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Abstract: Chikungunya fever is an acute febrile illness caused by the chikungunya virus (CHIKV),
which is transmitted by Aedes mosquitoes. Since 1965, only a few studies with limited scope have
been conducted on CHIKYV in Vietnam. Thus, this study aimed to determine the seroprevalence
and molecular epidemiology of CHIKV infection among febrile patients in Vietnam from 2017 to
2019. A total of 1063 serum samples from 31 provinces were collected and tested for anti-CHIKV IgM
and IgG ELISA. The 50% focus reduction neutralization test (FRNT5j) was used to confirm CHIKV-
neutralizing antibodies. Quantitative real-time RT-PCR (RT-qPCR) was performed to confirm the
presence of the CHIKV genome. The results showed that 15.9% (169/1063) of the patients had
anti-CHIKV IgM antibodies, 20.1% (214/1063) had anti-CHIKV IgG antibodies, 10.4% (111/1063)
had CHIKV-neutralizing antibodies, and 27.7% (130/469) of the samples were positive in RT-qPCR
analysis. The E1 CHIKV genome sequences were detected among the positive RT-qPCR samples.
Our identified sequences belonged to the East/Central/South/African (ECSA) genotype, which has
been prevalent in Vietnam previously, suggesting CHIKV has been maintained and is endemic in
Vietnam. This study demonstrates a high prevalence of CHIKV infection in Vietnam and calls for

an annual surveillance program to understand its impact.

Keywords: chikungunya; Vietnam; seroprevalence; molecular epidemiology

1. Introduction

Chikungunya fever is an infectious disease caused by chikungunya virus (CHIKV)-
infected Aedes mosquitoes [1,2]. The clinical manifestations of CHIKV infection are fever,
rash, and especially polyarthralgia/polyarthritis, which can last from weeks to months [3].
This can lead to a misdiagnosis of CHIIKV infection as dengue. Early and accurate CHIKV
infection diagnoses can contribute to a decrease in the disease burden in terms of the
economy, society, and quality of life [4]. There are currently no effective antiviral treat-
ments or vaccines for CHIKV infection [5,6]. Frequently employed diagnostic measures
are real-time reverse transcription-polymerase chain reaction (RT-PCR) for CHIKV RNA
detection and IgM antibody tests targeting CHIKV antigens [7-9]. CHIKYV is a positive
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single-strand RNA virus of the Alphavirus genus in the Togaviridae family. Its genome
encodes three structural proteins (capsid, envelope, and membrane) and five non-structural
proteins (NSP1-5). CHIKYV is categorized into three predominant genotypes: West African,
Asian, and East/Central/South/Africa (ECSA), based on the envelope protein-coding
genome sequence [10,11].

CHIKYV was first identified in Tanzania in 1952 [12]. CHIKV was primarily spo-
radic in Asia with the Asian genotype [13-17]. After the ECSA genotype was detected
in Kenya during 2004-2005, the virus pervasively infiltrated to Asia [18,19] and remains
persistent in countries including India, Sri Lanka, Singapore, Malaysia, Thailand, and the
Philippines [20-27]. From 2014-2015, the Asian and ECSA genotype of CHIKV caused major
outbreaks in America, where it continues to be an important public health concern [28,29].

CHIKYV was first identified in Vietnam in the 1960s [30], but there is limited information
on the epidemiology, clinical, and molecular analysis of the virus in the country. Only
sporadic investigations have been conducted over the decades, revealing intermittent
CHIKYV detections. An analysis of serum samples collected from October 2010 to December
2014 in southern Vietnam identified a seroprevalence of 0.07% (4 out of 5617 cases); four of
the CHIKYV isolates belonged to the Indian Ocean Lineage (IOL) within the ECSA genotype
and were closely related to the 2011 Cambodian isolates [31]. Two instances of CHIKV were
found in Aedes aegypti mosquitoes from Dac Nong and Long An provinces in surveillance
conducted on 1104 adult mosquitoes and 12,041 larvae from September 2012 to September
2014 in five of the northern, central and southern provinces of Vietnam. However, that study
could not confirm any CHIKV infection among 558 acute febrile patients [32]. Likewise,
another study reported no CHIKV cases from 2012-2013 in one southern province [33].
Due to the scarcity of CHIKV data in Vietnam, we conducted this study to understand
the situation of CHIKV infection in Vietnam. Our study may encourage future research
endeavors to evaluate CHIKV infection in Vietnam.

2. Materials and Methods
2.1. Sample Population and Study Methodology

The serum samples used in this study were obtained from leftover serum collected
acute febrile patients as part of the dengue surveillance program conducted by the Pasteur
Institute in Ho Chi Minh City and the National Institute of Hygiene and Epidemiology
(NIHE) in Vietnam from 2017 to 2019. We randomly collected 1063 serum samples from
these residual samples, distributed evenly across 2017, 2018, and 2019. These patients
resided in 31 out of 63 Vietnamese provinces, primarily in Northern (10 provinces) and
Southern Vietnam (21 provinces) (Figure 1 and Supplementary Table S1). The selection of
patients during the sampling process was based solely on the following criteria: sample
volume, quality of sample storage, and basic demographic information. Dengue test results
were not considered in the sampling process.

2.2. Viruses and Cell Lines

This study used the CHIKV S-27 strain (African prototype) as an antigen for CHIKV
IgM and IgG detection by Enzyme Linked Immunosorbent Assay (ELISA), and the neutral-
ization test. C6/36 mosquito cells, grown in Eagle’s minimum essential medium (EMEM)
supplemented with 10% fetal calf serum (FCS) and 50 U/mL penicillin and 50 ng/mL of
streptmycine (P/S), were used for virus propagation at 28 °C. Vero cells (African green
monkey kidney epithelial cells, ATCC CCL-81) grown in similar medium with C6/36 cells,
were used for viral titration and neutralization tests at 37 °C with 5% COs.
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Figure 1. Sample distribution map. The inset map depicts the location of Vietnam and neighboring
countries. This map illustrates the geographical distribution of serum samples collected from febrile
patients in 21 southern provinces and 10 northern Vietnamese provinces. Dark blue indicates
provinces with higher sample collection, and light blue represents with lower sample collection. The
number of samples ranged from 1 to 122, with a median of 23.

2.3. ELISA Identification of Anti-CHIKV IgM Antibodies

To detect anti-CHIKV IgM antibodies, we used an in-house IgM capture ELISA
system [34-40]. The procedure began by coating the wells of 96-well microplates (Nalge
Nunc International, Roskilde, Denmark), except for the blank wells, with an anti-human
IgM goat IgG (Cappel ICN Pharmaceuticals, Aurora, OH, USA) in a coating buffer (pH 9.6).
After overnight incubation and blocking with BlockAce (Yukijirushi Co, Tokyo, Japan), the
samples and controls were diluted 1:100 in a solution of phosphate-buffered saline in Tween
20 (PBS-T) containing 10% BlockAce. The diluted samples were dispensed into duplicate
wells. Subsequently, the CHIKV antigen was used as an assay antigen and incubated at
37 °C for 1 h. The wells were then incubated with a 1:400 dilution of Horseradish peroxi-
dase (HRP)-conjugated anti-CHIKV mouse-derived recombinant E1 monoclonal antibody
at 37 °C for 1 h. Staining was achieved by adding o-phenylenediamine dihydrochloride
(OPD) (Sigma Chemical, St. Louis, MO, USA) solution and 0.03% hydrogen peroxide in
a substrate buffer at pH 5.0. The reaction was terminated by adding 1 N sulfuric acid
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followed by incubation for 20-30 min at room temperature. The optical density (OD) was
subsequently determined at 492 nm using a Multiskan Sky microplate spectrophotometer.
A positive OD/negative control OD (P/N) ratio of >2.0 indicated a positive sample.

2.4. ELISA Identification of Anti-CHIKV IgG Antibodies

The presence of anti-CHIKYV IgG antibodies were detected using an in-house indi-
rect IgG ELISA protocol that was adapted from previous studies [34—40]. The 96-well
microplates were coated with purified structural protein as an antigen in a coating buffer
and incubated overnight at 4 °C. The wells were then incubated with samples from the
study and control groups in duplicate wells at a dilution ratio 1:1000 in a solution of PBS-T
with 10% BlockAce. HRP-conjugated anti-human IgG (American Qualex, San Clemente,
CA, USA) was added to the wells at a dilution ratio 1:20,000. The wells were then labeled
with OPD, and the OD was measured at 492 nm using the Multiskan Sky instrument. The
IgG titers in serum samples were determined based on a standard curve, and a threshold
titers of >3000 was classified as IgG-positive.

2.5. Detection of Neutralization Antibody against CHIKV by FRNT5

The 50% focus reduction neutralization test (FRNT35() assay was used to validate the neu-
tralizing activity of antibodies in seropositive individuals, as in previous studies [34,36-38].
The heat-treated serums were combined with 40 focus-forming units (FFU) in equal vol-
umes and incubated for 1 h at 37 °C with 5% CO,. The mixture was then evenly distributed
to duplicate wells in 96-well plates containing Vero cells and incubated for 1 h at 37 °C.
Subsequently, 150 pL of a maintenance medium comprising 2% fetal calf serum (FCS) and
1.25% methylcellulose 4000 (Wako, Osaka, Japan) in EMEM were applied to the wells and
incubated for 24 h at 37 °C. The cells were fixed with a 4% paraformaldehyde solution
and permeabilized by Nonidet P-40 (Nacalai Tesque, Kyoto, Japan). The cells were then
immunostained using anti-CHIKV rabbit IgG (developed in-house) at a 1:2000 dilution
and incubated for 1 h at 37 °C. Afterward, the cells were treated with HRP-conjugated
goat anti-rabbit IgG (American Qualex, San Clemente, CA, USA) at a 1:2000 dilution and
incubated for 1 h at 37 °C. The FRNT5 titer was determined as endpoint serum dilution
that exhibited a >50% reduction over the mean number of foci in control wells. Samples
with a neutralization titer of 10 or higher were classified as positive.

