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Abstract. The American Zika virus (ZIKV) epidemic has highlighted the need to gain a better understanding of this
emerging virus. The goal of this studywas to describe the clinical symptoms, laboratory findings, and risk factors for symp-
tomatic ZIKV infection in an area with ongoing transmission of other arboviral infections. We recruited patients at least 2
years of age seeking care at public health centers in Le�on, Nicaragua, between January 2016 and August 2017, for fever,
maculopapular rash, and/or nonsuppurative conjunctivitis with a duration of less than 1 week. A laboratory diagnosis of
ZIKVwas established using a combination of molecular and serological tests. Clinical and laboratory findings and potential
risk factors were compared between participants with andwithout acute ZIKV infection. Fifty-eight (26%) of the 225 partic-
ipants included in theanalysiswere found tohaveacuteZIKV infection.Pregnancyandreportsofpreviousarboviral infection
were associated with a higher risk of ZIKV infection. Rash, conjunctivitis, sore throat, and lower absolute neutrophil counts
were associatedwith acute ZIKV infection. The clinical characteristics and risk factors identifiedwere consistent with those
identifiedbyprevious studies; however,we found sore throat to be a feature of ZIKV infection.We also found that neutrophil
countswere lower inZIKV-infected subjects. These clinical symptomsand laboratorydatamayhelp clinicianssuspect ZIKV
infection during future outbreaks.

INTRODUCTION

The emergence of Zika virus (ZIKV) has created new chal-
lenges for clinicians and public health officials, especially in
regions with autochthonous transmission. During the out-
break on Yap Island in 2007, only 20% of infections were
symptomatic; furthermore, among symptomatic individuals,
the disease was generally mild, with rash, fever, arthralgia,
and conjunctivitis as the most commonly reported symp-
toms.1 The American ZIKV epidemic of 2015 to 2017
highlighted the unusual ability of this mosquito-borne flavivi-
rus to be transmitted congenitally and its potential to cause
a constellation of anomalies in the developing fetus that may
profoundly affect child development.2 Additionally, ZIKV can
cause rare, but sometimes severe, neurological complications
such as Guillain-Barre syndrome.3 The rare but severe clinical
outcomes of ZIKV infection highlight the need to efficiently
identify ZIKV infections at the individual level and population
level to contain its spread.
An additional challenge is that ZIKV often circulates along-

side other arboviruses, such as dengue virus (DENV), which
is another flavivirus, and chikungunya virus. These viruses
are transmitted by the same mosquito vector (Aedes aegypti)
and have clinical symptoms that overlap those of ZIKV infec-
tion. Clinicians need to gain a better understanding of the
unique clinical features of ZIKV infection in this setting. Few
studies have examined the parameters of routine laboratory
tests of acute ZIKV infection4–7; however, knowledge of these

parameters could further aid clinicians in making appropriate
diagnoses.
The identification of patient-level risk factors and behaviors

affecting the risk for ZIKV infection can inform public health
efforts to reduce disease burden. A seroprevalence study in
Nicaragua found that women and older individuals were at
increased risk for ZIKV infection.8 Because ZIKV is primarily
transmitted by mosquitoes, it is assumed that individuals
with increased exposure to the vector are at increased risk.
For example, one household study found that thosewho store
water in their households, thus providing breeding sites for
mosquitoes, were at increased risk for ZIKV infection.9 How-
ever, documented sexual transmission and higher risk for
women suggest that ZIKVmay have some risk factors distinct
from those of other arboviruses. There is limited knowledge of
other risk factors for ZIKV disease, especially modifiable risk
factors.
Theobjectiveof this studywas todescribe theclinical symp-

toms, laboratory findings, and risk factors for symptomatic
ZIKV infection in an area with ongoing transmission of other
arboviral infections. Better characterization of the clinical fea-
tures and risk factors for ZIKV infectionmay assist clinicians in
recognizing ZIKV infection, pursue appropriate diagnostic
testing and clinical management, and guide public health
efforts to prevent ZIKV burden.

