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Abstract

Dengue virus (DENV) is the world most prevalent mosquito-transmitted virus. The incidence of
dengue infection has been increasing and most of the infected people are asymptomatic or have
non specific febrile illness. Laboratory test is essential to confirm dengue infection in epidemio-
logical studies. We developed an indirect ELISA test based on monoclonal immunoglobulin against
all four DENV serotypes and evaluated the test for the diagnosis of asymptomatic dengue infection
in paired annual serum samples. The indirect ELISA was found to have a sensitivity 87.5% and
specificity 78.3% at optimized cut off. The results from indirect ELISA demonstrate an incidence of
asymptomatic dengue infection from children aged 4 - 11 years in Ratchaburi province, Thailand
(2006-2009). These findings indicate that the indirect ELISA is suitable for serodiagnosis and se-
roepidemiological studies of asymptomatic dengue infection.
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1. Introduction

Dengue virus (DENV) is a major arbovirus responsible for infection in an estimated 2.5 - 3.0 billion people at
risk worldwide. DENV consists of 4 serotypes of antigenically distinct single stranded RNA viruses (D1 - D4)
in the genus Flavivirus, family Flaviviridae. Dengue infection may result in asymptomatic infection, dengue
fever (DF), dengue hemorrhagic fever (DHF) or dengue shock syndrome (DSS) [1]-[4]. The pathogenesis of
disease severity is not completely understood [5]-[7]. Infection with one serotype can cause life-long immunity
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against the original serotype but transient cross protection to the other serotypes.

Asymptomatic infection is the most common clinical syndrome of dengue and may have a role in dengue
transmission [8]-[12]. Epidemiological studies on asymptomatic dengue infection are essential and the incidence
of asymptomatic dengue infection also reflects the quality of dengue control. In addition, patterns of pre-existing
immunity between asymptomatic and symptomatic dengue infection may also provide insight on the pathogene-
sis of dengue disease.

The detection of antibodies by serological methods is very useful for dengue diagnosis. Serological tests
usually need two blood samples to detect rising antibody levels. Three serological tests have been used for de-
tecting asymptomatic dengue infection: hemagglutination-inhibition test (HAI), enzyme-linked immunosorbent
assay (ELISA) and plaque reduction neutralization test (PRNT) [13]-[17]. PRNT is the only test that measures
the biological parameter of in vitro virus neutralization, and therefore is the most virus specific serological test
among flaviviruses. PRNT is regarded as the “gold standard” serological method for the diagnosis of DENV
[18]-[21]. However, PRNT has some practical disadvantages because it is technically demanding, labor inten-
sive and time consuming. ELISA is rapid, simple to perform, relatively inexpensive and easier to standardize.

We developed an indirect ELISA test based on monoclonal immunoglobulin against all four serotypes of
DENV to diagnosis asymptomatic dengue infection in paired annual serum samples in a dengue endemic area in
Thailand comparing to PRNT.

2. Materials and Methods
2.1. Indirect Enzyme-Linked Immunosorbent Assay

For the indirect ELISA, 96-well ELISA plates were filled with 100 ul/well of a diluted dengue monoclonal an-
tibody 2H2 [22] 1:50 in 0.018 M carbonate buffer. After overnight incubation at 4°C, the plates were washed 6
times with 300 pl/well of phosphate buffer solution containing 1% between 20 (PBS-T) and blocked with 5%
skim milk in PBS-T for 1 hour at 37°C. After washing procedures, the plates were filled with 50 pl/well of an
equal mixture of DENV1-4(C6/36) antigen. After one hour incubation at 37°C, the plates were washed as pre-
viously described.

The serum samples and controls were diluted at 1:400 with 5% skim milk in PBS-T. Fifty microliters per well
of diluted serum were added in duplicate, and the plates were incubated at 37°C for 1 hour. After washing again,
the plates were filled with 50 pl/well of a goat-anti-human IgG antibody conjugated to horse radish peroxidase
(KPL Inc., Gaithersburg, MD), diluted at 1:5000 in PBS-T with 5% skim milk. After incubation at 37°C for 60
min, the plates were washed 6 times and the substrate SureBlue™ TMP (KPL Inc., Gaithersburg, MD) was add-
ed. After incubation at room temperature for 30 min, the reaction was terminated by the addition of 50 pl of 0.2
M sulfuric acid to each well and read at 450 nm using ELISA plate reader.

