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Dengue virus (DENV) is a mosquitoborne flavi-
virus that causes an estimated 100 million infec-

tions and >50 million febrile illnesses every year (1). 
Although primary DENV infections are typically clin-
ically mild, secondary infection with a different strain 
can be severe and can result in thrombocytopenia, 
plasma leakage, pleural effusion, circulatory failure, 

and death (2–6). Half of the global population lives in 
an area suitable for DENV transmission, and changes 
in climate and human mobility, and the subsequent 
expansion of mosquito habitats, will continue to in-
crease the global burden of dengue (7–10).

The development of new dengue vaccines brings 
with it the need for updated travel recommendations 
for protection against DENV infection. Four dengue 
vaccines have passed phase III trials and 2 have been 
licensed for use in several countries; many more are 
in earlier phases of development (11–14). The World 
Health Organization currently recommends that 
countries consider incorporating the Qdenga vac-
cine (Takeda, https://www.takeda.com) into rou-
tine immunization programs for populations with 
>60% DENV seropositivity by age 9 but does not 
make specific recommendations for travelers (15–17). 
Travelers to DENV-endemic regions have flavivirus 
exposure histories and associated immunologic pro-
files distinct from the local populations, which might 
necessitate unique vaccine and mosquito bite pre-
vention recommendations for travelers, particularly 
those who plan to stay for extended periods. The 
number of travel-associated dengue cases has been 
steadily increasing since 2007, hitting an all-time 
high in 2019 (18).

Long-term expatriates (persons who have 
moved from other countries but typically do not 
seek citizenship and might not plan to stay perma-
nently) might be at higher risk for DENV infection 
than short-term travelers (19). Census estimates in 
2010 for Thailand counted 80,000 expatriates from 
the United States, Europe, and Australia living in the 
capital city of Bangkok alone, representing almost 
1% of the city’s total population (20). Those persons 
represent a unique intersection between traditional  
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Dengue is a major cause of illness among local popula-
tions and travelers in dengue-endemic areas, particularly 
those who stay for an extended period. However, little is 
known about dengue risk among expatriates and other 
long-term travelers. We used catalytic models of force of 
infection to estimate time to 60% dengue virus (DENV) 
seropositivity for a cross-section of expatriates living in 
Bangkok and Pattaya, Thailand. Our model adjusted for 
daily time spent outside, years not exposed to DENV, sex, 
living environment, and use of mosquito repellent, nets, 
long sleeves, and air conditioning. We estimated an ad-
justed annual force of infection of 0.014 (95% CI 0.003–
0.054) per year spent in dengue-endemic areas (67.3 
years to 60% seropositivity), below that of local popula-
tions. Our findings suggest that expatriates have a DENV 
exposure profile distinct from locals and short-term travel-
ers and should likely be considered independently when 
developing vaccine and prevention recommendations.
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travelers and native-borne Thai persons because 
although expatriates (initially) have the naive im-
munologic profile of a visitor, their daily activities 
might more closely resemble those of long-term  
residents (21).

An improved understanding of the risks experi-
enced by travelers to dengue-endemic regions is es-
sential to develop safe and effective DENV vaccine 
usage guidelines for these populations. Although the 
force of infection (FOI) (the rate at which susceptible 
persons become infected) among local populations 
for DENV can be high, risk among travelers might 
be altered by factors such as increased access to air 
conditioning and window screens (which might de-
crease risk), increased immunologic susceptibility to 
DENV (which might increase risk), or a decreased un-
derstanding of local public health threats and mitiga-
tion measures for DENV (which might increase risk) 
(22,23). Previous studies from this group, including 
an ongoing cohort study in central Thailand, have 
indicated that most citizens of Thailand have experi-
enced >1 DENV infection by 6–10 years of age (23–26).

Previously published findings from a cross-
sectional study of expatriates living in Bangkok and 
Pattaya, Thailand, found DENV seroprevalence to be 
11%–21% and showed that expatriates who have been 
in Thailand for a longer duration are more likely to 
have DENV-neutralizing antibodies (27). In this anal-
ysis, we continue that work by contrasting the esti-
mated FOI by years of residence in a dengue-endemic 
area (DEA) (such as Thailand) among expatriates with 
that experienced by native-born Thai populations. 
To estimate the time to first DENV infection, we use 
catalytic models of FOI using age-stratified DENV 
seroprevalence data. The purpose of this study is to 
describe how closely the exposure profile of expatri-
ates resembles that of native residents to target public 
health messaging and inform optimal-use scenarios 
for DENV countermeasures in this unique population.

Methods

Participant Recruitment
The study population and methods for this study 
were described previously by Kitro et al. (27). In 
brief, visitors to the Travel Medicine Clinic, Hospi-
tal for Tropical Diseases, in Bangkok, Thailand, were 
actively recruited to participate in this study by a 
member of the study team staff. Advertisements in-
viting participants to visit the clinic to enroll in the 
study were also posted in expatriate groups on social 
media (i.e., Facebook). Finally, the study team trav-
eled to a meeting of the Pattaya City Expat Club to 

enroll participants and collect samples on site. Data 
were collected during December 2017–February 2020. 
Participants were eligible for inclusion if they were 
born in a non–flavivirus-endemic region, including 
the United States/Canada, Europe, the Middle East, 
Australia/New Zealand, and East Asia (Japan, South 
Korea, and China); resided in Thailand for >1 year 
cumulatively over their lifetime; were >18 years of 
age; had no contraindication to blood draw, no his-
tory of blood transfusion in the previous 6 months, 
and no history of dengue vaccination; and provided 
informed consent.

