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Zika Virus Disease in Travelers Returning to the United States, 2010–2014
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Abstract. Zika virus is an emerging mosquito-borne flavivirus that typically causes a mild febrile illness with rash,
arthralgia, or conjunctivitis. Zika virus has recently caused large outbreaks of disease in southeast Asia, Pacific Ocean
Islands, and the Americas. We identified all positive Zika virus test results performed at U.S. Centers for Disease Con-
trol and Prevention from 2010 to 2014. For persons with test results indicating a recent infection with Zika virus, we
collected information on demographics, travel history, and clinical features. Eleven Zika virus disease cases were iden-
tified among travelers returning to the United States. The median age of cases was 50 years (range: 29–74 years) and
six (55%) were male. Nine (82%) cases had their illness onset from January to April. All cases reported a travel his-
tory to islands in the Pacific Ocean during the days preceding illness onset, and all cases were potentially viremic while
in the United States. Public health prevention messages about decreasing mosquito exposure, preventing sexual expo-
sure, and preventing infection in pregnant women should be targeted to individuals traveling to or living in areas with
Zika virus activity. Health-care providers and public health officials should be educated about the recognition, diagno-
sis, and prevention of Zika virus disease.

INTRODUCTION

Zika virus is an emerging mosquito-borne flavivirus that is
transmitted to humans by the same Aedes species vectors
that transmit dengue and chikungunya viruses.1,2 During
outbreaks, humans are the primary amplifying host for
Zika virus.3,4 An estimated 80% of people infected with
Zika virus are asymptomatic.5 Symptomatic disease is gener-
ally mild and characterized by acute onset of fever, arthral-
gia, rash, or conjunctival hyperemia.5 Symptoms usually last
from several days to 2 weeks. Mortality is rare, and severe
disease is uncommon but includes temporally associated
Guillain–Barré syndrome, as well as microcephaly and intra-
cranial calcifications in infants born to mothers infected with
Zika virus.6–9 There is no vaccine to prevent Zika virus
infection, and treatment consists of supportive care.
Zika virus RNA may be detected by reverse transcriptase

polymerase chain reaction (RT-PCR) on serum collected
within the first week after onset of symptoms.10 Virus-specific
immunoglobulin M (IgM) and neutralizing antibodies typi-
cally develop toward the end of the first week of illness;
however, cross-reaction with related flaviviruses (e.g., dengue
and yellow fever viruses) is common. Virus-specific cross-
neutralization test can be used to discriminate between cross-
reacting antibodies in primary flavivirus infections. However,
neutralizing antibodies may still yield cross-reactive results in
persons who were previously infected or vaccinated against a
related flavivirus (i.e., secondary flavivirus infection).10

Zika virus was first identified in Uganda in 1947.11 Prior
to 2007, only sporadic human disease cases were reported
from countries in Africa and Asia. In 2007, the first docu-
mented Zika virus outbreak was reported in Yap State, Fed-
erated States of Micronesia with an estimated 73% of the
population being infected.5 In subsequent years, outbreaks
were identified in southeast Asia and the western Pacific.3,12–14

In May 2015, Zika virus was identified for the first time in the
Americas with large outbreaks reported in Brazil. By the end

of 2015, local transmission had been identified in 12 other
countries or territories in the region, including Puerto
Rico.15–17 The virus will likely spread to other areas in the
Americas but, to date, local mosquito-borne transmission
has not been identified in the continental United States. We
reviewed the epidemiology and clinical features of travel-
associated Zika virus disease cases identified in the United
States from 2010 to 2014.