2.6. CHIKV Genome Detection Using Real-Time Quantitative PCR (RT-qPCR)

RNA was isolated from serum samples using the QIAamp Viral RNA Mini Kit (QIA-
GEN, Hilden, Germany) following the manufacturer’s instructions. Subsequently, reverse
transcription was performed on the RNA sample using the PrimeScript RT Kit (Takara Bio,
Shiga, Japan) to create cDNA. To identify the genome of CHIKYV, a SYBR green quantita-
tive RT-PCR test (Takara Bio, Shiga, Japan) was used, specifically targeting the envelope
protein 1 (E1-129 bp) and non-structure protein 2 (NSP2-107 bp). The primer set used
for amplifying E1 and NSP2 in quantitative PCR has been previously documented in the
scientific literature [41-43] and can be found in Supplementary Table S2. A standard curve
was plotted using CHIKV RNA obtained from a CHIKV S-27 strain. The curve comprised
seven dilutions spanning a range of 10! to 107 copies/mL. The estimated detection limit for
this assay was approximately 10> copies/mL.

2.7. Genomic Characterization of CHIKV

The ReverTra Ace kit (Toyobo, Osaka, Japan) was used for reverse transcription of
the RNA samples that tested positive for CHIKV with real-time RT-PCR. Then, the E1
gene segment (294 bp) was amplified using the PrimeSTAR kit (Takara Bio, Shiga, Japan),
and the amplicon DNA sequence was acquired by applying the Sanger method. The
primers used [41] are documented in Supplementary Table S2. The nucleotide sequences
were analysed using DNADynamo v. 1.63 (Blue Tractor Software). Then, the sequences
were aligned with CHIKV global sequences using MAFFT v. 7.520 [44] and subjected to
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phylogenetic analysis using the maximum-likelihood method with 1000 bootstrap replicates
in MEGA 11 [45,46]. The Tamura—Nei and invariant site models were employed for
this analysis after finding the best-fit model based on the Bayesian information criterion
(BIC) using W-IQ-TREE [47-50]. The nucleotide sequences obtained from current study
were submitted to the GenBank database under accession numbers OR492236, OR492237,
OR492238, OR492239, OR492240, OR492241, and OR492242.

2.8. Data Analysis

Research data were cleaned using Microsoft Excel (2019, v. 1808). The data were then
analyzed using three statistical software packages: Microsoft Excel, GraphPad Prism 10.0.1,
and Stata 16. Chi-square tests and generalized linear models were used to determine the
differences in the proportions of risk factors among the groups. ANOVA, the Kruskal-
Wallis H test, and the Mann-Whitney U tests were used to determine the difference in
medians among the groups. Dunn’s test and Bonferroni’s correction method were used
to determine which group means were significantly different from each other. Pearson
correlation coefficients were used to assess the correlation between the neutralization
antibody titer and the P/N ratio of the IgM and IgG titers. All results were considered
statistically significant at p < 0.05.

3. Results
3.1. Demographic Characteristics

Figure 2 demonstrated the flow chart of this study and the number and proportions
of positive samples were summarized. We screened 1063 serum samples from febrile
illness patients for anti-CHIKV IgM and IgG antibodies ELISA, followed by FRNTS5, for
seropositive samples. The RT-qPCR was then used to measure the amount of CHIKV RNA
in all samples. However, only 127 seronegative samples with sufficient serum volume were
used to quantify CHIKV RNA by RT-qPCR. Finally, all positive samples for the CHIKV
RNA genome were sequenced to construct phylogenetic trees.

Febrileillness pateints

(n=1063)

Antibodies screened by IgM and
IgG ELISA forall samples

Sero-positive (IgM or IgG positive)| |Sero-negative (bothIgM and IgG negative)
(n=342,32.2%) (n=721,67.8%)
I : ] ‘
FRNT;, RT-qPCR RT-qPCR
(n=342,32.2%)| |(n=342,32.2%) (n=127,11.9%)
Sequencing L Sequencing
(n=284,7.9%) (n=46,4.3%)
L Phylogenic analysis J
(n=7,0.7%)

Figure 2. Flowchart and analyses performed in this study. The graph shows the research flowchart
and the number of serum samples used for major tests and analysis in this study.
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We summarized the demographic characteristics of the study population (Table 1).
The study sample was evenly distributed across the years 2017 (30.7%), 2018 (30.7%), and
2019 (34.6%). The gender distribution of the study population was 44.2% female and 55.8%
male. Most of the patients (73.4%) were from the southern provinces of Vietnam, which
are known for their high prevalence of mosquito-borne diseases such as dengue. The
remaining patients (26.6%) were from the northern provinces of Vietnam. The patients were
categorized into four age-groups based on their risk of severe CHIKV disease including
<5 years, 615 years, 16-45 years, and 46 years and older. As shown in Table 1, the
6 to 15-year-olds and 16 to 45-year-olds had the highest proportions, accounting for 36.9%
and 34.8% of the patients, respectively. Most patients (66%) were initially diagnosed with
either dengue or suspected dengue, while a smaller proportion (34%) was diagnosed with
non-specific febrile illness.

Table 1. Demographics of the study population (n = 1063). Number of samples and proportion of
samples for each factor (year of illness, regions, age group, and clinical diagnoses) from the entire
study population and the population grouped by sex.

Variables Overall Female Male
(n, % *) (1, % **) (n, % **)
Year of illness
2017 368 (34.6) 157 (42.7) 211 (57.3)
2018 326 (30.7) 143 (43.9) 183 (56.1)
2019 369 (34.7) 170 (46.1) 199 (53.9)
Regions
North 283 (26.6) 117 (41.3) 166 (58.7)
South 780 (73.4) 353 (45.3) 427 (54.7)
Age groups *
<5 125 (11.8) 46 (36.8) 79 (63.2)
6-15 392 (36.9) 171 (43.6) 221 (56.4)
16-45 370 (34.8) 168 (45.4) 202 (54.6)
>46 176 (16.6) 85 (48.3) 91 (51.7)
Clinical diagnoses **
Non-specific febrile illness 361 (34) 147 (40.7) 214 (59.3)
Suspected Dengue 58 (5.5) 23 (39.7) 35 (60.3)
Dengue without warning sign 604 (56.8) 280 (46.4) 324 (53.6)
Dengue with warning sign 26 (2.4) 10 (38.5) 16 (61.5)
Severe Dengue 14 (1.3) 10 (71.4) 4 (28.6)
Overall 1063 470 (44.2) 593 (55.8)

* % in total for each variable. ** % in each lane. * Age groups were defined based on the date and year of illness.
** Clinical diagnoses identified on patient’s initial hospital visit.

3.2. Prevalence of Anti—-IgM and Anti—IgG CHIKV Antibodies in the Study Population

As shown in Table 2, the prevalence of anti-CHIKV IgM and IgG antibodies were
15.9% (169/1063) and 20.1% (214/1063), respectively. In addition, 3.9% (41/1063) of the
patients had both anti-IgM and anti-IgG CHIKV antibodies. Overall, 32.2% (342/1063) of
the patients were seropositive for anti-CHIKV IgM and/or IgG antibodies. The prevalence
of anti-CHIKYV IgM antibodies was highest in 2018 (20.9%), whereas the anti-CHIKV IgG
prevalence was highest in 2017 (23.6%). The overall seropositive rate for anti-CHIKV IgM
and/or IgG antibodies remained similar in 2017, 2018, and 2019 (32.3%, 32.2%, and 32%,
respectively). There was a significant difference in the seropositive rate for anti-CHIKV
IgM and/or IgG antibodies between the south (35.9%) and the north (21.9%) of the country
(p < 0.0001). There was no significant difference in the presence of anti-CHIKV IgM and/or
IgG antibodies based on genders or clinical diagnoses. However, there was a significant
difference in the presence of anti-CHIKV IgM and/or IgG antibodies across age groups
(p-values of 0.012, 0.000, 0.009, and 0.000).
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Table 2. Anti-CHIKYV seroprevalence rate in the study. The proportion of patients with only IgM
positive (1), only IgG positive (2), both IgM and IgG positive (3), and IgM positive and/or IgG
positive (4) were compared by year, regions, genders, age group, and clinical diagnoses, using the
Chi-square or Fisher’s exact test. If the difference was significant (p < 0.05) for any factor, it was
further analyzed in more detail in the following sections.

