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Abstract. Dengue is a potentially fatal acute febrile illness caused by the mosquito-borne dengue viruses (DENV-1 to -4).
To estimate DENV seroincidence in school-aged children, a 1-year prospective cohort study was conducted in Patillas,
Puerto Rico; 10- to 18-year-olds (N = 345) were randomly selected from 13 public schools. At enrollment, 49.8% of the
entire cohort had DENV immunoglobulin G (IgG) anti-DENV antibodies, and there were individuals with neutralizing
antibodies specific to each of the four DENV. The mean age of participants with incident DENV infection was 13.4 years.
The 1-year seroincidence rate was 5.6%, and 61.1% of infections were inapparent. Having IgG anti-DENV at enrollment
was associated with seroincidence (risk ratio = 6.8). Acute febrile illnesses during the study period were captured by a
fever diary and an enhanced and passive surveillance system in the municipios of Patillas and Guayama. In summary,
at enrollment, nearly one-half of the participants had a prior DENV infection, with the highest incidence in the 10- to
11-year-olds, of which most were inapparent infections, and symptomatic infections were considered mild.

INTRODUCTION

Dengue is a febrile illness caused by any one of four mos-
quito-borne dengue viruses (DENV-1 to -4), with the out-
come of infection ranging from inapparent infection to fatal
illness. Nearly 40% of the world’s population lives in areas
where the primary mosquito vectors—Aedes aegypti and
Ae. albopictus—are prevalent and transmit DENV.1 Accord-
ing to estimates from 2010 from Bhatt and others, globally,
over 2.5 billion people are estimated to live at risk of DENV
infection, with 390 million infections per year, of which 96 mil-
lion people develop symptoms.2–5

Since the emergence of dengue in the US territory of
Puerto Rico in the early 1960s, specific dengue prevalence on
the island has been well-documented. The majority of infor-
mation has come from data obtained through the Puerto Rico
passive dengue surveillance system (PDSS) and several
seroepidemiologic studies.6–15 These studies have shown that
the highest incidence of disease is among 10- to 19-year-olds
and that disease incidence varies by year and municipality.
However, PDSS is not capable of detecting inapparent
DENV infection, and none of the previous seroepidemiologic
studies described seroincidence of inapparent DENV infec-
tions among school-aged children and adolescents.
In June of 2005, to provide a better epidemiologic under-

standing of dengue in a defined population, an enhanced den-
gue surveillance system (EDSS) was implemented in Patillas,
a municipality with historically high rates of dengue.15 Within
this comprehensive surveillance system, we implemented a
1-year prospective cohort study to determine the seropreva-
lence and seroincidence of symptomatic and inapparent
DENV infections among school-aged children and adoles-
cents residing in Patillas.

MATERIALS AND METHODS

Study site and population. Dengue is endemic in Puerto
Rico, where cases are detected every month of the year
and transmission peaks during the rainy season (June to
November).15 This study was conducted between May of
2007 and May of 2008 in the southeastern coastal municipality
of Patillas, Puerto Rico (18°002¢1.1² N, 66°00¢52.0² W).
Patillas is a semi-rural municipality with a population of
20,152 and an estimated 10- to 19-year-old population of
3,569 (US Census from 2010). Patillas has three private med-
ical clinics and one principal ambulatory health center, which
is the operational site for EDSS.9,15 The nearest acute care
hospitals are located in adjacent municipalities. The location
of Patillas neighborhoods and public schools are shown in
Figure 1.
Study design. We conducted a 1-year prospective cohort

study of children and adolescents (10- to 18-year-olds) attending
public school and residing in Patillas. Participants were tested
for serologic evidence of DENV infection at the beginning and
end of the study by the presence of immunoglobulin G (IgG)
anti-DENV as detected by enzyme-linked immunosorbent
assay (ELISA). Microneutralization test (MNT) was used to
differentiate monotypic from heterotypic DENV immune
profiles at the beginning and end of the study. Participants
were monitored for occurrence of acute febrile illness (AFI)
by EDSS and PDSS, parent/participant phone interviews con-
ducted at 6 and 12 months, and review of hospital records.
Sample selection. One-stage cluster sampling was used to

