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Background. Beginning in December 2013, an epidemic of chikungunya virus (CHIKV) infection spread across the Caribbean 
and into virtually all countries in the Western hemisphere, with >2.4 million cases reported through the end of 2017.

Methods. We monitored a cohort of school children in rural Haiti from May 2014, through February 2015, for occurrence of 
acute undifferentiated febrile illness, with clinical and laboratory data available for 252 illness episodes. 

Results. Our findings document passage of the major CHIKV epidemic between May and July 2014, with 82 laboratory-con-
firmed cases. Subsequent peaks of febrile illness were found to incorporate smaller outbreaks of dengue virus serotypes 1 and 4 and 
Zika virus, with identification of additional infections with Mayaro virus, enterovirus D68, and coronavirus NL63. CHIKV and den-
gue virus serotype 1 infections were more common in older children, with a complaint of arthralgia serving as a significant predictor 
for infection with CHIKV (odds ratio, 16.2; 95% confidence interval, 8.0–34.4; positive predictive value, 66%; negative predictive 
value, 80%).

Conclusions. Viral/arboviral infections were characterized by a pattern of recurrent outbreaks and case clusters, with the 
CHIKV epidemic representing just one of several arboviral agents moving through the population. Although clinical presentations 
of these agents are similar, arthralgias are highly suggestive of CHIKV infection.
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The past few decades have been characterized by the emer-
gence and geographic expansion of a series of arboviruses, 
including dengue virus serotypes 1–4 (DENV1–DENV4), 
chikungunya virus (CHIKV) [1], and Zika virus (ZIKV) [2]. 
In December 2013, CHIKV (Asian clade) was identified for 
the first time in the Western Hemisphere, on the Island of St 
Martin in the Caribbean [3]. From St Martin, an epidemic wave 
of CHIKV infection moved across the Caribbean and spread 
into virtually every country in the hemisphere, with >2.4 mil-
lion cases reported to the Pan American Health Organization 
through the end of 2017 [4]. Although the CHIKV epidemic 

caused substantial morbidity, during the same time period 
(2013–2017) and in the same region >8.8 million dengue cases 
were reported to the Pan American Health Organization [5], 
together with >800 000 suspected and confirmed ZIKV infec-
tions [5], underscoring the magnitude and diversity of arboviral 
infections within the population.

Moreira et al [6] have recently summarized results of stud-
ies on the epidemiology of acute febrile illness (AFI) in Latin 
America [6–11]. Although these studies have provided a basis 
for identifying the major pathogens responsible for febrile illness 
in the region, diagnostic criteria and approaches have differed 
widely, with no study having the ability to screen for previ-
ously unidentified pathogens; across all 17 studies evaluated by 
Moreira [6], the median number of pathogens tested per indi-
vidual was 3.5. Studies have also tended to be cross-sectional, 
making it difficult to assess patterns of infection with different 
agents, data which are of potential importance in understand-
ing drivers or facilitators for epidemic disease within the region.

Our group has maintained ongoing surveillance of a cohort 
of approximately 1250 children attending schools operated by 
the Christianville Foundation (a US-based nongovernmen-
tal organization) in a semirural region in Haiti close to Port-
au-Prince [11]. In 2012–2013, acute undifferentiated febrile 
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infection (ie, subjective fever in a child with no localizing signs 
or symptoms) was the third most common presenting com-
plaint at the clinic serving the Christianville schools, with a rate 
of 235 cases per 1000 child-years of observation [11]. In these 
2012–2013 studies, diagnostic testing of children with AFI was 
limited to screening for malaria (approximately 6% of patients) 
and possible typhoid fever. In 2014, anticipating the imminent 
onset of the CHIKV epidemic in Haiti, we expanded our evalu-
ation to include collection of a blood sample for viral screening 
(including viral cultures) from case patients. Our goal was to 
diagnose and characterize the clinical and epidemiological fea-
tures of AFI in these children, to understand temporal patterns 
of infection and explore differences in clinical presentation.

