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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 is a flavivirus (family Flavi-
viridae) related to West Nile, dengue, and 
yellow fever viruses.1 Zika virus was isolated 

in 1947 from a rhesus monkey in the Zika forest 
near Entebbe, Uganda2; 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.2-12 Zika virus is believed to 
be transmitted to humans by infected mosquitoes 
and has been isolated from Aedes africanus, Aedes 
luteocephalus, and Aedes aegypti.13-16 No outbreaks 
and only 14 cases of human Zika virus disease 
have been previously documented.2,12,17-19 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.20,21 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.

Me thods

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.22,23 Titers of 
neutralizing antibody to Zika virus and dengue 
virus were determined with the use of plaque-
reduction neutralization tests with a cutoff value 
of 90% (PRNT90).24 Serum samples from patients 
in the acute phase were tested by RT-PCR for Zika 
virus and dengue virus RNA.22,25

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 PRNT90 titer of at least 20, 
and a ratio of Zika virus PRNT90 titer to dengue 
virus PRNT90 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 PRNT90 titer was at least 20, the ratio of 
Zika virus PRNT90 titer to dengue virus PRNT90 
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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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.26,27 
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 

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.28 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.29 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.

R esult s

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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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. PRNT90 denotes 
plaque-reduction neutralization test with a cutoff value of 90%.
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with confirmed or probable disease ranged from 
April 15 to July 14 (Fig. 2). The number of cases 
peaked in late May and subsided in early July. The 
median age of patients with confirmed or probable 
disease was 36 years (range, 1 to 76); 66 of these 
patients (61%) were female.

The overall attack rate for confirmed and prob-
able Zika virus disease detected among patients 
presenting to health care facilities was 14.6 per 
1000 Yap residents. The attack rates ranged from 
3.6 per 1000 population in both the Kanifay and 
the Gilman municipalities to 21.5 per 1000 popu-
lation in Tomil municipality (Fig. 3). The sex-spe-
cific attack rates were 17.9 per 1000 females and 
11.4 per 1000 males. Cases occurred among all age 
groups, but the incidence of confirmed and prob-
able Zika virus disease detected by health care 
surveillance was highest among persons 55 to 59 
years of age (Fig. 4). 

 Of 49 patients with confirmed Zika virus dis-
ease, 31 (63%) provided information regarding 
symptoms and exposures. The age and sex distri-
butions of these 31 patients were similar to those 
of the remaining 18 patients with confirmed dis-
ease. The most commonly reported symptoms 
were rash, fever (measured or reported), arthritis 
or arthralgia, and conjunctivitis (Table 1). Other 
symptoms included myalgia, headache, retro-
orbital pain, edema, and vomiting. Twenty patients 
(65%) reported a subjective fever; the body tem-
perature of 12 of these patients was measured by 
a health care provider, and none of the recorded 
temperatures were above 37.9°C. The median du-
ration of rash was 6 days (range, 2 to 14), and 
that of arthralgia was 3.5 days (range, 1 to 14). No 
deaths, hospitalizations, or hemorrhagic compli-
cations were associated with Zika virus illness 
during this outbreak. None of the 31 patients who 
reported symptoms had traveled outside of Yap 
within 2 weeks before the onset of symptoms.

Household Survey

Surveys were completed in 173 of 200 randomly 
selected households (86%). The 173 enrolled house-
holds had 852 residents, and the median number 
of residents per household was 5 (range, 1 to 18). 
Forty-four residents were under 3 years of age and 
therefore were not eligible to participate in the 
survey.

We obtained blood samples from 557 of the 
808 eligible residents (69%). The age and sex dis-
tributions of the participants differed significantly 

from those of the eligible Yap population record-
ed in the 2000 census (P<0.001). Children from 
3 through 9 years of age were underrepresented, 
and adults 40 years of age or older were overrep-
resented in the survey in comparison with the 
census population. Overall, males were underrep-
resented and females were overrepresented, al-
though the ratio of male to female participants 
varied according to age group.

Among the 557 household residents who pro-
vided blood samples, 414 (74%) had IgM antibody 
against Zika virus, and 156 of these 414 persons 
(38%) reported an illness during the outbreak pe-
riod that met the definition of suspected Zika virus 
disease. However, among the 143 participants who 
provided blood samples and had no detectable 
IgM antibody against Zika virus, 27 (19%) also 
reported an illness that met the definition for sus-
pected Zika virus disease. Thus, among the survey 
participants who were positive for IgM antibody 
against Zika virus, a total of 19% (38% − 19%) re-
ported a clinical illness that was probably attrib-
utable to Zika virus infection.

