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Abstract 

Dengue virus (DENV), comprising four distinct serotypes (DENV-1 to DENV-4), poses 

a major public health challenge in tropical regions. Infection with one serotype con-

fers long-term immunity to that serotype alone, while subsequent heterologous infec-

tions are associated with increased risk of severe disease, necessitating vaccines 

that induce durable, balanced immunity across all serotypes. However, achieving 

such balance immunity remains a central challenge for dengue vaccine develop-

ment. Using passive surveillance data from Kamphaeng Phet, Thailand (2004–2022), 

we characterized long-term serotype circulation and contributions to clinical den-

gue burden in a hyperendemic setting. We observed sustained co-circulation of all 

four serotypes over nearly two decades, with periodic shifts in dominant serotype. 

Among 6,840 PCR-confirmed dengue cases, the majority of which were hospital-

ized, DENV-1 through DENV-4 accounted for 32.8%, 25.9%, 24.8%, and 16.5% of 

detected dengue cases, respectively. Compared with DENV-1, clinically-apparent 

DENV-2 and DENV-4 infections were more likely to represent secondary infections 

(odds ratio 4.94 and 5.24, respectively) and occurred at older ages, underscoring the 

context-dependent clinical expression of different serotypes. Together, these find-

ings demonstrate that all four dengue serotypes contribute meaningfully to clinical 

disease burden in Thailand and caution against de-emphasizing individual serotypes 

based on transient epidemiologic patterns. These results reinforce the importance of 

tetravalent vaccine strategies alongside continued evaluation of vaccine performance 

in evolving epidemiologic settings.
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Author summary

Dengue is a mosquito-borne disease that infects millions of people every year. 
The virus consists of four serotypes. Infection with one serotype does not 
provide full protection against the others, and a second infection with a different 
serotype can increase the likelihood of severe illness. For this reason, under-
standing which serotypes are circulating is important for designing and evaluat-
ing effective vaccines. Our analysis of nearly two decades of surveillance data 
from Kamphaeng Phet, Thailand demonstrates that all four serotypes were con-
sistently present over time, each contributing a substantial number of cases. The 
serotypes showed distinct age- and immunity-dependent epidemiologic patterns. 
No single serotype could be considered unimportant. These findings highlight the 
complex nature of DENV transmission in Thailand and emphasize the need for 
vaccines that provide protection against all four serotypes. Continuous moni-
toring of circulating serotypes is essential to guide vaccine development and to 
ensure their effectiveness in real-world settings.

Introduction

Dengue is a mosquito-borne disease endemic to tropical and subtropical regions, 
placing billions of people at risk of infection. Dengue virus (DENV), a member of 
the Flaviviridae family and Orthoflavivirus genus, comprises four antigenically dis-
tinct serotypes (DENV-1 to DENV-4), each independently capable of causing dis-
ease ranging from asymptomatic infection to life-threatening manifestations. Global 
incidence of dengue has increased over recent decades; in 2024, reported cases 
exceeded 10 million, more than doubling the 4.6 million cases recorded in 2023, 
which itself represented a record year [1–3]. Climatic changes and rapid urbanization 
are key drivers of this rise, with warming temperatures expanding the habitat range 
of Aedes mosquitoes and facilitating viral transmission [4]. When dengue spreads 
into new geographical areas, outbreaks often result in high mortality during the initial 
phase [5]. Although supportive care with intravenous fluid management remains the 
cornerstone of treatment and has been shown to reduce mortality [6], these trends 
highlight the growing public health challenge posed by dengue and the urgent need 
for effective prevention strategies, particularly vaccination.