Our group has previously reported isolation of specific agents 
from individual members or small groups from this population 
[12–19], but we have not looked comprehensively at results or 
clinical presentations across an extended time period. The cur-
rent report provides a comprehensive look at all virology results 
from May 2014 through February 2015, placing previous reports 
in temporal and phylogenic context; it also provides an in-depth 
analysis of clinical data from the CHIKV epidemic period.

MATERIALS AND METHODS

Patient Population/Specimen Collection

Blood samples were collected from schoolchildren with AFI seen 
at the Christianville School clinic beginning in May 2014; the 

current report summarizes results through February 2015. The 
clinic at the Christianville School is free and serves as the pri-
mary source of medical care for the approximately 1250 children 
at the 4 school campuses within the Christianville School system 
(Figure 1): this includes the main LaSalle/Gressier campus, hous-
ing kindergarten through grade13 (school A), and 3 small satel-
lite elementary school campuses (schools B, C, and D). 

All schoolchildren who presented with AFI (defined based 
on a subjective history of fever and/or fever on presentation in 
a child with no obvious source of infection (ie, no respiratory 
symptoms, symptoms of urinary tract infection, or diagnostic 
criteria for malaria or typhoid) were included in this study [11]. 
All clinical data were collected and recorded by the clinic phy-
sician or nursing staff, with data extracted from clinical charts 
for analysis. The University of Florida and Haitian national 
institutional review boards approved all protocols, and written 
informed consent was obtained from parents or guardians of all 
study participants.

Laboratory Screening of Samples

Methods for sample collection and laboratory analysis have been 
reported elsewhere by our group [13–15, 19]. In brief: whole 
blood was collected in dipotassium ethylenediaminetetraacetic 
acid tubes (BD Vacutainer; Becton Dickinson), and plasma 
was extracted and frozen at −70°C. Samples were screened for 
CHIKV, DENV1-4, and ZIKV by means of real-time polymerase 
chain reaction (PCR) using standard procedures [19–21], with 

Figure 1. Map of study area. School locations are indicated by letters; the darker line represents the major highway through the region.
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all virus isolations and RNA extractions for samples that might 
be CHIKV positive performed in a biosafety level 3 facility 
at the University of Florida Emerging Pathogens Institute in 
Gainesville.

Virus isolations from plasma specimens were attempted in 
Vero E6 cells (American Type Culture Collection CRL-1586). 
Cell cultures were maintained for up to 21 days after inocula-
tion, or until CHIKV-induced cytopathic effects were observed 
in the cell monolayers. When cytopathic effects were observed 
throughout 50% of the monolayer, spent medium along with 
scraped cells were cryopreserved at −80°C for molecular test-
ing. Total RNA extracted from the cell–spent media samples 
were subsequently tested by real-time reverse-transcription 
(RT) PCR [20–22], even if the corresponding plasma specimen 
had tested negative. In addition, spent medium from cultures 
displaying non-CHIKV cytopathic effects, which were DENV 
and ZIKV negative at real-time RT-PCR, were screened with 
a duplex RT-PCR for the viral RNAs of other alphaviruses and 
flaviviruses [23].

Analysis of Clinical and Demographic Data

Descriptive statistics were computed for the study popula-
tion’s demographic characteristics and presentation of clinical 
symptoms by infection status. Demographic-specific attack 
rates (ARs) for AFI and for each pathogen were calculated by 
dividing the number of persons in the specific demographic 
category with the PCR-confirmed infection by the total number 
of persons in that category. Statistical significance in ARs was 
determined by comparing the 95% confidence intervals (CIs) 
between categories within each demographic variable; if the 
95% CIs did not overlap, the categories were considered signifi-
cantly different.