_ IgM (+) and IgM (+) p-Value
Variable " (—0/1)0+6 3 " 51;/[*(:)(1) " (I(g?f:)&) IgG (+) and/or IgG (+)  (x° or Fisher
’ R AR 1, (%) **, (3) n, (%) **, (4) Test)
Year of illness
2017 368 (34.6) 44 (12) 87 (23.6) 12 (3.3) 119 (32.3) (1) 0.006
2018 326 (30.7) 68 (20.9) 50 (15.3) 13 (4) 105 (32.2) (2) 0.022
(3) 0.742
2019 369 (34.7) 57 (15.4) 77 (20.9) 16 (4.3) 118 (32) (4) 0.994
Regions
North 283 (26.6) 29 (10.2) 41 (14.5) 8 (2.8) 62 (21.9) (1) 0.002
(2) 0.006
South 780 (73.4) 140 (17.9) 173 (22.2) 33 (4.2) 280 (35.9) (3)0.293
(4) <0.0001
Genders
Female 470 (44.2) 66 (14) 104 (22.1) 21 (4.5) 149 (31.7) (1) 0.141
(2)0.149
Male 593 (55.8) 103 (17.4) 110 (18.5) 20 (3.4) 193 (32.5) (3) 0.357
(4) 0.770
Age groups *
<5 136 (12.8) 24 (17.6) 62 (45.6) 12 (8.8) 74 (54.4) (1) 0.012
6-15 423 (39.8) 83 (19.6) 60 (14.2) 12 (2.8) 131 (31) (2) <0.0001
16-45 382 (35.9) 51 (13.4) 48 (12.6) 11 (2.9) 88 (23) (3) 0.009
>46 122 (11.5) 11 (9) 44 (36.1) 6 (4.9) 49 (40.2) (4) <0.0001
Clinical diagnoses **
Non-specific febrile illness 361 (34) 49 (13.6) 70 (19.4) 14 (3.9) 105 (29.1) (1) 0.076
Suspected Dengue 58 (5.5) 9 (15.5) 12 (20.7) 4(6.9) 17 (29.3) @) 0.664
Dengue without warning sign 604 (56.8) 108 (17.9) 121 (20) 22 (3.6) 207 (34.3) 3) 0'5 63
Dengue with warning sign 26 (2.4) 0) 6(23.1) 0) 6(23.1) @) 0’1 9%
Severe Dengue 14 (1.3) 3(21.4) 5(35.7) 1(7.1) 7 (50) ’
Overall 1063 (100) 169 (15.9) 214 (20.1) 41 (3.9) 342 (32.2)

* % in total for each variable. ** % in each lane. * Age groups were defined based on the date and year of illness.
** Clinical diagnoses identified on patient’s initial hospital visit.

To understand the characteristics of CHIKV seroprevalence, we analyzed the IgM/IgG
status in detail (Figure 3). Regarding the year of illness, the mean P/N ratio of IgM was
the highest in 2018, followed by 2019 and 2017, whereas the mean titer of IgG was the
highest in 2017, followed by 2018, and the lowest was in 2019. Interestingly, the mean of
both IgM P/N ratios and IgG titers were higher in the south than in the north. Regarding
the age groups, the mean P/N ratios of IgM was the highest in those under 5, followed
by those aged 6 to 15 years, 16 to 45 years, and the lowest was in the over-46 group. The
over-46 group had the highest mean titer of IgG, followed by those under 5, 16 to 45 years,
and 6 to 15 years.
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Figure 3. Distribution of IgM P/N ratios and IgG titers over the years, across regions, and age groups.
Distribution of the IgM P/N ratio and IgG titer was investigated over the years (A,B), across the
regions (C,D), and across age groups (E,F). The P/N ratio is the ratio of the optical density (OD) of
the sample to the OD of the negative control. The cutoff value is the red dot line with P/N ratio
of 2 for IgM, and titer of 3000 for IgG. The samples with a titer or P/N ratio higher than the cutoff
value were considered as positive. p value is defined as follows * p < 0.05; ** p < 0.01; t *** p < 0.001

and *** p < 0.0001.
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3.3. Prevalence of Anti-CHIKV Neutralizing Antibodies (NAbs) in This Study

Table 3 shows the activity of the neutralizing antibodies against CHIKV. Patients with
a neutralizing antibody titer of 10 or higher were considered to have anti-neutralizing ac-
tivity against CHIKV. The proportion of patients with neutralizing antibodies is described
by gender, age groups, regions, years, and clinical diagnoses at the time of sample collec-
tion. A statistically significant difference in the proportion of patients with neutralizing
antibodies was found between age groups (p = 0.000).

Table 3. CHIKV neutralization antibody rate. The table shows the proportion of patients with
neutralizing antibodies for each factor (gender, age groups, regions, years, and clinical diagnoses). The
Chi-square or Fisher’s exact test was used to compare the difference in the proportion of neutralizing
antibodies between groups within each factor. The factors with statistically significant differences are
analyzed in more detail in the following sections.

Variable I;a:(l)/e?’:s 51({3/\1 )T X p Value (x> or Fisher Test)
Gender
Female 470 (44.2) 54 (11.5) 0.3
Male 593 (55.8) 57 (9.6) )
Age groups
<5 136 (12.8) 19 (14)
6-15 423 (39.8) 34 (8)
1645 382 (35.9) 21 (5.5) <0.0001
>46 122 (11.5) 37 (30.3)
Regions
North 283 (26.6) 21 (7.4) 0.052
South 780 (73.4) 90 (11.5) )
Year of illness *
2017 368 (34.6) 39 (10.6)
2018 326 (30.7) 34 (10.4) 0.991
2019 369 (34.7) 38 (10.3)
Clinical diagnoses **
Non-specific febrile illness 361 (34) 36 (10)
Suspected Dengue 58 (5.5) 8 (13.8)
Dengue without warning sign 604 (56.8) 62 (10.3) 0.14
Dengue with warning sign 26 (2.4) 1(3.8)
Severe Dengue 14 (1.3) 4 (28.6)
Overall 1063 (100) 111 (10.4)

* % in total for each variable. ** % in each lane. * Age groups were defined based on the date and year of illness.
** Clinical diagnoses identified on patient’s initial hospital visit.

To understand the characteristics of anti-CHIKV neutralizing antibodies, we ana-
lyzed the distribution of the neutralizing antibody titer by years, regions, age groups,
and clinical diagnoses. Figure 4A showed that the activity of neutralizing anti-CHIKV
antibodies in the south was significantly higher than in the north (p < 0.0001). There was
no significant difference in neutralization titer over the years (Figure 4B). The highest mean
NAbs titer was observed in the over-46-age group (Figure 4C). This finding is consistent
with the results of further analyses of the mean NAbs titer in the age groups of each
region (Figure S1A,B).
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Figure 4. Neutralization titer distribution by regions, years and age groups. The distribution of
neutralization titer by regions (A), years (B), and age groups (C) is shown. The cutoff value was
defined as the red dot line corresponding to a value of 10 for neutralization antibody titer. The sample
with a titer higher than the cutoff value was considered as positive. The mean of CHIKV-neutralizing
antibodies was compared by regions, years, and age groups using the Kruskal-Wallis test, with the
Dunn-Bonferroni correction method for multiple comparison tests. p value was defined as follows
**p <0.01; *** p <0.001 and **** p < 0.0001.

3.4. Correlation between CHIKV IgG and IgM Antibodies with Neutralizing Antibody (NAbs)

The presence of NAbs among seropositive patients is illustrated in Figure 5A. The pro-
portion of patients with NAbs was significantly higher in the IgG-positive group (p < 0.0001)
and both IgM /IgG positive groups (p = 0.013) than in the IgM-only-positive group. The
distribution of the NAbs titer was also significantly different between the IgM-only-positive
group and the IgG-only-positive group (p < 0.0001) and both IgM/IgG positive groups
(p = 0.012). The titer and NAbs positive rate were both significantly higher in all seropos-
itive groups than in the seronegative group, with p-values < 0.0001. The correlations
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between the NAbs titer and IgM P/N ratio (Figure 5C) and NAbs with IgG titer (Figure 5D)
were evaluated using the Pearson correlation coefficient. A weak positive correlation was
found between the NAbs titer and the IgM P/N ratio (r = 0.07, p < 0.05), and a moderate
positive correlation was found between the NAbs titer and the IgG titer (r = 0.45, p < 0.0001).
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Figure 5. Presence of CHIVK neutralizing antibodies in seropositive groups. The presence of NAbs
was compared between groups of patients that were positive for IgM and/or IgG, using the Chi-square
test for each pair of groups (A). The mean of the NAbs was compared between groups of patients
that were positive for IgM and/or IgG, using the Kruskal-Wallis test, with the Dunn-Bonferroni
correction method for multiple comparison tests (B). The Pearson correlation coefficient was used to
assess the correlation between NADbs titer and the P/N ratio of IgM (C) and the correlation between
NAbs titer and IgG titer (D). p value was defined as follows * p < 0.05; *** p < 0.001; **** p < 0.0001.

3.5. CHIKV Genome Detection and Correlation between the CHIKV Genome and Antibodies

We intended to screen all samples for CHIKV RNA. However, because of the limited
sample volume, we could only screen 469 (44.1%) samples, of which 342 were positive for
IgM and/or IgG, and 127 were seronegative (negative for [gM and IgG). Of the 469 screened
samples, 130 (27.7%) were positive for CHIKV RNA (Table 4). No significant differences
were found in the CHIKV RNA detection rate between groups divided by gender, age
groups, regions, year, and clinical diagnoses.

Figure 6A shows that the presence of CHIKV RNA in the seronegative group (36%,
46/127) was significantly higher than in the IgM antibody-only group (22%, 37/169;
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p = 0.007). However, there was no significant difference between the seronegative group
and the IgG antibody-only group (27%, 58/214; p = 0.077) and the group of both IgM and
IgG positives (27%, 11/41, p = 0.269). Thus, these findings suggest that the number and
rate of CHIKV RNA-positive patients may be higher than what was detected in this study.

