 

DENV infections were categorized as 

primary DENV infection and otherwise as 

secondary DENV infections (Figure 2A). 

Similarly, ≥1.5 fold higher anti-ED3 IgM 

titers over anti-ED3 IgG titers against a single 

DENV ED3 and against multiple DENV 

ED3s were considered as single DENV 

serotype and concurrent multiple DENV 

serotype infections, respectively. Such 

DENV serotyping based on anti-ED3 IgG 

and IgM antibodies was furthermore 

validated with RT-PCR based DENV 

serotyping data [26]. 
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RESULTS AND DISCUSSION 

 

DENV Serospecificity of ED3s 

First, all four DENV ED3s were non-toxic, 

and immunogenic in Swiss albino mice 

(Figure:1).all four ED3s generated mostly 

ED3-specific IgG responses, very similar to 

what have been observed with DENV-

specific commercial monoclonal anti-DENV 

antibodies, very similar to our previous 

observations [29]. To be precise, anti-2ED3, 

anti-3ED3 and anti-4ED3 were mostly 

serotype-specific while anti-1ED3 was 

1ED3-2ED3-3ED3 sero-cross-reactive 

(personal communication). However, their 

immunogenicity was different, 2ED3 and 

3ED3 were highly immunogenic over 1ED3 

and 4ED3 was the least immunogenic (Figure 

1c). These observations suggested that 

DENV ED3s are worth considering as 

alternatives to whole live DENV for 

evaluating anti-dengue responses in natural 

dengue infection. 

 

DENV infection status in Chittagong, 

Bangladesh 

The ratio of anti-ED3 IgM and anti-ED3 IgG 

titers showed that only 39out of 112 samples 

tested had over 1.5 fold higher anti-ED3 IgM 

titers over anti-ED3s IgG titers, indicating 

that only 35% of samples had been primarily 

infected with DENVs (primary DENV 

infections) while the remaining 73 samples 

(65%) were secondarily infected with 

DENVs (secondary DENV infections; 

Figure: 2a). Interestingly, among the primary 

DENV infected samples 20 (51%) samples 

were positive for single DENV serotype 

infections while the remaining 19 (49%) 

were positive for multiple DENV serotype 

infections (Figure: 2b). Moreover, among the 

primary DENV infected samples, the most 

prevailed DENV serotype was DENV4 

(26%), followed by DENV1 (13%), DENV2 

(8%), DENV3 (5%), respectively 

(Figure:2b), which was in contrast to the 

DENV seroprevalence observed in Dhaka, 

Bangladesh in 2019[14,34-35], but almost fully 

corroborated with our previous study based 

on RT-PCR of the same samples (Figure 2C) 

[26]. 

On the other hand, both the RT-PCR and 

ELISA-based DENV serotyping indicated 

that 10 and 19 out 112 samples 

(24%versus49%) samples were concurrently 

infected multiple DENV serotypes 

(Figure.2b-c). Moreover, among the 10 

concurrently multiple DENV infected 

samples 9 samples had DENV1 infections 

(Figure.2c). Although the exact reason for the 

high occurrence of DENV1 serotype in 

multiple DENV infections is still not known, 

the high sequence similarities among 

DENV1, DENV2 and DENV3[6,36]and 

DENV1-DENV2-DENV3 sero-cross-

reactivity of anti-DENV1 ED3 sera cross-

reacting IgG both in mice models(personal 

communication), and natural DENV 

infections might together contribute in such 

concurrent multiple DENV infections. 

 

DENV serotyping: RT-PCR versus anti-

DENV IgM/IgG 

RT-PCR is considered as gold standard in 

DENV serotyping for confirming the 

presence of viral RNA in the infected sera[37], 

but during the acute phase of infection. 

However, at very earlyand very late days of 

infection it   may suffer from high false 

negative prediction [38-40] .Therefore, RT-
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PCR alone cannot be used for dengue 

diagnosis. Here, we report the anti-DENV 

ED3 IgG and IgM antibodies in DENV 

infected sera and compared the DENV 

serotyping by RT-PCR[26]. Both RT-PCR and 

anti-DENV antibody based serotyping 

indicated that the DENV4 was the most 

prevailed serotype in the recent dengue 

outbreaks in Chittagong (31% versus 26%). 

However, the percentagesof single and 

multiple DENV serotypes were (76% and 

24%) and (51% and 49%) by RT-PCR and 

anti-DENV IgM/IgG, respectively (Figure 2; 

Table 1).Such large discrepancies were most 

likely to be originated from the fact that RT-

PCR is solely based on the presence of 

unstable damage prone viral RNA while anti-

DENV antibody testing relies on the presence 

of stable antibodies developed following 

present and previous DENV infections. For 

the purpose of discussion, let us have a case-

by-case comparison hereafter: 

First, 9 samples found DENV positive by 

RT-PCR were also positive anti-DENV 

IgM/IgG antibody testing (Figure 3a), 

however, in most cases anti-DENV IgM 

antibodies confirmed the presence of 

multiple DENV infections instead of mostly 

single DENV serotype infection depicted by 

RT-PCR (Figure 2c). Similarly, 27 samples 

shown positive for single serotype (20) and 

multiple serotypes (7) by RT-PCR were 

found secondarily DENV infected  following 

anti-DENV antibody testing (Figure 3b) 

suggesting that all 27 samples could have 

been previously infected with DENVs in 

addition to be re-infected in the recent 

outbreaks;all of them might experience a 

heterotypic secondary DENV infection. 