Data Collection
Study data were collected using a short survey, in-
cluding information about participant demograph-
ics, health behaviors, mosquito bite prevention habits 
and risk factors, history of flavivirus vaccination and 
infection, and travel history. Approximately 5 mL of 
blood was drawn by venipuncture from participants 
who met the inclusion criteria. Laboratory testing was 
performed at the Armed Forces Research Institute 
of Medicine in Bangkok. Specimens were tested for 
neutralizing antibody titers against all 4 DENV sero-
types, as well as Japanese encephalitis (JEV) and Zika 
virus (ZIKV), using plaque-reduction neutralization 
test (PRNT). The PRNT assay provides a quantitative 
measure of the antibody response after arbovirus ex-
posure by measuring the inhibition of virus infection. 
The in vitro study uses a monolayer of C6/36 cells 
on agar that are infected with virus, leading to cell 
death and creation of viral plaques. Viruses used in 
this study were DENV-1 (16007), DENV-2 (16681), 
DENV-3 (16562), DENV-4 (C0036/06), JEV 0423 (SA-
14-14-2, vaccine strain), and ZIKV (SV127/14, Thai 
isolated strain). When mixed with serum contain-
ing antibodies, the infection is inhibited, and plaque 
number is reduced. Serum dilutions can be compared 
with a control with no virus-neutralizing antibodies 
to determine the serum concentration at which a 50% 
plaque reduction is observed (PRNT50) (28).

A PRNT50 value of >0.5 in any >1 of the 4 DENV 
serotypes qualified a person as seropositive. Partici-
pants were defined as DENV naive if they were nega-
tive for all 4 DENV strains, monotypic if they were 
positive for only 1 DENV strain, and multitypic if 
they were positive for >2 DENV strains.

Variables
We calculated time in a DEA by adding cumulative 
time living in Thailand (in months) and travel of >1 
month to dengue-endemic countries. We rounded up 
time to the nearest year.

http://www.cdc.gov/eid
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We prioritized 6 potential demographic confound-
ers in the analysis for the association between time spent 
in a DEA and DENV seropositivity: time unexposed 
(calculated by subtracting time in DEA from age; this 
covariate was used as a proxy for age to minimize cor-
relation between age and years in DEA), average daily 
time spent outdoors, sex, marriage to a local of South-
east Asia, employment status, and living environment. 
Average daily time spent outside was reported in hours. 
Employment status was categorized into employed or 
unemployed/retired on the basis of an open-ended 
survey question. Participants selected urban, suburban, 
rural, or farm for living environment. Analyses used a 
binary variable comparing urban to any other response.

We also collected information about how fre-
quently 5 mosquito bite–prevention strategies were 
used: mosquito repellant, long sleeves, window 
screens, mosquito netting, and air conditioning. Par-
ticipants self-reported frequency on a scale of 1 (daily) 
to 5 (never). We split those measures at the median to 
create binary variables; we categorized values below 
the median as more frequent use and values greater 
than or equal to the median as less frequent use.

Data Analysis
We estimated FOI by fitting serocatalytic models, us-
ing seropositivity to >1 of the 4 DENV serotypes as the 
outcome. We fit serostatus by using a binomial model 
with a cloglog link function with log(years in DEA) as 
an offset. We adapted code from Ribeiro dos Santos 
et al. (23) and implemented it using R-INLA, which is 
syntactically similar to the lm function in R where lin-
ear predictors can be incorporated (29). We fit a crude 
model to estimate overall FOI, as well as univariate 
models incorporating each of the 6 demographic 
and 5 mosquito prevention variables described and 
a saturated model incorporating all 11 variables. We 
also used a 10% backward selection method to de-
velop a reduced model. In this method, variables are 

removed from the model sequentially. The variable 
with the least impact on the model is dropped, pro-
vided that removing that variable changes the FOI 
estimate to <10%. We repeated this process until no 
variables could be removed without >10% change in 
the FOI. All models included the log(years in DEA) 
offset term (Appendix, https://wwwnc.cdc.gov/
EID/article/31/6/24-1686.App1.pdf). We performed 
all analyses using R version 4.3.1 (The R Project for 
Statistical Computing, https://www.r-project.org).

Sensitivity Analysis
To assess the effect of cross-reactivity between flavi-
viruses, we performed a sensitivity analysis. We as-
sumed all persons with PRNT50 >0.5 for JEV or ZIKV 
were seronegative for DENV.

Ethical Considerations
The study was approved by the Ethics Committee of 
Mahidol University (FTM ECT-019-06), the Walter 
Reed Army Institute of Research Institutional Review 
Board, the oversight body for AFRIMS regulatory 
approval (WRAIR no. 2500), and the University of 
Minnesota Institutional Review Board, which was the 
funding source for this study. All study participants 
provided informed written consent, and all data were 
anonymized before analysis.

Results

Participants
Of 235 participants who met the inclusion criteria, 71 
(30%) were seropositive for >1 DENV strain. Of those, 
29 (41%) were monotypic and 42 (59%) were multi-
typic. Ten (4%) participants were JEV positive and 5 
(2%) were ZIKV positive (Table 1). Persons who were 
DENV negative had spent an average of 9 years in 
a DEA, compared with 14 years for those who were 
DENV positive (p = 0.02) (Table 2). Approximately 

 
Table 1. Serostatus of participants in study of force of infection model for estimating time to DENV seropositivity among expatriate 
populations, Thailand* 

Serostatus 
No. (%) participants 

Total, n = 235 DENV-negative, n = 164 DENV-positive, n = 71 
Dengue 

   

 DENV-negative 164 (70)   
 Monotypic† 29 (12)   
 Multitypic‡ 42 (18)   
Japanese encephalitis 

   

 JEV-negative 225  160 (71.1) 65 (28.9) 
 JEV-positive 10  4 (40) 6 (60) 
Zika 

   

 ZIKV-negative 230 161 (70) 69 (30) 
 ZIKV-positive 5 3 (60) 2 (40) 
*DENG, dengue virus; JEV, Japanese encephalitis virus; ZIKV, Zika virus. 
†Person was previously infected with only 1 DENV serotype.  
‡Person was previously infected with >2 different DENV serotypes. 
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1% (279 of 25,922 months) of the total months in a 
DEA were attributed to time spent in dengue-endem-
ic countries outside of Southeast Asia.