2.2. Plaque Reduction Neutralization Test

The serum samples were tested for specific antibodies against DENV1-4 (kindly provided by Armed Forces
Research Institute of Medical Sciences) using a 50% plaque reduction criteria as described previously [19].
Briefly, a monolayer of LLC-MK2 cells in M199 growth media was cultivated on the 12-well plates. The serum
samples were inactivated (56°C for 30 min) and serially diluted to 1:10, 1:40. 1:160, 1:640 and 1:2560 by MEM
diluent media. Each DENV serotype was then separately added into diluted serum and serum-virus mixtures
were incubated at 35°C for 60 min. The mixtures were then inoculated onto monolayer LLC-MK2 cells in
12-well plates. After four days of incubation at 35°C in 5% CO,, neutral red was used for straining the inocu-
lated cells. Each serum was tested in duplicate, and the plaque-forming unit (pfu) was recorded as the average of
the number obtained in each of the two cultures. PRNT50 was calculated by probit model with the SPSS pro-
gram. The PRNT50 end point titers were expressed as the reciprocal of the last serum dilution.

2.3. Serum Samples

In this study, serum samples were from the cohort epidemiology study of dengue infection in school aged child-
ren in Ratchaburi province, Thailand during 2006 to 2009. The cohort recruited approximately 3000 primary
school children. There were 333 RT-PCR proved dengue episodes out of 5842 febrile episodes [23]. All serum
samples were stored at —80°C until used. Twenty two paired annual sera from children who had symptomatic
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RT-PCR proven dengue infection were randomly selected from the whole cohort and tested for both PRNT50
and indirect ELISA (DENV1 =9 cases, DENV2 = 7 cases, DENV3 = 6 cases). For children who had no history
of dengue infection, indirect ELISA test was performed on totally 5,513 paired serum samples. Forty paired se-
rum samples from those who had a rise in ELISA titer (ratio > 1.5) and 32 paired serum samples from those who
had no a rise in ELISA titer (totally 72 paired sera) were randomly selected to test for PRNT50. Rising ratio was
calculated by fold of rised titer between annual serum samples, for example, ratio 1.5 means this year titer in-
creases 1.5 times than the previous year titer.

All data were handled confidentially and anonymously. This study was reviewed and approved by the ethics
committee of the faculty of tropical medicine, Mahidol University (protocol TMEC 14-074).

2.4. Data Analysis

Statistical analysis was performed with SPSS version 18.0 (SPSS, Inc., Chicago, IL). Data were analyzed by
unpaired t-test to determine the difference between groups. P-value <0.05 is considered as statistical signific-
ance.

3. Results

3.1. Cut-Off Criterion for the Diagnosis of Dengue Infection by PRNT50 in Paired Annual
Sera

To evaluate the cut off criterion for PRNT50, 22 paired annual serum samples of RT-PCR proven symptomatic
dengue infection cases and 72 paired annual serum samples of children with no history of symptomatic infection
were tested by PRNT50. It was found that all RT-PCR proven symptomatic dengue infection cases had at least
16 folds rising to at least one serotype (Figure 1 and Table 1). A cut-off criterion for the diagnosis of dengue
infection in paired annual sera is therefore > 16 folds rising. While 36.1% of children with no history of symp-
tomatic dengue infection had at least 16 folds rising in PRNT50 titers.

3.2. Cut-Off Criterion for the Diagnosis of Asymptomatic Dengue Infection by ELISA in
Paired Annual Sera

To evaluate the cut off criterion for indirect-ELISA, the same set of samples was tested by indirect-ELISA. A
rising ratio in the optical density (OD) at 450 nm of the intervening year was calculated. Ratios in ELISA OD of
both groups were shown in Figure 2. A cut-off criterion for diagnosis of dengue infection in paired annual sera
is therefore the ratio >2.0.
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Figure 1. Number of subjects who had a rise in PRNT titer comparing between the subjects who had symptomatic dengue
infection and who had no history of dengue infection.
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Table 1. Comparison of PRNT50 and indirect ELISA in symptomatic dengue patients and subjects who had no history of
dengue infection.

PRNT ELISA
Symptomatic Positive 22 Positive 17
Negative 5
No Hx of infection Positive 26 Positive 25
Negative 1
Negative 46 Positive 10
Negative 36
ELISA/PRNT results
ELISA +/PRNT + (TP) 42
ELISA —/PRNT — (TN) 36
ELISA +/PRNT — (FP) 10
ELISA —/PRNT + (FN) 6
Total 94
Sensitivity 87.5%
Specificity 78.3%
Accuracy 83.0%
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Figure 2. Number of subjects who had a rise in ELISA titer comparing between the subjects who had symptomatic dengue
infection and who had no history of dengue infection.

The results summarized in Table 1 indicated that 51.4% of children with no history of symptomatic infection
were non dengue infection and 48.6% were asymptomatic dengue infection.
3.3. Correlation between Indirect ELISA and PRNT50

Figure 3 shows the Spearman’s correlation between the rising ratio of PRNT50 and indirect ELISA in all 94
annual serum samples. Their r was 0.736 (p < 0.001) indicating that there is a significant correlation. Using
PRNTA50 as the gold standard, the accuracy of indirect ELISA was 83.0% (Table 1).