METHODS

Study design and population.We conducted an observa-
tional study in Le�on, Nicaragua, between January 2016 and
August 2017. Patients two years and older seeking care at
any of the three Sistema Local de Atenci�on Integral a la
Salud-Le�on (SILAIS-Le�on)HealthCenters for subjective fever,
maculopapular rash, and/or nonsuppurative conjunctivitis
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with a duration less than 1 week were invited to participate in
the study.

Clinical and demographic data collection.At enrollment,
all subjects were administered a structured questionnaire to
collect data about demographics, medical history, clinical
symptoms, vector avoidance behaviors, and other potential
risk factors for ZIKV infection. Temperature data were
obtained from the Health Center records.

Sample collection. At enrollment, blood, saliva, and urine
were collected from each participant. For the first 101 sub-
jects, samples were collected only at the time of enrollment,
blood types were not tested, and participant temperatures
were not recorded. Subsequently, the study protocol was
changed to include the collection of convalescent serum 2
to4weeks after enrollment, blood type testing, anddocumen-
tation of participant temperatures.

Definition of acute ZIKV infection. The laboratory diagno-
sis of ZIKV was performed using a combination of molecular
and serological tests. Participants were considered to have
anacute ZIKV infection if ZIKVRNAwasdetected in theblood,
urine, or saliva, or if their serological assay resultswereconsis-
tent with acute ZIKV infection (Supplemental Table S1). All
others were considered noncases. Flaviviral IgM and IgG ELI-
SAs were performed for acute and convalescent samples to
distinguish acute primary and secondary infections, recent
infections, past infections, and flavivirus-naïve status
(Supplemental TableS1). If a participant didnot provide acon-
valescent serum sample, then the ZIKV infection status was
classified using quantitative reverse-transcription polymerase
chain reaction (qRT-PCR) results alone.Becauseof thepoten-
tial for false-positive results for the molecular diagnosis of
ZIKV,10 we followed the approach of a prior study and per-
formed triplicate qRT-PCR testing to define acute ZIKV infec-
tions.11 All positive qRT-PCR samples at baseline were
repeated in triplicate; if all three replicateswere positive (cycle
threshold, 38), then the sample was considered a true posi-
tive, and these subjects were considered acute ZIKV cases.

Molecular detection of ZIKV. Viral RNA was extracted
from whole blood, urine, or saliva using a QIAamp Viral RNA
MiniKit (QIAGEN,Hilden,Germany). qRT-PCRwasperformed
first for RNA extracted from blood using published primers
and methods previously described by the United States
CDC.12 If a participant’s blood sample was negative for ZIKV
according to qRT-PCR, then their urine and saliva samples
were tested (screening samples). If any screening sample
was positive, then all three body fluids, when available, were
tested in triplicate as described to eliminate false-positive
results. A positive test result in triplicate for any of these three
body fluids was considered ZIKV PCR-positive.

Measurement of IgG binding to ZIKV/DENV by ELISA.
Because of the known cross-reactivity in the humoral
response between ZIKV and DENV,13 we simultaneously
tested for antibody binding to both flaviviruses. ZIKV or
DENV virions were captured by a fusion loop-specific anti-E
mouse mAb (4G2) blocked with 3% nonfat dry milk (weight/
volume) in Tris-buffered saline containing 0.05% (volume/vol-
ume) Tween 20 (3% milk blocking buffer). Human plasma or
serum was diluted to 1:100 and 1:1,000 in 3% milk blocking
buffer and incubated at 37�C for 1 hour. Bound ZIKV/DENV-
specific serum antibodies were detected with an alkaline
phosphatase-conjugated goat anti-human IgG Ab and
p-nitrophenyl phosphate substrate. Absorbance at 405 nm

for each of the duplicate samples wasmeasured using Epoch
plate reader systems (Biotek Instruments, Winooski, VT). The
mean antibody binding signal of each serum to ZIKV or DENV
was calculated by subtracting the mean background signal
from wells incubated with pooled normal human serum. A
mean absorbance value $ 0.2 was considered positive, and
a value, 0.2 was considered negative.