Study participants were primarily men (84%) and 
retired (57%). Participant age ranged from 23 to 94 years; 
the average age was 61 (median 66) years. Most (60%) 
participants lived in an urban area, and >1 in 4 (27%) 
were married to a person from Southeast Asia (Table 2).

FOI Models
Assuming a static FOI for the entirety of time spent 
in a DEA and incorporating no other risk factors, we 
estimated an annual FOI of 0.042 (95% CI 0.033–0.053) 
(≈23.9 years to first DENV infection). Using this mod-
el, 60% seroprevalence is reached after 21.9 years in 
DEA (Figure). Watanabe-Akaike information criteri-
on (WAIC), a Bayesian measure similar to the Akaike 
information criterion, was 295.0.

No covariates were significantly associated with 
DENV seropositivity in univariate models (Table 
3). The 10% backward selection method retained 
years unexposed, male, urban living setting, and fre-
quent use of mosquito repellent, mosquito nets, long 

sleeves, and air conditioning (Table 4). Only urban 
living setting was significantly associated with DENV 
seropositivity in the reduced model (OR 2.45 [95% CI 
1.09–5.49]). WAIC for that model was 300.8. A differ-
ence of 5.8 between WAIC values provides weak but 
not conclusive evidence that the crude model is a bet-
ter predictor than the reduced model (31).

Using the reduced multivariate model, we esti-
mated an annual FOI of 0.014 (95% CI 0.003–0.054) 
(73.5 years to first DENV infection, 67.3 years to 60% 
DENV seropositivity). Using the reduced multivari-
ate model, a person who is at higher risk for all in-
cluded variables, where higher risk means associated 
with higher odds of seropositivity in the reduced 
model regardless of significance (i.e., lived 60 years 
in a nonendemic region, male sex, urban living set-
ting, frequent use of mosquito repellent and nets, and 
infrequent use of long sleeves and air conditioning) 
would have an estimated annual FOI of 0.101 (95% 
CI 0.046–0.218). Conversely, a person who is at lower 
risk for those variables (i.e., lived 17 years in a nonen-
demic region, female sex) would have an estimated 
annual FOI of 0.007 (95% CI 0.002–0.025).

 
Table 2. Descriptive statistics of 235 expatriate participants in study of force of infection model for estimating time to DENV 
seropositivity among expatriate populations, Thailand* 
Characteristic Total, n = 235 DENV-negative, n = 164 DENV-positive, n = 71 p value 
Median time in DEA (range), y 7 (1–53) 7 (1–37) 10 (1–53) 0.02† 
Median age (range), y 66 (23–94) 65 (23–88) 68 (27–94) 0.16† 
Median time unexposed (range), y 54 (21–78) 53 (21–78) 54 (23–75) 0.94† 
Average time outside daily (range), h 5.0 (0.0–24.0) 6.0 (0.0–24.0) 4.5 (0.0–16.0) 0.21† 
Sex 

   
0.75‡ 

 M 186 (84) 129 (84) 57 (83) 
 

 F 36 (16) 24 (16) 12 (17) 
 

Married to person from Southeast Asia 
   

0.91‡ 
 Yes 64 (27) 45 (27) 19 (27) 

 

 No 171 (73) 119 (73) 52 (73) 
 

Employment status 
   

0.45‡ 
 Employed 50 (25) 36 (26) 14 (21) 

 

 Unemployed/retired 185 (75) 128 (74) 57 (79) 
 

Living setting 
   

0.084‡ 
 Urban 197 (84) 133 (81) 64 (90) 

 

 Nonurban 38 (16) 31 (19) 7 (10) 
 

Mosquito repellent 
   

0.68‡ 
 Frequent 56 (24) 38 (23) 18 (26) 

 

 Infrequent 179 (76) 126 (77) 53 (74) 
 

Long sleeves 
   

0.2‡ 
 Frequent 112 (48) 83 (51) 29 (41) 

 

 Infrequent 123 (52) 81 (49) 42 (59) 
 

Window screens 
   

0.8‡ 
 Frequent 94 (40) 65 (40) 29 (41) 

 

 Infrequent 141 (60) 99 (60) 42 (59) 
 

Mosquito nets 
   

0.83‡ 
 Frequent 72 (31) 50 (30) 22 (32) 

 

 Infrequent 163 (69) 114 (70) 49 (68) 
 

Air conditioning 
   

0.36‡ 
 Frequent 94 (40) 69 (42) 25 (36) 

 

 Infrequent 141 (60) 95 (58) 46 (64) 
 

*Values are no. (%) except as indicated. DEA, dengue-endemic area; DENV, dengue virus. 
†By Wilcoxon rank-sum test. 
‡By Pearson 2 test. 
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Sensitivity Analysis
Eight persons who were DENV positive in the orig-
inal analysis were positive for either ZIKV (n = 2) 
or JEV (n = 6) and were therefore considered DENV 
negative for the sensitivity analysis. Using those 
data, we estimated an average annual FOI of 0.037 
(95% CI 0.028–0.046) (26 years to 60% seropositive) 
in the crude model, representing a 17% decrease, 
and 0.011 (95% CI 0.003–0.049) (82 years to 60% se-
ropositive) in the adjusted model, representing a 
21% decrease.