METHODS

Case finding. We identified Zika virus disease cases with
laboratory testing performed at the U.S. Centers for Disease
Control and Prevention (CDC) Arboviral Diagnostic Labo-
ratory from 2010 to 2014. Since 2010, CDC has performed
Zika virus testing on specimens received for arboviral dis-
ease testing from persons with recent travel to Africa and
persons with a clinically compatible illness and travel to an
area experiencing a Zika virus outbreak. In late 2013, rou-
tine Zika virus testing was expanded to include all persons
with a sample submitted to CDC Arboviral Diagnostic Labo-
ratory for arboviral disease testing and who had recent travel
to Africa, southeast Asia, or Pacific Ocean Islands unless
testing for a specific arboviral etiology other than Zika virus
was requested by the submitter. During this period, approxi-
mately 160 specimens were submitted for arboviral disease
testing and had Zika virus disease testing performed.
Diagnostic testing included RT-PCR, IgM enzyme-linked

immunosorbent assay (ELISA), and/or plaque-reduction neu-
tralization test (PRNT) with a cutoff value of 90% for Zika,
dengue 1–4, and chikungunya viruses. For patients with a his-
tory of yellow fever vaccination, yellow fever virus–specific
IgM ELISA and PRNT were also performed.
Case definition. We defined a case of Zika virus disease

as a patient with the following laboratory findings in serum:
1) Zika virus RNA detected by RT-PCR or 2) anti-Zika
virus IgM antibodies detected by ELISA with ≥ 4-fold
higher PRNT titer against Zika virus compared with den-
gue virus.5,10,18,19

Data collection and analysis. For all Zika virus disease
cases, we collected information on sex, age, state of residence,
date of illness onset, date of specimen collection, dates of
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travel, travel destination, and clinical symptoms and outcome.
Data were obtained by the state health department of resi-
dence of Zika virus disease cases. We analyzed the data
using Excel version 2010 (Microsoft, Redmond, WA). Con-
tinuous variables are presented as medians and ranges. Cate-
gorical and dichotomous variables are presented as counts
and frequencies.

RESULTS

We identified 11 Zika virus disease cases in U.S. travelers
from 2010 to 2014. All cases had their illness onset between
December 2013 and April 2014 (Table 1). The median age
of the cases was 50 years (range: 29–74 years), and six (55%)
were male. Case patients were residents of seven states,
including California (N = 4), Oregon (N = 2), and one each
from Hawaii, Kentucky, Minnesota, New York, and Texas.
All of the cases reported recent travel to islands in the
Pacific Ocean, including French Polynesia (N = 6), the Cook
Islands (N = 4), and Easter Island (N = 1). Case patients
reported becoming ill a median of 0 days before returning
home (range: 7 days before to 8 days after), including five
cases who became ill while still at their travel destination,
two with onset on the day of return, and four who became ill
after returning to the United States.
Among cases with available clinical data, all (10 of 10)

patients reported having a rash including maculopapular or
diffuse in four and unknown type in six (Table 2). Other com-
monly reported symptoms included fever (9/10), myalgia (8/10),
headache (6/9), arthralgia (7/11), and conjunctivitis (5/9).
Gastrointestinal symptoms (e.g., nausea or diarrhea) were less
commonly reported (3/10). Of nine patients with known hospi-
talization status, none were hospitalized. There were no deaths.
Zika virus RT-PCR was performed on acute serum speci-

mens from six patients (Table 3). These specimens were
collected at a median of 6 days (range: 3–7 days) after ill-
ness onset and were all negative for Zika virus RNA. All
11 patients had evidence of Zika virus IgM antibodies with
≥ 4-fold higher neutralizing antibody titer against Zika virus
compared with dengue virus. In addition, four patients also
had acute and convalescent serum specimens available for
testing, and all showed a ≥ 4-fold rise in Zika virus neutraliz-

ing antibody titers; none of these case patients had a ≥ 4-fold
rise in dengue virus neutralizing antibody titers.
There were 12 specimens submitted from 10 individuals

that were tested for both dengue and Zika virus IgM anti-
body by ELISA (Table 3). Of these, six (50%) were positive
for IgM antibodies against both Zika and dengue viruses,
five (42%) were positive for Zika virus IgM antibodies and
negative or equivocal for dengue virus IgM antibodies, and
one (8%) was equivocal for Zika virus IgM antibodies
and negative for IgM antibodies against dengue virus. Two
case patients who were previously vaccinated against yellow
fever had IgM antibodies against Zika, dengue, and yellow
fever viruses; their Zika virus neutralizing antibody titers
were ≥ 4-fold higher than the titers against dengue but not
yellow fever virus. Ten cases had chikungunya virus RT-PCR
or IgM antibody testing performed; all were negative.