Measurement of IgM binding to ZIKV or DENV by MAC
ELISA. The assay was performed as described in the CDC
MAC ELISA instructions with modifications, including diluting
samples at 1:40 using ZIKV or DENV1-4 mix from the C6/36
cell culture supernatant as an antigen, andwashing the plates
three times between each step. Briefly, a 96-well high-binding
plate was coated with 75 mL of 1:50 diluted goat anti-human
IgM in 0.1 M carbonate buffer at 4�C overnight. The plate
waswashed and then blockedwith 200mL of 5% nonfat dairy
milk in 13 phosphate-buffered saline with 0.5% Tween (5%
milk blocking buffer) for 30 minutes at room temperature.
Serum or plasma at 1:40 diluted in 5% milk blocking buffer
was incubated at 37�C for 1 hour. After washing, 50 mL of
ZIKV or DENV antigen from C6/36 cell culture supernatant
was added and incubated at 4�C overnight. Bound antigen
was detected with horseradish peroxidase-conjugated
6B6C-1 mAb and enhanced K-Blue TMB substrate. Absor-
bance at 450 nm for each duplicate sample was measured
using Epoch plate reader systems (Biotek Instruments,
Winooski, VT). A positive/negative (P/N) ratio was calculated
as follows: P/N 5 mean optical density (OD) of a sample
reacted with antigen/mean OD of normal human serum
reactedwith antigen. AP/Nvalue$ 3wasconsideredpositive
and a value, 3 was considered negative.

Statistical analysis. Clinical and laboratory findings and
risk factors for ZIKV infection were compared between partic-
ipantswith andwithout evidence of acute ZIKV infection using
the x2 test or Fisher’s exact test (for cells with , 5 observa-
tions) for categorical data, and using Student’s t test, the
Kruskal-Wallis test, or the rank-sum test for continuous data.
Multivariable logistic regressionmodelswere used to examine
associations between clinical findings and risk factors. We fit
one model using only clinical symptoms as covariates and
one with both symptoms and laboratory variables as covari-
ates. Variables were included in each model if they had a uni-
variateP, 0.1; then, theywere removed in a backwards step-
wise fashion until all remaining variables had an adjusted P,
0.1. Models were validated, and the area under the receiver-
operating characteristic curve was estimated using 10-fold
repeated cross-validation. Missing data were handled using
multiple imputation with chained equations and 20 imputa-
tions; this was nested within the cross-validation to prevent
overestimation of the area under the receiver-operating char-
acteristic curve.14 Statistical analyses were performed using
SAS version 9.3 (SAS Corporation, Cary, NC), Stata version
12 (StataCorp LP, College Station, TX), and R (www.r-
project.org).

RESULTS

Between January 2016 and August 2017, 225 participants
presentingwith a history of fever, rash, and/or nonsuppurative
conjunctivitis for less than 1 week were enrolled in the study.
Six subjects who did not undergo qRT-PCR testing were cat-
egorized based on serological data. The first 101 participants
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did not have paired acute and convalescent samples for sero-
logical testing according to the initial protocol, and 26 of the
subsequent participants did not return for convalescent sam-
plecollection.Participantswithoutpairedacuteandconvales-
cent sampleswere categorizedbyqRT-PCR test results alone
(Supplemental TablesS1,S2, andS3). An additional 23partic-
ipants were enrolled but excluded from analyses because of
missing or ambiguous serological and qRT-PCR test results.
Most cases occurredduring the secondhalf of 2016 (Figure1),
corresponding to the reported peak of the ZIKV epidemic in
Nicaragua.8,15 A second wave of enrollment occurred in
2017, which was the usual seasonal timing of arbovirus trans-
mission. No acute ZIKV cases were detected after July 2017.
Among the 225 subjects included in the analysis, the mean

