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Abstract. Chikungunya virus (CHIKV) spread rapidly throughout the Caribbean region in 2014, and the first sero-
logically confirmed case was seen in Grenada in July. This study investigated the outbreak of CHIKV in Grenada to
identify the distinguishing clinical manifestations and the symptoms that corresponded the closest with serological test
results. Sera were tested by IgM enzyme-linked immunosorbent assay and polymerase chain reaction to distinguish
between cases positive or negative for CHIKV. Of 493 cases, 426 (86%) tested positive for CHIKV. The diagnostic
decision rule, “Define as CHIKV positive a patient presenting with joint pain and any combination of fever, body
pain, or rash,” produced the closest agreement (85%) with the serological test results (Cohen’s kappa, k = 0.289,
P value < 0.001). When laboratory facilities are not available for diagnostic confirmation, syndromic surveillance using
these four symptoms could be useful to define cases during a CHIKVoutbreak when CHIKV is the predominant circu-
lating arbovirus.

Arthropod-borne viruses (arboviruses) comprise many
of the most important emerging pathogens due to their
geographic expansion and their increasing impact on vul-
nerable populations.1–4 During the last decade, chikungunya
virus (CHIKV) has expanded its range across Africa and
Asia, and has emerged in Europe.5–12 In December 2013,
CHIKV reemerged in the Americas after a presumed absence
of more than 200 years.13 The Caribbean outbreak is by the
Asian genotype first identified in southeast Asia.14,15 Since
then, more than 1.6 million confirmed and suspected cases
have been reported across all of the Caribbean islands,16 in
multiple countries in Central and South America,16 and in
southern Florida in the United States.17

In the Caribbean, CHIKV is transmitted by diurnally feed-
ing urban Aedes aegypti vectors.18,19 CHIKV’s rapid spread
has been facilitated by immunologically naive populations in
the region mixing with huge numbers of travelers arriving by
air or by sea from neighboring mainland countries and trav-
eling among the region’s islands. CHIKV is now likely to be
endemic to the region, and will continue to be a cause of
severe febrile disease in communities of the Caribbean and
along the Gulf of Mexico. For example, 7 months after the
introduction of CHIKV to the Caribbean island of Saint
Martin, the seroprevalence rate on the island was estimated
to be nearly 17% with 39% of infected persons being asymp-
tomatic indicating the disease can circulate inconspicuously
throughout the region.20

Information on the most common clinical manifestations
can facilitate syndromic surveillance and could be diagnosti-
cally valuable since the capability to make a laboratory con-
firmation of CHIKV in the region is limited and there are
no reliable diagnostic test kits commercially available. In the
Caribbean, only Puerto Rico, Cuba, Dominican Republic,
Saint Martin, Martinique, Guadeloupe, French Guiana, Aruba,
Curacao, Saba, and Suriname have laboratories capable of

rapidly implementing diagnostic testing to detect the emer-
gence of a novel virus. All other Caribbean countries have
limited diagnostic capacity and samples are sent to the
Caribbean Public Health Agency (CARPHA) in Trinidad for
analysis. The huge number of samples received at CARPHA
means that only a few samples can be tested from each coun-
try, and consequently, many countries must rely on syndromic
surveillance to manage epidemics.
Anticipating the imminent arrival of CHIKV into Grenada

in 2014 and since no local CHIKV laboratory diagnostic facil-
ities existed, a collaborative link was established between St.
George’s University School of Medicine and the Naval Infec-
tious Diseases Diagnostic Laboratory (NIDDL) at the Naval
Medical Research Center in the United States. Subsequently,
in Summer 2014, CHIKV transmission was confirmed in
Grenada, and an explosive outbreak lasted for 13 weeks
from mid-July to mid-October 2014.
On the basis of cases observed during the outbreak, the

3-fold objectives of this study were to:

1. describe the demographic attributes of patients suspected
to be CHIKV infected,

2. determine whether the CHIKV and dengue virus (DENV)
were cocirculating in Grenada, and

3. identify a set of observed symptoms that could provide
the closest agreement with serological test results.

From the time of presentation of the first suspected
CHIKV case in Grenada in July, patients with symptoms
consistent with either CHIKVor DENV were enrolled in the
study from health facilities throughout the country. Cases
came from all regions in rough proportion to the overall
population with the highest number coming from St. George
Parish—the largest urban area.
This investigation was a “rapid public health response”

and approval was obtained from the St. George’s University
Institutional Review Board. All participants were counseled
about the aims and risks of the study and were enrolled only
if they wished to participate.
During the 2014 outbreak in Grenada, demographic infor-

mation, symptom data, and whole blood specimens were
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collected from 493 suspected cases from the index case on
July 9 until October 9, by which time symptomatic patients
were no longer presenting at the clinics. The onset coincided
with the beginning of the annual rainy season in Grenada. Of
the 493 cases enrolled, 325 (66%) were female and 165 were
male (34%)—the gender was not recorded for three cases.
Although the observed cases were not a representative sam-
ple drawn from the general population, the cases spanned
the entire range of ages in Grenada from less than 1 year to
over 80 years, with a median age of 34.5 years with no signif-
icant difference in the age distributions by gender (Figure 1).
Consequently, the outbreak had the potential to adversely
impact all aspects of society from children’s school atten-
dance to adults’ business and economic activities.
Thirty symptoms were clinically observed in the cases

enrolled in the study. The top 10 clinical symptoms are shown
in Table 1 listed in descending order of frequency observed.
The remaining symptoms were observed in less than 20%
of the cases, and therefore were deemed nonindicative of the
presence of CHIKV.
Sera samples were tested at the NIDDL using the indirect

