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objectives: to study the incidence of asymptomatic primary dengue infections among children 

and reactivity against other flaviviruses. 

methods: a total of 216 children who had no dengue specific igg antibodies during a sero-

survey in 2003, were re-examined 23 months later, in 2005, to determine if sero-conversion 

had occurred. dengue specific igg was demonstrated with elisa and reactivity patterns 

against other flaviviruses were assessed by using immunofluorescence assay (iFa).  

results: sixty-six children showed sero-conversion for dengue virus specific igg; the true 

annual incidence of primary dengue was thus 17.3% (95% Ci: 13.8 - 21.4). Japanese 

encephalitis virus (JeV) specific igg antibodies were detected by iFa among 3 (4.6%) samples 

that showed sero-conversion in the dengue elisa, due to cross-reactivity.   

conclusions: our findings highlight the high incidence of dengue among Vietnamese children; 

JeV infections are rare. the true annual incidence of dengue can be estimated with a single 

cros-sectional sero-prevalence survey.  

 

1. introDuction  

mosquito-borne flavivirus infections such as dengue have rapidly become important emerging 

diseases globally, in terms of morbidity and mortality.88;307 dengue is transmitted by mosquitoes, 

mainly aedes aegypti and aedes albopictus.22 it is a public health problem with growing global 

incidence and geographical distribution to almost all tropical and subtropical regions; its 

transmission is changing from epidemic to endemic.77 World health organization (1997) 

estimates that more than 2.5 billion (two-fifths) of the world population are at risk of dengue, 

of whom 50 million (2%) are infected annually. dengue fever (dF) can be caused by any of the 

four distinct serotypes of dengue virus (denV).235 immunity against dengue is mainly based on 

production of neutralizing antibodies.105 igg antibodies become detectable 10–14 days after 

infection and remain lifelong. primary infection with any one of the four serotypes provides 

lifelong immunity against that serotype but confers only partial or transient immunity against 

the other serotypes.33 in endemic areas dengue is typically a disease of children and young 

adults with a mean age of 5–10 years.87;307 a correct diagnosis is essential for case management 

of individual patients and for control programs that rely on accurate incidence figures. the 

diagnosis of dengue by primary healthcare workers is usually a clinical diagnosis, but this is 

notoriously inaccurate.56;219 therefore, serological confirmation of dF, by demonstrating 

dengue-specific antibodies, is a very important tool. however, most tests do not distinguish 

between the four dengue virus types and show more or less cross-reactivity with other 

flaviviruses, such as West nile virus (WnV), yellow Fever virus (yFV) and Japanese encephalitis 

virus (JeV). the serological distinction between denV and JeV especially is difficult where 

denV and JeV are endemic, such as in southeast asia.235 Binh thuan, a rural province in 

southern Vietnam, is highly endemic for dF.272 in 2003, a cross-sectional study among primary 

school children of two rural villages showed that the dengue igg sero-prevalence increased by 

age, corresponding to an annual incidence primary dengue infections of 11.7%. the true 

incidence of primary dengue infection, measured by sero-conversion rates, has not been 

studied. therefore, we repeated the sero-survey at the primary schools of two rural communes, 

to measure the true incidence of primary dengue infection by sero-conversion, while controlling 

for cross-reactivity with other flaviviruses, notably JeV.  

 

2. material anD methoDs  

 

2.1. sTuDy siTe anD populaTion  

Binh thuan province is located along the south-eastern coast of Vietnam, 150 km north-east of 

ho Chi minh City. it covers 7828 km2, spread over a rather flat coastal zone, where small-scale 

agricultural activities prevail, and the forested truong son mountains, an extension of the 

anamite mountains ridge. in 2004, the estimated population was 1.1 million inhabitants.272 this 

study was conducted at the primary schools of ham Kiem and ham hiep, 5 km west and 15 km 

south of the provincial capital phan thiet. in 2002, the population of the two communites counted 

6,467 and 11,131 members, respectively. the study cohort included all children >7 years of age 

attending the primary schools of ham Kiem and ham hiep. this accounted for approximately 

55% of the entire children’s population in ham Kiem and 26% in ham hiep. Children who had no 

dengue virus-specific igg serum antibodies in a sero-survey of 2003 were retested in 2005, 

provided they still attended school.272 dengue virus-specific igg serum antibodies were 

determined by enzyme-linked immunosorbent assay (elisa). Children who showed sero-

conversion between 2003 and 2005 were also tested for other flaviviruses with an 

immunofluoresscence assay (iFa). in cooperation with the people’s Committee of the village, the 

local health post-staff and school teachers, all pupils of the primary school and their parents 

were informed about the study and consent was obtained from all. the study followed a protocol 

approved by the provincial health services, the community health centres of ham Kiem and ham 

hiep and the scientific Committee of Cho ray hospital, ho Chi minh City. Blood collection and 

dengue virus elisa approximately 1 ml of blood was collected by finger puncture into plain vials 

(greiner; minicollect™). Vials were centrifuged on the spot; serum was transferred to a sterile 

vial and transported immediately to the laboratory of the provincial Centre for malaria and goiter 