select students stratified by grades 5–11 (as a proxy for age)
from all 13 Patillas public schools. Homeroom classes were
used as the primary sampling unit and chosen by simple ran-
dom selection within each grade without replacement. All stu-
dents (N = 812) from selected homerooms (N = 40) between
the ages of 10 and 18 years who were residents of Patillas were
invited to participate.
Recruitment and enrollment. Orientation presentations

were given in Spanish to selected students and their parents/
guardians. After obtaining signed student assent and parental
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consent, a serum specimen was collected, and an enrollment
questionnaire was administered that captured information on
demographic characteristics, recent febrile illness, past arboviral
illness diagnoses, and vaccination history. A fever notebook
memory aid and instructions on how to record the occurrence
of all AFIs experienced during the study period were given to
each participant. Each participant was also given a study iden-
tification card with instructions for treating physicians to report
suspected dengue or AFIs to EDSS or PDSS.
AFI monitoring. AFIs during the study period were cap-

tured by EDSS/PDSS database, hospital record review, and
telephone interviews at 6 and 12 months. Diagnostic testing
and submission of serum samples to PDSS relies on healthcare
provider-initiated requests. All specimens submitted to PDSS
are accompanied by a Dengue Case Investigation Report
(DCIR) from suspected dengue case-patients to the Centers
for Disease Control and Prevention (CDC) Dengue Branch
Laboratories. Submission of specimens to EDSS is initiated
through the recruitment of patients of all ages presenting with
an AFI at the Centro de Servicios Primarios de Salud de
Patillas (CSPSP), which is the principal health center and
emergency department for Patillas and hosts PDSS. CSPSP is
located in the urban center of Patillas and includes an emer-
gency department, an appointment only continuity clinic, and
a non-appointment walk-in extended hours clinic. The majority
(87%) of Patillas residents receive their primary health care
from CSPSP. AFI was defined as documented fever of 38°C
or higher at presentation to the emergency department or his-
tory of fever that had persisted for 2–7 days without an identi-
fied source. Patients who met the case definition for AFI were
enrolled in the EDSS by onsite CDC staff to identify and
collect clinical information by the completion of the DCIR.

Telephone interviews captured information on interim vac-
cinations, illnesses, and hospitalizations. Hospital medical
record abstractions (using a standardized form) conducted
after 12 months were used to capture information on illnesses,
clinical course, and outcome in hospitalized participants. Par-
ticipants not completing the 12-month telephone interview
were interviewed using a standardized questionnaire during
the 12-month blood specimen collection.
Specimen handling and testing. A 10-mL venous blood

specimen was collected from each participant at the beginning
of the study and the 12-month follow-up. Specimens were
stored at 4°C until the serum was separated and tested for
IgM antibody against DENV (IgM anti-DENV); remaining
serum was stored at −20°C. Additional testing for IgG anti-
DENV was performed simultaneously on the enrollment and
12-month specimens.
Anti-DENV IgM Antibody Capture (MAC) ELISA was

performed as described by Martin and others.16 A positive-
to-negative (P/N) ratio ³ 2.0 was considered a positive result.
IgGAnti-DENV Indirect ELISAwas performed as described

by Miagostovich and others.17 Enrollment and 12-month spec-
imens were pre-tested at a 1:100 dilution, and those found
positive (optical density at 405 nm [OD405] ³ 0.15) were
titrated together to determine the endpoint titer using four-
fold dilutions starting from 1:40 and ending at 1:655,360.
MNT, as described by Vorndam and Beltran,18 was per-