We used the household survey data to calculate 
population estimates after accounting for sam-
pling design and nonresponse; these population 
estimates differ slightly from the crude survey re-
sults. We estimated that 5005 of the 6892 Yap 
residents who were 3 years of age or older (95% 
confidence interval [CI], 4702 to 5308) were in-
fected with Zika virus during the outbreak, an 
infection rate of 73% (95% CI, 68 to 77). An esti-
mated 919 residents (95% CI, 480 to 1357), or 18% 
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Figure 2. Confirmed and Probable Cases of Zika Virus Disease on Yap 
among Persons Seeking Health Care, According to Week of Onset of Illness 
during the Period from April through July 2007.
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of those infected (95% CI, 10 to 27), had a clinical 
illness that was probably attributable to Zika vi-
rus. Therefore, the estimated ratio of the number 
of residents with illness attributable to Zika virus 
to the number of residents who were either asymp-
tomatic or who had illness that could not be at-
tributed to Zika virus was 919:4086, or 1:4.4 (95% 
CI, 1:4.3 to 1:4.6).

Male participants were more likely than female 
participants to have IgM antibody against Zika 
virus (77% [95% CI, 72 to 83] vs. 68% [95% CI, 
62 to 74]; relative risk, 1.1 [95% CI, 1.0 to 1.2]). 
The seroprevalence of IgM antibody against Zika 
virus did not vary significantly across age groups 
(P = 0.10). We found no behavioral or environmen-
tal risk factors for Zika virus infection. People who 
reported an illness consistent with suspected Zika 
virus infection were significantly more likely to 
have IgM antibody against Zika virus than those 
who did not report such illness (P<0.001).

Entomologic Investigation

Of the 1366 water-holding containers identified 
during the household survey, 587 (43% [95% CI, 
40 to 46]) were infested with mosquito larvae or 
pupae; infested containers were found at 148 of 
the 170 households surveyed (87% [95% CI, 81 to 
91]). A total of 12 mosquito species belonging to 
four genera were identified; 9 species were iden-
tified by examination of larvae, and an additional 
3 species were collected as adults. Aedes hensilli 
was the predominant species identified and was 
present in 489 of the water-holding containers 
(36% [95% CI, 33 to 38]). No other species was 
present in more than 3% of the containers. No 
virus or viral nucleic acid could be detected in 
any mosquito pool.

Discussion

In this Zika virus outbreak, approximately three 
quarters of Yap residents were infected with Zika 
virus, and we estimated that more than 900 peo-
ple had illness attributable to Zika virus infection. 
Zika virus infection was widespread across all geo-
graphic areas of Yap and caused relatively mild 
illness lasting several days. There were no deaths 
or hospitalizations attributed to Zika virus. We 
were unable to detect Zika virus in any mosquito 
samples, and therefore we cannot determine with 
certainty the vector of transmission. On the basis 
of the relative abundance of Aedes hensilli and pre-
vious evidence that this species was the most 
likely vector of dengue virus transmission on 
Yap, it is plausible that Aedes hensilli was a vector 
of Zika virus transmission in this outbreak.21

The clinical signs and symptoms of Zika virus 
infection were consistent with those described in 
a previous report of one male patient but differ-
ent from those described in a previous case se-
ries.2,20 In that case series, rash or conjunctivitis 
was not reported and arthralgia was noted in only 
one of seven patients. Fever was reported in all 
seven patients, but the study included only patients 
who were hospitalized with febrile illness.19

The detection of Zika virus RNA in the serum 
of acutely ill patients and the absence of nucleic 
acid of other arboviruses provide convincing evi-
dence that the outbreak was caused by Zika virus. 
Although the transmission of dengue virus is com-
mon in Micronesia, none of the 137 patients for 
whom acute-phase specimens were available had 
evidence of dengue virus RNA in their serum.21,22 