Forward and backward stepwise logistic regression models 
were employed for each pathogen-specific outcome (eg, pres-
ence of absence of CHIKV, referred to as “CHIKV model”) 
to narrow down the list of candidate predictors for use in the 
predictive models. The best-fit model for each pathogen out-
come was selected so that adding or removing additional vari-
ables would not lower the Akaike information criterion. Only 
the selected variables that were informative (ie, had nonzero, 
noninfinity point estimates and associated CIs) were included 
in subsequent analysis.

The best-fit models for each pathogen (referred to as DENV1, 
DENV4, CHIKV, and CHIKV-ZIKV models) were then trained 
on a randomly selected 66% of the original data set, and vali-
dated against the remaining 34% of the data. This procedure was 
repeated 100 times for each pathogen model. Receiver operat-
ing characteristic (ROC) curves were generated for the average 
of the 100 replicates for each pathogen outcome. Predictive sta-
tistics including area under the ROC curve, positive predictive 
value (PPV), negative predictive value (NPV), sensitivity, and 
specificity were generated.

Finally, K-means clustering was applied to the data, to better 
observe how collections of clinical symptoms cluster with the 
presence and absence of each different pathogen. The variables 
included were binary, so that centroid values closer to 1 indicate 
that individuals classified into that cluster more often than not 
had that symptom. All data cleaning and analysis were carried 
out using R software, version 3.2.1 (R Core Team; 2014), and 
predictions were implemented using the forecast package [24].

RESULTS

Clinical and laboratory data were available for 252 children; we 
estimate that this represents approximately 95% of all children 
seen in the school clinic who met the criteria for AFI. We identi-
fied 223 AFI cases per 1000 child-years of observation, which is 
marginally less than the 235 cases per 1000 child-years that was 
observed in 2012–2013 [11].

Eighty-two children had a laboratory-confirmed diagnosis 
of CHIKV infection. Among these, 8 were infected with mul-
tiple viruses, including 6 with dual CHIKV-ZIKV, 1 with dual 
CHIKV-DENV2, and 1 with dual CHIKV and Mayaro virus 
(MAYV) infection (previously reported in [19]). Other infec-
tions identified included DENV1 (n  =  24; 2 dual infections), 
DENV4 (n = 32), ZIKV (n = 9; 6 dual infections with CHIKV, 
as noted above, and 1 dual infection with DENV1 [13]), MAYV 
(n = 2; 1 dual infection with CHIKV, as noted above, and 1 dual 
infection with DENV1 [14]), coronavirus NL63 (n  =  4 [15]), 
and enterovirus D68 (n = 1 [12]).

As shown in Figure  2, major AFI peaks were seen in June 
2014, October and November 2014 and January 2015. CHIKV 
infections accounted for virtually all of the May–July AFI cases, 
consistent with the time that the CHIKV epidemic was known 
to be moving through Haiti. The staff at the school clinic ini-
tially assumed that the October–November AFI peaks reflected 
recurrence of CHIKV. However, at laboratory analysis we iden-
tified a cluster of DENV1 cases, followed by a small ZIKV clus-
ter in December [14]. However, we were not able to find an 
cause for the majority of AFI cases in this time period, despite 
the use of viral culture techniques; work on identification of 
other possible etiologic agents for AFI cases in this time period 
continues. Finally, the January 2015 peak seems to have been 
due largely to an outbreak of DENV4 infection.

Study population demographics, including age, sex, school 
location, and grade are presented in Table 1, along with demo-
graphic-specific ARs for AFI. Students in kindergarten had an 
AR of 39% (95% CI, 33%–44%), which was significantly greater 
than those in primary school students (15%; 12%–18%), and 
secondary school students (20%; 15%–26%). Kindergarteners 
also represented >45% of the students with AFI, but only 21% 
of the total cohort.

Pathogen-specific ARs along with their associated 95% 
CIs are presented in Table  2 by demographic categories. Of 
note, students in school A (AR, 9%; 95% CI, 7%–11%) had a 
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significantly higher AR for CHIKV than those in school D (1%; 
0%–2%).