Discussion
In our study of 235 expatriates living in Bangkok and 
Pattaya, Thailand, we found a crude DENV FOI of 
0.042/year spent in DEA, equating to an estimated 
23.9 years to first DENV infection and 21.9 years to 
60% DENV seroprevalence. When we adjusted for 
years unexposed to DENV, sex, living environment, 
and frequent use of repellent, mosquito nets, long 
sleeves, and air conditioning, the FOI estimate de-
creased to 0.014, or 73.5 years to first DENV infection 
and 67.3 years to 60% DENV seropositivity. Using the 

Figure. Crude force of infection 
by years in dengue-endemic 
area (DEA) in study of force of 
infection model for estimating 
time to DENV seropositivity 
among expatriate populations, 
Thailand. A serocatalytic 
model estimating dengue force 
of infection was fit using a 
binomial model with a cloglog 
link function with log(years in 
DEA) as an offset. Solid red line 
represents the crude model; 
solid green line represents the 
reduced model. The solid blue 
line represents approximate 
seroprevalence among locals 
of Thailand, as modeled by 
Hamins Puertolas et al. (25). 
Dotted line indicates 60% DENV 
seroprevalence. Black bars show 
the seroprevalence of DENV 
among all study participants in 
5-year bins of years spent in a 
DEA. Uncertainty in measured 
seroprevalence was calculated 
using the Wilson confidence 
interval for proportions (30). 
DENV, dengue virus.

 
Table 3. Estimates from univariate logistic models of dengue seropositivity by years in a dengue-endemic area in study of force of 
infection model for estimating time to dengue virus seropositivity among expatriate populations, Thailand* 
Covariate in univariate models Odds ratio (95% CI) 
Years unexposed 1.01 (0.9–1.02) 
Average daily time outside, h 0.98 (0.92–1.03) 
Male sex 1.24 (0.69–2.25) 
Married to native of Southeast Asia 0.75 (0.44–1.22) 
Employed 0.72 (0.45–1.48) 
Urban living setting 2.04 (0.93–4.49) 
Frequent use of mosquito repellent 1.11 (0.65–1.91) 
Frequent use of mosquito nets 1.02 (0.61–1.71) 
Frequent use of window screens 1.02 (0.63–1.65) 
Frequent use of long sleeves 0.66 (0.41–1.07) 
Frequent use of air conditioning 0.75 (0.46–1.24) 
*Force of infection for years in dengue-endemic area (DEA) is 0.04 (95% CI 0.03–0.06). Serocatalytic models estimating dengue force of infection were fit 
using a binomial model with a cloglog link function with log(years in DEA) as an offset. Crude model contains only log(years in DEA) offset. Univariate 
models included 1 covariate and the log(years in DEA) offset.  
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adjusted model, a person who is at high risk in all our 
exposure categories has an estimated FOI per year in 
DEA of 0.101, >8 times higher than that in the low-
risk group (0.007).

Our results suggest that expatriates are a unique 
population who should be considered as such when 
developing recommendations for DENV control and 
prevention. Our average time to 60% seroprevalence 
was more than twice that for Thai locals, suggesting 
that expatriates and other long-term travelers might 
experience a much lower risk for DENV exposure rel-
ative to native residents. Data from Rayong Province, 
which is geographically adjacent to Pattaya, found 
most persons to be infected by age 10; in other areas, 
that age is as low as 6 years (26,32,33).

The difference in the estimated annual FOI for 
high (13.5%) versus low (0.4%) risk participants high-
lights the need to consider risk when recommend-
ing vaccination to the expatriate population. For ex-
ample, short-term travelers who stay in urban areas 
might benefit from vaccination during periods of 
epidemic transmission because of possibly high and 
transient multitypic cross-protection, but they might 
experience increased risk with subsequent travel (in 
the months or early years after vaccination) as immu-
nity wanes. This area bears more study and explora-
tion and was not specifically addressed by Takeda or 
the manufacturers of the Dengvaxia vaccine (Sanofi 
Pasteur, https://www.sanofi.com), nor was specific 
guidance provided by the World Health Organization 
regarding vaccination of short- or long-term travelers.

The use of mosquito repellents such as DEET 
and picaridin has been shown to be effective in re-
ducing mosquito bite frequency when applied 
regularly (34,35). Those and other primary preven-
tion strategies, as well as community mosquito con-
trol measures, have been the recommendations for  

dengue prevention while awaiting more effective 
countermeasures for DENV (e.g., vaccines and antivi-
ral drugs) (2). Although we did not find a significant 
association between those prevention measures and 
DENV seropositivity, the difference in FOI between 
the groups at low risk and high risk (0.007 for low 
risk and 0.101 for high risk) suggests that those risk 
factors might still be drivers of infection risk and 
underscores the continued importance of nonvac-
cine interventions. Participants also could have over-
reported repellant usage to more closely align with 
recommendations, which would introduce bias into 
those findings.

