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Abstract: Zika virus (ZIKV) is the mosquito-transmitted virus that the WHO declared a Public
Health Emergency of International Concern in 2016 due to the consequence of microcephaly from
infected pregnancies. The incidence of Zika infection has been unclear in many countries because
most infected people have nonspecific febrile illnesses. This study’s aim is to investigate the inci-
dence of symptomatic Zika virus infections from the archived samples of a dengue cohort study
of children in central Thailand from 2006 to 2009. We performed Zika NS1 immunoglobulin (Ig)G
enzyme-linked immunosorbent assay (ELISA) screening to identify symptomatic Zika infections in
paired acute/convalescent serum samples. Symptomatic Zika infections were confirmed by reverse
transcription polymerase chain reactions (RT-PCR) of acute serum samples. The comparison of
the Zika NS1 IgG ELISA results between acute and convalescent samples showed 290/955 (30.4%)
seropositive cases. Zika RT-PCR results were positive in 28 febrile cases (15 females, 13 males). Zika
RT-PCR showed that symptomatic Zika infection occurred in children aged 4–11 years in Ratchaburi
province, Thailand (2007–2009, first case in April 2007), and the symptomatic Zika:dengue infection
ratio was 28 Zika:394 dengue (1:14). Phylogenetic analysis showed that all Zika viruses were of Asian
lineage. Zika NS1 IgG ELISA identified Zika-infected patients and showed a low Zika:dengue ratio.
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1. Introduction

Zika virus (ZIKV) is a mosquito-borne, single-stranded RNA virus in the genus
Flavivirus, family Flaviviridae. ZIKV was first isolated from a rhesus monkey in the Zika
forest in 1947 [1]. The first case of human infection was reported in Nigeria in 1954 [2]. In
1966, it was isolated from Aedes africanus mosquitoes in Malaysia [3]. The first outbreak of
ZIKV infection was recognized on the Yap Islands in the Federated States of Micronesia in
2007 [4]. The ZIKV pandemic in Brazil started in Bahia, a northeastern state, and rapidly
spread throughout the Americas [5]. More than 3000 cases of microcephaly were reported
in Brazil, and isolation of ZIKV was confirmed from the brain tissue of an infected infant
who died in the neonatal period [6]. In February 2016, the World Health Organization
declared ZIKV infection to be a Public Health Emergency of International Concern [7].

ZIKV is transmitted to humans mainly through bites from infected mosquitoes of the
genus Aedes [8]. In humans, the incubation period from mosquito bite to symptom onset is
3–12 days. ZIKV infection is mainly asymptomatic in 80% of cases [9,10]. When symptoms
occur, they are typically mild, self-limiting, and nonspecific, similar to other arbovirus
infections (e.g., dengue virus and chikungunya virus). Commonly reported symptoms
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include rash, low-grade fever, arthralgia, myalgia, fatigue, headache, and conjunctivitis [11].
Clinical evaluation alone is unreliable for the diagnosis of ZIKV infections.

In Southeast Asia, a seroprevalence study in the 1950s also showed that a percentage
of the population was immune to ZIKV; however, the interpretation of serological results
is complicated due to Flavivirus cross-reactivity [12]. ZIKV has been detected in travelers
returning from Malaysia [13] and Thailand [14,15]. An investigation of ZIKV infection in the
Thai population was conducted in 2012 [16]. However, the first virus isolation in Thailand
was obtained from the archived serum of an acute ZIKV-infected patient in 2006 [17].
Molecular epidemiological and genetic diversity studies of ZIKV from mosquitoes and
patients have shown that ZIKV has circulated at a low but sustained level within Thailand
since at least 2002 [18,19].

The incidence rate of ZIKV infection remains unclear in many places, including
Thailand. Non-structural protein 1 (NS1) in the ZIKV immunoglobulin (Ig)G enzyme-
linked immunosorbent assay (ELISA) has shown potential as a serological test for the
diagnosis of ZIKV infection [20,21]. We identified symptomatic ZIKV infections from the
archived samples of a dengue cohort study in children of central Thailand from 2006 to
2009 [22]. Samples of the acute and convalescent sera (approximately 14 days apart) were
collected from all febrile children in this cohort.