Table 4. CHIKV RNA detection rate among 469 samples tested by RT-qPCR. The table shows the
proportion of patients with RNA detection for each factor: gender, age groups, regions, years, and
clinical diagnoses. The Chi-square or Fisher’s exact test was used to compare the differences in the
RNA detection rate among groups for each factor.

Variable Patients RNA Detection Rate p Value
n(%)* n (%) ** (x2 or Fisher Test)
Genders
Female 209 (44.5) 52 (24.9) 0218
Male 260 (55.4) 78 (30.0) :
Age groups
<5 90 (19.2) 20 (22.2)
6-15 187 (39.9) 55 (29.4) 0434
16-45 133 (28.4) 41 (30.8) ’
>46 59 (12.6) 14 (23.7)
Regions
North 66 (14.1) 13 (19.7) 0116
South 403 (85.9) 117 (29) )
Year of illness *
2017 149 (31.8) 42 (28.2)
2018 179 (38.2) 41 (22.9) 0.116
2019 141 (44.6) 47 (33.3)
Clinical diagnoses **
Non-specific febrile illness 131 (27.9) 33 (25.2)
Suspected Dengue 27 (5.8) 9 (33.3)
Dengue without warning sign 292 (62.3) 82 (28.1) 0.905
Dengue with warning sign 9(1.9) 3(33.3)
Severe Dengue 10 (2.1) 3(30)
Overall 469 (100) 130 (27.7)

* % in total for each variable. ** % in each lane. * Age groups were defined based on the date and year of illness.
** Clinical diagnoses identified on patient’s initial hospital visit.
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Figure 6. Comparison of CHIKV RNA presence in seroprevalence groups based on real-time PCR
test results. The rates of RNA detection in seropositive and seronegative groups were compared
pairwise using the Chi-square test (A). The relationship between the antibody and RNA detection
time is depicted based on the days from the onset of symptoms (B).
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Of the 130 patients with detectable CHIKV RNA, 83.8% (109 patients) were positive
for RNA, using the NSP2 protein primer set, 24.6% (32 patients) were positive, using the E1
protein primer set, and 8.5% (11 patients) were positive, using both sets of primers. Further
analysis in Figure 6B shows the relationship between the number of cases and the time of
detection is shown in more detail.

3.6. CHIKV Sequence Analysis

To better understand the characteristics of the CHIKV genome in Vietnam, we am-
plified a fragment of the E1 gene (294 bp) from 130 RT-qPCR positive samples. The am-
plification products were then sequenced and analyzed with the global CHIKYV strains by
phylogenetic tree construction. We identified the presence of CHIKV E1 gene in 7 samples,
and the phylogenetic analysis was conducted including these samples. The CHIKV isolates
detected in current study were highly similar to the ECSA isolates from the major outbreaks
in India from 2006-2008 and from 2014-2015 (99.3-100% nucleotide similarity), and the
Vietnam CHIKYV isolates detected in 2013 (98.6-98.9% nucleotide similarity). However, they
were less similar to the Vietham CHIKYV isolates detected in 2012 (96.9-97.6% nucleotide
similarity). This result demonstrates that the sequences found in this study were in the
same lineage of previously detected ones in India and Vietnam (Figure 7). However, the
limited sequence length analyzed in this study suggests that more data is needed to confirm
this finding.
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Figure 7. Evolutionary analysis by the maximum likelihood method. The evolutionary history of
CHIKYV was inferred using the maximum likelihood (ML) method and the Tamura—-Nei model with
1000 bootstrap replications. Bootstrap confidence values are displayed at the branch nodes. The
initial trees for the heuristic search were obtained automatically by applying the Neighbor-Join and
BioN]J algorithms to a matrix of pairwise distances estimated using the Tamura-Nei model, and then
selecting the topology with the superior log likelihood value. The rate variation model allows for
some sites to be evolutionarily invariable. This analysis involved 51 nucleotide sequences, including
partial E1 sequences from seven CHIKYV isolates in this study, along with selected sequences from the
GenBank database. The final dataset included 294 positions. Evolutionary analyses were conducted
in MEGA 11. The three main CHIKV genotypes are highlighted in different colors, with isolates from
the current study indicated by red triangles and red text. The sequences with blue text were CHIKV
sequences from previous studies conducted in Vietnam.
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4. Discussion

This study is one of the largest-scale studies on CHIKYV infection ever conducted in
Vietnam. Samples were collected from 31 of the 63 provinces across the country from
2017-2019 for serological and molecular epidemiological analyses. Here, we balanced
the number of samples over the years and collect samples from many places to increase
the representativeness for the whole of Vietnam. We also focused on samples distributed
in different regions, with particular attention to the southern part of the country, which
is known for its high prevalence of mosquito-borne diseases such as dengue [51-54].
Therefore, the results of this study reflect a more representative situation of CHIKV infection
in Vietnam. During the same period (2017-2019), we also observed CHIKV outbreaks
in neighboring countries, including India (139,727 possible cases and 21,961 confirmed
cases from 2018-2019) [55], Bangladesh (13,176 confirmed cases in 2017) [56], Thailand
(approximately 15,000 confirmed cases from 2018-2019) [27], and Myanmar (confirmed the
presence of CHIKV from 2018-2019) [35,37,39].

We found that 15.9% of patients were IgM-positive and 20.1% were IgG-positive. There
have been variations in CHIKV seroprevalence in Vietnam in previous reports. For instance,
0% positivity for anti-CHIKV IgM and 50% positivity for anti-CHIKV IgG among 44 clinical
dengue suspected cases were reported in 2006 [36]. In other studies, a positivity rate of
59.4% (17 /32 acute febrile patients) was observed for anti-CHIKV IgM in one Vietnamese
southern province from 2010-2011 [57], whereas 0.07-0.18% positivity for anti-CHIKV IgM
was reported in few provinces in Vietnam [31-33]. Our results indicate a high prevalence
of CHIKYV infection in Vietnam. The proportion of patients with IgG was higher than the
proportion of patients with IgM, and 16.3% (173/1063) of patients had only anti-CHIKV
IgG antibodies, suggesting previous CHIKV exposure. As IgM and IgG against CHIKV
are typically detectable 3-4 days and 67 days following onset of symptoms, respectively,
some patients in the present study had both IgM and IgG at the same time.

Additionally, we demonstrated that the seropositive rate for anti-CHIKV IgM and/or
IgG antibodies was significantly higher in the southern Vietnam (35.9%) than in the northern
region (21.9%). This is consistent with the higher prevalence of mosquito-borne diseases
in the southern part of the country [51-54]. Finally, we found that the higher IgG rate
in children under 5 (45.6%) than in other age groups. This is likely due to the fact that
children under 1 year old (57.6%) (Figure S2) are likely to have antibodies transferred
from the mother [58,59]. However, the rate of IgG in the 1- to 5-year-old group is still
high, suggesting that more research is needed to understand this condition. The highest
proportion of patients with IgM antibodies was in the 6- to 15-year-old group (19.6%),
followed by the under-5-year-old (17.6%), 16- to 45-year-old (13.4%), and over-46-year-old
(9%) groups. This may be due to several factors, including the time of blood collection
after disease onset and previous exposure to the virus [60-69]. Other factors that can affect
the patient’s immune response include general health, nutritional status, and medication
use. In the 6- to 15-year-old group, the highest proportion of patients had blood samples
collected >4 days after disease onset (68%, 286/423), followed by the 16- to 45-year-old
group (62%, 234/382), the under-5 group (57%, 77/136), and the over-46-year-old group
(56%, 68/122). Future studies are needed to better understand the impact of these factors
on the high IgM rate in the younger group.

The overall rate of anti-CHIKV neutralization antibodies in this study was 10.4%
(111/1063). This value is lower than those reported in Myanmar in 2019 (18.9%) [70],
2013, 2015, and 2018 (32.5%) [37], but higher than those reported in Nepal (7.3%) [38] and
Pakistan (6%) [71]. The neutralization activity of CHIKV was significantly higher in the
south than in the north, which is consistent with the seroprevalence status. The high IgG
status and high NAbs titer in the 46-years-old group compared to younger groups suggests
that CHIKV has been present in Vietnam for long time. Further analysis of the NADbs titer
across age groups and by regions confirmed this hypothesis (Figure S1). The NAbs titer
was higher in the IgG-positive group than in the IgM-positive group, which is consistent
with previous studies [37,72].
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CHIKYV viremia has been reported to be persist for up to 12 or 13 days after onset [73-76].
Among the tested 469 samples, 130 (27.7%) were positive in RI-qPCR analysis, including
84 (24.6%) of the 342 seropositive samples, and 46 (36%) of the 127 seronegative samples.
The positivity of CHIKV RNA in seronegative samples is consistent with previous find-
ings [40,75,77]. This suggests that the study’s RNA detection rate would likely be higher
than the current results if sufficient volume had been available to test all seronegative
samples. Among the 130 RI-qPCR positive samples, 109 (83.8%) were positive with the
NSP2 primer set and 32 (24.6%) were positive with the E1 primer set. We hypothesize that
two possible reasons for this discrepancy are: (1) a genetic mutation in E1 in some positive
patients that reduces the ability to detect the E1 gene, and (2) low RNA concentration in
some positive samples, possibly due to sample degradation from long-term storage or
repeated freeze-thaw cycles. Although only a limited number of samples were subjected to
genome detection because of the insufficient serum left, the high prevalence for CHIKV
indicates the importance of this viral infection in Vietnam. We analyzed the relationship
between the course of the disease and the presence of CHIKV by viral genome detection
and host antibody positivity. Interestingly, 3-5 days after the onset seemed to be the best
time for molecular diagnosis. Further analysis of the IgM and RNA detection rates in each
region revealed that the presence of IgM and RNA gradually increased over the years in
the southern region but may have gradually decreased in the northern region. However,
these differences were not statistically significant (p < 0.05) (Figure S3).