Of note, our study population was primarily ur-
ban (60%) and male (84%), and the average age was 
61 years. This group might be slightly older and have 
a higher representation of men than the overall ex-
patriate population; a 2021 study from Kitro et al. 
(36) found Western expatriates in Bangkok and Chi-
ang Mai to be 75% men and an average of 56 years of 
age, and the 2010 census reports that expatriates in 
Bangkok were ≈64% male (37). Bangkok and Pattaya 
are both attractive retirement spots for Westerners 
and typically attract an older, more male population 
(38). Therefore, we do consider our study population 
to be representative of the expatriate population in 
those communities. Lifestyle differences, including 
working outside during the day and housing- and 
infrastructure-related risk factors, were expected to 
play a role in determining time to DENV infection. 
However, we found no significant association be-
tween DENV infection and age (measured as years 
unexposed to DENV), employment, or time spent 
outside in univariate or multivariate analyses (Table 
2). We did find an association with urban versus non-
urban residence (OR  2.45 [95% CI 1.09–5.49]) in the 
multivariate analysis. Future studies could examine 
this relationship in more depth by measuring housing 
and workplace infrastructure more explicitly.

The first limitation of our study is that our mod-
el does not directly take multiple infections into ac-
count. PRNT results across DENV serotypes are 
known to be highly cross-reactive, and it is therefore 
difficult to assess the number and timing of infections 
associated with multitypic serostatus (6). For this rea-
son, the FOI estimated in this model probably slightly 
underrepresents the actual value, whereas a model 
incorporating multiple infections would overestimate 
the true value. In addition, exposure to cross-reacting 
arboviruses such as JEV and ZIKV might also affect 
estimates, something we try to account for, making 
it difficult to address questions about time to postpri-
mary infection.

Table 4. Estimates from reduced multivariate model of DENV 
seropositivity by years in a dengue-endemic area in study of 
force of infection model for estimating time to seropositivity 
among expatriate populations, Thailand* 
Reduced multivariate model Odds ratio (95% CI) 
Years unexposed 1.01 (0.99–1.02) 
Male sex 1.35 (0.74–2.47) 
Urban living setting 2.45 (1.09–5.49) 
Frequent use of mosquito repellent 1.33 (0.75–2.35) 
Frequent use of mosquito nets 1.22 (0.69–2.16) 
Frequent use of long sleeves 0.62 (0.36–1.05) 
Frequent use of air conditioning 0.77 (0.46–1.30) 
*Force of infection (FOI) is 0.01 (95% CI 0.00–0.05). Serocatalytic models 
estimating dengue force of infection were fit using a binomial model with a 
cloglog link function with log(years in dengue-endemic area) as an offset. 
A 10% backward selection method was used to determine which variables 
were included in the reduced model. Variables were sequentially removed 
from the model, and the variable with the least impact on the model was 
dropped. This process was repeated until no variables could be removed 
without >10% change in the FOI. 
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Dengue has substantial interannual variation, in 
both number of cases and case serotype (39). Major 
outbreaks occur regularly in Thailand, most recently 
in 2015, 2019, and 2023 (40). This study does not inves-
tigate the possibility of cohort effects related to these 
outbreak years; future studies might use number of 
outbreaks experienced as a length-of-stay variable, or 
weight length of stay by annual disease burden. This 
study lacked the sample size to power a time-varying 
FOI analysis, but the use of constant FOI to describe 
DENV serology is common in hyperendemic regions 
like Thailand, and the models have been shown to fit 
DENV data well (25,26). However, more research is 
necessary to evaluate whether FOI varies over time, 
which could help identify periods at which expatri-
ates are at higher or lower risk. Finally, the inherent 
limitations of a cross-sectional study limit capacity 
to assess the effects of waning immunity and sero-
reversion. Previous studies have shown serorever-
sion rates of <4%, but many unknowns remain about 
the extent to which primary DENV infections provide 
lasting immunity (41–43). In addition, we are not able 
to determine consistency of covariates over time and 
are therefore only able to draw conclusions about 
each person’s current behaviors. A future prospective 
study should assess how these characteristics, and 
their associated outcomes, might change over time.

In conclusion, we found that the DENV infection 
profile of expatriates living in Bangkok and Pattaya, 
Thailand, does not closely resemble that of native-
born residents. The relatively low rate of DENV infec-
tion in expatriates suggests that we should consider 
them to be a group with a distinct exposure profile 
compared with both local residents and short-term 
travelers. Future studies examining longitudinal 
DENV exposure profiles in other native and expatri-
ate populations, and in other regions, will be key to 
place these findings in a global context. However, our 
findings should be considered when developing tar-
geted public health messaging and could help inform 
recommendations for both vaccine and nonvaccine 
DENV prevention measures.

Acknowledgments
We thank the staff at the Thai Travel Clinic, as well as the 
Pattaya City Expat club. We also thank the Armed Forces 
Research Institute of Medical Sciences staff for their help in 
collecting specimens, recruiting participants, and  
analyzing samples.

This work was funded by a seed grant from the Center 
for Global Health and Social Responsibility, University of 
Minnesota, Academic Health Center Global Health Seed 

Grant, and Walter H. Judd International Research  
Fellowship. Additional funding was provided by the US 
Department of Health and Human Services, National 
Institutes of Health, National Institute of Allergy and 
Infectious Diseases (P01 AI034533/AI/NIAID NIH HHS/
United States and R01 AI175941/AI/NIAID NIH HHS/
United States).

Material has been reviewed by the Walter Reed Army  
Institute of Research. There is no objection to its  
publication. The opinions or assertions contained herein 
are the private views of the author, and are not to be  
construed as official, or as reflecting true views of the  
Department of the Army or the Department of Defense. 
The investigators have adhered to the policies for  
protection of human subjects as prescribed in AR 70–25.

About the Author
Ms. Rapheal is a PhD student in the Epidemiology and 
Community Health program at the University of  
Minnesota School of Public Health. She is interested in  
infectious disease, global health, epidemiologic modeling, 
and spatial epidemiology.