This study’s aim is to investigate the incidence of symptomatic ZIKV infections from
the archived samples of a dengue cohort study of children in central Thailand from 2006
to 2009.

2. Materials and Methods
2.1. Study Site and Serum Samples

In this study, archived serum samples (stored at −80 ◦C) from a cohort epidemiologi-
cal study of dengue infection in school-aged children in Ratchaburi province, Thailand,
from 2006 to 2009, were used (Figure 1). The epidemiology of dengue was investigated
by active surveillance for acute febrile illness. In children with acute febrile illness, acute
and convalescent serum samples were collected and tested for dengue, as described previ-
ously [22]. It was found that dengue accounted for 394 of the 5842 (6.74%) febrile episodes
over the 4 years. As dengue–ZIKV cross-reactivity is commonly detected by ELISA, we
selected acute and convalescent serum samples that showed an increase in serum dengue
antibodies by ELISA but were also negative for dengue by reverse transcription polymerase
chain reaction (RT-PCR), for this study. Additionally, paired acute and convalescent serum
samples were tested for ZIKV NS1 IgG ELISA. The samples that showed an increase in
ZIKV NS1 IgG ELISA optical density (OD) were further tested for ZIKV RT-PCR (Figure 2).

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 17-072).

2.2. ZIKV NS1 IgG ELISA

ZIKV NS1 IgG ELISA, using acute and convalescent samples, was performed to
evaluate the immune status of ZIKV patients [21]. Briefly, the 96-well ELISA plates were
filled with 60 µL/well of ZIKV NS1 protein (500 ng) in a 0.018 M carbonate buffer. After
overnight incubation at 4 ◦C, the plates were washed six times with 300 µL/well of
phosphate-buffered solution containing 1% Tween 20 (PBS-T) and blocked with 5% skim
milk in PBS-T for 1 h at 37 ◦C. After washing, the plates were filled with diluted serum
(1:100) with buffer (PBS with 5% skim milk and 1% Tween 20) and controls. Fifty microliters
per well of diluted serum was added in duplicate, and the plates were incubated at 37 ◦C for
1.5 h. After washing again, the plates were filled with 50 µL/well of a goat-anti-human IgG
antibody conjugated to horseradish peroxidase (KPL Inc., Gaithersburg, MD, USA), diluted
at 1:5000 in PBS-T with 5% skim milk. After incubation at 37 ◦C for 90 min, the plates
were washed six times, and then the substrate SureBlue™ TMP (KPL Inc., Gaithersburg,
MD, USA) was added. After incubation at room temperature for 30 min, the reaction was
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terminated by addition of 50 µL of 0.2 M sulfuric acid to each well. The ODs at 450 nm of
the wells were measured by an ELISA plate reader. A convalescent:acute sera ELISA OD
ratio of ≥1.2 was considered to be seropositive. The analysis of the ELISA OD ratio was
performed with SPSS version 18.0 (SPSS, Inc., Chicago, IL, USA). Data were analyzed by
Mann–Whitney U tests to determine the difference between groups, and a p-value < 0.05
was considered as statistically significant.
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2.3. RT-PCR

For the ZIKV RT-PCR, the paired acute serum samples of ELISA-positive convalescent
serum samples were selected for RNA extraction using a QIAGEN Viral RNA Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruction. All of the RNA samples
were subjected to RT-PCR with primers (Table 1) [4], using a SuperScript® III One-Step RT-
PCR System with a Platinum® Taq DNA Polymerase kit (Invitrogen, Carlsbad, CA, USA,
Bio-Rad). The reaction mixture contained 1× reaction mix, 0.4 µM of each forward primer
(ZIKV 835F) and reverse primer (ZIKV 1162R), 0.8 µL of SuperScript® III RT/Platinum® Taq
Mix, and 2 µL of the total RNA in a final volume of 20 µL. The thermal cycling conditions
were set as a reverse transcription at 50 ◦C for 30 min, followed by an initial denaturation
of cDNA at 94 ◦C for 5 min, 35 cycles of denaturation at 94 ◦C for 15 s, annealing at 55 ◦C
for 30 s, and an extension at 72 ◦C for 1 min, followed by a final elongation step 72 ◦C for
7 min. The PCR products of 327 bp for ZIKV were resolved on a 1.5% agarose gel, stained
with ethidium bromide, and visualized under a gel documentation system (GelDocTM XR+
imaging system, Molecular Imager®, Bio-Rad, Hercules, CA, USA).