Control, where it was stored at -20 oC. after collecting all specimens, they were transported on 

ice packs in a cooling box to the Virology laboratory of Cho ray hospital, ho Chi minh City, where 

they were stored at -70 oC. a commercial direct igg elisa (Focus diagnostics inc., Cypress, Ca, 

usa) was used to demonstrate dengue virus-specific igg serum antibodies. the tests were 

performed according to the manufacturer’s instructions.282 optical density (od) values were 

measured at 450 nm with 620 nm as a reference with a Benchmark microplate reader (Bio-rad 

laboratories inc., hercules, Ca, usa). od results were corrected by subtracting the od values of 

blank samples which are included in every test kit. the ratio between the sample od value and 
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the od of the kit calibration serum is expressed as optical density ratio (odr), by the manufacturer 

referred to as ‘index value’. odr >1 was considered positive. there were no samples with odr 

= 1.00.  

 

2.2. flavivirus ifa  

serum samples taken in 2005 from children who showed sero-conversion in the dengue igg 

elisa between 2003 and 2005 were tested with commercially available iFa slides (panbio 

diagnostics inc., Baltimore, md, usa), coated with antigens of WnV, Venezuelan equine 

encephalitis virus (Vee), JeV, yFV and as a control denV. these slides were used for the detection 

of igg serum antibodies to the respective virus antigens.153 in brief, the serum samples were first 

screened at dilutions 1:16 and 1:32 in veronal buffer supplemented with 5% guinea-pig serum. 

serum was applied on the iFa slides, which were incubated in a moist chamber for 2h at 37 oC. 

slides were then washed in phosphate-buffered saline (pBs) twice and rinsed twice with de-

ionized water. after airdrying of the slides, anti-human igg fluorescein-labelled conjugate (daKo 

denmark a⁄s, glostrup, denmark) was applied, and slides were incubated in a moist chamber for 

30 min at 37 oC, followed by a second wash in pBs and rinsed with de-ionized water. the iFa 

slides were evaluated at x 400 using a fluorescence microscope (axioskop 40; Carl Zeiss ag, 

Jena, germany). Fluorescence was graded using the following scale: cytoplasmic fluorescence 

was graded from moderate to intense (apple green), 2–4. low intensity or ‘dim’, but definite, 

cytoplasmic fluorescence was graded as 1. samples with grade 2 or more were considered 

positive. samples which were found positive to denV and to other flaviviruses were further 

tested at dilutions 1:32, 1:64, 1:128, 1:256, 1:512 and 1:1024.  

 

2.3. sTaTisTical analysis  

the age-dependent sero-prevalence was modelled under the assumption that dengue is endemic 

in southern Vietnam, that the force of infection was constant over the years and that antibodies 

remain detectable lifelong.185 thus the proportion of sero-negative subjects that sero-converted 

per year is also constant:

where y is the prevalence of sero-negative subjects and k is a measure of the force of  

infection. this can be rewritten as:

 

the annual incidence rate is thus, when t = 1 year:

 

the true annual incidence of primary dengue was calculated using the prevalence of sero-

negatives in 2003 and 2005, where t was 23 months after the first measurement on t = 0 

(march 2003). statistical analysis was performed using the software package s-plus 2000 

professional (release 2; mathsoft inc., seattle, Wa, usa). overall, age-specific and gender 

specific sero-prevalence was calculated with 95% confidence intervals; chi-square tests 

were used for proportions. all tests were carried out at a significance level of 0.05.  

 

3. results  

 

sample populaTion  

in 2005, 831 children were registered as pupils at both schools, 459 in ham Kiem and 372 in ham 

hiep. From the cross-sectional study in 2003, a total of 330 (34.3%, 330⁄961) serum samples 

of children tested negative for dengue virus-specific igg.272 these children were included in this 

study except for 99 children (57 from ham Kiem and 43 from ham hiep) who had graduated, 1 

who had dropped out of school and 14 who were absent at the time of sampling blood. this left 

216 (93.9%, 95% Ci: 90.0–96.3) subjects for analysis, 124 from ham Kiem and 92 from ham 

hiep, with a male:female ratio of 1:1.2. sero-conversion of dengue igg and incidence rate of 216 

serum samples, 66 (30.6%, 95% Ci: 24.8–37.0) tested positive for igg antibodies against dengue 

in 2005: 37 in ham Kiem and 29 in ham hiep. the true annual incidence of primary dengue, 

calculated from the sero-conversion rate was 17.3% (95% Ci: 13.8–21.4). iFa reactivity pattern 
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of serum samples from children reactivity against other flaviviruses was tested with iFa in sera 

of children who showed sero-conversion for dengue virus-specific igg in the elisa. sixty-two of 

the 66 samples (93.9%, 95% Ci: 85.4–97.6) obtained in 2005 from children who sero-converted 

by elisa also tested positive by iFa for denV. of these 62 samples, eight (12.1%) reacted to 

yFV (12.1%), three (4.6%) reacted to JeV and one (1.5%) to WnV. the antibody titres to yFV, JeV 

and WnV did not exceed the denV antibody titres in the iFa and were thus interpreted as cross-

reactivity because of a primary dengue infection (table 1).

