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Objective. Dengue has become a serious public health problem in southern China particularly with a record-breaking outbreak 
in 2014. Serological evidence from areas with no known dengue cases reported prior to 2014 could provide information on possible 
unrecognized circulation of dengue virus (DENV) before this outbreak.

Method. Between March and May 2015, we performed a cross-sectional serosurvey using a stratified random sampling method 
among individuals aged 1–84 years-old in 7 communities in Guangzhou with no reported dengue cases before 2014. Sera of subjects 
were initially screened with the indirect DENV IgG enzyme-linked immunosorbent assay, and positive samples were further tested 
by the indirect immunofluorescence assay to identify specific serotypes.

Results. A total of 850 subjects had complete information available. The overall seroprevalence against DENV was 6.59% (56 
of 850; 95% CI, 4.92%–8.26%). The seroprevalence increased with age in general (3.86%, 4.58%, 8.72%, 7.22%, and 10.69% among 
participants in ≤14, 15–29, 30–44, 45–59 and ≥60 years age group, respectively). Living in rural or peri-urban communities and 
longer years of residence therein were risk factors for higher seroprevalence, whereas wearing long sleeves and pants when outdoors 
was associated with lower seroprevalence. Of the total subjects, 55.36% (31 of 56) sera were successfully identified with specific 
serotypes, with 12.90% (4 of 31) being coinfected with 2 serotypes.

Conclusions. Dengue transmission in the study communities had occurred prior to the 2014 massive outbreak, possibly for 
many years, but went undiagnosed and unreported. A proportion of the study population experienced secondary infection as dif-
ferent serotypes of DENV increased the risk for severe diseases. Active surveillance and education of both healthcare providers and 
the general population should be conducted in areas at risk for dengue emergence in order to better reduce disease burden.
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INTRODUCTION

Dengue is the most rapidly spreading mosquito-borne disease 
globally, with approximately 390 million infections and 96 mil-
lion symptomatic cases occurring annually, mainly in tropical 
and subtropical regions [1]. Dengue virus (DENV) is classified 
into 4 serotypes (DENV-1, DENV-2, DENV-3, and DENV-4) 
and transmitted by female Aedes mosquitoes. DENV infec-
tion either can be asymptomatic or lead to a broad spectrum 
of clinical presentations ranging from mild symptoms known 
as dengue fever characterized by fever, chills, and muscle aches 
to more severe or even life-threatening forms, such as dengue 

hemorrhagic fever (DHF) and dengue shock syndrome (DSS) 
[2]. After primary infection, secondary infection by a heterol-
ogous DENV serotype may result in severe disease due to the 
effect of antibody-dependent enhancement [3]. There is no spe-
cific treatment for DENV infections and a preventive vaccine is 
still limited in use and under further evaluation at present.

DENV may have been circulating in an area for some time 
before it is genuinely identified. Infections from DENV that are 
asymptomatic or that only develop mild to moderate symptoms 
normally go undiagnosed as infected individuals are unlikely 
to visit a doctor. Misdiagnosis also may occur when physicians 
do not consider dengue in the differential diagnosis and order 
inappropriate diagnostic tests for those who seek medical care. 
These unidentified infections, which fail to be captured by pas-
sive surveillance systems, may play a key role in amplifying the 
disease and eventually causing an epidemic. Serosurvey as a 
main approach can help determine virus exposure and related 
risk factors [4]. However, the prevalence of DENV infections 
during the pre-epidemic period has not been well studied.

In recent years, southern China has been experiencing a 
high frequency of transmission and recurring epidemics of 
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dengue, especially in Guangzhou, which accounts for 69.2% 
of reported cases in mainland China [5]. Currently, there has 
been a change of prevalent serotypes over time from 1 predomi-
nant serotype, DENV-1, to multiple serotypes cocirculating [6], 
which can increase the risk of developing severe diseases, like 
DHF or DSS. Reported indigenous transmission of dengue in 
Guangzhou is mainly confined to urban and peri-urban areas. 
Dengue was very rare in rural areas prior to the unprecedented 
outbreak in 2014 in Guangzhou. Of the 31 predominantly rural 
communities with no dengue cases recorded before 2014, all 
but 5 experienced the outbreak in 2014 [5]. The experience 
of the 2014 massive outbreak, with cases reported from areas 
where no known dengue cases had been reported previously, 
prompted us to conduct the first-ever seroprevalence study in 
these areas to determine whether cases may have been unrec-
ognized in the past. In 2015, we performed a cross-sectional, 
community-based serological survey to assess the population 
seroprevalence of DENV and to identify important risk factors 
for dengue in communities where no cases had been reported 
before 2014.