Table 1. PCR primers for amplification of DNA fragments in the PrM and E genes of ZIKV.

Primer Name Sequence (5’–3’) Position Product Size (bp)

ZIKV 835F TTG GTC ATG ATA
CTG CTG ATT GC 835–1162 327

ZIKV 1162R CCA CTA ACG TTC
TTT TGC AGA CAT

2.4. ZIKV Sequencing and Phylogenetic Analysis

The high yield of PCR products of the expected size (327 bp) was selected and purified
from 1.5% agarose gel by using a QIAquick gel extraction kit (QIAGEN, Hilden, Germany)
following the kit’s protocol. The purified DNA fragments were sent for DNA sequencing
service at Macrogen Co., Ltd. (Seoul, Korea) using both primers. The sequencing chro-
matograms were inspected and processed by using BioEdit (Bioedit Ltd, Manchester, UK,
v7.2.5) [23]. Nucleotide sequences were used as BLAST queries to search the National Cen-
ter for Biotechnology Information (NCBI) database and aligned with reference sequences
by using the ClustalW component of BioEdit. Phylogenetic trees were constructed by using
Molecular Evolutionary Genetics Analysis (MEGA, v10, Pennsylvania State University,
State College, PA, USA) software [24]. The maximum likelihood method with the K2 + G
model was applied according to a phylogenetic model analysis [24]. Bootstrap resampling
analysis of 1000 replicates was performed. The ZIKV genome sequences obtained from
the GenBank database, NCBI, were used as reference sequences for phylogenetic analysis.
The ZIKV fragments obtained in this study were submitted to the GenBank database. The
accession numbers are MZ318404-MZ318420.

3. Results
3.1. Serum Samples

The epidemiology of dengue in school-aged children of Ratchaburi province, Thailand,
from 2006 to 2009, was investigated by active fever surveillance for acute febrile illness.
Over the 4-year study period, active surveillance for acute febrile illness was performed in
on an average of 2753 primary school students (person-years). From active fever surveil-
lance in the dengue cohort, 5842 febrile illness episodes were captured, with a mean number
of febrile episodes of 0.53 per child per year. There were 3368 out of 5842 (57.7%) (paired
sera collected and tested for dengue virus IgM/IgG by capture ELISA). Serum samples
of dengue cases and febrile cases who had non-reaction from dengue ELISA tests were
excluded. Therefore, 1910 acute and convalescent serum samples (28.4% or 955 of 3368)
from children who had febrile illness were tested for ZIKV NS1 IgG ELISA. Furthermore,
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290 acute serum samples from those who showed a rise in ZIKV NS1 IgG ELISA OD
(seropositive) were selected to test for ZIKV RT-PCR.

3.2. ZIKV NS1 IgG ELISA

Both acute and convalescent serum samples from febrile illness (1910 samples from
955 febrile episodes) were tested for ZIKV NS1 IgG ELISA. Comparison of the acute and
convalescent samples showed that 290 of 955 (30.4%) cases were seropositive (the rising OD
ratio ≥ 1.2). The background antibody was further analyzed to understand the nature of
our specimens. In addition, the background antibody from acute serum can be different in
various populations due to the immune response of previous Flavivirus infections. Among
these, 205 of 290 (70.7%) acute serum samples showed a low or naïve background for ZIKV
NS1 IgG ELISA (OD <2 times the control OD).