3.4. Incidence of Asymptomatic Dengue Infection

To estimate the incidence of asymptomatic dengue infection, total annual serum samples collected from children
aged 4 - 11 years in Ratchaburi province, Thailand (2006-2009) were tested using the indirect-ELISA. A rising
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Figure 3. Spearman’s correlation between rising ratios of indirect ELISA and PRNT50 (P <
0.001).

ratio in the OD at 450 nm of the intervening year was analyzed. A seroconversion was interpreted using ratio 2.0
or higher. The results showed that 8.9% (489/5,513) of the population were asymptomatic dengue infection. In
this population, symptomatic dengue infection rate was 3.6% during 2006 to 2009. Therefore, symptomatic:
asymptomatic dengue infection (S:A) ratio in the study area of Ratchaburi province, Thailand in that period was
approximately 1:2.5.

4. Discussion

After dengue infection, there will be IgM and IgG antibody responses and 1gG level may persist for more than
one year. The detection of rising in 1gG level is therefore able to detect recent dengue infection, both sympto-
matic and asymptomatic. The appropriate methods for detecting asymptomatic dengue infection depend on ob-
jectives, budgets and the feasibility. Although PRNT has been used for over 30 years as the most sensitive and
specific method to detect dengue infection but it still has limitations including high cost, time consuming and
variation among tests. Several dengue immunoenzymatic assays have been developed with different formats as
alternatives to PRNT. Using ELISA is an attractive possibility as an alternative test for PRNT with comparable
performance and better feasibility in the future [24].

The diagnostic criteria for recent dengue infection using paired annual serum sample may be different from
the criteria used for acute dengue infection using acute and convalescent sera because the rise in 19G level may
decline. We therefore evaluate the rise in PRNT50 and ELISA in 22 paired annual sera of patients with symp-
tomatic RT-PCR proven dengue infection. It was shown that all of the symptomatic dengue subjects had a rise in
PRNTH50 titer > 16 folds to at least one serotype but the cut-off point was less clear for indirect ELISA. Five
subjects had a rise in titer ranged from 1 - 1.99 and 17 subjects had a rise in titer > 2.0. However, the perfor-
mance of indirect ELISA was generally comparable to PRNT50 in both symptomatic dengue infection and in
the children who had no history of dengue infection that may be either had no infection or had asymptomatic in-
fection.

We also compared the different cut-off points of indirect ELISA to PRNT50. Using cut-off point at 1.5, the
sensitivity and the specificity are 93.8% and 65.2% respectively. When using cut-off point at 1.9, the sensitivity
and the specificity are 93.8% and 73.9% respectively. For optimal specificity, cut-off point at 2.0 is selected and
the sensitivity and specificity become 87.5% and 78.3% respectively.

The results reported herein indicate that our indirect-ELISA provides a feasible and quite accurate diagnosis
for asymptomatic dengue infection. This indirect ELISA test can be applied in epidemiological studies of
asymptomatic dengue infection and need only once a year blood samples which may be more acceptable in

children than multiple blood samplings.
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According to the cohort epidemiological study of dengue infection from children aged 4 - 11 years in Ratcha-
buri province, Thailand (2007-2010), a considerable proportion of asymptomatic dengue infection was 8.9%
(489/5513). The incidence of symptomatic dengue infection in the study was 394 cases which can be classified
to undifferentiated fever (UF) 210 cases, DF 142 cases and DHF 42 cases. Therefore, the ratio of symptomatic
and asymptomatic (S:A) in the study area during 2007-2010 was 1:2.5. Study in Kamphaeng Phet province,
Thailand (2004-2008) reported the symptomatic to inapparent (S:1) dengue illness ratio was 1:3 which was sim-
ilar to our result [25]. Therefore, indirect ELISA test can be used for detecting asymptomatic dengue infection in
epidemiological study which the comparable result as HAI test shown in Kamphaeng Phet study.

One limitation in this study is that most of the dengue infections in the study population are secondary infec-
tion [23]. As secondary infections result in anamnestic response with much higher 1gG seroconversion than pri-
mary response, the cut-off point of 2.0 may be accurate only in the population with mainly secondary dengue
infection. The cut-off point for the population with mainly primary dengue infection may be lower than 2.0.
There is a need to further evaluate the applicability and cut-off value of indirect ELISA in these populations.

5. Conclusion

Indirect-ELISA is rapid and easy to perform, and has shown to be comparable to PRNT as serodiagnosis of
asymptomatic dengue infection.
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