The proportion of positive cases of each pathogen with spe-
cific symptoms is presented in Table 3. By definition, all chil-
dren in the study had a history of fever; those with a measured 
temperature of >37°C when seen in the clinic were included in 
the category of “fever at visit.”

Compared with patients with CHIKV, a significantly greater 
proportion of patients who tested positive for “any DENV” 
experienced abdominal pain, whereas patients with CHIKV 
had significantly higher rates of arthralgia and myalgia than 
those with any DENV. Supplementary Table  1 presents the 
localization of arthralgias by infection outcome for patients 
with confirmed CHIKV only and dual CHIKV-ZIKV infection: 
arthralgias in CHIKV-only patients were most common in the 
knee (48.9%), wrist (44.7%), and ankle (36.2%).

Table 4 shows the results from the 4 stepwise logistic regres-
sion models that were performed for variable selection for 
each of the 4 outcomes of interest. Of note, no single variable 
was included in every model. Individuals aged 10–14  year or 
older had significantly greater odds of CHIKV infection than 
3–4-year-olds (odds ratio,  3.6; 95% CI, 1.4–9.8). In addition, 
patients with AFI who had arthralgia had 16.2-fold increased 
odds of CHIKV infection (95% CI, 8.0–34.4) compared with 
patients with AFI who did not present with arthralgia, after 
adjusting for age category and sex. Although the number of 
cases was small, the presence of myalgia was significantly asso-
ciated with increased odds of dual CHIKV-ZIKV infection 
(odds ratio, 6.5; 95% CI, 1.2–47.6), compared with the absence 
of myalgia

The variables selected for each pathogen model were then 
used in additional logistic regression models for each outcome 

Table 1. Population Demographics and Demographic-specific Attack Rates

Variablea

Patients, No. (%)

AFI AR (95% CI) AFI Population (n = 252) Total Population (N = 1390)

Sex

 Female 120 (47.6) 705 (50.72) 0.17 (.14–.20)

 Male 132 (52.4) 685 (49.28) 0.19 (.16–.22)

Schoolb

 School A 180 (71.4) 558 (40.14) 0.32 (.28–.36)

 School B 13 (5.2) 217 (15.61) 0.06 (.03–.09)

 School C 47 (18.7) 126 (9.06) 0.38 (.29–.47)

 School D 12 (4.8) 231 (16.62) 0.06 (.03–.09)

Gradeb

 Kindergarten 114 (45.2) 296 (21.29) 0.35 (.30–.41)

 Primary 96 (38.1) 648 (46.62) 0.14 (.11–.16)

 Secondary 42 (16.7) 207 (14.89) 0.19 (.14–.25)

Abbreviations: AFI, acute febrile illness; AR, attack rate; CI, confidence interval.
aThe mean age in the AFI population was 7.8 years (standard deviation, 4.5). The mean age for the school-age population was 8.84 years.
bStatistically significant differences between ≥1 categories in this variable. 

Figure 2. Pathogen-specific surveillance over the course of the study period. Abbreviations: AFI, acute febrile illness; CHIKV, chikungunya virus; DENV1 and DENV4, dengue 
virus, serotypes 1 and 4; ZIKV, Zika virus.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy582#supplementary-data
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that were trained on a randomly selected 66.7% of the data 
and validated against the remaining 33.3%. This process was 
repeated 100 times, and prediction metrics are presented 
in Supplementary Table  2. Of note, all models had 0% PPV, 
except for the CHIKV model (the model that predicted pres-
ence or absence of CHIKV based on the covariate [arthralgia] 
selected for inclusion from Table 4). The CHIKV model had a 
mean PPV of 66% (standard deviation [SD], 0.06; interquar-
tile range [IQR], 0.62–0.70) and mean NPV of 80% (SD, 0.04; 
IQR, 0.78–0.83) across all 100 validation runs (Supplementary 
Table  2). The mean area under the ROC curve was 0.80 (SD, 
0.05; IQR, 0.7–0.83; Supplementary Figure 1). In an additional 
model that predicted the binary CHIKV outcome as a function 
of presence of arthralgia without any demographic covariates, 
the PPV was 56% (SD, 0.05; IQR, 0.53–0.60; data not shown).