formed on paired specimens from study participants whose
enrollment anti-DENV IgG ELISA was positive at a 1:100
dilution or specimen pairs from participants with an IgG anti-
DENV ELISA titer > 1:40 in any specimen. Briefly, 96-well
plates were seeded with Vero cells (ATCC) suspended in
Enhanced-M199 media at a concentration of 2 + 105 cells/mL
and incubated at 37°C in 10% CO2 for 2 days. Serum speci-
mens were diluted in 30% fetal bovine serum in phosphate-
buffered saline, inactivated at 56°C for 30 minutes, and
diluted two-fold from 1:80 to 1:2,560. Serum samples and
DENV laboratory strains (DENV-1 [Hawaii], DENV-2
[New Guinea-C], DENV-3 [H87], and DENV-4 [H241]) were
incubated for 2 hours at room temperature, then added to
96-well Vero plates, and incubated for 5 days at 37°C in a
10% CO2 incubator. DENV laboratory strains were used at
the multiplicities of infection (MOIs; DENV-1 MOI = 0.1,
DENV-2 MOI = 0.01, DENV-3 MOI = 0.1, and DENV-4
MOI = 0.02) that provided an OD value > 1 for virus control.
After incubation, the 96-well plates were fixed in a 1:1 mix-
ture of acetone and methanol for 20 minutes, and the ELISA
was performed as previously described.18 Plates were read on
a BioTek plate reader at 405 nm. When the virus control
reached an OD value of 1.0–1.3, the plate was read, and the
sample was compared with the virus control. A positive result
is based on a value below 2 SDs of OD from virus control
OD. When the MNT results was negative at 1:80 and the
anti-DENV IgG ELISA was positive, the MNT was repeated
starting at a lower dilution of 1:20. Specimens with results
above the maximum titer tested were reported as > 2,560,
and specimens below the minimum titer tested were reported
as < 80.
Dengue diagnostic testing. Serum specimens submitted to

EDSS or PDSS from study participants presenting with AFI
or suspected dengue were tested for evidence of current or
acute DENV infection with reverse-transcription polymerase
chain reaction (RT-PCR) and anti-DENV IgM antibodies.9,15

Figure 1. Map of the participating schools and neighborhoods of
Patillas, Puerto Rico in 2007 and 2008. Black boxes with flags represent
participating schools. The heavy black solid line represents the borders
of the municipality of Patillas. The light solid black lines represent the
border for each Patillas neighborhood. The dotted black lines repre-
sent major roads. The letters represent the school designation, and
the numbers represent neighborhood designations. Neighborhood
8 (Inset) is the urban center of Patillas, where four of the participating
public schools (E–H) are located.
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Laboratory definitions. DENV infection, single serotype
(i.e., a monotypic neutralization pattern) was a neutralization
titer ³ 1:80 (or ³ 1:20 in a retested specimen) to only one
DENV in a single specimen. DENV infection, serotype unde-
termined (i.e., a heterotypic neutralization pattern) was a
neutralization titer ³ 1:80 (or ³ 1:20 in a retested specimen)
to two or more DENVs in a single specimen. Predominant
DENV was the DENV serotype with a four-fold-higher neu-
tralization titer compared with the other remaining DENV
serotypes. Incident DENV infection was a change from nega-
tive to positive or a more than or equal to four-fold rise in anti-
DENV IgG ELISA titers between paired specimens. Incident
primary DENV infection was an anti-DENV IgG ELISA sero-
conversion from negative to positive in paired specimens. Inci-
dent secondary DENV infection was a four-fold or greater rise
in anti-DENV IgG ELISA titer in paired specimens.
Clinical definitions. AFI was any self-reported acute illness

with subjective fever or a recorded fever of ³ 38.0°C lasting
£ 7 days. Dengue fever (DF), dengue hemorrhagic fever
(DHF), and dengue shock syndrome (DSS) were defined
according to the 1997 World of Health Organization (WHO)
guidelines.19 DF with hemorrhagic manifestations was a self-
reported AFI that fulfilled criteria for DF with evidence of
hemorrhage (i.e., petechiae, gum bleeding, nose bleeding,

hematuria, menorrhagia, hematemesis, or melena). Undiffer-
entiated febrile illness (UFI) was self-reported AFI not fulfill-
ing the criteria for DF, DF with hemorrhagic manifestations,
DHF, or DSS. Inapparent DENV infection was an incident
DENV infection with no reported clinical signs or symptoms.
Statistical analyses. When inferring parameters of the pop-

ulation (i.e., the schoolchildren surveyed), we followed stan-
dard survey methodology and incorporated sampling design
and finite population correction when computing point esti-
mates, SEs, and confidence intervals (CIs). Design-specific
survey calibration was used to improve rate, proportion, ratio,
and CI estimates using ancillary information from the Patillas
public school population (i.e., joint age and sex distribution
for the relevant grades and schools) to adjust for non-
response.20 Variables were not analyzed if data were not pro-
vided for ³ 20% of participants. Comparisons of proportions
were made using the c2 test with the Rao–Scott correction.
Logistic regression was used to model potential risk factors
(e.g., age, sex, and prior DENV exposure) for incident DENV
infections. Statistical analyses were performed using SAS
software (version 9.2; SAS Institute Inc., Cary, NC) and Stata
(version 11; StataCorp, LP, College Station, TX).
Human subjects review. The study protocol was reviewed

and approved by the institutional review board committees of
the CDC and the University of Puerto Rico School of Medicine.