DENV infection with one serotype induces durable homotypic immunity but only 
transient protection against heterologous serotypes; subsequent heterologous infec-
tion is associated with increased risk for severe disease through antibody-dependent 
enhancement (ADE) [7]. Additional immune factors—including original antigenic sin, 
cell-mediated immunity, host genetic susceptibility, and viral genomic variation—may 
further shape the pathophysiology during secondary infections [8]. This immuno-
pathologic complexity is particularly consequential in hyperendemic regions where 
all four DENV serotypes co-circulate, and it demands that effective vaccines induce 
balanced, durable immunity against all serotypes.
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Multitypic dengue vaccine development has proven challenging [9,10]. The first licensed dengue vaccine - tetravalent 
dengue vaccine, CYD-TDV (Dengvaxia), demonstrated variable efficacy by serotype and increased the risk of severe dis-
ease in seronegative individuals [11]. More recent vaccine candidates have shown promise but continue to display uneven 
performance across serotypes [12]. These limitations underscore the importance of understanding local serotype distri-
bution and transmission dynamics to guide vaccine design, evaluation, and implementation. With another live-attenuated, 
tetravalent dengue vaccine, TAK-003 (Qdenga), now approved for use in multiple countries, including Thailand, and is 
subject to ongoing post-marketing surveillance, alongside other dengue vaccines in development [13], country-specific 
epidemiological data are increasingly critical for informing vaccination strategies [14]. This presents the need to under-
stand dengue epidemiology in settings with long-standing multi-serotype circulation.

Thailand represents a valuable case study for understanding dengue dynamics, as the country is hyperendemic with 
long-standing circulation of all four serotypes [15]. A systematic review of Ministry of Public Health (MoPH) data from 
2004-2010 reported broadly consistent serotype patterns nationwide, with DENV-1 and DENV-2 predominating, DENV-3 
circulated at lower but persistent levels, and DENV-4 exhibiting greater temporal and spatial variability [16]. Historically, 
many regions worldwide reported only one or two circulating serotypes; however, over subsequent decades there has 
been a steady expansion in the number of co-circulating serotypes across the Americas and Caribbean [17]. This trend 
suggests that Thailand’s long-standing hyperendemic profile may foreshadow the epidemiologic state that other regions 
may be approaching. Understanding the serotype-specific epidemiology in hyperendemic contexts is therefore essential 
for anticipating disease burden and guiding future surveillance and vaccine strategies.

As dengue epidemiology continues to evolve regionally, serotypes that are currently underrepresented in certain set-
tings may become more relevant as multi-serotype co-circulation becomes established. In regions experiencing sequential 
serotype introduction, apparent differences in serotype importance may reflect transitional epidemiologic phases rather 
than intrinsic differences in public health relevance. These dynamics may have contributed to perceptions that certain 
serotypes, such as DENV-2, are more clinically consequential, whereas others, such as DENV-4, cause milder clinical 
presentations in some settings [18,19]. However, such impressions are largely derived from regionally and temporally con-
strained datasets and may reflect differences in transmission intensity, population immunity, and surveillance practices. 
Evidence from long-standing hyperendemic settings supports this interpretation. For example, a meta-analysis reported 
differential associations between serotypes, infection sequence, and severe outcomes, while also noting substantial het-
erogeneity, limited representation of certain serotypes—particularly DENV-4—and potential publication bias [20]. Accord-
ingly, low observed prevalence should not be equated with low public health importance.

To address gaps in long-term serotype-specific epidemiology, we present nearly two decades of passive surveillance 
data from Kamphaeng Phet, Thailand, spanning 2004–2022. The long duration of surveillance provides a unique oppor-
tunity to examine sustained serotype co-circulation, shifts in dominant serotypes, and the contribution of serotypes that 
may appear infrequent in shorter-term or regionally limited datasets. Because passive surveillance preferentially captures 
symptomatic infections that present to clinical care, the data reflects a direct measure of serotype-specific contributions 
to clinically apparent dengue burden over time. By characterizing serotype-specific epidemiologic patterns across nearly 
two decades, our study offers insight into how all four DENV serotypes contribute to dengue disease burden and provides 
context relevant to regions currently undergoing epidemiologic transition toward hyperendemicity.

Methods

Ethics statement

The surveillance study was approved by Thailand Ministry of Public Health (MoPH) Ethical Research Committee 
(#10/2558), Siriraj Ethics Committee on Research involving Human Subjects (#593/2557), Institutional Review Board for 
the Protection of Human Subjects State University of New York Upstate Medical University (#2014-5), and Walter Reed 
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Army Institute of Research Institutional Review Board (#2819). Written informed consent was obtained from all adult par-
ticipants, and from a parent or legal guardian for all pediatric participants.

Data were obtained from passive surveillance of patients presenting with acute febrile illness. All data received and 
analyzed in this study were de-identified.