By reading the sequence of the E1 gene in comparison to CHIKYV strains deposited
in Genbank, we found our sequences belongs to the ECSA genotype, which includes
previously sequences detected in Vietnam. The sequences detected in the present study
share a high degree of similarity (99.3-100% nucleotide similarity) with the Indian Ocean
Lineage within ECSA genotype of the Indian isolates detected during the 2006 and
20142015 outbreaks. This suggests that the virus that caused the outbreaks in India in 2006
and 2014-2015 may be circulating in the study population. Through a comparison with
outbreaks in neighboring countries during the same period (2017-2019), we found that the
same CHIKV ECSA genotype caused outbreaks in India from 2018-2019 [55], Bangladesh
in 2017 [56], Thailand from 2018-2019 [27], and Myanmar in 2019 [35,37,39], highlighting
the importance of this genotype in Asian countries. The limited sequence length of current
study hinders a comprehensive discussion. Thus, timing of sample collection and sample
quality (degraded RNA) should be considered in viral genome sequencing.

5. Conclusions

Our study confirmed the high prevalence of the chikungunya virus (CHIKV) in
Vietnam from 2017-2019. This finding provides a basis for further research to better
understand the serological and molecular epidemiology of CHIKYV, as well as the need for
comprehensive and periodic surveillance of CHIKV in Vietnam in the future.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/v15102065/s1, Figure S1: Neutralization antibody titer in 4 age
groups in the North (A) and in the South (B); Figure S2: The rate of the anti-CHIKV IgG (A) and IgG
(B) antibodies by age group in the study.; Figure S3: Detection rates of IgM and RNA in the Northern
and Southern regions from 2017 to 2019; Table S1: Sample distribution in the provinces of Vietnam;
Table S2: CHIKV primer used in this study.

Author Contributions: Conceptualization, T.V.N., M.M.N.T. and EH.; methodology, T.V.N.,, M.M.N.T,
Y.T.,, TT.T.N., TN.D.H. and FH.; formal analysis, T.V.N,, Y.T. and M.M.N.T.; writing—original draft
preparation, T.V.N.; writing—review and editing, T.V.N.,, M\M.N.T,, Y.T., TQ.M.L., KM. and FH.,,
M.T.C, HM.D, C.Q.L, TK.LH, T.TT.N,, TN.D.H., Q.D.P; supervision, TV.N.,, M.M.N.T,, Y.T. and
F.H. All authors have read and agreed to the published version of the manuscript.


https://www.mdpi.com/article/10.3390/v15102065/s1
https://www.mdpi.com/article/10.3390/v15102065/s1

Viruses 2023, 15, 2065 16 of 19

Funding: This research was supported by AMED (Japan Agency of Medical Research and Develop-
ment) under SCARDA grant number JP223fa627004h0001, JP233fa627004h0002; AMED under grant
number, JP22wm0125006, JP22fk0108123 and JP20wm0225017; JSPS (Japan Society for the Promotion
of Science) under grant number 22KK0115; the Japan Research Foundation for Clinical Pharmacology;
The Naito foundation grant for the next generation researcher; Takeda Science Foundation; and
e-Asia under grant number JP22jm0210079h003, JP23jm0210079h004.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board in Bio-medical Research (IRB) of Pasteur
Institute in Ho Chi Minh City, Vietnam (Ref No. 01/2023/CN-HDDD) and IRB of National Institute
of Hygiene and Epidemiology, Vietnam (Ref No. IRB-VN01057-20/2015).

Informed Consent Statement: This study uses residual samples. Consent was waived by the
Institutional Review Board in Bio-medical Research (IRB) of Pasteur Institute in Ho Chi Minh City
and the National Institute of Hygiene and Epidemiology, Vietnam.

Data Availability Statement: The datasets generated and analyzed during the current study are
available in the manuscript and Supplementary materials.

Acknowledgments: The authors would like to thank all the study participants. The authors would
also like to thank the members of the Department of Virology, Institute of Tropical Medicine, Nagasaki
University; Arbovirus Laboratory of Pasteur Institute in Ho Chi Minh city, Vietnam, for providing
technical advice and support. The authors would like to thank National Institute of Hygiene and
Epidemiology, Vietnam, for providing the samples in this study. Nguyen Thanh Vu is a recipient
of the Japan International Cooperation Agency (JICA)’s Advanced Training Program for Fostering
Global Leaders on Infectious Disease Control to Build Resilience against Public Health Emergencies,
scholarship. Nguyen Thanh Vu is grateful for the support from the Program for Nurturing Global
Leaders in Tropical and Emerging Communicable Diseases of the Graduate School of Biomedical
Sciences, Nagasaki University.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  David, M.; Knine, PM.H. Fields Virology; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2013; ISBN 9781119650836.

2. Caglioti, C; Lalle, E.; Castilletti, C.; Carletti, F.; Capobianchi, M.R.; Bordi, L. Chikungunya Virus Infection: An Overview.
New Microbiol. 2013, 36, 211-227.

3.  Suhrbier, A. Rheumatic Manifestations of Chikungunya: Emerging Concepts and Interventions. Nat. Rev. Rheumatol. 2019, 15,
597-611. [CrossRef] [PubMed]

4. Seyler, T.; Hutin, Y,; Ramanchandran, V.; Ramakrishnan, R.; Manickam, P.; Murhekar, M. Estimating the Burden of Disease and
the Economic Cost Attributable to Chikungunya, Andhra Pradesh, India, 2005-2006. Trans. R. Soc. Trop. Med. Hyg. 2010, 104,
133-138. [CrossRef]

5. WHO. Guidelines on Clinical Management of Chikungunya Fever; WHO: New Delhi, India, 2008.

6.  WHO; Regional Office for South-East Asia. Guidelines for Prevention and Control of Chikungunya Fever 2009; WHO—Regional Office
for South-East Asia: New Delhi, India, 2009; ISBN 9789290223375.

7. Reddy, V,; Ravi, V,; Desai, A.; Parida, M.; Powers, A.M.; Johnson, B.W. Utility of IgM ELISA, TagMan Real-Time PCR, Re-
verse Transcription PCR, and RT-LAMP Assay for the Diagnosis of Chikungunya Fever. J. Med. Virol. 2012, 84, 1771-1778.
[CrossRef] [PubMed]

8. Johnson, B.W.; Russell, B.J.; Goodman, C.H. Laboratory Diagnosis of Chikungunya Virus Infections and Commercial Sources for
Diagnostic Assays. J. Infect. Dis. 2016, 214, S471-5474. [CrossRef] [PubMed]

9.  Esposito, D.L.A.; Da Fonseca, B.A L. Sensitivity and Detection of Chikungunya Viral Genetic Material Using Several PCR-Based
Approaches. Rev. Soc. Bras. Med. Trop. 2017, 50, 465-469. [CrossRef]

10. Khan, A.H.; Morita, K.; Del Carmen, M.; Hasebe, F; Mathenge, E.G.M.; Igarashi, A. Printed in Great Britain Complete Nucleotide
Sequence of Chikungunya Virus and Evidence for an Internal Polyadenylation Site. J. Gen. Virol. 2002, 83, 3075-3084. [CrossRef]

11.  Kendall, C.; Khalid, H.; Miiller, M.; Banda, D.H.; Kohl, A.; Merits, A.; Stonehouse, N.J.; Tuplin, A. Structural and Phenotypic
Analysis of Chikungunya Virus RNA Replication Elements. Nucleic Acids Res. 2019, 47, 9296-9312. [CrossRef]

12.  Ross, R.W. A Laboratory Technique for Studying the Insect Transmission of Animal Viruses, Employing a Bat-Wing Membrane, Demonstrated
with Two African Viruses; Cambridge University Press: Cambridge, UK, 2009. [CrossRef]

13. Hayes, C.G.; O'Rourke, T.; Sarr, A. Chikungunya Fever among U.S. Peace Corps Volunteers—Republic of the Philippines.

MMWR Morb. Mortal Wkly. Rep. 2006, 35, 573-574.


https://doi.org/10.1038/s41584-019-0276-9
https://www.ncbi.nlm.nih.gov/pubmed/31481759
https://doi.org/10.1016/j.trstmh.2009.07.014
https://doi.org/10.1002/jmv.23406
https://www.ncbi.nlm.nih.gov/pubmed/22997080
https://doi.org/10.1093/infdis/jiw274
https://www.ncbi.nlm.nih.gov/pubmed/27920176
https://doi.org/10.1590/0037-8682-0403-2016
https://doi.org/10.1099/0022-1317-83-12-3075
https://doi.org/10.1093/nar/gkz640
https://doi.org/10.1017/S0022172400044454

Viruses 2023, 15, 2065 17 of 19

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Porter, KR.; Tan, R;; Istary, Y.; Suharyono, W.; Sutaryo; Widjaja, S.; Ma, C.; Listiyaningsih, E.; Kosasih, H.; Hueston, L.; et al.
A Serological Study of Chikungunya Virus Transmission in Yogyakarta, Indonesia: Evidence for the First Outbreak since 1982.
Southeast Asian J. Trop. Med. Public Health 2004, 35, 408-415. Available online: https://pubmed.ncbi.nlm.nih.gov /15691147 /
(accessed on 23 August 2023).