The ratios of the ELISA OD values of confirmed ZIKV and non-ZIKV groups are shown
in Figure 3. The OD ratio of the ZIKV RT-PCR-positive group was statistically significant
difference from that of the ZIKV RT-PCR-negative group (p = 0.022), with a mean OD ratio
number of 3.5 (95% CI: 1.8–5.0) in the confirmed ZIKV group, and 2.6 (95% CI: 2.3–2.9) in
the non-ZIKV group. Most of the ZIKV-positive cases showed OD ratios higher than 1.5;
therefore, a potential cutoff criterion for the investigation of ZIKV infection in paired serum
samples was set to ratios ≥1.5.
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Figure 3. Rising OD folds between acute/convalescent serum samples. ZIKV NS1 IgG ELISA
results of the analysis of 28 ZIKV (ZIKV RT-PCR confirmed) cases (blue) and 262 non-ZIKV infected
persons (red). The OD ratio of the ZIKV group was statistically significantly different from that of the
non-ZIKV group (* p = 0.022).

3.3. Incidence of ZIKV Infection

Among 290 febrile illness episodes with seropositive ELISA, ZIKV RT-PCR results
were positive in 28 cases. Among the ZIKV-infected cases, 15 were females and 13 were
males (mean age: 8 years; range: 5–12 years). The average body temperature at the first
visit was 37.8 ◦C (maximum temp: 40.3 ◦C), and 12 of 28 reported body temperatures were
>38 ◦C.
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According to 394 cases of symptomatic dengue infection, the mean dengue incidence
over the 4 years was 3.6/100 person-years. Considering 28 cases of symptomatic ZIKV
infections in the same study area, the mean ZIKV incidence was approximately 2.5/1000
person-years, or the symptomatic ZIKV:dengue infection (Z:D) ratio in the population
of Ratchaburi province, Thailand, in this period was approximately 1:14. These 28 ZIKV
infections were found in five of seven schools participating in the cohort study. The first
case of ZIKV infection was detected in April 2007. The numbers of ZIKV infections were 6,
14, and 8 in 2007, 2008, and 2009, respectively (Table 2, Figure 4). All ZIKV-infected patients
had mild symptoms and self-recovered.

Table 2. Characteristics of ZIKV cases.

Year ZIKV Cases
Sex Age (Years)

Male Female 5–6 7–8 9–10 11–12

2007 6 3 3 1 5 0 0

2008 14 7 7 1 7 6 0

2009 8 3 5 0 2 2 4

Total 28 13 15 2 14 8 4
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955 febrile illness cases are shown as the purple line.

3.4. ZIKV Phylogenetic and Diversity

A phylogenetic tree was inferred by using ZIKV partial PrM and E genes sequence
data from 17 of 28 (60.7%) ZIKV RT-PCR-positive samples. The diversity of ZIKVs was
demonstrated throughout the study period (2007–2009). Our data suggested that the
ZIKVs found in 2007 were different from those reported in the Yap Islands outbreak in 2007
(Figure 5).
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4. Discussion

After acute ZIKV infection, IgM and IgG antibody responses occur, and the IgG level
may be detectable for >1 year. Detection of a rising IgG level should be useful for the
detection of recent ZIKV infections, both symptomatic and asymptomatic. Appropriate
methods for detecting symptomatic ZIKV infection depend on the objectives, budgets,
and feasibility. Although the plaque reduction neutralization test has been used as a gold
standard serological test for >30 years, and is the most sensitive and specific method
to detect Flavivirus infection, it still has some limitations, including its high cost, time-
consuming nature, and the presence of cross-reactions between dengue and ZIKV infections.
Several ZIKV immunoenzymatic assays have been developed with different formats.
ELISA is an attractive alternative as an easy screening test for ZIKV infection with low
cost [20,21,25,26].

The screening criteria for recent ZIKV infection using paired annual serum samples
may be different because the rise in IgG level may decline and the baseline background
antibody levels may be different. We evaluated the rise in ZIKV NS1 IgG ELISA OD values
in 28 paired acute and convalescent serum samples from patients with symptomatic RT-
PCR-proven ZIKV infection. To evaluate the potential cutoff screening criterion for ZIKV
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NS1 IgG ELISA, the rising OD ratios of the convalescent/acute samples were analyzed.
Our results show that most of the symptomatic ZIKV subjects had a rise in ELISA ODs
≥1.5 fold. Only two subjects from the naïve group had a rise in ELISA ODs ranging from
1.2 to 1.49, due to gradually increasing antibody levels in the early phase after infection.