RESULTS

In May of 2007, of 2,085 students attending grades 5–11 of
Patillas public schools, 812 (38.9%) were invited to partici-
pate the study, of which 345 (42.5%) were enrolled. The mean
age of enrolled students was 13.7 years, and 188 (48.0%) were
female. Of 345 participants, 317 (91.7%) denied ever having
dengue, 0 reported any other arbovirus diagnoses, and only
4 (0.9%) reported yellow fever vaccination. All participants
had a negative anti-DENV IgM ELISA at enrollment.
At enrollment, nearly one-half of the participants had anti-

DENV IgG, and the mean age was 14.0 years (Table 1). There
was no difference in seroprevalence by gender. However, prev-
alence was higher among older children, with anti-DENV IgG
prevalence increasing by 1.2-fold with each 1-year increase in
age. Boys and older students participated at disproportionately

Table 1

Prevalence of previous DENV infection among 10- to 18-year-olds
at enrollment in Patillas, Puerto Rico in 2007

Population characteristics

IgG anti-DENV* at study enrollment

TotalYes No

Mean age in years (SE)† 14.0 (0.13) 13.4 (0.12) 13.7 (0.04)
Age in years, n (%)‡
10–11 52/120 (42.7) 68/120 (57.3)
12–13 55/120 (45.2) 65/120 (54.8)
14–15 33/56 (57.7) 23/56 (42.3)
16–18 30/49 (59.2) 19/49 (40.8)

Male, n (%)§ 73/157 (48.9) 84/157 (51.1)
Total, n 170/345¶ 175/345

Calibration weighting was applied to the calculation of all proportions, logistic regression
odds ratios (ORs), and P values.
*IgG anti-DENV detected by an IgG ELISA.
†Adjusted Wald test, F(1,0.32) = 6.45; P value = 0.02.
‡Logistic regression (age in years used as a continuous variable), OR = 1.15; P value =

0.02. Rao–Scott F(2.64,84.55) = 1.51; P value = 0.22.
§Rao–Scott F(1,32.0) = 0.11; P value = 0.74.
¶In total, 49.8% of total participants (95% CI = 43.6–56.0%).

Table 2

Patterns of neutralization antibody to DENV in 10- to 18-year-olds with IgG anti-DENV at enrollment in Puerto Rico in 2007

Anti-DENV neutralization patterns* at enrollment

Age in years, n (%)

Total10–11 12–13 14–15 16–18

Negative for anti-DENV IgG† 8 (15.4) 8 (16.5) 7 (32.7) 3 (15.4) 26 (19.6)‡
Past DENV infection, single serotype 15 (28.5) 14 (25.7) 9 (26.1) 8 (30.6) 46 (27.5)§
DENV-1¶ 0 1 (12.2) 0 2 (19.5) 3 (7.4)k
DENV-2¶ 1 (4.9) 6 (42.2) 2 (18.1) 1 (9.8) 10 (19.9)**
DENV-3¶ 11 (75.3) 5 (37.3) 5 (47.5) 3 (51.1) 24 (53.8)††
DENV-4¶ 3 (19.7) 2 (8.3) 2 (34.3) 2 (19.6) 9 (18.9)‡‡

Past DENV infection, serotype undetermined 29 (56.1) 33 (57.8) 17 (41.3) 19 (53.9) 98 (52.9)§§
Total 52 55 33 30 170