METHODS

Participant Enrollment

The study protocol and informed consent forms were 
reviewed and approved by institutional review boards at both 
the Guangzhou Center for Disease Control and Prevention 
(GZCDC) and the School of Public Health, Sun Yat-sen 
University (SYSU). Written informed consent was obtained 
from all participants enrolled in the study, including children 
under 18 years-old whose consent was provided by their parents 
or guardians. All the subject data were de-identified and the 
data were analyzed anonymously.

Study subjects were enrolled from Guangzhou, the most im-
portant epicenter of dengue in mainland China. The estimated 
population of over 12.84 million makes it one of the most highly 
populated and urbanized cities in the world. Besides featuring 
a humid subtropical climate [7], Guangzhou is perfectly suit-
able for vector reproduction [8]. Over the past 3 decades, Aedes 
albopictus was observed to be the sole mosquito vector for 
dengue transmission in Guangzhou and no presence of Aedes 
aegypti was identified. Specifically, Ae. albopictus made up 
5.89% of all adult mosquitoes in Guangdong province, second 
only to Culex fatigans (89.90%) [9].

A cross-sectional serosurvey was conducted in communities 
where there was no dengue case reported until 2014. Eligible 
participants were subjects aged 1–84  years-old in the general 
population, who had lived in the selected communities for more 
than 1 year. Sample size was calculated based on a 10% expected 
prevalence of DENV IgG antibodies with a power of 80% and a 
type 1 error of 5%. The minimum sample size required to assess 
the prevalence was 843. We assumed an extra 20% of missing 

data at the time of analysis, so the final sample size was calcu-
lated to be 1011 subjects.

A stratified 2-stage cluster sampling method was applied. In 
the first stage, 7 of the 26 eligible communities were selected 
to make sure a range of low to high dengue incidence was in-
cluded. During the 2014 outbreak, the total incidence of the 
selected 7 communities was 2.56 per 10 000 population, among 
which Yuangang had the highest incidence rate (9.15 of 10 000), 
followed by Jiulong (4.18 of 10 000), Shiling (2.85 of 10 000), 
Huadong (1.94 of 10 000), Aotou (1.35 of 10 000), Paitan (0.51 
of 10  000), and Liangkou (0.30 of 10  000) [5]. In the second 
stage, the population was stratified by 3 age groups (<5 years, 
6–59  years, and ≥60  years) within each selected community 
and individuals were randomly selected from each strata. All 
consenting subjects were then requested for a face-to-face in-
terview using a standard questionnaire and the collection of 
5 ml of blood. The questionnaire was self-designed to capture 
information on demographic characteristics, history of clini-
cally diagnosed dengue, living and housing characteristics, and 
individual behavioral factors, such as the knowledge of trans-
mission vector, using bed nets while sleeping, using mosquito 
repellents, and wearing long sleeves and pants when outdoors. 
The survey team comprised 2 medical professionals from the 
local community’s primary health service center and 1 epidemi-
ologist from GZCDC. The survey was carried out from March 
to May 2015, which was the pretransmission season for dengue 
in Guangzhou.

Laboratory Methods

Whole blood specimens were clotted at room temperature for 
0.5 hour and then centrifuged at 3000 rpm for 20 minutes to 
separate serum. The sera were transferred to 3  ml screw-cap 
containers and stored at -20°C at the community’s primary 
health centers. Frozen samples from the primary health centers 
were transferred to GZCDC for further storage -80°C and 
testing.

All serum specimens initially were screened with indirect 
DENV IgG enzyme-linked immunosorbent assay (ELISA) 
to detect the DENV-specific IgG antibody, and positive sera 
were further tested by indirect immunofluorescence assay 
to identify the serotype. Specifically, sera first were tested 
against DENV-specific IgG antibody using indirect ELISA kits 
(PanBio, Brisbane, Australia) according to the manufacturer’s 
instructions. This assay has a reported sensitivity of 91.4% for 
primary infection in nonendemic areas and 97.0% for sec-
ondary infection. The specificity is close to 100.0% [10]. Serum 
dilutions of 1:100 were evaluated, and the cutoffs for IgG posi-
tivity were determined based on reactions of the positive control 
and normal control [11]. Next, indirect immunofluorescence 
test kits (Mosaic, Euroimmun, Germany), which are designed 
for the qualitative in vitro determination of human IgG anti-
body against DENV serotypes 1–4, were used to identify the 
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serotypes of positive sera according to the manufacturer’s 
instructions. Briefly, DENV-infected Vero cells were incubated 
with diluted samples. If the specific anti-DENV IgG antibody 
was present, it attached to the corresponding DENV antigen on 
the Vero cells. In a second step, the attached antibodies were 
stained with fluorescein-labeled antihuman antibodies, which 
were visible under a fluorescence microscope.

