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ABSTRACT

BACKGROUND
In 2007, physicians on Yap Island reported an outbreak of illness characterized by
rash, conjunctivitis, and arthralgia. Although serum from some patients had IgM
antibody against dengue virus, the illness seemed clinically distinct from previously
detected dengue. Subsequent testing with the use of consensus primers detected
Zika virus RNA in the serum of the patients but no dengue virus or other arboviral
RNA. No previous outbreaks and only 14 cases of Zika virus disease have been previ-
ously documented.

METHODS

We obtained serum samples from patients and interviewed patients for information
on clinical signs and symptoms. Zika virus disease was confirmed by a finding of
Zika virus RNA or a specific neutralizing antibody response to Zika virus in the se-
rum. Patients with IgM antibody against Zika virus who had a potentially cross-reac-
tive neutralizing-antibody response were classified as having probable Zika virus
disease. We conducted a household survey to estimate the proportion of Yap residents
with IgM antibody against Zika virus and to identify possible mosquito vectors of
Zika virus.

RESULTS
We identified 49 confirmed and 59 probable cases of Zika virus disease. The patients
resided in 9 of the 10 municipalities on Yap. Rash, fever, arthralgia, and conjunctivitis
were common symptoms. No hospitalizations, hemorrhagic manifestations, or deaths
due to Zika virus were reported. We estimated that 73% (95% confidence interval,
68 to 77) of Yap residents 3 years of age or older had been recently infected with Zika
virus. Aedes hensilli was the predominant mosquito species identified.

CONCLUSIONS
This outbreak of Zika virus illness in Micronesia represents transmission of Zika
virus outside Africa and Asia. Although most patients had mild illness, clinicians
and public health officials should be aware of the risk of further expansion of Zika
virus transmission.
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ZIKA VIRUS OUTBREAK ON YAP ISLAND

IKA VIRUS IS A FLAVIVIRUS (FAMILY FLAVI-

viridae) related to West Nile, dengue, and

yellow fever viruses.! Zika virus was isolated
in 1947 from a rhesus monkey in the Zika forest
near Entebbe, Uganda?; its genome was sequenced
in 2006.3 There is serologic evidence of human
Zika virus infection in Africa and Asia, and the
virus has been isolated from humans in Uganda,
Nigeria, and Senegal.22 Zika virus is believed to
be transmitted to humans by infected mosquitoes
and has been isolated from Aedes africanus, Aedes
luteocephalus, and Aedes aegypti.*3>*° No outbreaks
and only 14 cases of human Zika virus disease
have been previously documented.?1217-1° Until
this outbreak, no transmission of Zika virus had
been reported outside of Africa and Asia.

In April and May 2007, physicians on Yap Is-
land, Federated States of Micronesia, noted an
outbreak of illness characterized by rash, conjunc-
tivitis, subjective fever, arthralgia, and arthritis.
Although three patients tested positive with a com-
mercially available dengue IgM kit, the physicians
had the impression that this illness was clinically
distinct from dengue, which had been detected on
Yap in two previous outbreaks.2>2* In June 2007,
serum from acutely ill patients was sent to the
Centers for Disease Control and Prevention (CDC)
Arbovirus Diagnostic and Reference Laboratory
in Fort Collins, Colorado. Ten of 71 samples (14%)
were found to contain Zika virus RNA according
to reverse-transcriptase—polymerase-chain-reaction
(RT-PCR) assay. RT-PCR assays with the use of
consensus primers for nucleic acid of other arbo-
viruses, including dengue, chikungunya, o’nyong-
nyong, Ross River, Barmah Forest, and Sindbis
viruses, were all negative. We conducted an inves-
tigation to define the epidemiologic features of the
outbreak and to describe the clinical manifesta-
tions of Zika virus disease.

METHODS

SETTING

The Federated States of Micronesia is an archi-
pelago nation located northeast of Papua New
Guinea. Yap State is the westernmost of the four
states of the country and comprises four closely
grouped islands and several outer islands. This in-
vestigation was conducted on the main group of
four islands, here referred to as Yap. Yap is approx-
imately 6 km wide by 15 km long with a popula-
tion of 7391 persons (2000 census data).

CASE DEFINITION AND FINDING

We reviewed medical records and conducted pro-
spective surveillance at the hospital and all four
health centers on Yap to identify patients with sus-
pected Zika virus disease during the period from
April 1 through July 31, 2007. A patient with sus-
pected disease had acute onset of generalized mac-
ular or papular rash, arthritis or arthralgia, or non-
purulent conjunctivitis. Patients with suspected
disease were asked to provide blood specimens
during the acute phase (i.e., within 10 days after
the onset of symptoms) and during the convales-
cent phase (i.e., 14 days later). We interviewed a
convenience sample of these patients with the use
of a standard questionnaire to collect information
about demographic features, clinical signs and
symptoms, and the duration and severity of the
illness.