Results from the K-means cluster analysis for all symptoms 
with 4 clusters are shown in Supplementary Figure 2, and the 
cluster assignments by participant infection status are presented 
in Supplementary Table 3.

All patients in cluster 1 experienced arthralgia, leg pain, and 
ankle pain, and >75% experienced myalgia. Twenty-eight of 
the CHIKV cases were grouped into cluster 3, which also con-
tained the vast majority of “no pathogen identified” patients 
and all with DENV4; patients in this cluster experienced low 
rates of all symptoms except abdominal pain (approximately 
40%) and headache (approximately 25%). Eighteen of the 23 
patients grouped into cluster 4 had CHIKV only. Patients in 
this cluster experienced a wide variety of clinical symptoms, 
including very high rates of arthralgia, leg pain, knee pain, and 
myalgia.

DISCUSSION

CHIKV was first identified in Tanzania in 1952, with subse-
quent association with sporadic cases of disease and localized 
outbreaks in Africa and parts of Asia [3]. In 2004, there was 
a reemergence of the virus, initially in Kenya, with a series of 
subsequent epidemics in and around the Indian Ocean. In 
December 2013, CHIKV infections were confirmed for the 

Table 2. Pathogen-specific Demographics and Attack Rates

Variablea
Cohort, 

No.

DENV1 Only (n = 24) DENV4 Only (n = 32) CHIKV Only (n = 74) Dual CHIKV-ZIKV (n = 6)

No. (%) AR (95% CI), % No. (%) AR (95% CI), % No. (%) AR (95% CI), % No. (%) AR (95% CI), %

Sex

 Female 705 11 (45.8) 0.02 (.01–.02) 17 (53.1) 0.02 (.01–.03) 39 (52.7) 0.06 (.04–.07) 4 (66.7) 0.01 (.0–.01)

 Male 685 13 (54.2) 0.02 (.01–.03) 15 (46.9) 0.02 (.01–.03) 35 (47.3) 0.05 (.03–.07) 2 (33.3) 0.0 (.0–.01)

School

 School A 736 19 (79.2) 0.03 (.02–.04) 22 (68.8) 0.03 (.02–.04) 64 (86.5) 0.09 (.07–.11) 5 (83.3) 0.01 (.0–.01)

 School B 230 1 (4.2) 0.0 (.0–.01) 0 (0.0) 0.0 (.0–.0) 0 (0.0) 0 (.0–.0) 0 (0.0) 0.0 (.0–.0)

 School C 174 3 (12.5) 0.02 (.0–.04) 8 (25.0) 0.05 (.01–.08) 8 (10.8) 0.02 (.01–.8) 1 (16.7) 0.01 (.0–.2)

 School D 244 0 (0.0) 0.0 (.0–.0) 2 (6.3) 0.01 (.0–.02) 2 (2.6) 0.01 (.0–.02) 0 (0.0) 0.0 (.0–.0)

Grade

 Kindergarten 401 9 (37.5) 0.02 (.01–.04) 13 (40.6) 0.03 (.02–.05) 17 (23.0) 0.04 (.02–.06) 3 (50.0) 0.01 (.0–.02)

 Primary 736 11 (45.8) 0.01 (.01–.02) 11 (34.4) 0.01 (.01–.02) 38 (51.4) 0.05 (.03–.07) 2 (33.3) 0.0 (.0–.01)

 Secondary 247 4 (16.7) 0.02 (.0–.03) 8 (25.0) 0.03 (.01–.05) 19 (25.7) 0.08 (.04–.11) 1 (16.7) 0.0 (.0–.01)

Abbreviations: AR, attack rate; CHIKV, chikungunya virus; CI, confidence interval; DENV1 and DENV4, dengue virus, serotypes 1 and 4; ZIKV, Zika virus.
aThe mean (standard deviation) age was 8.3 (4.5) years for DENV1 only, 8.1 (4.7) years for DENV4 only, 9.6 (4.4) years for CHIKV only, 7.5 (5.4) years for dual CHIKV-ZIKV infection, and 8.8 
(3.9) years for the school age population as a whole.