All serological tests were conducted at GZCDC, where labo-
ratory staff were experienced with DENV detection and char-
acterization and performed good quality control. A  random 
selection of negative (n  =  50) and positive (n  =  50) serum 
samples also were tested at the laboratory in the School of 
Public Health at SYSU for quality control. The participants were 
informed of the testing results by telephone and written report.

Statistical Methods

All questionnaire data were entered twice by 2 independent 
staffs from GZCDC using EpiData software (version 3.1, The 
EpiData Association, Odense, Denmark). We employed R sta-
tistical software (version 3.3.3, R Foundation for Statistical 
Computing, Vienna, Austria) in the analysis, using packages 
stats, dplyr, ggplot2, reshape2, and lme4 [12]. Univariate and 
multivariate analysis were conducted using the generalized 
linear mixed-effects models with binomial link function. The 
DENV IgG positivity was studied as the response variable. 
Fixed effects included gender, age group, education, housing 
type, years of residence, individual behavioral factors, and 
random effects in communities. The variables with statis-
tical significance in the univariate analysis were included in 
the multivariate analysis. The statistical significance level was 
set to 0.05. Odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated for variables listed. In the final anal-
ysis, we excluded observations with missing data or no serum 
collected.

RESULTS

Participants and Seroprevalence

From March to May 2015, using informed consent, we 
interviewed 1050 individuals and received 903 responses, 
among which a total of 850 participants had complete 
questionnaire information and serum samples collected 
(Figure 1). Among the whole population, the overall seroprev-
alence against DENV was 6.59% (56 of 850; 95% CI, 4.92%–
8.26%). Participants enrolled from different communities 
demonstrated statistically varied seroprevalence (P < .05) with 
subjects from Liangkou showing the highest rate of being se-
ropositive (17 of 159, 10.69%), followed by those from Aotou 
(15 of 160, 9.38%), Huadong (11 of 124, 8.87%), Paitan (6 of 
118, 5.08%), Jiulong (2 of 41, 4.88%), Shiling (4 of 123, 3.25%), 
and Yuangang (1 of 125, 0.80%); see details in Supplementary 
Table S1. No subject in the survey declared disease history 
of dengue.

Univariate Analysis

In the univariate analysis, the prevalence of DENV IgG anti-
body increased with age in general, with the ≥60  years age 
group demonstrating the highest positive rate (10.69%), 
followed by the 30–44 years age group (8.72%); both were sig-
nificantly higher than the ≤14 years age group (3.86%) (P < .05) 
(Figure 2A). Males seemed to have a greater prevalence than 
females (7.89% vs 5.47%), and DENV seropositivity appeared 
to be more common among subjects with middle school and 
lower (6.61%) or high school (7.50%) education level compared 
to those with college degree and higher education level (2.94%). 
However, none of the above characteristics were statistically sig-
nificant (Table 1).

In terms of community type, individuals living in both rural 
areas and peri-urban areas had much greater prevalence than 
those living in urban areas of being seropositive against DENV 
(P < .05) (Figure 2B). The prevalence rose with the number of 
years of residence in that community, with the highest positive 
rate (10.74%, P <  .05) in those living in a certain community 
for more than 60 years (Figure 2C). Although the differences 
were not statistically significant, participants staying in single-
story houses were more likely to be seropositive compared to 
those living in multistory buildings equipped with or without 
elevators (Figure 2D). As shown in Table 1, the behavior of 
wearing long sleeves and pants when outdoors was negatively 
associated with DENV seropositivity while no statistically sig-
nificant differences were observed for other factors, such as 
knowing the transmission vector of DENV, using bed nets while 
sleeping, and using mosquito repellents when outdoors.