Passive surveillance:.  Data were obtained from Kamphaeng Phet Hospital, a 410-bed provincial hospital in the lower 
northern region of Thailand. Samples were collected from patients presenting to the hospital with suspected dengue 
infection according to WHO case definitions in use at that time [5,21]. Majority of patients were recruited from inpatient 
settings, with some recruited from outpatient department. Demographic information, including age, sex, and district of 
residence, was recorded at the first visit. Blood samples were collected on presentation and at time of discharge for the 
laboratory testing below.

PCR detection and serology:.   All samples were tested using an RT-PCR assay to confirm dengue infection, 
followed by nested PCR on positive samples to determine the infecting serotype [22]. Co-infection was defined as the 
detection of two serotypes in the same sample. Dengue-specific IgM and IgG antibodies were measured by ELISA, and 
paired samples collected at least five days apart were used to classify infections as acute primary or secondary infection 
based on established serologic criteria and expert interpretation [23]. Cases without adequate follow-up specimens were 
considered non-diagnostic, and those lacking serologic evidence of recent flavivirus infection by ELISA were categorized 
as “ELISA negative” in the figures below.

Statistical analysis:.   Descriptive analyses were performed using R software (version 4.4.2). Case characteristics 
were summarized as percentages for categorical variables and as medians with interquartile ranges for continuous 
variables, as appropriate. Differences in the proportion of infection types among the four dengue serotypes were 
first assessed using the chi-square test for categorical variables or the Kruskal-Wallis rank sum test for continuous 
variables. Follow-up analyses were conducted using multivariable logistic regression models, with DENV-1 used as 
the reference serotype. To account for non-linear age effects in modeling dengue epidemiological patterns, we applied 
generalized additive models (GAMs) with binomial family, comparing each serotype (DENV-2, DENV-3, and DENV-
4) individually against DENV-1. Models included a smooth term for age, fixed effects for infection type, and random 
effects for calendar year to account for year-to-year variation in serotype distribution. P-values ≤ 0.05 were considered 
statistically significant.

Results

Study population and surveillance overview. During the passive surveillance period from 2004 to 2022, 16,108 indi-
viduals were tested for dengue, among whom 6,841 (42.5%) PCR-confirmed dengue cases were identified. One case 
representing a co-infection with DENV-1 and DENV-3 was excluded from subsequent analysis. Males and females were 
represented in approximately equal proportions. The overall age distribution was left-skewed, with the highest burden 
observed among older children, adolescents, and young adults aged 10–21 years, who accounted for approximately half 
of all cases (Table 1). Age distribution varied by serotype, as described below.
Temporal patterns and serotype distribution. Dengue infections exhibited marked seasonality, peaking during Thai-
land’s rainy season (May-October), with the highest cumulative admitted case counts occurring in July (S1 Fig). All four 
dengue serotypes circulated throughout the nearly two-decade study period, with substantial year-to-year variation in 
the predominant serotype. Overall, DENV-1 through DENV-4 accounted for 32.8%, 25.9%, 24.8%, and 16.5% of cases, 
respectively. Fig 1 depicts annual dengue case counts alongside the predominant serotype of each year.
Clinical burden and serotype-specific differences: Within this passive surveillance system, which predominantly cap-
tured patients from inpatient department, nearly all detected dengue cases across serotypes were hospitalized (96.0%-
97.6%). Among the 6,614 hospitalized dengue cases, DENV-1 through DENV-4 accounted for 32.7%, 25.7%, 24.9%, and 
16.7% of cases, respectively.
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Among hospitalized cases with determined infection status, DENV-1 (54.0%) and DENV-3 (35.0%) accounted for the 
largest proportions of primary infections. In contrast, serotype distribution among hospitalized secondary infections was 
more evenly distributed, with DENV-1 through DENV-4 accounting for 29.4%, 25.0%, 26.5%, and 19.0% of cases, respec-
tively. Serotype distribution by admission status is shown in Fig 2.

Table 1.  Distribution of demographic among all dengue cases detected from passive surveillance by DENV serotype.

