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Abstract. Chikungunya virus (CHIKV) was recently introduced into the Americas. In Nicaragua, the first endogenous
transmission of CHIKV was recognized in September 2014. We used an ongoing dengue cohort study of children aged
2–14 years in Managua, Nicaragua, to document the attack rate of symptomatic chikungunya in a presumably naive popu-
lation. From September 2014 through March 2015, the overall clinical attack rate of laboratory-confirmed CHIKV infec-
tion was 2.9% (95% confidence interval [CI]: 2.3%, 3.4%). The attack rate was greater in children ≥ 8 years of age (4.1%;
95% CI: 3.2%, 5.1%) than in those < 8 years of age (1.5%; 95% CI: 0.9%, 2.1%). The mean age of CHIKV cases presenting
with typical chikungunya symptoms was 9.8 years, compared with 7.8 years for cases presenting with undifferentiated
fever (P = 0.04). Our data suggest that the clinical attack rate in children may underestimate the true burden of disease
as some children, especially young children, may experience more atypical symptoms (e.g., undifferentiated fever).

Chikungunya is a viral disease transmitted by Aedes aegypti
and Aedes albopictus mosquitoes. Since its reemergence
in 2004, chikungunya virus (CHIKV) has caused outbreaks
in the Indian Ocean region, India, southeast Asia, the Pacific
region, and, to a lesser extent, Europe.1–4 In December 2013,
CHIKV was reported in the Caribbean island of St. Martin.
Since then, over 1,955,000 chikungunya cases have been
reported by the Pan American Health Organization, and
most countries in the Americas are reporting autochthonous
transmission of CHIKV.5 In Nicaragua, the first imported
case was detected in July 2014 and the first autochthonous
case in September 2014.
Symptoms of acute chikungunya include abrupt onset of

high fever, arthralgia/arthritis, rash, back pain, headache,
and myalgia. Clinically, the acute phases of chikungunya and
dengue may be very similar, but, unlike dengue, chikungunya
is rarely life threatening. Further, chikungunya is character-
ized by chronic joint pain that can last for weeks to years
following acute infection.6 Fewer studies have examined clini-
cal features of CHIKV infection in children than in adults;
however, they support that children likely have a different
clinical presentation than adults.7 A serosurvey in Mayotte
found that children aged 2–14 years experienced more asymp-
tomatic infections than adults.1,8 In addition, several studies
have demonstrated severe manifestations of chikungunya pre-
dominately in children under 2 years of age.9–12

Here, we describe the attack rate of symptomatic CHIKV
infection in children in our pediatric dengue and chikungunya
cohort study in Managua, Nicaragua, during the first epidemic
of chikungunya in the country.
The Pediatric Dengue Cohort Study (PDCS) began in

August 2004 to study the incidence and natural history of
dengue and dengue virus (DENV) infection.13 In 2014, we

included CHIKV testing in the PDCS to study the emer-
gence of chikungunya. The PDCS consists of ~3,500 children
in Managua. Healthy children are eligible to participate in
the study if they are 2–14 years of age, live in the area of
District II served by the Health Center Sócrates Flores
Vivas, and they and their guardian complete informed con-
sent and assent procedures. Children are provided with
medical care through the study, and data from all medical
appointments are collected systematically. In addition, an
annual healthy blood sample is collected from participants,
and socioeconomic and risk factor surveys are completed in
March/April. New 2-year-old children are enrolled each year,
and children are withdrawn when they reach 15 years of age.
Vector control is not instituted as a part of the PDCS; rather,
children in the cohort receive vector control services from the
government, as does the rest of Managua. The study was
approved by the institutional review boards at the Nicaraguan
Ministry of Health, the University of California, Berkeley, and
the University of Michigan.
All children in the cohort meeting the testing criteria for