Multivariate Analysis

The final multivariate model suggested that living in rural 
areas, living in peri-urban areas, elder age, and not wearing long 
sleeves and pants when outdoors were statistically important 

1050 individuals interviewed

147 nonrespondents

903 respondents

53 no serum collected

850 with complete information and
serum

Figure 1. Flow chart illustrates study subject enrollment, Guangzhou, China, 
March–May 2015. A  total of 850 subjects were included for analysis in this 
cross-sectional seroepidemiological study.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofz256#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofz256#supplementary-data


4 • ofid • Jing et al

risk factors for being seropositive against DENV in general 
population (P < .05) (Table 2).

DENV Serotype Identification

Of all 56 serum samples positive for DENV IgG antibody, 31 
(55.36%) sera were further successfully identified with specific 
serotypes using indirect immunofluorescence assay (Table 3). 
All 4 DENV serotypes were found in the study population, in-
cluding 15 DENV-1, 11 DENV-2, 7 DENV-3 and 2 DENV-4. 
Of note, there were 3 different combinations of coinfection 
identified in 4 serum samples; they included 2 subjects seropos-
itive against both DENV-3 and 4, 1 subject seropositive against 
both DENV-1 and 4, and 1 subject seropositive against both 
DENV-1 and 2.

DISCUSSION

When an emerging disease spreads into new areas, it can be un-
recognized. In the case of dengue, individuals with unapparent 
infection or only mild to moderate symptoms may not visit a 
doctor. And those patients who seek medical care may not be 

readily diagnosed if the diagnosis of dengue is not considered 
and appropriate diagnostic tests are not ordered. Severe dengue 
(DHF and DSS), which leads to immediate medical attention 
and appropriate diagnostic testing, is usually less common in 
initial dengue infections. Our study strongly suggested that this 
phenomenon occurred in Guangzhou prior to the unprece-
dented outbreak of dengue in 2014.

Three lines of reasoning contribute to the conclusion that 
DENV had been circulating in these areas prior to 2014. First, 
the increase of DENV seroprevalence by age in a dose-response 
pattern suggested that elderly people probably had experienced 
DENV exposure already in past years, because there was no al-
ternative explanation for why they would be more likely to be 
exposed just in the year of 2014. Second, DENV seroprevalence 
also increased with the number of years of residence in a cer-
tain community; although, this was not seen in the multivar-
iate analysis. Similarly, if these areas just experienced 1 year of 
epidemic, the seroprevalence would have not shown significant 
differences among different age groups and years of residence. 
Finally, 4 different DENV serotypes were identified in our study. 
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However, the predominant serotype in 2014 outbreak was 
DENV-1 and no other serotype was identified in the reported 
cases. The diversity of DENV serotype demonstrated that all 4 
serotypes had existed in the general population before 2014.

The case data typically used alone for illustrating the actual 
epidemiological pattern can be biased because of its large de-
pendence on reported cases, which is only a fraction of cases 
captured by passive surveillance systems [13]. There were no 
recorded dengue epidemics in the study communities be-
fore 2014. However, indigenous cases were reported from 
all 7 communities in the 2014 outbreak. Using a serosurvey 
with participants randomly selected from an age-stratified 

population, our results demonstrated the actual DENV infec-
tion burden in the study areas was substantially underestimated 
[14]. Three key factors may cause the underestimation of 
DENV transmission. The main reason for underdiagnosis and 
underreporting of dengue cases in the 7 communities we studied 
was probably due to the rural nature of these communities 
and their corresponding primary health care systems being 
relatively underdeveloped. Moreover, people living in rural 
areas normally had less access to health education campaigns 
and were less willing to seek health care compared to those 
living in urban areas. Physicians in these areas may not have 
enough awareness of dengue symptoms and related diagnostic 

Table 1. Risk Factors for Being Seropositive Against DENV, Using Univariate Generalized Linear Mixed-Effects Modeling, Among Study Participants, 
Guangzhou, China, March–May 2015

Variables N n Rate (%) P value OR 95% CI

Gender

 Female 457 25 5.47  Ref.  

 Male 393 31 7.89 .14 1.52 (0.88, 2.62)

Age group (years)

 ≤14 259 10 3.86  Ref.  

 15–29 131 6 4.58 .42 1.54 (0.54, 4.42)

 30–44 149 13 8.72 .03a 2.53 (1.08, 5.96)

 45–59 180 13 7.22 .09 2.07 (0.89, 4.83)

 ≥60 131 14 10.69 .01a 2.84 (1.23, 6.58)

Community type

 Urban 125 1 0.80  Ref.  