Table 3. Prevalence of Symptoms by Pathogen

Symptom

Patients, No. (%)

DENV1 Only (n = 24) DENV4 Only (n = 32)
Any DENV 

(n = 56)
CHIKV Only 

(n = 74) Dual CHIKV-ZIKV (n = 6)

Fever at visit 13 (54.1) 9 (28.1) 22 (39.3) 29 (39.2) 2 (33.3)

Headache 9 (37.5) 14 (43.8) 23 (41.1) 29 (39.2) 1 (16.7)

Abdomen pain 9 (37.5) 16 (50.0) 25 (44.6)a 19 (25.7)a 1 (16.7)

Myalgia 6 (25.0) 1 (3.1) 7 (12.5)b 43 (58.1)b 4 (66.7)

Arthralgia 5 (20.8) 0 (0.0) 5 (8.9)b 47 (63.5)b 4 (66.7)

Rash 0 (0.0) 2 (6.3) 2 (3.6) 3 (4.1) 0 (0.0)

Abbreviations: CHIKV, chikungunya virus; DENV, dengue virus; DENV1 and DENV4, DENV serotypes 1 and 4; ZIKV, Zika virus.
aP < .05.
bP < .001.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy582#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy582#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy582#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy582#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy582#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy582#supplementary-data
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first time in the western hemisphere [4, 25]. It is clear from our 
study, and other longitudinal studies [7, 26], that as the epidemic 
moved through islands and countries it was the dominant cause 
of AFI for a period of 2–4 months. However, in both longitudi-
nal and cross-sectional studies [7, 26, 27], what also emerges is a 
more complex picture of a mélange of arboviral infections, with 
frequent coinfections and cases and case clusters attributable to 
other viruses surrounding the CHIKV epidemic peak. In Haiti, 
in contrast to other studies that relied on serologic assays, we 
performed actual viral cultures on a majority of case patients; 
findings further underscored the extent of coinfections [19], 
and resulted in the identification of “unexpected” viruses, such 
as ZIKV and MAYV. It remains to be seen what impact this mix 
of infections has on host susceptibility and disease occurrence 
and severity [28, 29].

As has been noted in multiple studies [8, 22, 23, 30–32], it 
can be difficult, particularly in endemic regions, to identify 
an infecting arbovirus based solely on clinical presentation. 
The current study made use of a school cohort, and conse-
quently ages were concentrated between 3 years and 20 years, 
reflecting attendance in prekindergarten through “grade 13” 
(an additional year of school generally taken as part of the sec-
ondary education cycle). As noted above, our clinical staff was 
convinced that the AFI peak seen in October and November 
2014 (Figure 2) reflected a “recurrence” of CHIKV; in actual-
ity, it built on a DENV1 case cluster, with some ZIKV mixed 
in at the end, and a still unidentified presumptive pathogen 
responsible for the majority of cases. Although we recognize 
the difficulties inherent in making clinical arboviral diagno-
ses, our data reinforce the frequency with which arthralgias 
are seen in CHIKV cases (with knees, wrists, and ankles most 
commonly affected, in keeping with findings in studies in 
other locales [9, 30]). 

Within our AFI study population, age, sex, and arthral-
gias were predictive of CHIKV infection, with a PPV of 66% 
(Supplementary Table  2). The link with age is not immedi-
ately clear, but we hypothesize that it reflects lack of immunity 
to CHIKV among all population age groups for this emer-
gent epidemic, in contrast to the likelihood of immunity to 
other endemic agents, such as DENV, among older students. 
Obviously, the PPV will drop with low-level endemicity, com-
pared with epidemic CHIKV; nonetheless, arthralgias seem to 
be useful markers for initial recognition of a possible CHIKV 
outbreak and targeting of the diagnostic workup.