age was 26.5 years (range, 1–80 years; SD, 17.4), and 146
(65%) were female. Fifty-eight subjects (26%) had acute
ZIKV infection according to qRT-PCR and/or serology results.
Thirty-eight subjects hadZIKVconfirmedbypositiveqRT-PCR
results, 44 had ZIKV confirmed by serology, and 24 had ZIKV
confirmed by both types of testing. ZIKV-infected subjects
were younger by a mean of 3 years, but this difference was
not statistically significant (Table 1). The nine pregnant women
enrolled in the study had an 11-times higher risk of ZIKV infec-
tion than nonpregnant women of childbearing age (Table 1).
Clinical characteristics are described in Table 2. Only 20%

of participants with acute ZIKV infection had ameasured tem-
perature. 38�C at enrollment, but 86% reported fever during
the previous 7 days. Reported feverwas less common for par-
ticipants with acute ZIKV infection than for noncases. Self-
reported rash, red eyes, and sore throatweremore commonly
associated with acute ZIKV infection. ZIKV-infected partici-
pants had significantly lower neutrophil counts; the mean
absolute neutrophil count was 3,480 for ZIKV-infected partic-
ipants compared with 4,800 for noninfected participants.
However, this difference is probably not clinically important
because the majority of all participants had neutrophil counts
in the normal range. Although medical comorbidities were
associated with a higher risk of acute ZIKV infection, they
were uncommon; this relationship did not reach statistical

significance. Blood type was not associated with acute ZIKV
infection.
We constructed multivariable predictive models to distin-

guish patients acutely infected with ZIKV from those not
infected with ZIKV. Model 1 incorporated clinical signs and
symptoms that would be readily available to a clinician; it
showed that rash, red eyes, and sore throat were indepen-
dently associated with an increased risk of ZIKV (Table 2).
Model 2 incorporated both clinical symptoms and laboratory
data; it showed that each 1,000-cell/mL decrease in the neu-
trophil count was associated with a 15% higher risk of ZIKV
infection (Table 2).
No vector control activities were associated with the risk of

ZIKV infection (Table 3). Participants with acute ZIKV infection
had a 2.9-times greater chance of reporting a previous arbovi-
ral infection (Table 2). Among adults, recent sexual contact
was not a risk factor for ZIKV infection. No men who had sex
with men (N5 4) had acute ZIKV infection.

DISCUSSION

We describe clinical and epidemiological features of acute
ZIKV infections in a Nicaraguan population living where den-
gue is hyperendemic. The clinical features of acute ZIKV infec-
tion identified were similar to those reported for other
cohorts,1,10,16,17,24–28 except we found that sore throat was
associated with ZIKV infection. We also found that neutrophil
counts were lower for ZIKV cases compared with noncases.
Acute ZIKV infection was generally associated with a mild

disease course. Rash was the cardinal feature and was pre-
sent in 88% of ZIKV-infected patients; it was highly predictive
of ZIKV infection in the context of this epidemic. As in Singa-
pore, conjunctivitis and lack of fever were associated with
ZIKV rather than other etiologies. In contrast to the majority
of studies conducted in the Americas, the Singapore study
did not find a strong association between rash andZIKV infec-
tion, demonstrating the need for context-specific data.4 We
found that sore throat was predictive of ZIKV infection, as
has been reported in some series6,7 but not in others.5,16

FIGURE 1. Enrollment and proportion of Zika virus infections during the study period. This figure appears in color at www.ajtmh.org.
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This findingmay represent an under-recognized feature of the
virus.Wedidnotobserveanyneurological complicationssuch
as Guillain-Barre Syndrome in our cohort.
During our evaluation of laboratory results, the total white

bloodcell countswereslightly lower inZIKV-infectedsubjects,
although themajority of participants in both groups hadwhite
blood cell counts in the normal range. Leukopenia has been
observedwith both DENV and chikungunya virus infections.17