The samples included in this study were 

confirmed dengue cases, however, 70 out of 

112 samples were negative by RT-PCR, but 

positive by anti-DENV IgM/IgG antibodies 

(Figure 3c). These observations clearly 

suggested that RT-PCR alone cannot be used 

for true dengue surveillance, and the 

occurrence of secondary and multiple 

concurrent DENV infections in Bangladesh 

might by much higher than previously 

thought and reported[14,34].Therefore, we 

suggest that RT-PCR along with NS1-based 

diagnosis and anti-DENV antibody testing 

are worth considering to explore the real 

scenario of recurrent dengue infectionfor 

accurate DENV surveillance, seroprevalence 

and DENV infection status in dengue 

endemic regions. 

 

Serotype-specific clinical dengue 

manifestation 

Increase in vascular permeability, plasma 

leakage and RBCs and decrease of platelets 

and leucocyte counts have been reported to 

be associated with clinical dengue[15]. 

Investigation of DENV serotype-specific 

clinical dengue manifestation indicated that 

irrespective of the infecting DENV 

serotypes, blood platelet counts started to 

decrease soon after hospitalization and 

started replenishing after day 2-3 of 

admission to the hospital (Figure 4). 

However,dropped in platelet counts 

continued on day 4 (perhaps for few more 

days) with DENV1 infection(Figure 4a). 

These observations suggested that DENV1 

may generated severe dengue through 

increased thrombocytopenia[41].On the other 

hand, no DENV serotype-specific changes 

were observed in the hematocrit value and 
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leukocyte counts (Figure 4b-c), suggesting 

that there may not have any association 

among DENV serotypes, and erythropoiesis 

and leukocytosis [17]. All four serotypes 

resulted typical dengue fever in all cases. 

Interestingly, DENV1 and DENV2 infections 

generated very similar sign and symptoms of 

typical dengue diseases. On the other hand, 

higher percentages of study population 

infected with DENV3, DENV4 and multiple 

DENVs in a single session showed Ache-

Pain, Myalgia and nausea (Figure 5).  

However, DENV serotype specific data 

analyzed in each category were very limited 

and inclusions of more samples are worth 

considering for a definitive conclusion on 

DENV serospecific clinical dengue 

manifestation in future. 

 

CONCLUSION 

DENV serotyping by RT-PCR and anti-

DENV IgM/IgG antibodies clearly showed 

that all four DENV serotypes co-circulated 

during the last (August 2019) dengue 

outbreak in Chittagong, Bangladesh. 

Alarmingly, very high percentage of 

secondary infection cases (24-49%) along 

with high concurrent multiple DENV 

infections (24-49% of total infections) in a 

single dengue session might be contributing 

to dengue disease severity in Bangladesh and 

as well as in other dengue endemic tropical 

countries. This is perhaps for the first time in 

Bangladesh where we report DENV4 as the 

most prevalent DENV serotype in 

Bangladesh, which is contrary to the previous 

reports where DENV3 had been reported as 

the most prevalent serotype [14]. Emergence 

of DENV4 as the most prevailed serotype 

supported the idea for re-emergence of new 

prevalent serotype over time asobserved in 

other tropical dengue endemic countries [4,42]. 

Therefore, inclusion of RT-PCR with NS1-

based diagnosis and anti-DENV antibody 

testing are worth considering to explore the 

real scenario of recurrent dengue infection, 

for accurate DENV surveillance, 

seroprevalence and DENV infection status in 

DENV endemic regions [43]. 

 

Figure Legends 

Figure I: Sequences and structures of 

DENV ED3 variants.(a) The sequences 

1ED3, 2ED3, 3ED3 and 4ED3 were retrieved 

from the Uni-Prot IDs P17763, P14340, 

P27915.1 and P09866, respectively. (b) The 

surface structure models of 1ED3, 2ED3, 

3ED3 and 4ED3 were generated from Protein 

Data Bank IDs 3g7t.pdb[44], 4utc.pdb[45], 

3vtt.pdb[29]and 3we1.pdb[36], respectively. 

The putative epitope residues (308 and 382) 

are shown in blue spheres. (c) Anti-ED3 IgG 

titers. Artificial immunization using four 

ED3s generated ED3-specific IgG responses 

in Swiss albino mice model. Anti-ED3 IgG 

titers against the respective ED3s are shown. 