DISCUSSION

We identified 11 cases of travel-associated Zika virus dis-
ease in the United States occurring from 2010 to 2014 when
samples submitted to CDC from travelers for arboviral dis-
ease testing have been more routinely tested for Zika virus
infections. All cases occurred in 2013–2014 and were iden-
tified among travelers returning from areas experiencing
known outbreaks of the disease. Many of the travelers were
ill and potentially viremic after they had returned to the
United States, representing a risk for introduction and possi-
ble local mosquito-borne transmission of Zika virus.
Prior to 2007, travel-related cases of Zika virus disease

had not been readily recognized or reported. This was likely
due to a combination of limited testing capacity and infre-
quent virus activity in remote locations. One of the first doc-
umented travel-related case of Zika virus disease was in a
traveler visiting Yap during the 2007 outbreak. This case was
diagnosed by IgM neutralizing antibody in the serum after
arrival in the United States.5 Since 2007, at least 15 travel-
related cases have been reported, including four cases
reported among U.S. travelers.20–30 Three of the previous
cases reported in the United States occurred during 2008.
All three cases had ≥ 4-fold increase in Zika virus titers
between their acute and convalescent samples tested with
PRNT and ≥ 4-fold higher titer against Zika virus compared
with dengue virus. However, two of the cases who had
recently traveled to Senegal and had previous dose of yellow
fever vaccine also had an increase in yellow fever virus titers
by PRNT, which were not ≥ 4-fold different from their Zika
virus titers. One case had not traveled and was hypothesized
to have become infected from one of the two other cases

TABLE 1
Characteristics of Zika virus disease cases identified in travelers
returning to the United States, 2010–2014

Zika virus disease cases (N = 11)

n (%)

Male sex 6 (55)
Age group
< 20 0 (0)
20–39 3 (27)
40–59 5 (45)
≥ 60 3 (27)

Country where infection acquired
French Polynesia 6 (55)
Cook Islands 4 (36)
Easter Island 1 (9)

Month of illness onset
January–April 9 (82)
May–August 0 (0)
September–December 2 (18)

TABLE 2
Clinical symptoms of Zika virus disease cases identified in travelers

returning to the United States, 2010–2014
Symptom n/N (%)

Rash 10/10 (100)
Fever 9/10 (90)
Myalgia 8/10 (80)
Headache 6/9 (67)
Arthralgia 7/11 (64)
Conjunctivitis 5/9 (55)
Gastrointestinal symptoms 3/10 (30)
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through sexual contact. These three cases are not included
in this article, as they have been previously described.28

A fourth is a single case description from New York in
December 2013 and is included here among the 11 cases.29

The cases presented here have similar clinical findings to
previously reported travel-associated cases of Zika virus
disease from other countries.20–27,30 Most had fever and
rash, and about half had conjunctivitis. The most frequently
reported symptoms in our cohort were also similar to those
reported for locally transmitted cases identified in Yap, though
our cases had a higher proportion of those reporting myalgia
and headache.5 Differences in the rates of symptoms, however,
might be due to low number of disease cases. The low num-
bers also limited our ability to detect any cases with rare mani-
festations such as Guillain–Barré syndrome.
Since the most common symptoms of Zika virus disease

(e.g., fever, rash, arthralgia, and myalgia) are relatively non-
specific, the differential diagnosis is relatively broad and can
include other mosquito-borne diseases such as chikungunya
and dengue. Preliminary diagnosis should be based on clinical
findings and epidemiologic characteristics, including travel his-
tory and other activities. Diagnostic testing includes RT-PCR
and antibody detection. Among Zika virus disease cases iden-
tified in this study, 50% were also dengue IgM positive sug-
gesting that cross-reactivity is relatively common. Therefore,
Zika or dengue virus disease cases may be misdiagnosed or
difficult to differentiate in areas where both viruses occur.
To date, none of the documented travel-related cases in

the United States have led to subsequent local mosquito-
borne transmission of the virus; however, one previously
reported case from 2008 and six recently reported cases were
related to possible sexual transmission.28,31 All the cases
identified in this study had illness onset from December
through April. These months typically represent the times
of lowest mosquito activity in the United States and thus
likely decreased the risk of a travel-associated case leading
to subsequent local mosquito-borne transmission. The acces-
sibility of air travel, abundance of appropriate mosquito vec-
tors in the Americas, including the United States, and the
lack of population immunity in region have allowed for the
spread of Zika virus throughout the Americas similar to
what occurred with chikungunya virus starting in late 2013.32