Interestingly, absolute neutrophil counts were significantly
lower in ZIKV-infected subjects than in noncases (mean,
3,480 versus 4,800, respectively), suggesting that absolute
neutrophil counts may be a more specific marker of ZIKV
infection than total white blood cell counts. One study of den-
gue found thatmonocyteswereelevatedearlyduring infection
but that lymphocytes increased and neutrophils decreased
during the course of infection.18 Platelet counts were also
slightly lower in ZIKV-infected individuals than in noncases
(mean, 257,000 versus 283,000, respectively); however, the
platelet count did not remain an important predictor of acute
ZIKV infection in multivariable models, and clinically signifi-
cant thrombocytopenia occurred only in subjects without
acute ZIKV infection. Thrombocytopenia has been well-
characterized in dengue infections.19 Previous studies that
compared laboratory features of ZIKV to those of other arbo-
virus infections found that normal platelet countswere predic-
tive of ZIKV infection rather than DENV infection.4

During our evaluation of risk factors, pregnant women in our
study were at high risk for ZIKV infection (odds ratio, 11.4).
Lozier et al. showed that women were more likely to have a
symptomatic ZIKV infection than men, but that their risk of
asymptomatic infection was the same, suggesting possible
sex-specific differences in viral pathogenesis.16 These
findings likely reflect increased care-seeking behavior by
pregnant women; however, other factors like pregnancy-
associated immunosuppression and the transmissibility of
ZIKV via sex may increase the risk in this population.20–22

Additionally, pregnant women can remain viremic for

prolonged periods of time,23 which could increase the sensi-
tivity of qRT-PCR for the diagnosis of acute infection.
We foundno association amongage, occupation, or educa-

tional level and risk of ZIKV infection, implying that exposure
was uniform across the socioeconomic spectrum; this was
supported by multiple studies that have shown that in the
ZIKV-naïve populations of the Americas, large proportions of
the population were infected during the epidemic. Another
study performed in Nicaragua found an increasing risk of
ZIKV infection with age8; this is in contrast to the high rate of
DENV for children in endemic areas and highlights the epi-
demic nature of ZIKV transmission in this naïve population.
In general, vector avoidance and control measures were not

strongly associatedwithZIKV infection.NicaraguanMinistry of
Health vector control activities were reported by 80% to 90%
of households in the study; therefore, homogenous coverage
of the study area likely limited our ability to evaluate the effects
of these activities at the individual level. It is possible that indi-
viduals living in areaswith a highdensity ofmosquitoesmaybe
more likely to attempt vector control, whichmay obfuscate the
relationship between vector control and Zika risk. Household
water storage was not associated with an increased ZIKV
risk, unlike in other studies.9,24 The ubiquity of Aedes vectors
in tropical areas and their aggressive diurnal biting behavior
are known to limit the effectiveness of vector control activities
in many contexts,25 as was shown by our data.
Our conclusions are, to some extent, limited to the context

of the American epidemic, but they are likely relevant to
arbovirus-endemic areas and future ZIKV outbreaks. We
acknowledge that some misclassification may have occurred
fora fewreasons.Serological diagnosisofZIKV infection in the
context of pre-existing DENV immunity or concurrent circula-
tion of DENV can be complicated, but we used a rigorous
approach to identify acute ZIKV infections (Supplemental
Tables S1 and S3). We did not perform qRT-PCR testing for
DENV in our cohort; however, the Nicaraguan Ministry of
Health reported low rates of DENV during our study period,