This indirect ELISA test can be used for screening in epidemiological studies or clinical
settings for ZIKV infection [20,21,25]. For serological interpretation, the baseline and cross-
reactivity are important factors. Therefore, the results from the pediatric population in this
study may not reflect those of an adult population.

The ZIKV seroprevalence study conducted in Thailand during the 1950s indicated
a possible circulation of ZIKV, but the results from serological testing alone may show
cross-reactivity interference. The first evidence of a confirmed ZIKV case in Thailand
was identified from the archived serum of an acute febrile patient in 2006 [17]. Since
2016, Thailand has established a centralized ZIKV surveillance system, but the previous
incidence of ZIKV infection remains unclear [19]. The dengue cohort study of school-aged
children in Ratchaburi province, central Thailand, from 2006 to 2009, obtained a mean
dengue incidence of 3.6/100 person-years [22]. In the present study, the ZIKV incidence
was very low (approximately 2.5/1000 person-years), as shown by the 1:14 symptomatic
ZIKV:dengue infection ratio.

The first ZIKV case was identified in April 2007, and six ZIKV cases were detected
from three schools in 2007. All ZIKVs showed different sequences, and the phylogenetic
analysis showed genetic diversity during the 2007–2009 period, indicating that ZIKV
had circulated at a low but sustained level within Ratchaburi province, Thailand, for a
long time.

One limitation in this study is that we used ZIKV IgG ELISA to screen the selected
serum samples, and then confirmed by RT-PCR. Although cross-reactivity is commonly
detected by ELISA, it may not cover all candidate ZIKV infection especially in naïve groups.
Moreover, since RT-PCR is specific for the diagnosis of ZIKV infection, it may not be very
sensitive, and as such, the real incidence may be higher. In addition, the serum samples in
this study were from subjects with acute febrile illness, assuming that all ZIKV infections
in this study were symptomatic. Considering that the asymptomatic ZIKV infections may
be at least one fold of symptomatic infections [27], the actual incidence of ZIKV infections
in the study area and study period should be at least two times that reported here. In
addition, dengue and ZIKV co-infection has not been investigated in this study.

5. Conclusions

This study shows that ZIKV had been endemic in Ratchaburi province, Thailand, at
least since 2007. Viral transmission has been much lower for ZIKV than for dengue. The
ZIKV cases in Thailand were sporadic, and our results show no evidence of a large ZIKV
infection outbreak during the study period.

Author Contributions: Conceptualization, S.C., C.S. and K.L.; methodology, S.C., C.S. and K.L.;
laboratory investigation, S.C., P.S. (Pichamon Sittikul) and P.S. (Pimolpachr Sriburin); overall research
strategy, N.K., S.S. and W.A.; writing—original draft preparation, S.C.; writing—review and editing,
P.S. (Pichamon Sittikul), P.S. (Pimolpachr Sriburin), N.K., S.S., W.A., C.S. and K.L. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by Mahidol University and the APC was funded by Mahidol
University and the Faculty of Tropical Medicine, Mahidol University, Thailand.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the ethics committee of Faculty of Tropical Medicine,
Mahidol University (No. TMEC 17-072).

Informed Consent Statement: Not applicable.



Viruses 2021, 13, 1802 9 of 10

Acknowledgments: The authors would like to thank Arunee Sabchareon for providing the archived
samples of a dengue cohort study in children in Ratchaburi, Thailand from 2006 to 2009.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Dick, G.W.; Kitchen, S.F.; Haddow, A.J. Zika virus. I. Isolations and serological specificity. Trans. R. Soc. Trop. Med. Hyg. 1952, 46,

509–520. [CrossRef]
2. Macnamara, F.N. Zika virus: A report on three cases of human infection during an epidemic of jaundice in Nigeria. Trans. R. Soc.