Overall
N = 6,840a

Outpatient
N = 226a

Inpatient
N = 6,614a

Age 15.0 (10.0, 21.0) 13.0 (9.0, 20.0) 15.0 (10.0, 21.0)

Sex

Female 3,424 (50.1%) 105 (46.5%) 3,319 (50.2%)

Male 3,416 (49.9%) 121 (53.5%) 3,295 (49.8%)

Serotype

DENV-1 2,242 (32.8%) 81 (35.8%) 2,161 (32.7%)

DENV-2 1,769 (25.9%) 70 (31.0%) 1,699 (25.7%)

DENV-3 1,697 (24.8%) 48 (21.2%) 1,649 (24.9%)

DENV-4 1,132 (16.5%) 27 (11.9%) 1,105 (16.7%)

aMedian (Q1, Q3); n (%).

https://doi.org/10.1371/journal.pntd.0014093.t001

Fig 1.  Temporal trends of DENV serotypes in Kamphaeng Phet, Thailand, showing co-circulation of all four serotypes with alternating domi-
nance by year. A) Total case count by year and B) proportion serotypes detected among all cases detected via passive surveillance.

https://doi.org/10.1371/journal.pntd.0014093.g001
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Across serotypes, secondary infections comprised a greater proportion of hospitalized cases, accounting for 59.3%, 
64.0%, 70.1%, and 75.0% of hospitalized cases for DENV-1 through DENV-4, respectively. Confirmed primary infections 
represented a smaller fraction of hospitalized cases for each serotype (8.7%, 1.5%, 7.3%, and 1.2%, respectively).  
Table 2 presents serotype-specific distributions restricted to cases with determined infection status (primary or secondary).
Association between infection sequence and serotype. All four dengue serotypes were detected in both primary and 
secondary infections; however, secondary infections predominated across all serotypes, ranging from 58.5% in DENV-1 to 

Fig 2.  Proportions of DENV serotypes and infection types stratified by hospitalization status. PCR-confirmed infections were classified by paired 
serology into primary or secondary. Undetermined serology status included both non-diagnostic from inadequate follow-up and ELISA-negative results.

https://doi.org/10.1371/journal.pntd.0014093.g002

Table 2.  Serotype distribution among hospitalized dengue cases with determined infection 
sequence status.

Serotype Primary
N = 226a

Secondary
N = 6,614a

DENV-1 191 (12.7%) 1,311 (87.3%)

DENV-2 25 (2.2%) 1,106 (97.8%)

DENV-3 124 (9.6%) 1,172 (90.4%)

DENV-4 14 (1.6%) 847 (98.4%)
an (%).

Percentages are calculated among cases classified as primary or secondary infection. Cases with non-
diagnostic serology or no serologic evidence of recent infection were excluded from these denominators.

https://doi.org/10.1371/journal.pntd.0014093.t002
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74.8% in DENV-4 (Fig 3). While descriptive analysis suggested a higher proportion of secondary infection for DENV-3 and 
DENV-4, multivariable regression adjusted for age and calendar year—restricted to cases with known infection sequence 
status and excluding non-diagnostic and no-evidence categories—demonstrated that only DENV-2 and DENV-4 were 
associated with significantly greater odds of secondary infection compared with DENV-1 (odds ratio [OR]: 4.94 and 5.24, 
respectively; Table 3). DENV-3 did not differ significantly from DENV-1.

Age demonstrated a non-linear association with secondary infection status (estimated degrees of freedom [edf] = 2.13, 
p < 0.001), with the probability of secondary infection increasing more steeply at younger ages and stabilizing through adulthood 
(Fig 4). Confidence intervals widened at older ages, reflecting the smaller number of infections observed in these age groups.
Age distribution and serotype-specific associations. Age distributions differed by dengue serotype. The median age 
and interquartile range were higher for DENV-2, DENV-3, and DENV-4 compared with DENV-1. This pattern is illustrated 
in Fig 5, which shows increasing proportions of DENV-2 and DENV-4 among older age categories.

In multivariable generalized additive models adjusting for infection sequence and calendar year, age demonstrated a 
significant non-linear association with the odds of DENV-2 versus DENV-1 infection (edf = 2.43, p < 0.001). Similarly, the 
odds of DENV-4 infection increased non-linearly with age (edf = 1.59, p < 0.001). Secondary infection status was inde-
pendently associated with higher odds of DENV-2 (OR: 4.65, 95% CI: 2.95-7.35) and DENV-4 (OR: 5.58, 95% CI: 2.81-
11.1) relative to DENV-1 (S1 Table).

Fig 3.  Distribution of ELISA-defined infection sequence among PCR-confirmed DENV infections. Higher proportion of secondary infections noted 
among DENV-3 and DENV-4 infections. Higher proportions of primary infection noted among DENV-1 and DENV-3 infections.

https://doi.org/10.1371/journal.pntd.0014093.g003

Table 3.  Odds ratios for secondary infection among those with clinically-apparent disease by dengue serotype from generalized additive 
model.