TABLE 1
Demographics of patients with and without acute Zika virus infection

Acute
ZIKV infection

N 5 58

No acute
ZIKV infection

N 5 167
OR (95% CI)
or P value

Age, years, mean (SD) 24.5 (15.6) 27.3 (18.0) 0.26
Younger than 18 years, n (%) 21/58 (36%) 56/161 (35%) 1.07 (0.56–1.99)
Female, n (%) 39/58 (67%) 107/167 (64%) 1.15 (0.61–2.20)
Pregnant, n (% of females 12–49 years) 7/27 (26%) 2/69 (3%) 11.35 (1.96–1.21)
Education, n (%) 0.72
Elementary school or less 10/32 (31%) 36/98 (37%)
Middle or high school 7/32 (22%) 24/98 (24%)
Technical school/college 15/32 (47%) 38/98 (39%)
Unknown/missing 26 69
Occupation, n (%) 0.79
Student 17/32 (53%) 47/101 (47%)
Teacher/healthcare worker 2/32 (6%) 9/101 (9%)
Housewife 6/32 (19%) 13/101 (13%)
Street vendor 0 1/101 (1%)
Factory worker 0 3/101 (3%)
Farm worker 0 1/101 (1%)
Business/sales 2/32 (6%) 3/101 (3%)
Other 2/32 (6%) 16/101 (16%)
Unemployed 0 0
Not applicable/young child 3/32 (9%) 8/101 (8%)
Unknown/missing 26 66
OR5 odds ratio; ZIKV5 Zika virus.
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TABLE 3
Health behaviors of patients with and without acute Zika virus infection

Acute ZIKV infection No acute ZIKV infection

OR (95% CI)N 5 32 N 5 102

Currently has mosquito bites 15/28 (54%) 53/102 (52%) 1.06 (0.46–2.51)
Stored water during the past month 23/32 (72%) 62/102 (61%) 1.63 (0.70–4.09)
Uses air conditioner 3/32 (9%) 4/101 (4%) 2.49 (0.34–15.6)
Uses fan 30/32 (94%) 91/101 (90%) 1.64 (0.32–16.3)
Screens on all windows 1/32 (3%) 5/99 (5%) 0.61 (0.01–5.75)
Used bed net during the past month 3/32 (9%) 10/101 (10%) 0.94 (0.16–4.00)
Used insect repellent during the past month 7/32 (22%) 14/101 (14%) 1.75 (0.60–4.75)
Used insect repellent more than once per week 7/32 (22%) 11/98 (11%) 2.21 (0.73–6.32)
MOH sprayed outside of home 26/32 (81%) 86/101 (85%) 0.75 (0.27–2.32)
MOH sprayed inside of home 29/31 (94%) 86/101 (85%) 2.51 (0.53–24.0)
MOH applied larvicide around home 28/30 (93%) 98/102 (96%) 0.57 (0.08–6.66)
Resident applied insecticide or repellent inside home during the past month 14/32 (44%) 33/102 (32%) 1.62 (0.71–3.68)
Keeps animals 22/31 (71%) 74/102 (73%) 0.92 (0.38–2.35)
Had sex with a man during the past 3 months (females older than 11 years) 9/16 (56%) 16/43 (37%) 2.13 (0.66–7.21)
Had sex with a woman during the past 3 months (males older than 11 years) 3/5 (60%) 11/17 (65%) 0.83 (0.07–12.5)

MOH5Ministry of Health; OR5 odds ratio; ZIKV5 Zika virus. Data represent a subset of the study because the first 101 participants were not administered this questionnaire.

TABLE 2

Clinical characteristics and laboratory data of patients with and without acute Zika virus infection

Acute
ZIKV infection

No acute
ZIKV infection

aOR (95% CI)
Model 1

aOR (95% CI)
Model 2

N 5 58 N 5 167
OR (95% CI)
or P value N 5 225 N 5 225

Temperature . 38�C 3/15 (20%) 25/73 (34%) 0.48 (0.08–2.03)
Missing* 43 94
White blood cell count/mL, mean (SD) 6120 (2,680) 7,600 (3,840) 0.002
ALC, mean (SD) 2320 (1,040) 2,470 (1,290) 0.41
ANC,† mean (SD) 3480 (2,350) 4,800 (3,370) 0.001 0.87 (0.75–1.01)
ANC , 1,500, mean (SD) 5/57 (9%) 7/162 (4%) 2.14 (0.59–7.15)
Mean hemoglobin, g/mL (SD) 13.5 (2.3) 13.2 (1.5) 0.42
Mean platelet count/mL (SD) 257,000 (80,100) 283,000 (87,400) 0.06
Platelets , 150,000 0/50 (0%) 3/123 (2%) 0 (0–5.98)
Self-reported symptoms during