Trop. Med. Hyg. 1954, 48, 139–145. [CrossRef]
3. Marchette, N.J.; Garcia, R.; Rudnick, A. Isolation of Zika virus from Aedes aegypti mosquitoes in Malaysia. Am. J. Trop. Med. Hyg.

1969, 18, 411–415. [CrossRef] [PubMed]
4. Lanciotti, R.S.; Kosoy, O.L.; Laven, J.J.; Velez, J.O.; Lambert, A.J.; Johnson, A.J.; Stanfield, S.M.; Duffy, M.R. Genetic and serologic

properties of Zika virus associated with an epidemic, Yap State, Micronesia, 2007. Emerg. Infect. Dis. 2008, 14, 1232–1239.
[CrossRef] [PubMed]

5. Hennessey, M.; Fischer, M.; Staples, J.E. Zika Virus Spreads to New Areas—Region of the Americas, May 2015–January 2016.
MMWR Morb. Mortal. Wkly. Rep. 2016, 65, 55–58. [CrossRef] [PubMed]

6. Schuler-Faccini, L.; Ribeiro, E.M.; Feitosa, I.M.L.; Horovitz, D.D.G.; Cavalcanti, D.P.; Pessoa, A.; Doriqui, M.J.R.; Neri, J.I.; Neto,
J.M.d.P.; Wanderley, H.Y.C.; et al. Possible Association Between Zika Virus Infection and Microcephaly—Brazil, 2015. MMWR
Morb. Mortal. Wkly. Rep. 2016, 65, 59–62. [CrossRef] [PubMed]

7. WHO. Director-General Summarizes the Outcome of the Emergency Committee Regarding Clusters of Microcephaly and Guillain-
Barre Syndrome. Available online: https://www.who.int/en/news-room/detail/01-02-2016-who-director-general-summarizes-
the-outcome-of-the-emergency-committee-regarding-clusters-of-microcephaly-and-guillain-barr%c3%a9-syndrome (accessed
on 14 April 2020).

8. Musso, D.; Ko, A.I.; Baud, D. Zika Virus Infection—After the Pandemic. N. Engl. J. Med. 2019, 381, 1444–1457. [CrossRef]
9. Duffy, M.R.; Chen, T.H.; Hancock, W.T.; Powers, A.M.; Kool, J.L.; Lanciotti, R.S.; Pretrick, M.; Marfel, M.; Holzbauer, S.; Dubray,

C.; et al. Zika virus outbreak on Yap Island, Federated States of Micronesia. N. Engl. J. Med. 2009, 360, 2536–2543. [CrossRef]
10. Ioos, S.; Mallet, H.P.; Leparc Goffart, I.; Gauthier, V.; Cardoso, T.; Herida, M. Current Zika virus epidemiology and recent

epidemics. Med. Mal. Infect. 2014, 44, 302–307. [CrossRef]
11. Simpson, D.I. Zika virus infection in man. Trans. R. Soc. Trop. Med. Hyg. 1964, 58, 335–338. [CrossRef]
12. Lessler, J.; Chaisson, L.H.; Kucirka, L.M.; Bi, Q.; Grantz, K.; Salje, H.; Carcelen, A.C.; Ott, C.T.; Sheffield, J.S.; Ferguson, N.M.; et al.

Assessing the global threat from Zika virus. Science 2016, 353, aaf8160. [CrossRef]
13. Tappe, D.; Nachtigall, S.; Kapaun, A.; Schnitzler, P.; Günther, S.; Schmidt-Chanasit, J. Acute Zika virus infection after travel to