References
  1.	 Cattarino L, Rodriguez-Barraquer I, Imai N, Cummings DAT, 

Ferguson NM. Mapping global variation in dengue  
transmission intensity. Sci Transl Med. 2020;12:eaax4144. 
https://doi.org/10.1126/scitranslmed.aax4144

  2.	 World Health Organization. Dengue and severe dengue 
[2020 Apr 12]. https://www.who.int/news-room/ 
fact-sheets/detail/dengue-and-severe-dengue

  3.	 Halstead SB, Yamarat C. Recent epidemics of hemorrhagic 
fever in Thailand: observations related to pathogenesis of a 
“new” dengue disease. Am J Public Health Nations Health. 
1965;55:1386–95. https://doi.org/10.2105/AJPH.55.9.1386

  4.	 Sabin AB. Research on dengue during World War II. Am 
J Trop Med Hyg. 1952;1:30–50. https://doi.org/10.4269/
ajtmh.1952.1.30

  5.	 Centers for Disease Control and Prevention. Dengue shock 
syndrome (DSS) 2010 case definition [cited 2024 Jan 29]. 
https://ndc.services.cdc.gov/case-definitions/ 
dengue-shock-syndrome-2010

  6.	 Halstead SB, Rojanasuphot S, Sangkawibha N. Original 
antigenic sin in dengue. Am J Trop Med Hyg. 1983;32:154–6. 
https://doi.org/10.4269/ajtmh.1983.32.154

  7.	 Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, 
Moyes CL, et al. The global distribution and burden of 
dengue. Nature. 2013;496:504–7. https://doi.org/10.1038/
nature12060

  8.	 Naish S, Dale P, Mackenzie JS, McBride J, Mengersen K, 
Tong S. Climate change and dengue: a critical and systematic 
review of quantitative modelling approaches. BMC Infect 
Dis. 2014;14:167. https://doi.org/10.1186/1471-2334-14-167

  9.	 Rocklöv J, Tozan Y. Climate change and the rising infectious-
ness of dengue. Emerg Top Life Sci. 2019;3:133–42. 

10.	 Gubler DJ. Dengue, urbanization and globalization: 
the unholy trinity of the 21st century. Trop Med Health. 
2011;39(Suppl):3–11. https://doi.org/10.2149/tmh.2011-S05

http://www.cdc.gov/eid
https://doi.org/10.1126/scitranslmed.aax4144
https://www.who.int/news-room/
https://doi.org/10.2105/AJPH.55.9.1386
https://doi.org/10.4269/ajtmh.1952.1.30
https://doi.org/10.4269/ajtmh.1952.1.30
https://ndc.services.cdc.gov/case-definitions/
https://doi.org/10.4269/ajtmh.1983.32.154
https://doi.org/10.1038/nature12060
https://doi.org/10.1038/nature12060
https://doi.org/10.1186/1471-2334-14-167
https://doi.org/10.2149/tmh.2011-S05


RESEARCH

1156	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 6, June 2025

11.	 Menon S, Wilder-Smith A. New vaccines on the immediate  
horizon for travelers: chikungunya and dengue vaccines.  
Curr Infect Dis Rep. 2023;25:211–24. https://doi.org/10.1007/ 
s11908-023-00811-x

12.	 Thomas SJ. Is new dengue vaccine efficacy data a relief or 
cause for concern? NPJ Vaccines. 2023;8:55. 

13.	 Kallás EG, Cintra MAT, Moreira JA, Patiño EG, Braga PE, 
Tenório JCV, et al. Live, attenuated, tetravalent  
butantan-dengue vaccine in children and adults. N Engl J 
Med. 2024;390:397–408. https://doi.org/10.1056/ 
NEJMoa2301790

14.	 Nogueira ML, Cintra MAT, Moreira JA, Patiño EG, Braga PE, 
Tenório JCV, et al.; Phase 3 Butantan-DV Working Group. 
Efficacy and safety of Butantan-DV in participants aged 2–59 
years through an extended follow-up: results from a  
double-blind, randomised, placebo-controlled, phase 3, 
multicentre trial in Brazil. Lancet Infect Dis. 2024;24:1234–44. 
https://doi.org/10.1016/S1473-3099(24)00376-1

15.	 Angelin M, Sjölin J, Kahn F, Ljunghill Hedberg A, Rosdahl A, 
Skorup P, et al. Qdenga—a promising dengue fever vaccine; 
can it be recommended to non-immune travelers? Travel 
Med Infect Dis. 2023;54:102598. https://doi.org/10.1016/ 
j.tmaid.2023.102598

16.	 Freedman DO. A new dengue vaccine (TAK-003) now WHO 
recommended in endemic areas; what about travellers? 
 J Travel Med. 2023;30:taad132. https://doi.org/10.1093/ 
jtm/taad132

17.	 World Health Organization. WHO position paper on dengue 
vaccines–May 2024 [cited 2024 Sep 4]. https://iris.who.int/
bitstream/handle/10665/376641/WER9918-eng-fre.pdf

18.	 Duvignaud A, Stoney RJ, Angelo KM, Chen LH, Cattaneo P, 
Motta L, et al.; GeoSentinel Network. Epidemiology of  
travel-associated dengue from 2007 to 2022: a GeoSentinel  
analysis. J Travel Med. 2024;31:taae089. https://doi.org/ 
10.1093/jtm/taae089

19.	 Kitro A, Ngamprasertchai T, Srithanaviboonchai K.  
Infectious diseases and predominant travel-related  
syndromes among long-term expatriates living in low-and 
middle- income countries: a scoping review. Trop Dis  
Travel Med Vaccines. 2022;8:11. https://doi.org/10.1186/
s40794-022-00168-4

20.	 World Population Review. Bangkok population 2023  
[cited 2023 Dec 26]. https://worldpopulationreview.com/
world-cities/bangkok-population