Calibration weighting was applied to the calculation of all proportions.
*MNT was used to detect anti-DENV neutralization antibodies in enrollment specimens with a positive IgG anti-DENV ELISA result.
†Enrollment specimens with a negative single-dilution (1:100) IgG anti-DENV ELISA result did not receive additional testing.
‡95% CI = 13.6–27.4%.
§95% CI = 13.6–27.4%.
¶Predominant serotype; numbers in parentheses represent the percentages of the total for that past single-serotype DENV infection pattern by age group.
k 95% CI = 3.2–16.3%.
**95% CI = 10.5–34.3%.
††95% CI = 40.4–66.6%.
‡‡95% CI = 10.2–32.4%.
§§95% CI = 46.5–59.3%.
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lower rates; however, we used standard calibration weighting
to minimize this effect and calculate more generalizable esti-
mates (data not shown).
Of 170 participants with anti-DENV IgG at enrollment,

46 (27.5%; 95% CI = 13.6–27.4%) had a past DENV infection,
single serotype; 98 (52.9%; 95% CI = 46.5–59.3%) had a past
DENV infection, serotype undetermined; and the remaining 26
(19.6%; 95% CI = 13.6–27.4%) did not have MNT performed
(Table 2). One participant showed a monotypic neutralization
pattern in the enrollment specimen but did not have a detect-
able anti-DENV IgG by ELISA in the same specimen.
Of 308 participants who had paired specimens collected,

19 had incident DENV infection for an overall seroincidence
rate of 5.6% (Table 3). There was no difference in age or
gender between participants with or without incident DENV
infection (gender comparison Rao–Scott F[1,320] = 0.8;
P value = 0.38). Of 19 participants with incident DENV infec-
tion, 3 (13.1%; 95% CI = 3.7–37.3%) had serologic evidence
of an incident primary DENV infection, and 16 (86.9%; 95%
CI = 62.7–96.3%) had evidence of an incident secondary DENV
infection. None of these 19 participants reported yellow fever
vaccination or diagnosis with another flavivirus infection during
the study period. Of three participants with a primary incident
DENV infection, neutralization antibody patterns in paired
specimens indicated that two were DENV-2 infections and
one was a DENV-3 infection. The infecting DENV could not

be determined in 16 participants with a secondary incident
DENV infection. All participants were negative for anti-
DENV IgM in the 12-month specimen (Supplemental Table 1).
Participants with anti-DENV IgG detected at enrollment

were almost seven times more likely to have an incident
DENV infection than participants with no detectable IgG
anti-DENV at enrollment (Table 4). However, this pattern of
association was only demonstrable for participants with a
monotypic neutralization pattern at enrollment (Table 4).
Rates of enrollment IgG anti-DENV (mean = 49.3%; SE =

1.2; 95% CI = 46.8–51.9%) and incident DENV infection
(mean = 6.1%; SE = 0.3; 95% CI = 5.4–6.7%) varied by neigh-
borhood. Rates of enrollment IgG anti-DENV (mean = 50.8%;
SE = 2.1; 95% CI = 46.4–55.2%) and incident DENV infection
(mean = 6.0%; SE = 0.5 95%CI = 5.0–7.1%) also varied by school.
Of 308 participants who had paired specimens collected,

300 (97.0%) completed the enrollment and 12-month ques-
tionnaire, and 8 (3.0%) completed only the 12-month ques-
tionnaire. Of these 308 participants, 135 (43.6%; 95% CI =
38.6–48.7%) reported at least one AFI.
Of 19 participants with incident DENV infection, 9 (39.8%;

95% CI = 23.1–57.4%) reported by phone interview having at
least one AFI: 5 with UFI and 4 with DF. Of nine participants
with at least one AFI, one (10.0%; 95% CI = 0.9–57.3%) had
an incident primary DENV infection, and eight (90.0%; 95%
CI = 42.7–99.1%) had an incident secondary DENV infection.
None of these AFIs were reported to EDSS or PDSS. The
remaining 10 participants with incident DENV infection
(61.1%; 95% CI = 43.3–76.9%) did not report any AFIs by
interview, and AFIs in these participants were not reported to
EDSS or PDSS. Of these participants, two (13.8%; 95% CI =
3.0–45.5%) had an incident primary DENV infection, and
eight (86.2%; 95% CI = 54.5–97.0%) had an incident second-
ary DENV infection.
There was no association between secondary DENV infec-

tion status and symptomatic incident DENV infection. The
symptomatic-to-inapparent infection ratio was 1:1.6 (95% CI =
1:0.7–1:2.0). No DHF, DSS, dengue-related hospitalization, or
deaths were reported among participants.