 Peri-urban 203 13 6.40 .04a 8.54 (1.06, 69.19)

 Rural area 522 42 8.05 .02a 10.63 (1.39, 81.19)

Highest level of education completed

 Middle school and lower 696 46 6.61 .68 1.53 (0.20, 11.87)

 High school 120 9 7.50 .48 2.11 (0.26, 17.35)

 College degree and higher 34 1 2.94  Ref.  

Housing type

 Multistory building with elevator 33 1 3.03  Ref.  

 Multistory building without elevator 653 41 6.28 .46 2.21 (0.29, 16.57)

 Single-story building 164 14 8.54 .45 3.08 (0.39, 24.25)

Years of residence in the community

 ≤14 363 14 3.86  Ref.  

 15–59 366 29 7.92 .05a 1.94 (0.98, 3.82)

 ≥60 121 13 10.74 .02b 2.57 (1.14, 5.84)

Know the transmission vector of DENV

 Yes 735 48 6.53  Ref.  

 No 115 8 6.96 .83 1.02 (0.45, 2.30)

Used bed nets while sleeping

 Yes 767 51 6.65  Ref.  

 No 83 5 6.02 .77 0.87 (0.33, 2.28)

Used mosquito repellents when outdoors

 Yes 423 25 5.91  Ref.  

 No 427 31 7.26 .74 1.11 (0.60, 2.06)

Wore long sleeves and pants when outdoors

 Yes 258 9 3.49  Ref.  

 No 592 47 7.94 .04a 2.23 (1.03, 4.80)

Abbreviations: N, the number of respondents; n, the number of subjects being seropositive against DENV; OR, odds ratio; P value, P value for coefficients calculated by t test; rate, rate (%) 
of being seropositive against DENV; Ref., reference group; 95% CI, 95% confidence interval for odds ratio. 
a P < .05.
b P < .01. 
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methods. Finally, laboratory testing for dengue may not be as 
readily available as for other diseases, such as influenza. Due to 
the inability of the primary medical care system in rural areas 
to diagnose dengue, DENV infections always were substantially 
underreported in these areas.

The picture of Yuangang community helps to illustrate the 
above observation. Of the 7 communities we studied, Yuangang 
was the most urbanized town and had the highest reported in-
cidence of dengue in the 2014 outbreak, which also reflected 
that its healthcare system was able to quickly diagnose dengue 
cases. Meanwhile, Yuangang also had the lowest DENV se-
roprevalence among the 7 communities in our study, which 
suggested that the town was able to implement earlier control 
measures to contain the spread of the epidemic. This partly 
could be attributed to united control effort and well-organized 
medical institutes in this area, which helped to strengthen early 
identification of cases and early enforcement of control meas-
ures [8]. In fact, the city-wide mosquito vector surveillance 
and control program implemented from April in each year in 
Guangzhou played a key role in dengue control. However, this 
was mainly well put into practice in urban areas. The higher risk 
of being seropositive against DENV also might be correlated 

with the relatively weaker implementation strength in rural and 
peri-urban areas.

The age pattern of disease could affect trends in transmission 
hazard and age distribution of cases reported. In Thailand, the 
shift in age pattern of severe dengue occurred and transformed 
from children to adults, and the same situation was seen in other 
countries in Southeast Asia [15]. Due to the highest incidence 
and seroprevalence, the elderly population had the highest risk 
for developing severe dengue and death. Elderly people usu-
ally had more outdoors activities in common public areas, such 
as the park, markets, etc., and time spent outdoors during the 
daytime during epidemic periods of Ae. albopictus activity [16], 
which increased their opportunity of being exposed to infected 
mosquitoes or individuals [5]. This age pattern also was close 
to the situation in other endemic areas, like the Caribbean [17].

Housing type was a strong index of subjects’ socio-economic 
status in this study. People living in single-story houses were 
more likely to be detected seropositive. In rural areas of 
southern China, people with higher incomes always build mul-
tistory houses, while poorer people still stay in single-story 
houses with more breeding sites for mosquitoes. Wearing long 
sleeves and pants when outdoors was a protective factor while 
using bed nets while sleeping was not statistically important, 
suggesting that infections outdoors may be the main reason 
for DENV transmission in Guangzhou, where the transmis-
sion vector is Ae. Albopictus. This is different from other en-
demic areas, like Thailand and Brazil, where DENV infection 
is thought to occur more in indoor settings and transmitted by 
Ae. aegypti.