chikungunya and/or dengue have an acute and a convales-
cent (days 14–21) blood sample collected. The testing criteria
for both diseases are 1) fever or feverishness with ≥ 2 of the
following symptoms: headache, muscle ache, joint pain, retro-
orbital pain, rash, hemorrhagic manifestations, or leukopenia
or 2) undifferentiated fever. Acute blood samples are tested
for CHIKV and DENV by reverse transcription polymerase
chain reaction (RT-PCR) using established protocols.14,15 RT-
PCR is performed on fresh serum, or, when testing is delayed,
serum is stored at −80°C until tested. RT-PCR for CHIKV
was included in the dengue cohort in November 2014, and
previously collected samples were tested retrospectively. A
child is considered positive for chikungunya if CHIKV RNA
is detected by RT-PCR. Positivity for DENV was determined
as previously described.16

The primary outcome measure examined in this study is
the clinical attack rate of chikungunya. Cohort participants
included in the study of the clinical attack rate were limited
to those who participated during the entire 7-month period
of the first chikungunya epidemic. Wilcoxon rank-sum tests
or a nonparametric test for trend were used to determine
P values, as appropriate. Principal components analysis was
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used to create a wealth index to categorize participants into
three quantiles: very poor, poor, and not poor. The wealth index
was constructed using the following dichotomous variables:
car, motorcycle, and/or home ownership, indoor water tap,
non-dirt floor, use of a wood stove, and overcrowding, and
the following continuous variables: number of fans, televisions,
and/or refrigerators/freezers owned. All data were analyzed
in STATA version 12.1 (Stata Corp., College Station, TX).
During the 7-month period between September 1, 2014,

and March 31, 2015, 3,745 children participated in the cohort
study, of which 3,377 (90.2%) were enrolled for the entire
period. Children ranged in age from 2 to 14 years, with a
roughly equal distribution among all 1-year age groups. Of
the 368 children who did not participate for the entire period,
139 were 2-year-old children enrolled after September 2014,
131 were 15-year-old children who were withdrawn from
the study, and 98 were lost to follow-up. Of the 3,377 children,
3,353 (99.3%) had an annual survey completed in 2014.
Demographic characteristics are presented in Table 1.
A total of 96 RT-PCR-confirmed cases of chikungunya

were detected among the 3,377 children. The first case of
chikungunya in the cohort was detected the same month as
the first reported autochthonous case in Nicaragua. One
potential CHIKV–DENV coinfection was detected that was
RT-PCR positive for CHIKV and showed a ≥ 4-fold increase
in anti-DENV antibody titer between acute and convalescent
blood samples. Of the 96 chikungunya cases, 85 (88.5%) met
the study definition of a probable case of chikungunya and
11 (11.5%) presented with undifferentiated fever.
The clinical attack rate of chikungunya in the cohort was

2.9% and was similar in males and females (Table 1). Trans-
mission began in September and continued through March
(Figure 1). In children ≥ 8 years of age, the attack rate of
4.1% (95% confidence interval [CI]: 3.2%, 5.1%) was higher,
based on nonoverlapping 95% CIs, than the attack rate in
children < 8 years, 1.5% (95% CI: 0.9%, 2.1%). Among
cohort children, age was strongly associated with clinical
chikungunya infection (test for trend = 4.80, P < 0.001;
Figure 2). The mean age of CHIKV cases meeting the case

definition for a probable case of dengue or chikungunya was
9.8 years compared with 7.8 years of age for cases presenting
with undifferentiated fever (P = 0.04). Socioeconomic status
(SES) or factors associated with SES did not significantly
affect the clinical attack rate in children in our cohort; how-
ever, we observed a trend toward increasing attack rate with
increasing poverty, and our study may have been underpowered
to detect an association.
Here we find that in the 7 months after the introduction

of CHIKV in Nicaragua, with a presumably chikungunya-
naive population, the attack rate for symptomatic chikungunya
was 2.9% in children aged 2–14 years in Managua. Among
CHIKV-positive cases, older children were more likely to
present with typical CHIKV symptoms than younger chil-
dren, who were more likely to present with undifferentiated
fever. Our study included children aged 2–14 years, and
thus we were not able to assess atypical severe manifesta-
tions in children under 2 years of age, such as bullous rash
or neurological manifestations, which have been observed
in other studies.9–11 Of note, a recent study using a mouse
model has indicated that the Asian lineage CHIKV circulat-
ing in the Americas is less virulent than the East Central
South African (ECSA) genotype circulating in India and
the Indian Ocean region; thus, our findings may not be gen-
eralizable to other CHIKV genotypes.17