table 1. immunofluorescence reactivity against flaviviruses in serum of nine out of sixty-six 

primary school children who demonstrated sero-conversion by dengue igg- elisa.

individuals
flavivirus specific serum igg antibody serology

elisa (oDr1) ifa titer2

sex / age (y) vee wnv Jev yfv Denv

m / 11 4.7 <16 <16 <16 32 256

m / 11 3.6 <16 32 <16 128 256

m / 10 7.8 <16 <16 <16 128 256

m / 11 3.6 <16 <16 32 64 256

m / 11 1.5 <16 32 32 64 512

F / 11 4.3 <16 32 64 128 512

m / 11 4.1 <16 32 64 64 512

F / 9 7.4 <16 32 32 256 > 1024

F / 10 8.5 <16 64 128 256 > 1024

 
 

4. Discussion  

this study confirms that dengue is a very common disease in southern Vietnam, with an annual 

incidence of first infections as high as 17.3%. this is only slightly higher than the incidence 

of first denV infections that we estimated in our first sero-survey: 11.7% in children aged 

7–14 years.272 this result confirms that the analysis that we used in our first survey, i.e. binary 

regression of sero-prevalence to age, using a complementary log–log link function, yields a 

rather accurate estimate of the incidence of denV infection. much has been written about 

the sero-prevalence, but few studies in south-eastern asia have investigated the incidence 

of denV infection in healthy children. the incidence found in our study was similar to that 

reported in thailand and indonesia among healthy children in prospective cross-sectional 

studies.81;261 other data in this region showed variable (overall) incidences of denV infection 

in different endemic areas for dengue.64;252 these incidences are lower than results from our 

study, because they were based on individuals with minimally symptoms to severe cases 

of denV infection seeking for medical aid. a more recent study that also investigated sero-

conversion in children in nicaragua reported similar incidence rates, but, surprisingly, found a 

much higher prevalence of denV antibodies.12 the sample size in sero-epidemiogical studies 

is a crucial aspect, because sample size can influence precision or power of the study. using 

a sero-prevalence of 65.7%, as observed previously272, and assuming a precision of 5% and a 

confidence level of 95%, the calculated sample size for our study would be 179 children. We 

included 330 children of whom 216 were retested for serum-specific igg antibodies against 

dengue. this sample size was sufficient and could be used for calculation of the annual 

incidence. serological technique is the method of choice for routine diagnosis of flavivirus 

infections. many commercially available immunoassays are available for the diagnosis of 

denV and other flavivirus infections.85;151 although the indirect igg-elisa for denV, used in 

this study, is a suitable tool for detecting dengue igg antibodies with high sensitivity and 

high specificity; cross-reactivity may occur with other flavivirus antibodies.153 in areas where 

multiple flaviviruses, e.g. denV and JeV, are endemic, samples may show reactivity to different 

antigens. this may be not only due to cross-reactivity but also due to the presence of specific 

antibodies acquired by different flavivirus infections. in this study, we found some reactivity to 

differently flaviviruses with iFa but because the titres were lower than those to denV, this was 

interpreted as cross-reactivity. although southern Vietnam is endemic for JeV and Japanese 

encephalitis cases occur sporadically throughout the year, its public health importance is 

minor.287 secondly, as yFV and WnV infections have never been reported in south-eastern 

asia, the iFa reactivity to those viruses should be considered as cross-reactivity, whose degree 

also confirmed previous findings.153;181 Knowledge of the sero-prevalence and incidence of 

denV infections is essential for planning public health interventions such as vector control 

or possible future use of a vaccine. But, it is also important information to clinicians who are 

involved in individual case management. in areas without facilities and laboratory confirmation 

of common infectious diseases doctors base their clinical diagnosis on signs and symptoms. 

Clinical diagnosis of dengue is highly inaccurate, and the Who classification system for 

clinicians is not very accurate either.53;219 however, it is not yet clear which case definition 

could better identify cases of (potentially) severe dengue at the primary healthcare level. this 

study shows that the large burden of dengue disease presented to primary health facilities 

is underpinned by a much greater incidence of asymptomatic to mild dengue infection in 

the general population. inappropriate, too sensitive case detection could lead to unaffordable 

intervention policies that may not always be necessary. Knowledge of the incidence of largely 

asymptomatic infections does not need to reflect the incidence of symptomatic infections 

presented to the health services, but this knowledge may help sensitizing primary healthcare 

workers to making the presumptive diagnosis of dengue. in conclusion, our data established a 

high incidence rate of denV infections. although denV and JeV are both endemic in Binh thuan 

province, JeV infection is of minor importance in children. using a binary regression with a 

1 odr: optical density ratio; odr > 1 is considered positive; 2 iFa: immunofluorescence assay;   
titers are shown as reciprocal values;  titers ≥ 1:64 were considered positive.
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log–log link function, applied on sero-prevalence in cross-sectional sero-survey data, yields a 

rather accurate estimate of the true annual incidence in endemic areas such as Vietnam.   
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