Deller, J.J., Jr.; Russell, PK. An Analysis of Fevers of Unknown Origin in American Soldiers in Vietnam. J. Occup. Environ. Med.
1967, 66, 1129-1143. Available online: https://journals.lww.com/joem/citation/1968/02000/an_analysis_of_fevers_of_
unknown_origin_in.30.aspx (accessed on 23 August 2023). [CrossRef]

Hammon, WM.D.; Rudnick, A.; Sather, G.E. Viruses Associated with Epidemic Hemorrhagic Fevers of the Philippines and
Thailand. Science 1960, 131, 1102-1103. [CrossRef]

Organ mond Sante, B.; Khai Ming, C.; Thein, S.; Thaung, U.; Saw Myint, K.; Swe, T.; Halstead, S.B.; Diwan, A.R. Clinical and
Laboratory Studies on Haemorrhagic Fever in Burma, 1970-1972*. Bull. World Health Organ. 1974, 51, 227-235.

Zeller, H.; Van Bortel, W.; Sudre, B. Chikungunya: Its History in Africa and Asia and Its Spread to New Regions in 2013-2014.
J. Infect. Dis. 2016, 214, S436-5440. [CrossRef]

Gobbi, E; Buonfrate, D.; Angheben, A.; Degani, M.; Bisoffi, Z. Emergence and Surveillance of Chikungunya. Curr. Trop. Med. Rep.
2015, 2, 4-12. [CrossRef]

Duong, V.; Andries, A.C.; Ngan, C.; Sok, T.; Richner, B.; Asgari-Jirhandeh, N.; Bjorge, S.; Huy, R.; Ly, S.; Laurent, D.; et al.
Reemergence of Chikungunya Virus in Cambodia. Emerg. Infect. Dis. 2012, 18, 2066. [CrossRef] [PubMed]

Soulaphy, C.; Souliphone, P.; Phanthavong, K.; Phonekeo, D.; Phimmasine, S.; Khamphaphongphane, B.; Kitthiphong, V.;
Lewis, H.C. Emergence of Chikungunya in Moonlapamok and Khong Districts, Champassak Province, the Lao People’s
Democratic Republic, May to September 2012. West. Pacific Surveill. Response ]. WPSAR 2013, 4, 46. [CrossRef] [PubMed]

Ng, L.C,; Tan, LK,; Tan, C.H.; Tan, S.5.Y.; Hapuarachchi, H.C.; Pok, K.Y;; Lai, Y.L.; Lam-Phua, S.G.; Bucht, G.; Lin, R T.P; et al.
Entomologic and Virologic Investigation of Chikungunya, Singapore. Emerg. Infect. Dis. 2009, 15, 1243. [CrossRef]

Haque, F; Rahman, M.; Banu, N.N.; Sharif, A.R.; Jubayer, S.; Shamsuzzaman, A.; Alamgir, A.; Erasmus, ].H.; Guzman, H,;
Forrester, N.; et al. An Epidemic of Chikungunya in Northwestern Bangladesh in 2011. PLoS ONE 2019, 14, e0212218. [CrossRef]
Hassan, R.; Rahman, M.M.; Moniruzzaman, M.; Rahim, A.; Barua, S.; Biswas, R.; Biswas, P.; Mowla, S.G.M.; Chowdhury, M.A J.
Chikungunya—An Emerging Infection in Bangladesh: A Case Series. |. Med. Case Rep. 2014, 8, 67. [CrossRef] [PubMed]
Hapuarachchi, H.C.; Bandara, K.B.A.T.; Sumanadasa, S.D.M.; Hapugoda, M.D; Lai, Y.L.; Lee, K.S.; Tan, LK,; Lin, RT.P.; Ng, L.EP;
Bucht, G.; et al. Re-Emergence of Chikungunya Virus in South-East Asia: Virological Evidence from Sri Lanka and Singapore.
J. Gen. Virol. 2010, 91, 1067-1076. [CrossRef] [PubMed]

Yergolkar, PN.; Tandale, B.V.; Arankalle, V.A ; Sathe, P.S.; Sudeep, A.B.; Gandhe, S.S.; Gokhle, M.D.; Jacob, G.P.; Hundekar, S.L.;
Mishra, A.C. Chikungunya Outbreaks Caused by African Genotype, India. Emerg. Infect. Dis. 2006, 12, 1580. [CrossRef] [PubMed]
Khongwichit, S.; Chansaenroj, J.; Thongmee, T.; Benjamanukul, S.; Wanlapakorn, N.; Chirathaworn, C.; Poovorawan, Y. Large-
Scale Outbreak of Chikungunya Virus Infection in Thailand, 2018-2019. PLoS ONE 2021, 16, €0247314. [CrossRef]

Naveca, F.G.; Claro, I.; Giovanetti, M.; de Jesus, ].G.; Xavier, ].; de Melo Iani, F.C.; do Nascimento, V.A.; de Souza, V.C,; Silveira, P.P,;
Lourenco, J.; et al. Genomic, Epidemiological and Digital Surveillance of Chikungunya Virus in the Brazilian Amazon. PLoS Negl.
Trop. Dis. 2019, 13, e0007065. [CrossRef]

WHO PAHO/WHO Data—Weekly Report. Available online: https:/ /www?3.paho.org/data/index.php/en/mnu-topics/chikv-
en/550-chikv-weekly-en.html (accessed on 23 August 2023).

Vu-Qui-Dai; Nguyen-Thi Kim-Thoa; Ly-Quoc-Bang [Study of Anti-Chikungunya Antibodies in Vietnamese Children in Saigon].
Bull. Soc. Pathol. Exot. Fil. 1967, 60, 353-359.

Quyen, N.T.H.; Kien, D.T.H.; Rabaa, M.; Tuan, N.M.; Vi, T.T; Van Tan, L.; Hung, N.T.; Tuan, HM.; Tram, T.V.; Da Ha, N.L.; et al.
Chikungunya and Zika Virus Cases Detected against a Backdrop of Endemic Dengue Transmission in Vietnam. Am. J. Trop.
Med. Hyg. 2017, 97, 146-150. [CrossRef]

Pham Thi, K.L.; Briant, L.; Gavotte, L.; Labbe, P.; Perriat-Sanguinet, M.; Cornillot, E.; Vu, T.D.; Nguyen, T.Y.; Tran, V.P;
Nguyen, V.S; et al. Incidence of Dengue and Chikungunya Viruses in Mosquitoes and Human Patients in Border Provinces of
Vietnam. Parasites Vectors 2017, 10, 556. [CrossRef]

Kim Lien, PT.; Briant, L.; Tang, T.B.; Trang, B.M.; Gavotte, L.; Cornillot, E.; Duoc, V.T.; Duong, T.N.; Frutos, R.; Nga, P.T.
Surveillance of Dengue and Chikungunya Infection in Dong Thap, Vietnam: A 13-Month Study. Asian Pac. |. Trop. Med. 2016,
9, 39-43. [CrossRef]

Neupane, B.; Pandey, K.; Pandey, B.D.; Morita, K.; Tun, M.M.N. Detection of Chikungunya Virus in Nepal. Am. J. Trop. Med. Hyg.
2015, 93, 697-700. [CrossRef]

Ngwe Tun, M.M,; Kyaw, A K.; Nabeshima, T.; Dumre, S.P,; Soe, A.M.; Nwe, KM.; Myaing, S.S.; Lwin, E.P; Win, Y.T.; Inoue, S.; et al.
Coinfection and Circulation of Chikungunya Virus and Dengue Virus in Pediatric Patients in Myanmar, 2019. Microbes Infect.
2023, 25, 105129. [CrossRef] [PubMed]

Tun, M.M.N.; Inoue, S.; Thant, K.Z.; Talemaitoga, N.; Aryati, A.; Dimaano, E.M.; Matias, R.R.; Buerano, C.C.; Natividad, F.F;
Abeyewickreme, W.; et al. Retrospective Seroepidemiological Study of Chikungunya Infection in South Asia, Southeast Asia and
the Pacific Region. Epidemiol. Infect. 2016, 144, 2268-2275. [CrossRef]


https://pubmed.ncbi.nlm.nih.gov/15691147/
https://journals.lww.com/joem/citation/1968/02000/an_analysis_of_fevers_of_unknown_origin_in.30.aspx
https://journals.lww.com/joem/citation/1968/02000/an_analysis_of_fevers_of_unknown_origin_in.30.aspx
https://doi.org/10.7326/0003-4819-66-6-1129
https://doi.org/10.1126/science.131.3407.1102
https://doi.org/10.1093/infdis/jiw391
https://doi.org/10.1007/S40475-015-0036-0/FIGURES/1
https://doi.org/10.3201/eid1812.120471
https://www.ncbi.nlm.nih.gov/pubmed/23171736
https://doi.org/10.5365/WPSAR.2012.3.4.017
https://www.ncbi.nlm.nih.gov/pubmed/23908956
https://doi.org/10.3201/eid1508.081486
https://doi.org/10.1371/JOURNAL.PONE.0212218
https://doi.org/10.1186/1752-1947-8-67
https://www.ncbi.nlm.nih.gov/pubmed/24559283
https://doi.org/10.1099/VIR.0.015743-0/CITE/REFWORKS
https://www.ncbi.nlm.nih.gov/pubmed/19955565
https://doi.org/10.3201/eid1210.060529
https://www.ncbi.nlm.nih.gov/pubmed/17176577
https://doi.org/10.1371/JOURNAL.PONE.0247314
https://doi.org/10.1371/JOURNAL.PNTD.0007065
https://www3.paho.org/data/index.php/en/mnu-topics/chikv-en/550-chikv-weekly-en.html
https://www3.paho.org/data/index.php/en/mnu-topics/chikv-en/550-chikv-weekly-en.html
https://doi.org/10.4269/AJTMH.16-0979
https://doi.org/10.1186/S13071-017-2422-Z
https://doi.org/10.1016/J.APJTM.2015.12.008
https://doi.org/10.4269/ajtmh.15-0092
https://doi.org/10.1016/J.MICINF.2023.105129
https://www.ncbi.nlm.nih.gov/pubmed/37030472
https://doi.org/10.1017/S095026881600056X