the past 7 days
Fever 44/56 (79%) 149/162 (92%) 0.32 (0.14–0.77)
Rash 50/57 (88%) 106/162 (65%) 3.69 (1.65–9.50) 2.88 (1.20–6.91) 2.55 (1.04–6.23)
Red eyes 42/56 (75%) 79/162 (49%) 3.12 (1.61–6.35) 2.25 (1.11–4.57) 2.10 (1.01–4.34)
Headache 40/57 (70%) 113/161 (70%) 1.00 (0.52–1.97)
Retro-orbital pain 29/57 (51%) 85/163 (52%) 0.95 (0.52–1.75)
Nausea/vomiting 25/57 (44%) 59/163 (36%) 1.38 (0.74–2.55)
Abdominal pain 19/57 (33%) 47/163 (29%) 1.24 (0.64–2.35)
Sore throat 32/57 (56%) 48/162 (30%) 3.02 (1.62–5.69) 2.38 (1.24–4.58) 2.37 (1.22–4.62)
Lethargy 28/57 (49%) 78/161 (48%) 1.03 (0.56–1.89)
Myalgias 28/57 (49%) 81/163 (50%) 0.98 (0.53–1.79)
Arthralgias 37/57 (65%) 93/163 (57%) 1.39 (0.75–2.64)
Bruising or petechiae 20/57 (35%) 46/160 (29%) 1.34 (0.69–2.54)
Missing 1–2 4–7

Blood type 0.34
A 5/31 (16%) 24/96 (25%)
B 4/31 (13%) 6/96 (6%)
AB 0 0
O 22/31 (71%) 66/96 (69%)
Missing* 27 71

Self-reported history of arbovirus
diagnosis, n (%)
Any arbovirus 23/51 (45%) 32/144 (22%) 2.86 (1.44–5.67)
Dengue 16/49 (33%) 21/141 (15%) 2.76 (1.28–5.90)
Missing 1–3 23–26

Comorbid chronic illness
Diabetes 4/50 (8%) 4/143 (3%) 3.00 (0.54–16.8)
Cancer 0 4/144 (3%) 0 (0–4.38)
Kidney disease 4/49 (8%) 2/143 (1%) 6.19 (0.86–70.7)
Neurological disease 2/50 (4%) 2/144 (1%) 2.94 (0.21–41.5)
Missing 1–3 23–24
ALC5 absolute leukocyte count; ANC5 absolute neutrophil count; aOR5 adjusted odds ratio; OR5 odds ratio; ZIKV5 Zika virus.
*Asmentioned in the Methods section, the initial study protocol did not include documentation of temperature.
† Included inModel 2 in units of 1,000 cells per mL.
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and this was corroborated by our serological studies
(Supplemental Table S3). We did not have the complete
diagnostic information of other pathogens, particularly bac-
terial causes of febrile syndromes. Other studies performed
in Nicaragua have shown that a wide variety of pathogens
can cause a nonspecific febrile syndrome that is easily con-
fused with ZIKV, including leptospirosis and rickettsial
infections.26–28 Additionally, qRT-PCR assays to confirm
ZIKV were performed using samples that had undergone
several freeze–thaw cycles, which may have compromised
the sensitivity of the test. To avoid the potential for false-
negative results caused by RNA instability or the presence
of PCR inhibitors,10 we also considered participants with
negative qRT-PCR results but positive serological conver-
sion to have ZIKV infections, thus strengthening our labora-
tory diagnostic approach.
It remains unclear whether ZIKV will establish endemic

humanor zoonotic cycles in the tropical Americas.42,43 How-
ever, recent outbreaks in India29 andSingapore30 and epide-
miological evidence of endemic ZIKV circulation in
Africa,31–33 Southeast Asia,34 and the Pacific Islands35–37

indicate that diagnostic suspicion for ZIKV infection remains
relevant. Future studies in a variety of epidemiological set-
tings, particularly endemic areas where ZIKV circulates at
lower levels, need to identify features predictive of ZIKV in
these contexts.
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