CHIKV IgM enzyme-linked immunosorbent assay (ELISA)
with a cutoff value for seropositivity > 0.30 mean adjusted
net optical density. Since CHIKV was the predominant circu-
lating alphavirus during the outbreak, there were few, if any,

other infections that would have been cross-reactive with the
ELISA test. In addition, a quantitative multiplex real-time
polymerase chain reaction (PCR) for CHIKV and DENV
was performed by the NIDDL using an in-house developed
and Clinical Laboratory Improvement Amendments–validated
assay with a cutoff for positivity < 37 cycle time.21

Of all 493 cases in the study, 426 (86%) tested positive for
CHIKV by either IgM or PCR, with 49 testing positive by
both tests. By gender, 286 of 325 (88%) female cases and
140 of 165 (85%) male cases tested positive. Only two cases
were asymptomatic cases yet tested positive. No cases tested
positive for DENV.
Positive CHIKV cases in Grenada were most likely to have

joint pain, but unlike the CHIKV outbreak in Trinidad22—
the largest neighboring country to Grenada—abdominal pain
and sore throat were not associated with CHIKV in Grenada.
The clinical presentations of CHIKV in Grenada were more
similar to what was seen in Colombia where joint pain, fever,
headache, and rash were the most common symptoms.23

Table 1 also shows the results of using likelihood ratio
tests for independence between a symptom and its observed
frequency in the CHIKV positive and negative cases. Signifi-
cance was evaluated using the Holm–Bonferroni sequential
procedure for multiple comparisons to control for a false dis-
covery rate of 5%. As a result, six symptoms were identified
as possibly indicative of CHIKV: joint pain, fever, body pain,
chills, rash, and joint swelling.
Joint pain was by far the most statistically significant

clinical symptom distinguishing between positive and nega-
tive CHIKV cases. Of 441 cases with joint pain, 395 (90%)
tested positive for CHIKV, whereas only 31 of 49 (63%)
cases without joint pain tested positive. Thus, the propor-
tion of cases who presented with joint pain and tested posi-
tive for CHIKV was 42% greater than the proportion of
cases without joint pain. Comparing males and female cases
with joint pain, no evidence was found (Mantel–Haenszel
P value = 0.678) contrary to homogeneity of the two gender
groups for the proportion testing positive for CHIKV. How-
ever, fever and chills were more distinguishing between
CHIKV positive and negative cases in males (P values = 0.023
and 0.035, respectively).
Generalized linear modeling with binary categorical

response and explanatory variables was used to test all pos-
sible combinations of the observed symptoms ranging from
single symptoms to all six possibly indicative symptoms to

FIGURE 1. The distribution of ages for all enrolled cases.
Although children are underrepresented among the observed cases
relative to the general population, the adult age groups roughly
approximate the age distribution of the adult population. There was
no significant difference in the age distributions by gender.

TABLE 1
Top ten clinical symptoms observed during the acute presentation phase of the 2014 CHIKVoutbreak in Grenada

Cases with symptom

Female cases (%) Male cases (%) All cases (%) CHIKV ± significance

Joint pain 90.8 88.5 90.0 < 0.001*
Fever 88.3 89.1 88.6 0.002*
Body pain 65.2 69.7 66.7 0.025*
Headache 52.9 55.8 53.9 0.077
Chills 50.8 49.1 50.2 < 0.001*
Rash 48.0 32.7 42.9 < 0.001*
Enlarged lymph 29.8 26.7 28.8 0.116
Eye pain 28.9 24.2 27.3 0.056
Nausea 27.7 25.5 26.9 0.513
Joint swelling 28.9 17.6 25.1 0.002*
CHIKV = chikungunya virus. The top ten clinical symptoms are listed in descending order of frequency observed in the cases enrolled during the acute presentation phase of the 2014 CHIKV

outbreak in Grenada. The predominant symptoms observed for both genders are joint pain and fever. Statistical significance (*) indicates evidence of a dependence between a symptom and its
observed frequency in CHIKV-positive cases compared with negative cases.
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determine the combination of symptoms that would most
closely agree with the serological test results for each gender
and for all cases combined. All analyses were performed
using IBM® SPSS® Statistics version 22 (Armonk, NY).
Although a study in Mayotte (Indian Ocean area) reported

in 2010 that joint pain and fever correctly classified 87%
of serologically confirmed CHIKV cases,24 in Grenada, those
two symptoms alone were insufficient to reliably classify
cases. In fact, no single symptom or combinations of only two
symptoms were sufficient as diagnostic indicators.
In the Grenada cases, the decision rule to “Diagnose as

CHIKV positive patients who present with joint pain along
with any combination of the fever, body pain, or rash,”
would have provided 85% agreement with the serological
tests. Table 2 shows the agreement between the symptom-
atic and serological diagnoses by gender and for all cases.
Agreement was tested using Cohen’s kappa statistic and was
adjusted for prevalence. The decision rule applied to both
genders with 85% agreement with the serological results for
females and 82% agreement for males. No other decision
rule would have produced significantly closer agreement with
the serological tests. On the basis of the resultant P value for
each kappa statistic, agreement between the symptomatic diag-
nostic decision rule and the serological testing results was
unlikely to have occurred by chance for each gender and for
all cases combined.
In summary, due to the absence of cocirculating DENV,

this study has provided a clear picture of the clinical manifes-
tations of CHIKV unconfounded with DENV. Although the
results of this study are not generalizable beyond the cases
studied, a diagnostic decision rule such as the one devel-
oped in this study can give close agreement with serological
tests. Since CHIKV is now presumed to be endemic in the
Caribbean region, syndromic surveillance could be used to
define cases in similar immunologically naive populations,
where laboratory facilities for serological diagnostic confir-
mation are not available, as was the situation in Grenada
during the 2014 CHIKVoutbreak.
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