Viruses 2023, 15, 2065 18 of 19

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Luvai, E.A.C,; Kyaw, AK,; Sabin, N.S.; Yu, F; Hmone, S.W.; Thant, K.Z; Inoue, S.; Morita, K.; Tun, M.M.N. Evidence of
Chikungunya Virus Seroprevalence in Myanmar among Denguesuspected Patients and Healthy Volunteers in 2013, 2015, and
2018. PLoS Negl. Trop. Dis. 2021, 15, e0009961. [CrossRef] [PubMed]

Pandey, K.; Pandey, B.D.; Chaurasiya, R.R.; Thakur, M.; Neupane, B.; Shah, Y.; Tun, M.M.N.; Morita, K. Evidence of Chikungunya
Virus Circulation in the Terai Region of Nepal in 2014 and 2015. Trans. R. Soc. Trop. Med. Hyg. 2017, 111, 294-299. [CrossRef]
Kyaw, A K.; Ngwe Tun, M.M.; Nabeshima, T.; Soe, A.M.; Mon, K.M.; Thida; Aung, T. H.; Htwe, T.T.; Myaing, S.S.; Mar, T.T.; et al.
Chikungunya Virus Infection in Blood Donors and Patients during Outbreak, Mandalay, Myanmar, 2019. Emerg. Infect. Dis. 2020,
26, 2741-2745. [CrossRef] [PubMed]

Ngwe Tun, M.M.; Thant, K.Z; Inoue, S.; Nabeshima, T.; Aoki, K.; Kyaw, A K.; Myint, T.; Tar, T., Maung, K.T.T.; Hayasaka, D.; et al.
Detection of East/Central /South African Genotype of Chikungunya Virus in Myanmar, 2010. CDC. Emerg. Infect. Dis. 2014, 20,
1378-1381. [CrossRef]

Hasebe, F,; Parquet, M.C.; Pandey, B.D.; Mathenge, E.G.M.; Morita, K.; Balasubramaniam, V.; Saat, Z.; Yusop, A.; Sinniah, M.;
Natkunam, S.; et al. Combined Detection and Genotyping of Chikungunya Virus by a Specific Reverse Transcription-Polymerase
Chain Reaction. J. Med. Virol. 2002, 67, 370-374. [CrossRef]

Imad, H.A.; Phadungsombat, J.; Nakayama, E.E.; Kludkleeb, S.; Matsee, W.; Ponam, T.; Suzuki, K.; Leaungwutiwong, P;
Piyaphanee, W.; Phumratanaprapin, W.; et al. Chikungunya Manifestations and Viremia in Patients Who Presented to
the Fever Clinic at Bangkok Hospital for Tropical Diseases during the 2019 Outbreak in Thailand. Trop. Med. Infect. Dis.
2021, 6, 12. [CrossRef]

Ho, PS.; Ng, M.M.L.; Chu, ].J.H. Establishment of One-Step SYBR Green-Based Real Time-PCR Assay for Rapid Detection and
Quantification of Chikungunya Virus Infection. Virol. J. 2010, 7, 13. [CrossRef]

Katoh, K.; Standley, D.M. MAFFT Multiple Sequence Alignment Software Version 7: Improvements in Performance and Usability.
Mol. Biol. Evol. 2013, 30, 772. [CrossRef]

Tamura, K.; Stecher, G.; Kumar, S. MEGA11: Molecular Evolutionary Genetics Analysis Version 11. Mol. Biol. Evol. 2021, 38,
3022-3027. [CrossRef]

Tamura, K.; Nei, M. Estimation of the Number of Nucleotide Substitutions in the Control Region of Mitochondrial DNA in
Humans and Chimpanzees. Mol. Biol. Evol. 1993, 10, 512-526. [CrossRef]

Trifinopoulos, J.; Nguyen, L.T.; von Haeseler, A.; Minh, B.Q. W-IQ-TREE: A Fast Online Phylogenetic Tool for Maximum
Likelihood Analysis. Nucleic Acids Res. 2016, 44, W232-W235. [CrossRef] [PubMed]

Hoang, D.T.; Chernomor, O.; Von Haeseler, A.; Minh, B.Q.; Vinh, L.S. UFBoot2: Improving the Ultrafast Bootstrap Approximation.
Mol. Biol. Evol. 2018, 35, 518-522. [CrossRef] [PubMed]

Nguyen, L.T.; Schmidt, H.A.; Von Haeseler, A.; Minh, B.Q. IQ-TREE: A Fast and Effective Stochastic Algorithm for Estimating
Maximum-Likelihood Phylogenies. Mol. Biol. Evol. 2015, 32, 268-274. [CrossRef]

Kalyaanamoorthy, S.; Minh, B.Q.; Wong, TK.F.,; Von Haeseler, A.; Jermiin, L.S. ModelFinder: Fast Model Selection for Accurate
Phylogenetic Estimates. Nat. Methods 2017, 14, 587-589. [CrossRef] [PubMed]

Pasteur Institute in Ho Chi Minh City Vietnam Dengue National Program, Annual Data Report; Pasteur Institute in Ho Chi Minh city:
Ho Chi Minh city, Vietnam, unpublished.

WHO World Mosquito Program. Available online: https:/ /www.worldmosquitoprogram.org/en/global-progress/vietnam
(accessed on 17 August 2023).

WHO Dengue in Viet Nam. Available online: https://www.who.int/vietnam /health-topics/dengue (accessed on
17 August 2023).

Taurel, A.F; Luong, C.Q.; Nguyen, T.T.T.; Do, K.Q.; Diep, TH.; Nguyen, T.V,; Cao, M.T,; Hoang, T.N.D.; Huynh, PT,;
Huynh, TK.L.; et al. Age Distribution of Dengue Cases in Southern Vietnam from 2000 to 2015. PLoS Negl. Trop. Dis. 2023,
17,e0011137. [CrossRef]

National Center for Vector Borne Diseases Control (NCVBDC). CHIKUNGUNYA SITUATION IN INDIA. Available online:
https:/ /ncvbde.mohfw.gov.in/index4.php?lang=1&level=0&linkid=486&1id=3765 (accessed on 12 August 2023).

Kabir, I.; Dhimal, M.; Miiller, R.; Banik, S.; Haque, U. The 2017 Dhaka Chikungunya Outbreak. Lancet Infect. Dis. 2017, 17, 1118.
[CrossRef] [PubMed]

Capeding, M.R.; Chua, M.N.; Hadinegoro, S.R.; Hussain, I.I.H.M.; Nallusamy, R.; Pitisuttithum, P.; Rusmil, K.; Thisyakorn, U.;
Thomas, S.J.; Huu Tran, N.; et al. Dengue and Other Common Causes of Acute Febrile Illness in Asia: An Active Surveillance
Study in Children. PLoS Negl. Trop. Dis. 2013, 7, €2331. [CrossRef]

Foeller, M.E.; Nosrat, C.; Krystosik, A.; Noel, T.; Gérardin, P.; Cudjoe, N.; Mapp-Alexander, V.; Mitchell, G.; Macpherson, C.;
Waechter, R.; et al. Chikungunya Infection in Pregnancy—Reassuring Maternal and Perinatal Outcomes: A Retrospective
Observational Study. BJOG 2021, 128, 1077. [CrossRef]

Watanaveeradej, V.; Endy, T.P; Simasathien, S.; Kerdpanich, A.; Polprasert, N.; Aree, C.; Vaughn, D.W.; Nisalak, A. Transplacental
Chikungunya Virus Antibody Kinetics, Thailand. Emerg. Infect. Dis. 2006, 12, 1770. [CrossRef]