21.	 Shepherd SM, Shoff WH. Vaccination for the expatriate and 
long-term traveler. Expert Rev Vaccines. 2014;13:775–800. 
https://doi.org/10.1586/14760584.2014.913485

22.	 Reiter P, Lathrop S, Bunning M, Biggerstaff B, Singer D,  
Tiwari T, et al. Texas lifestyle limits transmission  
of dengue virus. Emerg Infect Dis. 2003;9:86–9.  
https://doi.org/10.3201/eid0901.020220

23.	 Ribeiro Dos Santos G, Buddhari D, Iamsirithaworn S, 
Khampaen D, Ponlawat A, Fansiri T, et al. Individual, 
household, and community drivers of dengue virus infection 
risk in Kamphaeng Phet Province, Thailand. J Infect Dis. 
2022;226:1348–56. https://doi.org/10.1093/infdis/jiac177

24.	 Anderson KB, Buddhari D, Srikiatkhachorn A,  
Gromowski GD, Iamsirithaworn S, Weg AL, et al.  
An innovative, prospective, hybrid cohort-cluster study 
design to characterize dengue virus transmission in  
multigenerational households in Kamphaeng Phet, Thailand. 
Am J Epidemiol. 2020;189:648–59. https://doi.org/10.1093/
aje/kwaa008

25.	 Hamins-Puértolas M, Buddhari D, Salje H, Cummings DAT, 
Fernandez S, Farmer A, et al. Household immunity and 
individual risk of infection with dengue virus in a  

prospective, longitudinal cohort study. Nat Microbiol. 
2024;9:274–83. https://doi.org/10.1038/s41564-023-01543-3

26.	 Rodríguez-Barraquer I, Buathong R, Iamsirithaworn S,  
Nisalak A, Lessler J, Jarman RG, et al. Revisiting  
Rayong: shifting seroprofiles of dengue in Thailand and their 
implications for transmission and control. Am J Epidemiol. 
2014;179:353–60. https://doi.org/10.1093/aje/kwt256

27.	 Kitro A, Imad HA, Pisutsan P, Matsee W, Sirikul W,  
Sapbamrer R, et al. Seroprevalence of dengue, Japanese  
encephalitis and Zika among long-term expatriates in  
Thailand. J Travel Med. 2024;31:taae022. https://doi.org/ 
10.1093/jtm/taae022

28.	 Russell PK, Nisalak A. Dengue virus identification by the 
plaque reduction neutralization test. J Immunol. 1967;99:291–
6. https://doi.org/10.4049/jimmunol.99.2.291

29.	 Rue H, Martino S, Chopin N. Approximate bayesian  
inference for latent gaussian models by using integrated 
nested laplace approximations. J R Stat Soc Series B Stat 
Methodol. 2009;71:319–92. https://doi.org/10.1111/ 
j.1467-9868.2008.00700.x

30.	 Wilson EB. Probable inference, the law of succession, and  
statistical inference. J Am Stat Assoc. 1927;22:209–12. 
https://doi.org/10.1080/01621459.1927.10502953

31.	 McElreath R. Statistical rethinking: a Bayesian course with 
examples in R and Stan. New York: CRC Press Taylor & 
Francis; 2016.

32.	 Nealon J, Bouckenooghe A, Cortes M, Coudeville L, Frago C, 
Macina D, et al. Dengue endemicity, force of infection, and 
variation in transmission intensity in 13 endemic countries.  
J Infect Dis. 2022;225:75–83. https://doi.org/10.1093/infdis/
jiaa132

33.	 Hamins-Puértolas M, Buddhari D, Salje H, Cummings DAT, 
Fernandez S, Farmer A, et al. Household immunity and 
individual risk of infection with dengue virus in a  
prospective, longitudinal cohort study. Nat Microbiol. 
2024;9:274–83. https://doi.org/10.1038/s41564-023-01543-3

34.	 Patel RV, Shaeer KM, Patel P, Garmaza A, Wiangkham K, 
Franks RB, et al. EPA-registered repellents for mosquitoes 
transmitting emerging viral disease. Pharmacotherapy. 
2016;36:1272–80. https://doi.org/10.1002/phar.1854

35.	 Lupi E, Hatz C, Schlagenhauf P. The efficacy of repellents 
against Aedes, Anopheles, Culex and Ixodes spp.—a literature 
review. Travel Med Infect Dis. 2013;11:374–411.  
https://doi.org/10.1016/j.tmaid.2013.10.005

36.	 Kitro A, Sirikul W, Piankusol C, Rirermsoonthorn P,  
Seesen M, Wangsan K, et al. Acceptance, attitude,  
and factors affecting the intention to accept COVID-19  
vaccine among Thai people and expatriates living in  
Thailand. Vaccine. 2021;39:7554–61. https://doi.org/ 
10.1016/j.vaccine.2021.11.031

37.	 NSO. Population and Housing Census [cited 2025 Jan 
15]. https://www.nso.go.th/nsoweb/main/summano/
aE?year=957&type=3309#data__report

38.	 Jaisuekun K, Sunanta S. German migrants in Pattaya,  
Thailand: gendered mobilities and the blurring  
boundaries between sex tourism, marriage migration, and 
lifestyle migration. In: Mora C, Piper N, editors. The  
Palgrave Handbook of Gender and Migration. Cham  
(Switzerland): Springer International Publishing; 2021.  
p. 137–149.