DISCUSSION

In this single-year prospective cohort study, we showed that,
in an area of Puerto Rico with consistently high incidence of
reported dengue cases that was experiencing an epidemic dur-
ing the study, roughly 1 in 20 children and adolescents was
infected with DENV.7,8,21 We also found that children and
adolescents with pre-existing immunity against DENV were at
a higher risk for subsequent DENV infection during the study.

Table 3

Incident DENV infection rates among 10- to 18-year-olds during the
study period in Patillas, Puerto Rico in 2007 and 2008

Characteristics at enrollment

Incident DENV infections, n (%)

TotalYes No

Mean age in years (SE)* 13.4 (2.2) 13.2 (0.06) 13.7 (0.05)
Age in years, n (%)
10–11† 8 (7.5) 100 (92.4) 108
12–13 6 (6.1) 100 (93.9) 106
14–15 2 (2.5) 46 (97.5) 48
16–18 3 (5.6) 43 (94.4) 46

Anti-DENV IgG, n (%)‡
Fourfold rise in

anti-DENV IgG titer
16 (9.9) 136 (90.1) 152

Negative to positive
anti-DENV IgG

3 (1.4) 153 (98.5) 156

Total, n 19§ 289 308

Calibration weighting was applied to the calculation of proportions, logistic regression
odds ratios (ORs), SEs, 95% CIs, and P values. Incident DENV infection was defined as a
change from negative to positive or a greater than or equal to fourfold rise in IgG anti-
DENV titers in paired specimens.
*AdjustedWald test, F(1,32.0) = 0.56; P value = 0.46. Logistic regression (age in years used

as a continuous variable), OR = 0.93; P value = 0.47.
†F(2.25,72.10) = 0.73; P value = 0.5.
‡Rao–Scott F(1,32.0) = 20.2; P value = 0.002.
§Overall incident DENV infection rate = 5.64% (95% CI = 3.2–8.1).

Table 4

Association of enrollment anti-DENV IgG and neutralization antibodies with incident DENV infection among 10- to 18-year-olds during the
study period in Patillas, Puerto Rico in 2007 and 2008

Enrollment specimen serology patterns Total Number of incident DENV infections (%) Risk ratio 95% CI Rao–Scott c2 P value

IgG anti-DENV antibodies
No 156 3 (1.5) 1.0 – –

Yes 152 16 (9.9) 6.8 1.7–27.0 < 0.008
Anti-DENV neutralization antibody pattern*
No IgG anti-DENV or neutralization antibodies 164 5 (2.4) 1.0 – –

Past DENV infection, primary DENV infections 46 7 (16.2) 6.8 1.7–27.0 0.009
Past DENV infection, secondary DENV infections 98 7 (6.2) 2.6 0.7–9.7 0.14

Calibration weighting was applied to the calculation of all proportions, risk ratios, 95% CIs, and P values.
*MNT was performed only on paired specimens with a positive anti-DENV IgG in either the enrollment or 12-month specimen.
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Finally, we found an incident DENV infection rate and a symp-
tomatic-to-inapparent DENV infection ratio in our cohort that
were similar to those in other endemic dengue areas.
We estimated the overall seroincidence of DENV infection

to be 5.6% in a largely immune cohort of children and adoles-
cents during an island-wide epidemic.9 Our estimate was con-
siderably lower than the estimates from two prior prospective
seroincidence studies conducted in Puerto Rico during the
1969 and 1982 epidemics.6,11 These studies found child and
adolescent seroincidence rates of 60–70%6 and 37%.11 The
higher seroincidence rates in these studies might be explained
by the introduction of new DENV serotypes into a largely
non-immune population. For example, in 1969, Puerto Rico
experienced an epidemic of predominantly DENV-2, a DENV
serotype that had not been detected previously in Puerto
Rico.22 In 1982, after DENV-1, -2, and -3 had already been
detected in Puerto Rico, DENV-4 was introduced and became
the dominant DENV serotype during the epidemic of the same
year.23 Even considering these epidemiologic patterns, differ-
ences observed between these prior studies and our study may
also be explained by the different testing methods used and
their performance in these studies; some studies used only
anti-DENV IgG ELISA or hemagglutination inhibition assay
to determine seroincidence but did not necessarily perform
neutralization assays to assess specific anti-DENV antibody
reactivity. Additionally, in our study, we found that there
was a lower incidence of DENV infections in subjects with
past DENV infection with undetermined serotype, perhaps
because of the presence of protective antibodies against all
four serotypes (Table 4).
Although southeast Asia and Central America are thought

to have a higher DENV seroincidence than the Caribbean, our
1-year seroincidence rate was comparable with these regions,
suggesting that DENV seroincidence in Puerto Rico corre-
sponds to baseline seroincidence in other endemic areas.24–32