Figure 3. Attack Rates for Confirmed and Probable Zika Virus Disease  
per 1000 Population According to Municipality on Yap during the Period 
from April through July 2007. 
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All 108 patients with confirmed or probable Zika 
virus disease had IgM antibody against Zika virus 
and neutralizing antibodies. ELISA for IgM is a 
relatively sensitive and specific assay for detecting 
arboviral infections.23 Although the ELISA for IgM 
antibody against Zika virus may cross-react with 
IgM against other flaviviruses, such as dengue vi-
rus or yellow fever virus, it is not likely to cross-
react with IgM against alphaviruses such as chi-
kungunya or Ross River viruses. PRNTs effectively 
discriminate among different primary flavivirus 
infections, but patients who have secondary infec-
tions (those who have been previously vaccinated 
against or exposed to another flavivirus) may have 
indeterminate PRNT results.30,31 The patients with 
confirmed Zika virus disease had titers of neu-
tralizing antibodies against Zika virus that were 
at least four times as high as their titers of neu-
tralizing antibodies against dengue virus, a find-
ing that provides strong evidence of primary Zika 
virus infection. The patients with probable Zika 
virus disease also had neutralizing antibodies 
against Zika virus, but the titers were less than 
four times as high as the titers of neutralizing 
antibodies against dengue virus. Although the re-
sults from these patients do not definitively con-
firm Zika virus infection, they are consistent with 
Zika virus infection after a previous dengue virus 
infection.

The attack rates of Zika virus disease detected 
by surveillance were higher among females than 
males and among older persons than younger per-
sons. In contrast, the prevalence of IgM antibody 
against Zika virus detected by the survey was 
higher in male participants (perhaps because of 
the possibility of their greater exposure to mos-
quitoes) and was relatively evenly distributed across 
age groups. These discrepancies may be because 
of differences in health care–seeking behavior for 
this relatively mild illness. The estimated ratio of 
symptomatic to asymptomatic patients with Zika 
virus infection in this outbreak is similar to that 
described for West Nile virus infection.32,33

We think it unlikely that Zika virus circulated 
unrecognized on Yap before this outbreak. The 
compact clustering of cases in May and June and 
the high seroprevalence of IgM antibody against 
Zika virus are consistent with an acute outbreak 
of Zika virus illness in a population without previ-
ous immunity to Zika virus. Although precise esti-
mates of the persistence of IgM antibody against 
Zika virus are not available, IgM antibodies to 

dengue virus generally do not persist longer than 
90 days.33 IgM antibodies to West Nile virus typi-
cally persist for about 5 months.34-36 There were 
no reports of widespread disease outbreaks on Yap 
in the 2 years before this outbreak. These results 
support the conclusion that this outbreak resulted 
from a recent introduction of Zika virus.

Zika virus might have been introduced to Yap 
by a viremic nonhuman primate (monkeys live on 
nearby Palau but not on Yap), but there were no 
reports of any importation or recent arrival of non-
human primates. No other nonprimate vertebrates 
or birds are known to be reservoirs of Zika virus; 
unless evidence of such a reservoir is discovered, 
introduction of Zika virus through an infected 
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Figure 4. Attack Rates for Confirmed and Probable Zika Virus Disease  
on Yap According to Age Group during the Period from April through  
July 2007. 

Table 1. Clinical Characteristics of 31 Patients with Confirmed Zika Virus 
Disease on Yap Island during the Period from April through July 2007.

Sign or Symptom No. of Patients (%)

Macular or papular rash 28 (90)

Fever* 20 (65)

Arthritis or arthralgia 20 (65)

Nonpurulent conjunctivitis 17 (55)

Myalgia 15 (48)

Headache 14 (45)

Retro-orbital pain 12 (39)

Edema 6 (19)

Vomiting 3 (10)

*	Cases of measured and subjective fever are included.
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nonprimate vertebrate seems unlikely. It is more 
likely that Zika virus was introduced by an in-
fected mosquito or a viremic human. We did not 
find any recently ill residents who had traveled 
outside of Yap, but the virus could have been im-
ported by a person with undetected infection. Se-
rologic evidence of Zika virus infection in humans 
has been reported in the Philippines, and travel 
between Yap and the Philippines is common.

The accessibility of air travel and the abundance 
of mosquito vectors of flavivirus in the Pacific re-
gion raise concern for the spread of Zika virus to 
other islands in Oceania and even to the Americas. 
The potential for such spread is illustrated by the 
following anecdote. A medical volunteer visited 
Yap from June 17 to June 29, 2007, and had onset 
of symptoms meeting the case definition of sus-
pected Zika virus disease on July 7, 2007, after her 
return to the United States. She had IgM antibody 

against Zika virus and neutralizing antibody in 
her serum on July 20, indicating she had been in-
fected with Zika virus on Yap and was probably 
viremic after arrival in the United States. The 
emergence of Zika virus as an important human 
pathogen on Yap in 2007 underscores the ease 
with which exotic pathogens are transported be-
tween continents and the need for clinical vigi-
lance and strong epidemiologic and laboratory 
surveillance systems to detect the spread of infec-
tious diseases.
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