TABLE 1
Clinical attack rate of chikungunya according to demographic char-

acteristics, Managua, Nicaragua, 2014–2015
N (%) Clinical attack rate (%) 95% CI

All participants 3,377 2.9 2.3%, 3.4%
By sex
Female 1,699 (50.3) 2.6 1.8%, 3.6%
Male 1,678 (49.7) 3.1 2.3%, 3.9%

By age (years)
2–4 825 (24.4) 1.5 0.6%, 2.3%
5–7 848 (25.1) 1.7 0.8%, 2.5%
8–10 783 (23.2) 3.1 1.9%, 4.3%
11–14 921 (27.3) 5.0 3.6%, 6.4%

By water tap
Not inside 1,342 (40.2) 3.2 2.3%, 4.3%
Inside 2,011 (59.6) 2.6 1.9%, 3.3%

By floor
Dirt floor 364 (10.9) 3.0 2.4%, 3.6%
Other floor 2,989 (89.1) 1.9 0.5%, 3.3%

By wealth index
Very poor 1,326 (39.6) 3.3 2.3%, 4.2%
Poor 1,224 (36.5) 2.7 1.8%, 3.6%
Not poor 803 (24.0) 2.5 1.4%, 3.6%
CI = confidence interval.

FIGURE 1. Weekly clinical attack rate (%) of chikungunya in the
Pediatric Dengue Cohort Study, Managua, Nicaragua, 2014–2015.

FIGURE 2. Clinical attack rate of RT-PCR–positive chikungunya
by age in the Pediatric Dengue Cohort Study, Managua, Nicaragua,
2014–2015. Error bars represent 95% confidence intervals.
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We found a lower attack rate of clinical chikungunya infec-
tion in young children in the cohort. With DENV infection,
we see the highest rates of DENV-positive undifferentiated
fever in the youngest children and the highest rates of cases
meeting the case definition in older children,18 leading us
to postulate that CHIKV infections in young children may
present with atypical mild symptoms or remain asymptom-
atic. To fully evaluate this question, further studies are
needed to assess asymptomatic or subclinical infection in
children. We are using healthy annual blood samples to
examine the age-specific rate of CHIKV infection compared
with clinical cases in our cohort.
A major strength of our study is the prospective cohort

design, which allowed us to capture CHIKV cases from the
beginning of the outbreak in Nicaragua. One limitation of
this study is that young children have reduced verbal skills
and thus may be less able to report symptoms of classical
chikungunya, such as myalgia and headache. This could lead
to overestimation of the percentage presenting with undiffer-
entiated fever. Another limitation is that it is in a geographi-
cally limited area, and while the children in the cohort study
are representative of the general population in Managua,
outbreaks tend to be focal, thus, the attack rates reported
here are specific to this setting.
In conclusion, we have found that ~3% of children experi-

enced a clinical CHIKV infection during the first epidemic of
the disease in Nicaragua. The attack rate in these children
was lower than expected given the explosive chikungunya
epidemics in other countries in the Americas after introduc-
tion.5 It is possible that transmission was lower due to envi-
ronmental conditions or control efforts. However, our data
also suggest that the clinical attack rate in children may
underestimate the true burden of disease, as some children,
especially younger children, may experience more mild
atypical symptoms (e.g., undifferentiated fever) or subclinical
CHIKV infections.
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