For example, studies conducted in southeast Asia have found
seroincidence rates ranging from 2.2% to 18%.24–28,30,32 How-
ever, many of these studies included a somewhat younger
cohort of children (1–16 years old). Our seroincidence rate
was also comparable with the rates found in prospective
cohort studies conducted in Central and South America
(5.8–11.1%).29,31,33 The similarity between our 1-year DENV
seroincidence rates and other study populations suggests that
Patillas and likely, Puerto Rico can also experience higher
rates of DENV transmission.
The symptomatic-to-inapparent DENV infection ratio

observed in our study (1:1.6) was similar to that seen in school-
aged children from some DENV-endemic areas (Thailand in
1998–2002 and 2004–2007; 1:0.9–1:2.9) but not others (Nicara-
gua in 2001–2008; 1:3–1:18).27–29,31 The reason for these differ-
ences is multifactorial and likely related to host population
immune profile, DENV transmission patterns, DENV sero-
type/strain differences, and intensity of AFI monitoring.34 For
example, it seems that AFI detection methods used in studies
may affect estimation of symptomatic-to-inapparent DENV
infection ratios, because studies that used active AFI moni-
toring methods (e.g., school absence monitoring with student
and parent follow-up) tended to report higher symptomatic-
to-inapparent DENV infection ratios (1:0.9–1:2.9) than stud-
ies using passive AFI monitoring methods (e.g., instructing
participants to visit the study clinic when ill/no active follow-
up; ratio = 1:1.3–1:18).25,27,28,31 This suggests that studies

with more robust case detection methods are detecting more
illness occurrences and produce more accurate symptomatic-
to-inapparent DENV infection ratio estimates. Although
intrinsic DENV factors, host characteristics, and the interac-
tion between pre-existing neutralization antibodies and the
infecting DENVs may have influenced the inapparent DENV
infection detected in our cohort, we believe that our study had
comparable ratios of inapparent to symptomatic infections
with those reported by others, because we used both active
AFI methods (phone interviews) and passive methods (fever
diary and EDSS + PDSS).34

This study was subject to several limitations. First, the par-
ticipation rate was low (42.5%), and boys and older students
participated at disproportionately lower rates (data not shown).
Despite student and parent orientations, we observed that
students and parents were reluctant to participate because of
fear of blood draws and unfamiliarity with study participation.
We used standard calibration weighting to minimize this
effect and calculate more generalizable estimates. Second,
relying on phone interviews and reports of illness from two
passive surveillance systems may have decreased our ability to
detect all dengue illness in our study population. Third, we may
have underestimated incidence, because we relied on collecting
specimens within a 12-month period. Anti-DENV IgG titers
may have waned during this period if the participant experi-
enced a secondary DENV infection early in the study and
hence, had no measurable change in immune status at the
12-month blood collection. Fourth, we were unable to deter-
mine the infecting DENV serotype for many incident infec-
tions, which precluded examination of the relationship between
circulating DENV serotypes and symptomatic infections.
In conclusion, the 1-year DENV infection rate in our group

of school-aged children seemed to be similar to the rates of
other dengue-endemic areas that are thought to have much
higher levels of DENV transmission than the Caribbean. Sim-
ilar to other endemic areas, we also found that nearly one-half
of school-aged children had already acquired at least one
DENV infection by the time that they were 10- to 11-years-old.
Notably, we also found that DENV transmission in Patillas
tended to cluster spatially, putting some participants more at
risk than others for repeat infection. Although we were able
to add to our understanding of symptomatic and inapparent
DENV infection in a group of school-aged children in Puerto
Rico, more studies will be needed to better understand the
annual variation in DENV infection patterns and the deter-
minants of symptomatic and inapparent DENV infection.
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