 

Figure II: DENV infection status in 

Chittagong, Bangladesh.(a)  The anti-ED3 

IgM and anti-ED3 IgG antibody titers are 

shown. Only 39 samples have over 1.5 higher 

IgM titers over IgG titers, the primarily 

DENV infected samples. On the other hand, 

71 samples had low anti-DENV ED3 IgM 

over IgG, suggesting that 65% of the samples 

had been secondarily DENV infected. (b) 

DENV serotyping based on anti-DENV ED3 

IgM/IgG ratio. Among the 112 samples 

tested 39 were positive for primary DENV 

infection. Among the 39 samples tested 
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DENV positive, 20 (51%) were infected with 

single DENV serotypes while the remaining 

19 samples (49%) had been concurrently 

infected with multiple DENV serotypes. (c) 

DENV serotyping done by RT-PCR (results 

reproduced from our previous report)[26]. 

Among the 112 samples tested 42 were 

positive for DENV serotypes, where 76% 

samples were infected with single DENV 

serotype while remaining 24% were 

concurrently infected with multiple DENV 

serotypes. DENV4 was the most prevailed 

serotype in Chittagong, Bangladesh during 

the study period. 

 

Figure III: Comparison DENV serotyping 

by RT-PCR and anti-DENV IgM/IgG 

antibodies. (a) Anti-DENV IgM responses 

(by ELISA) versus infecting DENV 

serotypes (by RT-PCR) are shown. 9 samples 

positive for DENVs by RT-PCR were also 

positive for DENVs by anti-DENV ED3 

IgM/IgG ratio. However, 7 samples positive 

for single DENV serotype by RT-PCR, but 

were positive for multiple DENV serotypes 

by anti-DENV ED3 IgM-IgG. These 

observations suggested a very high 

prevalence of multiple DENVs in single 

dengue session. (b) 27 samples, which were 

DENV positive by RT-PCR positive, were 

found positive for secondary DENV infection 

by anti-ED3 IgM/IgG ratio. These suggested 

that these 27 samples had been previously 

infected with DENVs and recently they 

might experience secondary DENV 

infections. (c) Among the 70 samples tested 

DENV negative by RT-PCR, 11, 12 and 47 

were single DENV, multiple DENVs and 

secondary DENV positive, respectively by 

anti-DENV ED3 IgM/IgG antibodies. 

Figure IV: Serotype-specific clinical 

manifestation of DENV infections.Effects 

of infecting DENV serotypes on (a) platelet 

counts (per microliter of blood) (b) 

hematocrit counts (%) and (c) leucocyte 

counts (per microliter of blood) are shown. 

Legends are the same for all panels and are 

shown at the top of the panels. Irrespective of 

infecting DENV serotypes platelet counts 

dropped soon after infection, however, 

started replenishing from day 4 of infection, 

except for DENV1 infection where dropped 

in blood platelet continued over time. On the 

other hand, effects of infecting DENV 

serotypes on hematocrit values and leukocyte 

counts were minimal. (d) Effects of infecting 

DENV serotypes on the sign and symptoms 

of dengue disease. 

 

Figure V: DENV serotype-specific effects 

on dengue disease. Effects of infecting 

DENV serotypes on the sign and symptoms 

of dengue disease are shown. Infecting 

DENV serotypes with number of cases (n) 

are shown within the panel. All four 

serotypes resulted typical dengue fever in all 

cases. Interestingly, DENV1 and DENV2 

infections generated very similar sign and 

symptoms of typical dengue diseases. 

However, higher percentages of study 

population infected with DENV3,DENV4 

and multiple DENVs in a single session 

showed Ache-Pain, Myalgia and nausea. 

Although the numbers of cases analyzed in 

each category were very limited, inclusion of 

more samples may help developing a 

rationale for infecting DENV serotypes and 

clinical dengue manifestation in future
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Table I: Comparative view of DENV serotyping by RT-PCR and anti-DENV ED3 IgM/IgG. 

 

Sampl

es 
RT-PCR serotyping* 

Anti-DENV ED3 IgM/IgG 

serotyping 

112 

DENV 

Positive 

Single DENV 

Infection 

3

2 

Single DENV Infection 5 

Multiple DENV Infection 6 

Secondary DENV 

Infection 

21 

Multiple DENV 

Infection 

1

0 

Single DENV Infection 2 

Multiple DENV Infection 1 

Secondary DENV 

Infection 

7 

DENV 

Negative 
DENV Negative 

7

0 

Single DENV Infection 11 

Multiple DENV Infection 12 

Secondary DENV 

Infection 

47 

      
*RT-PCR based DENV serotyping data were reproduced from our previous report[26]. In anti-

DENV ED3 IgM/IgG-based DENV serotyping was done based on the ratio of IgM to IgG ≥1.5. 

 

Figure I 
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Figure II 

 

 

 

 

 

Figure III 
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Figure IV 
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Figure V 
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