Malaysian Borneo, September 2014. Emerg. Infect. Dis. 2015, 21, 911–913. [CrossRef]
14. Fonseca, K.; Meatherall, B.; Zarra, D.; Drebot, M.; MacDonald, J.; Pabbaraju, K.; Wong, S.; Webster, P.; Lindsay, R.; Tellier, R. First

case of Zika virus infection in a returning Canadian traveler. Am. J. Trop. Med. Hyg. 2014, 91, 1035–1038. [CrossRef]
15. Tappe, D.; Rissland, J.; Gabriel, M.; Emmerich, P.; Gunther, S.; Held, G.; Smola, S.; Schmidt-Chanasit, J. First case of laboratory-

confirmed Zika virus infection imported into Europe, November 2013. Eurosurveillance 2014, 19, 20685. [CrossRef]
16. Buathong, R.; Hermann, L.; Thaisomboonsuk, B.; Rutvisuttinunt, W.; Klungthong, C.; Chinnawirotpisan, P.; Manasatienkij, W.;

Nisalak, A.; Fernandez, S.; Yoon, I.-K.; et al. Detection of Zika Virus Infection in Thailand, 2012–2014. Am. J. Trop. Med. Hyg. 2015,
93, 380–383. [CrossRef]

17. Nitatpattana, N.; Chaiyo, K.; Rajakam, S.; Poolam, K.; Chansiprasert, K.; Pesirikan, N.; Buree, S.; Rodpai, E.; Yoksan, S. Complete
Genome Sequence of a Zika Virus Strain Isolated from the Serum of an Infected Patient in Thailand in 2006. Genome Announc.
2018, 6, e00121-18. [CrossRef]

18. Phumee, A.; Buathong, R.; Boonserm, R.; Intayot, P.; Aungsananta, N.; Jittmittraphap, A.; Joyjinda, Y.; Wacharapluesadee, S.;
Siriyasatien, P. Molecular Epidemiology and Genetic Diversity of Zika Virus from Field-Caught Mosquitoes in Various Regions of
Thailand. Pathogens 2019, 8, 30. [CrossRef]

19. Ruchusatsawat, K.; Wongjaroen, P.; Posanacharoen, A.; Rodriguez-Barraquer, I.; Sangkitporn, S.; Cummings, D.A.T.; Salje, H.
Long-term circulation of Zika virus in Thailand: An observational study. Lancet Infect. Dis. 2019, 19, 439–446. [CrossRef]

20. Tsai, W.Y.; Youn, H.H.; Brites, C.; Tsai, J.J.; Tyson, J.; Pedroso, C.; Drexler, J.F.; Stone, M.; Simmons, G.; Busch, M.P.; et al.
Distinguishing Secondary Dengue Virus Infection from Zika Virus Infection with Previous Dengue by a Combination of 3 Simple
Serological Tests. Clin. Infect. Dis. 2017, 65, 1829–1836. [CrossRef]

21. Tyson, J.; Tsai, W.Y.; Tsai, J.J.; Brites, C.; Mässgård, L.; Ha Youn, H.; Pedroso, C.; Drexler, J.F.; Stramer, S.L.; Balmaseda, A.; et al.
Combination of Nonstructural Protein 1-Based Enzyme-Linked Immunosorbent Assays Can Detect and Distinguish Various
Dengue Virus and Zika Virus Infections. J. Clin. Microbiol. 2019, 57, e01464-18. [CrossRef] [PubMed]

22. Sabchareon, A.; Sirivichayakul, C.; Limkittikul, K.; Chanthavanich, P.; Suvannadabba, S.; Jiwariyavej, V.; Dulyachai, W.; Pengsaa,
K.; Margolis, H.S.; Letson, G.W. Dengue infection in children in Ratchaburi, Thailand: A cohort study. I. Epidemiology of
symptomatic acute dengue infection in children, 2006–2009. PLoS Negl. Trop. Dis. 2012, 6, e1732. [CrossRef]