LABORATORY ANALYSIS AND CASE CLASSIFICATION
Serum samples were tested by enzyme-linked im-
munosorbent assay (ELISA) for IgM antibodies
against Zika virus and dengue virus.223 Titers of
neutralizing antibody to Zika virus and dengue
virus were determined with the use of plaque-
reduction neutralization tests with a cutoff value
0f 90% (PRNT,,).2* Serum samples from patients
in the acute phase were tested by RT-PCR for Zika
virus and dengue virus RNA.?2:25

We considered a patient to have confirmed Zika
virus disease if Zika virus RNA was detected in
the serum or if all the following findings were
present: IgM antibody against Zika virus (detected
by ELISA), Zika virus PRNT,, titer of at least 20,
and a ratio of Zika virus PRNT,, titer to dengue
virus PRNT,, titer of at least 4. A patient was clas-
sified as having probable Zika virus disease if IgM
antibody against Zika virus was detected by ELISA,
Zika virus PRNT,, titer was at least 20, the ratio of
Zika virus PRNT,, titer to dengue virus PRNT,,
titer was less than 4, and either no Zika virus
RNA was detected by RT-PCR or the serum sam-
ple was inadequate for the performance of RT-PCR
(Fig. 1).

HOUSEHOLD SURVEY
We surveyed the community to define the extent
of the outbreak and determine risk factors for in-
fection. We used simple, random, one-stage cluster
sampling to select 200 (16%) of the 1276 house-
holds on Yap, and we sought to enroll all house-
hold members 3 years of age or older. We used a
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185 Patients sought health care and met the case
definition for suspected Zika virus disease

Presence of Zika virus RNA
or
presence of IgM antibody against
Zika virus and Zika virus
PRNT,, =20 and Zika virus
PRNT,, : dengue virus PRNT,,
ratio =4

Absence of Zika virus RNA
and
presence of IgM antibody against
Zika virus and Zika virus
PRNT,y, =20 and Zika virus
PRNT,, : dengue virus PRNT,
ratio <4

No serologic or PCR evidence
of Zika virus infection
and
no serum sample collected
=10 days after symptom onset

No serologic or PCR evidence
of Zika virus infection
with
serum sample collected =10 days
after symptom onset

!

!

49 Had confirmed Zika

72 Had suspected Zika

virus disease

59 Had probable Zika
virus disease

. - 5 Did not have Zika virus disease
virus disease

Figure 1. Case Classification of 185 Patients Who Sought Health Care and Met the Case Definition for Suspected Zika Virus Disease

on Yap during the Period from April through July 2007.

The presence of Zika virus RNA was determined by reverse-transcriptase—polymerase-chain-reaction (RT-PCR) assay. PRNT,, denotes

plaque-reduction neutralization test with a cutoff value of 90%.
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standard questionnaire to collect data from con-
senting household residents regarding age, sex,
birthplace, potential risk factors for infection, and
illness since April 1, 2007. We obtained blood sam-
ples from all eligible consenting household resi-
dents. Participants in whom IgM antibody against
Zika virus was detected by ELISA were considered
to have evidence of recent Zika virus infection.

ENTOMOLOGIC INVESTIGATION

Water-holding containers and containers with mos-
quito larvae or pupae were counted at the surveyed
households. Larvae and pupae were collected and
identified. Adult mosquitoes were collected by light
traps, gravid traps, and aspiration at representa-
tive points on Yap and were then pooled according
to species, trap location, and collection date.2%27
Pools of immature and mature mosquitoes were
tested by viral culture and by RT-PCR for Zika vi-
rus RNA for evidence of infection.

STATISTICAL ANALYSIS
The attack rates of Zika virus infection were cal-
culated with the use of 2000 census data for the
Federated States of Micronesia. Survey and surveil-
lance data were analyzed with the use of SPSS soft-
ware, version 12.0, and S-Plus software, version 8.
For descriptive results, categorical variables were
given as proportions and continuous variables were
described by the mean or the median and range.
For population inferences from the household

N ENGL J MED 360;24

survey, standard errors, confidence intervals, and
P values were calculated with the sampling design
taken into account and with the use of a finite
population correction.?® Categorical variables from
the household survey were compared with the use
of the Rao and Scott correction to the chi-square
test. Standard calibration-weighted estimators were
used to adjust for nonresponse to the household
survey by calibration to the Yap 2000 census popu-
lation according to 10-year age groups and sex for
the eligible population.?® Inferences for the ento-
mologic survey were based on a simple random
sample of households, and the score confidence
interval was used for population binomial pro-
portions.

RESULTS

CASE FINDING
We identified 185 cases of suspected Zika virus
disease. Of these, 49 (26%) were confirmed and
59 (32%) were probable cases (Fig. 1). Acute-phase
serum samples were collected within 10 days after
the onset of illness from 45 of the 49 patients with
confirmed disease (92%), and Zika virus RNA was
detected in 15 of these 45 patients (33%). No den-
gue virus RNA was detected in any of the 137 acute-
phase serum samples tested (45 of these 137 pa-
tients had confirmed Zika virus disease, 51 had
probable disease, and 41 had suspected disease).
The date of symptom onset among patients
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