Weger-Lucarelli, J.; Carrau, L.; Levi, L.I; Rezelj, V.; Vallet, T.; Blanc, H.; Boussier, J.; Megrian, D.; Coutermarsh-Ott, S.;
LeRoith, T; et al. Host Nutritional Status Affects Alphavirus Virulence, Transmission, and Evolution. PLoS Pathog. 2019, 15,
€1008089. [CrossRef] [PubMed]


https://doi.org/10.1371/journal.pntd.0009961
https://www.ncbi.nlm.nih.gov/pubmed/34851949
https://doi.org/10.1093/trstmh/trx059
https://doi.org/10.3201/eid2611.201824
https://www.ncbi.nlm.nih.gov/pubmed/33079056
https://doi.org/10.3201/EID2008.131431
https://doi.org/10.1002/jmv.10085
https://doi.org/10.3390/tropicalmed6010012
https://doi.org/10.1186/1743-422X-7-13
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1093/OXFORDJOURNALS.MOLBEV.A040023
https://doi.org/10.1093/nar/gkw256
https://www.ncbi.nlm.nih.gov/pubmed/27084950
https://doi.org/10.1093/molbev/msx281
https://www.ncbi.nlm.nih.gov/pubmed/29077904
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1038/nmeth.4285
https://www.ncbi.nlm.nih.gov/pubmed/28481363
https://www.worldmosquitoprogram.org/en/global-progress/vietnam
https://www.who.int/vietnam/health-topics/dengue
https://doi.org/10.1371/journal.pntd.0011137
https://ncvbdc.mohfw.gov.in/index4.php?lang=1&level=0&linkid=486&lid=3765
https://doi.org/10.1016/S1473-3099(17)30564-9
https://www.ncbi.nlm.nih.gov/pubmed/29115257
https://doi.org/10.1371/journal.pntd.0002331
https://doi.org/10.1111/1471-0528.16562
https://doi.org/10.3201/eid1211.051560
https://doi.org/10.1371/journal.ppat.1008089
https://www.ncbi.nlm.nih.gov/pubmed/31710653

Viruses 2023, 15, 2065 19 of 19

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Jean-Baptiste, E.; Von Oettingen, J.; Larco, P.; Raphaél, F,; Larco, N.C.; Cauvin, M.M.; Charles, R. Chikungunya Virus Infection
and Diabetes Mellitus: A Double Negative Impact. Am. J. Trop. Med. Hyg. 2016, 95, 1345-1350. [CrossRef] [PubMed]

Roques, P.; Thiberville, S.D.; Dupuis-Maguiraga, L.; Lum, EM.; Labadie, K.; Martinon, F.; Gras, G.; Lebon, P; Ng, LEP;
de Lamballerie, X.; et al. Paradoxical Effect of Chloroquine Treatment in Enhancing Chikungunya Virus Infection. Viruses
2018, 10, 268. [CrossRef]

Rueda, J.C.; Arcos-Burgos, M.; Santos, A.M.; Martin-Arsanios, D.; Villota-Erazo, C.; Reyes, V.; Bernal-Macias, S.; Pelaez-Ballestas, I;
Cardiel, M.H.; Londono, J. Human Genetic Host Factors and Its Role in the Pathogenesis of Chikungunya Virus Infection.
Front. Med. 2022, 9, 654395. [CrossRef]

Srivastava, P.; Kumar, A.; Hasan, A.; Mehta, D.; Kumar, R.; Sharma, C.; Sunil, S. Disease Resolution in Chikungunya—What
Decides the Outcome? Front. Immunol. 2020, 11, 488753. [CrossRef]

Do Nascimento Costa, D.M.; Coélho, M.R.C.D.; Da Cruz Gouveia, P.A.; Bezerra, L.A.; Marques, C.D.L.; Duarte, A.L.B.P;
Valente, L.M.; Da Silveira, V.M. Long-Term Persistence of Serum-Specific Anti-Chikungunya IgM Antibody—A Case Series of
Brazilian Patients. Rev. Soc. Bras. Med. Trop. 2021, 54, e0855. [CrossRef]

Chelluboina, S.; Robin, S.; Aswathyraj, S.; Arunkumar, G. Persistence of Antibody Response in Chikungunya. VirusDisease 2019,
30, 469. [CrossRef]

Oliver, M.; Grandadam, M.; Marimoutou, C.; Rogier, C.; Botelho-Nevers, E.; Tolou, H.; Moalic, J.L.; Kraemer, P.; Morillons, M.;
Morand, JJ.; et al. Persisting Mixed Cryoglobulinemia in Chikungunya Infection. PLoS Negl. Trop. Dis. 2009, 3, e374.
[CrossRef] [PubMed]

Borgherini, G.; Poubeau, P.; Jossaume, A.; Gouix, A.; Cotte, L.; Michault, A.; Arvin-Berod, C.; Paganin, F. Persistent Arthralgia As-
sociated with Chikungunya Virus: A Study of 88 Adult Patients on Reunion Island. Clin. Infect. Dis. 2008, 47, 469-475. [CrossRef]
Chua, C.L,; Sam, I.C.; Chiam, C.W.; Chan, Y.F. The Neutralizing Role of IgM during Early Chikungunya Virus Infection. PLoS ONE
2017, 12, €0171989. [CrossRef]

Fortuna, C.; Marsili, G.; Nowotny, N.; Myat Ngwe Tun, M.; Kyaw Kyaw, A.; Mya Nwe, K.; Su Myaing, S.; Thu Win, Y.; Inoue, S.;
Takamatsu, Y.; et al. Burden of Chikungunya Virus Infection during an Outbreak in Myanmar. Viruses 2023, 15, 1734. [CrossRef]
Barr, K.L.; Khan, E.; Faroogqi, J.Q.; Imtiaz, K.; Prakoso, D.; Malik, F.; Lednicky, J.A.; Long, M.T. Evidence of Chikungunya Virus
Disease in Pakistan since 2015 with Patients Demonstrating Involvement of the Central Nervous System. Front. Public Health
2018, 6, €130509. [CrossRef]

Nayak, K.; Jain, V.; Kaur, M.; Khan, N.; Gottimukkala, K.; Aggarwal, C.; Sagar, R.; Gupta, S.; Rai, R.C.; Dixit, K,; et al.
Antibody Response Patterns in Chikungunya Febrile Phase Predict Protection versus Progression to Chronic Arthritis. JCI Insight
2020, 5. [CrossRef]

Win, M.K,; Chow, A.; Dimatatac, F.; Go, C.J.; Leo, Y.S. Chikungunya Fever in Singapore: Acute Clinical and Laboratory Features,
and Factors Associated with Persistent Arthralgia. J. Clin. Virol. 2010, 49, 111-114. [CrossRef] [PubMed]

Laurent, P.; Le Roux, K.; Grivard, P; Bertil, G.; Naze, F,; Picard, M.; Staikowsky, F.; Barau, G.; Schuffenecker, I.; Michault, A.
Development of a Sensitive Real-Time Reverse Transcriptase PCR Assay with an Internal Control to Detect and Quantify
Chikungunya Virus. Clin. Chem. 2007, 53, 1408-1414. [CrossRef]

Appassakij, H.; Khuntikij, P.; Kemapunmanus, M.; Wutthanarungsan, R.; Silpapojakul, K. Viremic Profiles in Asymptomatic and
Symptomatic Chikungunya Fever: A Blood Transfusion Threat? Transfusion 2013, 53, 2567-2574. [CrossRef] [PubMed]

Riswari, S.E; Ma'roef, C.N.; Djauhari, H.; Kosasih, H.; Perkasa, A.; Yudhaputri, FA.; Artika, LM.; Williams, M.; van der Ven, A;
Myint, K.S,; et al. Study of Viremic Profile in Febrile Specimens of Chikungunya in Bandung, Indonesia. J. Clin. Virol. 2016,
74, 61-65. [CrossRef]

Prince, H.E.; Seaton, B.L.; Matud, J.L.; Batterman, H.J. Chikungunya Virus RNA and Antibody Testing at a National Ref-
erence Laboratory since the Emergence of Chikungunya Virus in the Americas. Clin. Vaccine Immunol. 2015, 22, 291-297.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.4269/ajtmh.16-0320
https://www.ncbi.nlm.nih.gov/pubmed/27729569
https://doi.org/10.3390/v10050268
https://doi.org/10.3389/fmed.2022.654395
https://doi.org/10.3389/FIMMU.2020.00695/BIBTEX
https://doi.org/10.1590/0037-8682-0855-2020
https://doi.org/10.1007/s13337-019-00534-5
https://doi.org/10.1371/journal.pntd.0000374
https://www.ncbi.nlm.nih.gov/pubmed/19190731
https://doi.org/10.1086/590003
https://doi.org/10.1371/JOURNAL.PONE.0171989
https://doi.org/10.3390/V15081734
https://doi.org/10.3389/fpubh.2018.00186
https://doi.org/10.1172/jci.insight.130509
https://doi.org/10.1016/j.jcv.2010.07.004
https://www.ncbi.nlm.nih.gov/pubmed/20674479
https://doi.org/10.1373/clinchem.2007.086595
https://doi.org/10.1111/j.1537-2995.2012.03960.x
https://www.ncbi.nlm.nih.gov/pubmed/23176378
https://doi.org/10.1016/j.jcv.2015.11.017
https://doi.org/10.1128/CVI.00720-14
https://www.ncbi.nlm.nih.gov/pubmed/25540275

	Introduction 
	Materials and Methods 
	Sample Population and Study Methodology 
	Viruses and Cell Lines 
	ELISA Identification of Anti-CHIKV IgM Antibodies 
	ELISA Identification of Anti-CHIKV IgG Antibodies 
	Detection of Neutralization Antibody against CHIKV by FRNT50 
	CHIKV Genome Detection Using Real-Time Quantitative PCR (RT–qPCR) 
	Genomic Characterization of CHIKV 
	Data Analysis 

	Results 
	Demographic Characteristics 
	Prevalence of Anti–IgM and Anti–IgG CHIKV Antibodies in the Study Population 
	Prevalence of Anti-CHIKV Neutralizing Antibodies (NAbs) in This Study 
	Correlation between CHIKV IgG and IgM Antibodies with Neutralizing Antibody (NAbs) 
	CHIKV Genome Detection and Correlation between the CHIKV Genome and Antibodies 
	CHIKV Sequence Analysis 

	Discussion 
	Conclusions 
	References