Predictor Category OR 95% CI P-value

Serotype DENV-2 vs DENV-1 4.94 3.14-7.76 <0.001

DENV-3 vs DENV-1 1.01 0.70-1.46 0.94

DENV-4 vs DENV-1 5.24 2.88-9.52 <0.001

Note: DENV-1 serves as the reference serotype (OR = 1.0). Models adjusted for age using smooth terms and included calendar year as random effects. 
OR, odds ratio; CI, confidence interval.

https://doi.org/10.1371/journal.pntd.0014093.t003
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In contrast, DENV-3 demonstrated an age association (edf = 1.18, p < 0.001) but no independent association with sec-
ondary infection status (p = 0.83), consistent with findings from the prior model. Significant heterogeneity across calendar 
years was observed, consistent with temporal variation in serotype-specific circulation. Fig 6 shows the predicted probabil-
ity of each serotype by age, stratified by infection sequence.

Discussion

Using nearly two decades of passive surveillance data, we demonstrate that all four DENV serotypes contributed mean-
ingfully to the clinical burden of dengue illness in Thailand. Although the overall burden was shared across serotypes, their 
relative contributions varied by age distribution and infection sequence, reflecting heterogeneity in epidemiologic patterns. 
These findings have important implications for dengue surveillance, vaccine implementation, and disease control strate-
gies in hyperendemic settings.

Throughout the surveillance period, all four DENV serotypes co-circulated in Kamphaeng Phet, with periodic shifts 
in the predominant serotype. Importantly, clinically apparent dengue cases presenting to the healthcare system were 
distributed across all four serotypes, challenging the notion that any serotype can be considered less clinically relevant. 
Although each serotype was detected annually, oscillations in outbreak dominance were observed, underscoring the 
importance of sustained, long-term surveillance. Shorter observation periods or gaps in surveillance could easily miss cir-
culation of less dominant serotypes and lead to the false impression that certain serotypes are absent or epidemiologically 
unimportant.

The predominance of secondary infections among hospitalized cases across all serotypes supports the established role 
of sequential heterotypic infections in dengue pathogenesis. This finding is consistent with prior studies linking secondary 
infection to increased risk for severe dengue [19] and with the immunological evidence implicating cross-reactive immune 

Fig 4.  Predicted probability of secondary infection by age and serotype. Predicted probabilities from generalized additive models marginalized over 
year-specific outbreak effects Models showing the non-linear association between age and probability of secondary infection for each dengue serotype. 
Lines represent DENV-1 through DENV-4 with 95% confidence intervals (shaded regions).

https://doi.org/10.1371/journal.pntd.0014093.g004
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responses and antibody-dependent enhancement in severe outcomes [7]. While our study was not designed to assess 
severity outcomes directly, the higher representation of secondary infections among clinically apparent cases reinforces 
the importance of infection history in shaping disease presentation.

We further observed that, although all serotypes contributed to clinically apparent dengue, DENV-2 and DENV-4 were 
more frequently detected in older individuals and were more strongly associated with secondary infections, even after 
accounting for year-to-year variation in serotype predominance. In this highly endemic setting, age and infection sequence 
were strongly correlated—primary infections were rarely observed beyond early adulthood—precluding formal evaluation 
of interaction effects. Nonetheless, the persistence of these associates suggests that age- and immunity-dependent fac-
tors may influence the clinical expression of different serotypes.

The association between DENV-2 and DENV-4 and older age groups warrants cautious interpretation. One potential 
explanation involves cohort effects or population aging; however, the observed associations persisted after adjusting for 
calendar year. Alternative hypotheses include viral evolution. DENV-4 has been reported to exhibit a relatively higher 
evolutionary rate compared with other serotypes, which could facilitate emergence of new DENV-4 lineages capable of 
escaping preexisting immunity [24]. Prior studies have documented genotype replacement events associated with den-
gue epidemics in Puerto Rico (1994), Nicaragua (2006), and South India (2017), including clade emergence involving 
DENV-4 [25,26]. Another possibility is differential durability of serotype-specific immunity, which could leave older individ-
uals more susceptible to certain serotypes over time. Although speculative, these observations raise important questions 

Fig 5.  Distribution of DENV serotypes over time, stratified by age group. (A) Demonstrates that all four DENV serotypes affect all age groups. An 
increasing proportion of DENV-4 infections observed in older age groups. (B) Highlights a higher burden of infection among younger individuals.

https://doi.org/10.1371/journal.pntd.0014093.g005
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about whether age-related differences in serotype distribution translate into variation in clinical risk, particularly in aging 
populations.