http://doi.org/10.1016/0035-9203(52)90042-4
http://doi.org/10.1016/0035-9203(54)90006-1
http://doi.org/10.4269/ajtmh.1969.18.411
http://www.ncbi.nlm.nih.gov/pubmed/4976739
http://doi.org/10.3201/eid1408.080287
http://www.ncbi.nlm.nih.gov/pubmed/18680646
http://doi.org/10.15585/mmwr.mm6503e1
http://www.ncbi.nlm.nih.gov/pubmed/26820163
http://doi.org/10.15585/mmwr.mm6503e2
http://www.ncbi.nlm.nih.gov/pubmed/26820244
https://www.who.int/en/news-room/detail/01-02-2016-who-director-general-summarizes-the-outcome-of-the-emergency-committee-regarding-clusters-of-microcephaly-and-guillain-barr%c3%a9-syndrome
https://www.who.int/en/news-room/detail/01-02-2016-who-director-general-summarizes-the-outcome-of-the-emergency-committee-regarding-clusters-of-microcephaly-and-guillain-barr%c3%a9-syndrome
http://doi.org/10.1056/NEJMra1808246
http://doi.org/10.1056/NEJMoa0805715
http://doi.org/10.1016/j.medmal.2014.04.008
http://doi.org/10.1016/0035-9203(64)90201-9
http://doi.org/10.1126/science.aaf8160
http://doi.org/10.3201/eid2105.141960
http://doi.org/10.4269/ajtmh.14-0151
http://doi.org/10.2807/1560-7917.ES2014.19.4.20685
http://doi.org/10.4269/ajtmh.15-0022
http://doi.org/10.1128/genomeA.00121-18
http://doi.org/10.3390/pathogens8010030
http://doi.org/10.1016/S1473-3099(18)30718-7
http://doi.org/10.1093/cid/cix672
http://doi.org/10.1128/JCM.01464-18
http://www.ncbi.nlm.nih.gov/pubmed/30429254
http://doi.org/10.1371/journal.pntd.0001732


Viruses 2021, 13, 1802 10 of 10

23. Hall, T.A. BioEdit: A User-Friendly Biological Sequence Alignment Editor and Analysis Program for Windows 95/98/NT. Nucleic
Acids Symposium Series. Nucleic Acids Symp. Ser. 1999, 41, 95–98.

24. Kumar, S.; Stecher, G.; Li, M.; Knyaz, C.; Tamura, K. MEGA X: Molecular Evolutionary Genetics Analysis across Computing
Platforms. Mol. Biol. Evol. 2018, 35, 1547–1549. [CrossRef] [PubMed]

25. Chao, D.Y.; Whitney, M.T.; Davis, B.S.; Medina, F.A.; Munoz, J.L.; Chang, G.J. Comprehensive Evaluation of Differential
Serodiagnosis between Zika and Dengue Viral Infections. J. Clin. Microbiol. 2019, 57, e01506-18. [CrossRef]

26. Denis, J.; Attoumani, S.; Gravier, P.; Tenebray, B.; Garnier, A.; Briolant, S.; de Laval, F.; Chastres, V.; Grard, G.; Leparc-Goffart, I.;
et al. High specificity and sensitivity of Zika EDIII-based ELISA diagnosis highlighted by a large human reference panel. PLoS
Negl. Trop. Dis. 2019, 13, e0007747. [CrossRef] [PubMed]

27. Gordon, A.; Gresh, L.; Ojeda, S.; Katzelnick, L.C.; Sanchez, N.; Mercado, J.C.; Chowell, G.; Lopez, B.; Elizondo, D.; Coloma, J.;
et al. Prior dengue virus infection and risk of Zika: A pediatric cohort in Nicaragua. PLoS Med. 2019, 16, e1002726. [CrossRef]
[PubMed]

http://doi.org/10.1093/molbev/msy096
http://www.ncbi.nlm.nih.gov/pubmed/29722887
http://doi.org/10.1128/JCM.01506-18
http://doi.org/10.1371/journal.pntd.0007747
http://www.ncbi.nlm.nih.gov/pubmed/31539394
http://doi.org/10.1371/journal.pmed.1002726
http://www.ncbi.nlm.nih.gov/pubmed/30668565

	Introduction 
	Materials and Methods 
	Study Site and Serum Samples 
	ZIKV NS1 IgG ELISA 
	RT-PCR 
	ZIKV Sequencing and Phylogenetic Analysis 

	Results 
	Serum Samples 
	ZIKV NS1 IgG ELISA 
	Incidence of ZIKV Infection 
	ZIKV Phylogenetic and Diversity 

	Discussion 
	Conclusions 
	References