This study is subject to some limitations. Samples were col-
lected through a syndromic surveillance program whereby chil-
dren who presented to the school clinic with a history of fever 
and/or had a fever at the time of the clinic visit (but no other 
localizing signs or symptoms) had blood collected and tested 
for viral infections. Given that viremia is relatively transient in 
some of these infections, it is possible that children with a his-
tory of fever, but no fever when seen in the clinic, were past 
the period of viremia, resulting in an underestimation of actual 
case numbers. Different rates of asymptomatic and subclinical 
infection for the various pathogens may also have resulted in 
differential case detection, potentially biasing our results. 

Furthermore, the spectrum of clinical illness in patients 
who did experience symptomatic infections may be variable, 
which could influence care seeking. For example, because of the 
link between CHIKV infection and arthralgias, patients with 
CHIKV may have been more likely to seek medical care [33]. In 
addition, the clinical symptom data used in this analysis were 
not collected in a questionnaire format. Rather, symptom pres-
ence or absence was elicited from patients on presentation to 
the clinic as part of a routine medical history. Thus, it is possible 
that less severe (or perceived less severe) symptoms were not 

Table 4. Stepwise Logistic Regression for Each Pathogen

Variable

OR (95% CI)

DENV1 Only DENV4 Only CHIKV Only CHIKV-ZIKV Dual Infection 

Sex

 Male …a … 0.6 (.3–1.2) …

 Female … … Reference …

Age category

 3–4 y … … Reference …

 5–9 y … … 1.43 (.6–3.6) …

 10–14 y … … 3.6 (1.4–9.8) …

 15–20 y … … 2.4 (.7–8.5) …

Fever at visit 2.1 (.9–4.9) - … …

Headache … 2.5 (1.1–5.5) … …

Myalgia … … … 6.5 (1.2–47.6)

Abdominal pain … … … …

Arthralgia … … 16.2 (8.0–34.4) …

Abbreviations: CHIKV, chikungunya virus; CI, confidence interval; DENV1 and DENV4, dengue virus, serotypes 1 and 4; OR, odds ratio; ZIKV, Zika virus.
aEllipses indicate that the variable was not selected for inclusion in the stepwise model for the outcome of interest.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy582#supplementary-data
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reported by the patient and thus incorrectly marked as “absent” 
in the medical records.

Despite these limitations, our data provide a unique pic-
ture of the shifting causes of AFI in Haiti, and they highlight 
the apparent endemicity of a number of arboviral species. 
Interesting questions regarding viral origins are also raised by 
our identification of a cluster of ZIKV/CHIKV dual infections 
in May and June of 2014, at the very beginning of what subse-
quently became the ZIKV epidemic; as previously reported by 
our group, CHIKV and ZIKV strains from coinfected patients 
clustered monophyletically in their respective phylogeny, with 
molecular clock analysis suggesting that the 2 clades were 
introduced into the local population within overlapping time 
frames [19].

As in any study of arboviruses, there is also a need to link 
findings with entomologic data. White et al [34] have recently 
published results of mosquito studies within this same region 
and time period, which demonstrated exclusive carriage of 
CHIKV by Aedes aegypti; however, in studies conducted in 
2016, we isolated a new “American” subgroup of African lineage 
CHIKV from Aedes albopictus in this same area of Haiti, further 
highlighting the dynamic flow of strains (and vectors) across 
time. Clearly, ongoing surveillance is essential within this set-
ting, both to monitor occurrence and transmission pathways of 
known pathogens, such as CHIKV, DENV, ZIKV, and MAYV, 
and to identify new and emergent viruses and viral clades, 
which may, in turn, form the basis for future epidemics.
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