
The detail laboratory procedures of the three serological assays used in this study are described 

as follows. 

(1) Dengue Virus IgG indirect enzyme-linked immunosorbent assay (ELISA) 

    A total of 1498 samples from Kaohsiung City were first tested for DENV-specific IgG 

antibodies by using a commercial indirect ELISA (Focus Dengue Virus IgG DxSelect, USA), 

according to the manufacturer’s instructions. The sensitivity and specificity of this test were 

96% and 93%, respectively [1]. 

(2) DENV/JEV NS1-specific indirect IgG ELISA 

    To understand possible cross-reactivity between DENV and Japanese encephalitis virus 

(JEV), we further tested the anti-DENV-IgG-positive samples from Focus Dengue Virus IgG 

DxSelect by a NS1-indirect IgG ELISA that can differentiate between DENV and JEV in 

accordance with following the protocols as listed in the previous study [2]. We also used the 

monoclonal antibody (mAb) D2/8-1 (bought from YH0023 against NS1 protein of DENV [3], 

Yao-Hong Biotechnology Inc.) as the NS1-capture antibody for testing the anti-DENV-IgG-

positive samples from Kaohsiung and all the 2603 samples collected directly from Tainan. In 

brief, each well was coated with 5 μg/ml, 100 μl/well of mAb D2/8-1, which recognizes a 

conserved linear epitope of NS1 protein among the four DENV serotypes and JEV [4-6] in 

0.1M carbonate (Na2CO3-NaHCO3, pH = 9.5) overnight at 4°C. After washing with phosphate 

buffered saline with 0.05% Tween™ 20 (PBST), the wells were blocked with 200 μl of PBS-



1% bovine serum albumin (BSA) for 1 h at 37 °C. After washing, the wells were incubated 

with 100 µl 1x105 plaque forming unit (PFU)/well NS1-containing culture supernatant mixture 

of the four Taiwan DENV local strains of DENV-1 (8700828), DENV-2 (454009), DENV-3 

(8700829), and DENV-4 (8700544), or JEV (JaGar)-infected C6/36 cells for 30 minutes at 37 

°C. After washing, 1:50 diluted human serum samples were added and incubated for 30 minutes 

at 37 °C, followed by washing and adding 100µl/well goat anti-human IgG-horseradish 

peroxidase (HRP) (1:20000, Jackson ImmunoResearch Labortories, West Grove, PA, USA) 

and incubated for 30 min at 37 °C. The color was developed by adding 3, 3′, 5, 5′-

Tetramethylbenzidine (TMB) substrate and 3N HCl as a stop reagent. The absorbance was read 

at the wavelength of 450 nm. DENV-seropositive and DENV-seronegative results were 

obtained, according to the criteria of the Centers for Disease Control in Taiwan (Taiwan-CDC) 

[7]. In addition, the seroprevalence of DENV-IgG from 2603 Tainan serum samples was 

measured directly using the aforementioned DENV/JEV NS1-specific indirect IgG ELISA test, 

as described above for cost consideration (2nd and 3rd assays in the Figure 2). The solid 

examples of data analyses are described in the S3 Table. 

(3) DENV-NS1 serotype-specific IgG ELISA test. 

To further investigate the exposed DENV serotypes and secondary DENV infection 

simultaneously among older adults, we selected 188 and 105 serum samples with positive 

DENV-NS1-IgG from Kaohsiung and Tainan, respectively considering variations in age 



groups and residential districts, to conduct a DENV NS1 serotype-specific IgG ELISA, based 

on the protocols of the Taiwan-CDC [7]. Briefly, each well was coated with 5 μg/ml, 100 

μl/well of mAb D2/8-1 in 0.1M carbonate (Na2CO3-NaHCO3, pH = 9.5) overnight at 4 °C [8] 

After washing with PBST for 4 times, the wells were blocked with 200 μl of phosphate-

buffered saline-1% bovine serum albumin (BSA) for 1 hour at 37 °C.  After washing, the wells 

were added with 1:3 diluted NS1-containing culture supernatants of Taiwan local dengue 

strains of DENV-1 (8700828), DENV-2 (454009), DENV-3 (8700829), DENV-4 (8700544) 

infected Vero cells into the four different wells for 30 minutes at 37 °C. After washing with 

PBST for four times, 1:100 diluted serum samples were added and incubated for 30 minutes at 

37 °C, followed by adding 100 μl/well goat anti-human IgG-alkaline phosphatase (1:5000, 

Jackson ImmunoResearch Laboratories, West Grove, PA, USA) and incubated for 30 min at 

37°C. The color was developed by adding substrate p-nitrophenylphosphate (100 μl/well; 

Chemicon, Cat.ES009), and the optical density was determined within 40 minutes at the 

wavelength of 405 nm and 620 nm. 

The performance of this assay has been shown to be correlated well with dengue virus 

plaque reduction neutralization test (PRNT) [89.7% (73+32/117) consistency of primary and 

secondary DENV infection, and the correlation of Kappa statistics = 0.776] [9]. Examples of 

the data from this DENV-NS1-based serotyping assay are provided (S4 Table) to elucidate the 

algorithm in determination of DENV serotype and secondary DENV infection. 
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