Previous seroepidemiological studies in China’s west Yunnan 
and Guangzhou provinces showed that the prevalence of 
DENV IgG antibody was 10.9% and 10.04%, respectively [18]. 
However, these studies were conducted in areas with outbreaks 
in the past by convenience sampling method. No study had 
investigated areas with no dengue cases reported before the 
2014 record-breaking outbreak. The present study extended 
these observations and used random sampling strategy to 
achieve a more representative study population with adequate 
sample size.

Furthermore, our study suggested that dengue was still not 
an endemic issue in these 7 communities in Guangzhou. The 
DENV IgG prevalence in the study areas was significantly lower 
than that in endemic areas. In a 2010 serosurvey in Singapore, 
the prevalence of DENV IgG in the adult population was 56.8%, 
and the older the age, the higher the positive rate, which was 
consistent with our study [19]. Similarly high DENV sero-
prevalence was observed in other endemic countries, such as 
49.8% in Puerto Rico in 2007 [20], 77.4% in Venezuela [21], and 
76.6% in Mexico in 2011 [22]. The previous infection rate was 
identified as 40% to 78% on the Texas–Mexico border in 2014 
[14]. Our study indicated that dengue epidemics transmitted by 
Ae. albopictus were deemed as mild and generally short-lived 

Table 3. DENV Serotypes Identified by Indirect Immunofluorescence 
Assays in Different Study Communities, Guangzhou, China, 
March–May 2015

Communities DENV-1 DENV-2 DENV-3 DENV-4

Aotou 1 3 7 3

Liangkou 2 5 0 0

Huadong 2 1 0 0

Shiling 3 1 0 0

Jiulong 2 0 0 0

Paitan 5 1 0 0

Yuangang 0 0 0 0

Total 15 11 7 3

Several subjects were found to be seropositive against 2 DENV serotypes (2 subjects in 
Aotou were seropositive against both DENV-3 and -4, 1 subject in Aotou was seroposi-
tive against both DENV-1 and -4, and 1 subject in Liangkou was seropositive against both 
DENV-1 and -2).

Table 2. Selected Risk Factors for Being Seropositive Against DENV, 
Using Multivariate Generalized Linear Mixed-Effects Modeling, Among 
Study Participants, Guangzhou, China, March–May 2015

Variables P value OR 95% CI

Peri-urban community type .01b 24.02 (2.18, 264.06)

Rural community type .01b 27.56 (2.80, 271.02)

Age (years) .02a 1.04 (1.01, 1.07)

Years of residence in the community .08 0.97 (0.94, 1.01)

Did not wear long sleeves and pants 
when outdoors

.02a 2.51 (1.19, 5.27)

Abbreviations: OR, odds ratio; P value, P value for coefficients calculated by t test; 95% CI, 
95% confidence interval for odds ratio. 
a P < .05.
b P < .01. 
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[23]. Therefore, dengue fever transmission in our study areas 
still did not reach the level of endemic areas, which indicated 
that dengue was mostly imported to these areas.

Our study had several limitations. First, we may have 
introduced some selection bias in selecting the 7 communities, 
which might not represent the whole population. Second, we 
employed only anti-DENV IgG ELISA and indirect immuno-
fluorescence assays to determine the serotype, without per-
forming neutralization assays to assess specific DENV antibody 
reactivity. The ELISA in our study also had the limitation of 
cross-reactivity, especially with Japanese encephalitis virus. 
Third, the indirect immunofluorescence assays in the study 
used the international standard virus strains, not native strains, 
which may have lowered the reactivity. Finally, we were not able 
to determine how much of the seroprevalence we found was 
due to infections in the 2014 outbreak or in previous years.

In summary, this study showed that dengue transmission in 
the investigated communities had occurred at low levels prior 
to the 2014 massive outbreak, possibly for many years, but such 
cases went undiagnosed and unreported. These findings have 
important implications for the design and implementation of 
dengue prevention and control interventions in areas where 
dengue remains as an emerging issue. In order to better pre-
vent and control future dengue outbreaks, the general popula-
tion needs to be educated on the risks of dengue and how to 
prevent DENV exposure, and medical care providers need to be 
educated on the symptoms, treatment, diagnosis, and reporting 
of dengue. Meanwhile, public health officials need to conduct 
active surveillance and create evaluation measures for control-
ling mosquito vectors, identify areas of early dengue emergence, 
and take steps to reduce mosquito density in order to have a 
chance to prevent an outbreak or blunt its impact. Furthermore, 
investments in rural infrastructure, economic assistance for air 
conditioning, and sustained community education on the im-
portance of reducing larval habitat around the house will be es-
sential to control dengue transmission in these areas.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.
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