39.	 Kerdpanich P, Kongkiatngam S, Buddhari D, Simasathien S,  
Klungthong C, Rodpradit P, et al. Comparative analyses 
of historical trends in confirmed dengue illnesses detected 
at public hospitals in Bangkok and northern Thailand, 
2002–2018. Am J Trop Med Hyg. 2020;104:1058–66.  
https://doi.org/10.4269/ajtmh.20-0396

http://www.cdc.gov/eid
https://doi.org/10.1007/s11908-023-00811-x
https://doi.org/10.1007/s11908-023-00811-x
https://doi.org/10.1056/NEJMoa2301790
https://doi.org/10.1056/NEJMoa2301790
https://doi.org/10.1016/S1473-3099(24)00376-1
https://doi.org/10.1016/j.tmaid.2023.102598
https://doi.org/10.1016/j.tmaid.2023.102598
https://doi.org/10.1093/jtm/taad132
https://doi.org/10.1093/jtm/taad132
https://iris.who.int/bitstream/handle/10665/376641/WER9918-eng-fre.pdf
https://iris.who.int/bitstream/handle/10665/376641/WER9918-eng-fre.pdf
https://doi.org/10.1093/jtm/taae089
https://doi.org/10.1093/jtm/taae089
https://doi.org/10.1186/s40794-022-00168-4
https://doi.org/10.1186/s40794-022-00168-4
https://worldpopulationreview.com/world-cities/bangkok-population
https://worldpopulationreview.com/world-cities/bangkok-population
https://doi.org/10.1586/14760584.2014.913485
https://doi.org/10.3201/eid0901.020220
https://doi.org/10.1093/infdis/jiac177
https://doi.org/10.1093/aje/kwaa008
https://doi.org/10.1093/aje/kwaa008
https://doi.org/10.1038/s41564-023-01543-3
https://doi.org/10.1093/aje/kwt256
https://doi.org/10.1093/jtm/taae022
https://doi.org/10.1093/jtm/taae022
https://doi.org/10.4049/jimmunol.99.2.291
https://doi.org/10.1111/j.1467-9868.2008.00700.x
https://doi.org/10.1111/j.1467-9868.2008.00700.x
https://doi.org/10.1080/01621459.1927.10502953
https://doi.org/10.1093/infdis/jiaa132
https://doi.org/10.1093/infdis/jiaa132
https://doi.org/10.1038/s41564-023-01543-3
https://doi.org/10.1002/phar.1854
https://doi.org/10.1016/j.tmaid.2013.10.005
https://doi.org/10.1016/j.vaccine.2021.11.031
https://doi.org/10.1016/j.vaccine.2021.11.031
https://www.nso.go.th/nsoweb/main/summano/aE?year=957&type=3309#data__report
https://www.nso.go.th/nsoweb/main/summano/aE?year=957&type=3309#data__report
https://doi.org/10.4269/ajtmh.20-0396


	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 6, June 2025	 1157

 Dengue Virus Seropositivity among Expatriates

40.	 World Health Organization. Combating dengue  
outbreak and addressing overlapping challenges with 
COVID-19 [cited 2024 Jan 5]. https://www.who.int/
thailand/news/detail/30-06-2023-combating-dengue-
outbreak-and-addressing-overlapping-challenges- 
with-covid-19

41.	 Ooi EE, Kalimuddin S. Insights into dengue immunity  
from vaccine trials. Sci Transl Med. 2023;15:eadh3067. 
https://doi.org/10.1126/scitranslmed.adh3067

42.	 Lim JK, Carabali M, Edwards T, Barro A, Lee JS,  
Dahourou D, et al. Estimating the force of infection  
for dengue virus using repeated serosurveys,  

Ouagadougou, Burkina Faso. Emerg Infect Dis. 2021; 
27:130–9. https://doi.org/10.3201/eid2701.191650

43.	 Biggs JR, Sy AK, Sherratt K, Brady OJ, Kucharski AJ,  
Funk S, et al. Estimating the annual dengue force of  
infection from the age of reporting primary infections across 
urban centres in endemic countries. BMC Med. 2021;19:217. 
https://doi.org/10.1186/s12916-021-02101-6

Address for correspondence: Kathryn Anderson, SUNY Upstate 
Medical University, 304 Campus West Building (CWB), 750 E 
Adams St, Syracuse, NY 13210, USA; email: andekath@upstate.edu

  

Originally published
in April 2023

etymologia revisited
Haematospirillum jordania
[Hae.ma.to.spi.ril’lum jor.da’ni.ae]

For the sesquipedalian term Haematospirillum, Haema is derived from the 
Greek haima, meaning blood. Spirillum is derived from Medieval Latin in 

the mid-13th century Latin (spiralis), French in the 1550s (spiral), and Greek 
(speira). All suggest a winding or coil. A New Latin reference book entry in 
1875 implied a little coil.

Isolated from human blood, Haematospirillum jordaniae was reported 
as a novel genus and species in 2016 by Centers for Disease Control and 
Prevention (CDC) scientist Ben W. Humrighouse and his laboratory team, 
which included Jean G. Jordan, a microbiologist. This gram-negative bacte-
rium was isolated 14 times in 10 states during 2003–2012 before its identifi-
cation in 2016.

H. jordaniae was previously considered an environmental bacterium 
with limited pathogenicity, but increasing numbers of isolates indicated a 
possible emerging pathogen. All cases occurred in male patients, and the 
pathogen showed a  predilection for infecting lower leg injuries. In 2018, 
Hovan and Hollinger reported a case of infection in a Delaware man who, 
in 2016, had sepsis from a lower leg wound. The organism isolated was 
identified at the CDC Special Bacteriology Reference Laboratory (SBRL) 
in the Division of High-Consequence Pathogens and Pathology, National 
Center for Emerging and Zoonotic Infectious Diseases.
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