These findings have direct relevance for dengue vaccine development and evaluation. Effective vaccines must elicit 
balanced and durable immunity to all four serotypes, particularly given that vaccine efficacy has varied by serotype 
in clinical trials. For example, TAK-003, which is now approved for use in Thailand, demonstrated no efficacy against 
DENV-3 among dengue-naïve participants and inconclusive efficacy against DENV-4 in phase 3 trials [27]. Although 
overall efficacy was reported across serotypes among baseline seropositive participants, this group was heterogeneous 
and may not fully capture risks associated with secondary infections. Moreover, the trial population was limited to children 
and adolescents, leaving uncertainty regarding vaccine performance in older age groups. The dynamic nature of serotype 
predominance further emphasizes the need for ongoing serotype-specific vaccine effectiveness assessments and contin-
ued surveillance to identify potential gaps in protection.

Several limitations should be considered. Restriction to PCR-confirmed cases limited detection to the sensitivity of the 
assay and to the timing of sample collection, which often occurred at first clinical presentation. A substantial proportion of 
cases were classified as non-diagnostic for infection sequence due to incomplete follow-up sampling, likely related to early 
discharge among less severe cases. Although these cases were retained for analyses of serotype distribution, missing 
infection sequence data may bias estimates if primary infections were disproportionately underrepresented. We anticipate, 
however, that such bias would be relatively consistent across serotypes.

As with all passive surveillance systems, asymptomatic and mild infections that did not present for clinical care were 
not captured. Additionally, Kamphaeng Phet Hospital serves as a tertiary referral center, which may enrich the cohort 
for more clinically significant disease. Accordingly, beyond descriptive admission proportions, we did not attempt to infer 

Fig 6.  Predicted probability of DENV-2, DENV-3, and DENV-4 infection by age compared to DENV-1. Predicted probabilities from generalized 
additive models stratified by infection type marginalized over year-specific outbreak effects: primary infection (left panel) and secondary infection (right 
panel). Confidence intervals for predicted probabilities are not shown due to wide uncertainty after marginalization over calendar year. DENV-1 proba-
bility (dotted line) is approximated as 1 minus the maximum predicted probability among the other three serotypes at each age and shown for reference 
only.

https://doi.org/10.1371/journal.pntd.0014093.g006
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serotype-specific differences in disease severity. Despite these limitations, the use of passive surveillance provides a clear 
view of the serotypes contributing to clinically relevant dengue burden, which was the primary objective of this study. Inte-
gration of active surveillance in future work would allow a more complete characterization of the full spectrum of serotype- 
specific dengue infection, from asymptomatic infection to severe disease.

In summary, our findings demonstrate that all four DENV serotypes contribute substantially to clinically apparent den-
gue illness in a hyperendemic setting, with distinct age- and immunity-dependent epidemiologic patterns. Among clinically 
apparent cases, DENV-2 and DENV-4 infections were more likely to represent secondary infections compared with DENV-
1. In contrast, DENV-1 and DENV-3 accounted for the largest proportions of clinically apparent primary infections. At the 
population level, overlooking any serotype risks undermining vaccine effectiveness and compromising broader control 
strategies. Together, these results reinforce that context matters in interpreting serotype-specific dengue burden and high-
light the importance of comprehensive surveillance and truly tetravalent vaccine approaches.

Supporting information

S1 Table. Generalized additive model results for serotype-specific associations. Models compare DENV-2, DENV-3, 
and DENV-4 against DENV-1 (reference), adjusted for age (smooth term), secondary infection status, and calendar year 
(random effect). Odds ratios (OR) with 95% confidence intervals (CI) are shown for parametric terms. Effective degrees of 
freedom (edf) and p-values are shown for smooth terms.
(DOCX)

S1 Fig. Monthly distribution of dengue cases from 2004-2022 passive surveillance data. Infections peaked during 
the rainy season in Thailand (May-October).
(TIFF)
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