Chikungunya and Zika viruses have similar transmission

cycles during outbreaks, using the same mosquito species to
infect humans who amplify and typically spread the virus
from one location to another. Within the first year of the
introduction of chikungunya virus into the Americas, over
1.1 million suspected disease cases were reported, including
more than 2,700 travel-associated confirmed cases and 11 local
confirmed disease cases in the United States.33,34

Our study has several limitations. The 11 cases identified
for this report all sought medical care and had a sample
collected and sent to CDC for testing; they might not be rep-
resentative and likely underestimate the number of travel-
associated Zika virus disease cases. In 2013, CDC initiated
more systematic Zika testing on specimens received from
returning travelers. This might have influenced when cases
were identified and their characteristics. Clinical data were
not available on all cases; this and the low number of cases
might further impact the representativeness of the data.
Finally, we used 7 days after illness onset to denote a poten-
tial period of viremia and risk for local transmission for
individuals who developed symptoms while abroad. This esti-
mation is based on limited data, which suggest that Zika
virus has been found in blood of infected individuals as late
as 11 days after illness onset.10 Further validation is needed
to determine when an infected person is viremic and capable
of leading to local transmission in at risk areas.
These travel-associated cases of Zika virus disease high-

light the need for travelers to consult with travel health prac-
titioners or country-specific travelers’ health webpages (e.g.,
http://wwwnc.cdc.gov/travel/destinations/list/) prior to travel.
Travelers should be educated about the symptoms of Zika
virus and other mosquito-borne diseases and measures to
prevent mosquito bites. Zika virus disease should be con-
sidered in the differential diagnosis in travelers with acute
fever or rash after returning from areas where Zika virus is
known to be circulating or persons with a direct epidemiologic
link to a person with laboratory evidence of recent Zika virus
infection (e.g., vertical transmission from other to baby or
sexual contact). Clinicians are encouraged to report suspected
Zika virus disease cases to state or local health departments
to obtain testing and to reduce the risk of local transmission.
Finally, additional data are needed to determine the rates of
occurrence of rare or uncommon manifestations and death
following Zika virus infection.

TABLE 3
Select diagnostic test results for Zika virus disease cases identified in travelers returning to the United States, 2010–2014

Case no.

Initial serum specimen Second serum specimen

Days from illness onset
to specimen one Zika RT-PCR Zika IgM Zika PRNT Dengue IgM

Dengue
PRNT*

Days from illness onset
to specimen two Zika IgM Zika PRNT Dengue IgM

Dengue
PRNT*

1 30 –† Positive 5,120 Negative 80 NA – – – –
2 1 – Positive 20 Equivocal 20 18 Positive 2,560 Positive 40
3 3 Negative Equivocal < 10 Negative < 10 24 Positive 2,560 – < 10
4 7 – Positive 80 Positive < 10 NA – – – –
5 5 Negative Positive 10 Negative – NA – – – –
6‡ 6 Negative Positive 640 Positive 40 NA – – – –
7 7 Negative Positive 160 Equivocal 20 NA – – – –
8‡ 11 – Positive 80 Positive 80 32 Positive 2,560 Positive 160
9 7 Negative Positive 80 – < 10 NA – – – –
10 11 – Positive 320 Negative < 10 NA – – – –
11 4 Negative – – Positive < 10 25 Positive 1,280 Positive < 10
IgM = immunoglobulin M; NA = not applicable; PRNT = plaque-reduction neutralization test; RT-PCR = reverse transcriptase polymerase chain reaction.
*Represents the highest titer from PRNTs performed for each of the four serotypes of dengue virus.
†Testing not performed, typically due to limited sample quantity.
‡Cases reported a history of prior yellow fever vaccination.
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