
day 8 after inoculation. The patient was exposed to female Ae.
aegypti mosquitoes during the acute stage of illness, but ZIKV
was not recovered from them, most likely because of the low
viremia titer.

During the Yap State and French Polynesian outbreaks, the
most common clinical symptoms reported were fever, rash, ar-
thritis and/or arthralgia and/or myalgia, conjunctivitis, and fa-
tigue (Fig. 8). Zika fever symptoms are described in Table 6. No
hemorrhagic complications or hospitalizations were reported
during the acute phase of illness in these outbreaks (16) (Direction
de la Santé de la Polynésie Française, http://www.hygiene
-publique.gov.pf/spip.php?article126). Dating the onset of
symptoms is difficult in Zika fever because there is no abrupt
clinical onset (140, 145), as opposed to dengue fever (331) and
chikungunya (373). In French Polynesia, most of the patients
sought medical care for a rash probably after the viremic stage.
Negative ZIKV RT-PCR results do not rule out a Zika fever diag-
nosis because the viremic stage is short. The incubation period
ranged from 3.5 days for the human volunteer (367) to 6 to 10 days
for returning travelers and blood donors (232, 247, 312). Evolu-
tion can be biphasic; in French Polynesia, some patients sought
medical care for a second episode of “Zika-like symptoms,” as was
reported for the patients with ZIKV isolated from semen (275,
305). The duration of the illness is about 1 week.

The PAHO (37, 179) proposed a provisional case definition of
ZIKV infection based on the definition used during the French
Polynesian outbreak (Direction de la Santé de la Polynésie Fran-
çaise, http://www.hygiene-publique.gov.pf/). A suspected case is a
patient with a rash or an elevated body temperature (�37.2°C)
and one or more of the following symptoms (not explained by
other medical conditions): (i) arthralgia or myalgia, (ii) nonpuru-
lent conjunctivitis or conjunctival hyperemia, (iii) headache or
malaise. A confirmed case: is a suspected case with a positive lab-
oratory result for the specific detection of ZIKV.

Before the French Polynesian outbreak, the seroprevalence of
IgG for ZIKV was �1% in adults (123) but increased to 50% in a
cohort of children 6 to 16 years old and 66% in a cohort of people
7 to 86 years old after the outbreak (142). Compared to the esti-

mate of 11.5% of symptomatic cases in the population (18, 141),
the ratio of symptomatic to asymptomatic patients was about 1:5
to 1:6. These results cannot be compared with those of the sero-
survey conducted in Yap State, which detected IgM antibodies
(16). However, this ratio is similar to the estimates of DENV (75,
374) and WNV infections (375). During the ZIKV outbreak, 2.8%
of the blood donors tested were positive for ZIKV (312), which
suggests that about 2.8% of the asymptomatic adults were viremic
during the outbreak. It should be noted, however, that the ratio of
asymptomatic to symptomatic DENV, and probably ZIKV, infec-
tions can vary greatly, depending on the virus strain and back-
ground immunity.

Complications

Before the French Polynesian outbreak, Zika fever was described
as a mild, self-limiting, febrile illness without severe complications
and a low hospitalization rate (40, 141). This description was
based on a limited number of cases and one outbreak investiga-
tion, but the experience in French Polynesia changed that percep-
tion, with the description of severe neurological complications
(18). With the emergence of ZIKV in Brazil, severe neonatal com-
plications have now been reported (36).

Neurological complication in adults. During the French Poly-
nesian outbreak, an unexpectedly high number of GBS cases was
observed. The established incidence of GBS is about 1 to 3 cases
per 100,000 inhabitants per year (376). In French Polynesia, the
annual number of reported cases was 5, 10, 3, and 3 in 2009 to
2012, respectively (141). In December 2013, the first patient with
GBS was hospitalized 7 days after presenting with a “Zika-like
syndrome” (low-grade fever, myalgia, rash, and conjunctivitis)
(34). During the epidemic, 42 GBS cases were reported or approx-
imately a 20-fold higher incidence than expected (Direction de la
Santé de la Polynésie Française, http://www.hygiene-publique.gov
.pf/). All GBS patients developed neurological symptoms follow-
ing a “Zika-like syndrome” episode; 74% of them were male, the
median age was 42 (range, 20 to 74) years, all were natives of
French Polynesia, 15 were admitted to the intensive care unit, and
9 underwent mechanical ventilation, but no deaths were reported

FIG 8 Conjunctivitis and rash in Zika fever. Top left photo courtesy of H. P. Mallet, Department of Health of French Polynesia; top right, bottom left, and
bottom right photos by V. M. Cao-Lormeau and E. Grange, Institut Louis Malardé.
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(377). The temporal and spatial association between the French
Polynesian ZIKV outbreak and the highly unusual number of GBS
cases (Fig. 9) suggested that ZIKV was the cause of GBS (18). GBS
has been reported as a complication of other arbovirus infections,

including Flavivirus (DENV [378] and WNV [379, 380]) and Al-
phavirus (CHIKV [381, 382]) infections.

In the Americas, an increase in GBS has been reported in three
countries (31). From January to July 205, Brazil reported 121 cases

TABLE 6 Clinical symptoms of Zika fever

Clinical symptom(s) Main characteristic(s) (reference)

Location(s), %
(mean duration [days])
of symptomsb References

Maculopapular rash/pruritis Diffuse maculopapular rash on palms
and soles (Fig. 8); can be pruriginous
or lacking (119)

YS, 80-90 (6); FP,
93 (5.2)

14, 17, 27, 28, 127, 144, 145, 206, 211,
213, 214, 216, 217, 222, 230, 232–234,
241, 242, 247, 259-261, 265, 266, 307,
452, 453, 480

Fatigue/lethargy/asthenia FP, 78 14, 144, 232, 234, 241, 242, 259, 261,
453, 480

Fever Usually mild and mostly self-reportedd;
abrupt onset of high fever very
uncommon; high fever (around 39°C)
reported in 2 Brazilian (28), 7
Indonesian (119), and 1 Colombian
(451) patients

YS, 65-70; FP, 72 (2.9) 2, 14, 17, 27, 28, 119, 125, 127, 144, 145,
206, 213, 214, 216, 217, 221, 222, 230,
234, 241, 242, 247, 260, 265, 266, 303,
307, 336, 336, 349, 367, 450-452, 480

Arthritis/arthralgia/myalgia Mainly involves hands, feet, and knees;
edema of extremities can be
associated

YS, 60-65 (3-5); FP, 65
(6.8)e

14, 17, 27, 28, 119, 125, 144, 145, 206,
211, 214, 216, 217, 221, 230, 232–234,
247, 259, 260, 265, 303, 307, 336, 452,
453

Conjunctivitis Limited to a bilateral conjunctiva
hyperemia (Fig. 8)

YS, 55-65; FP, 63 (3.5) 17, 28, 119, 145, 211, 214, 221, 222, 230,
233, 234, 247, 259, 260, 265, 336, 452,
453

Headache YS, 40-45; FP, 46 2, 14, 17, 27, 28, 125, 127, 144, 145, 232,
242, 247, 259, 265, 303, 307, 336, 349,
367

Malaise 28, 119, 127, 213, 221, 234, 259, 367
Jaundice 2
Chills 119, 213, 232, 242, 303
Dizziness YS, 10 119
Joint pain/swelling/edema YS, 19-20; FP, 47 2, 17, 28, 145, 213, 214, 221, 222, 230,

232, 261, 452
Burning sensation in extremities 214
Retro-orbital pain YS, 30-39; FP, 16 7, 28, 145, 247, 266, 303
Anorexia 119, 336
Photophobia 232
Gastrointestinal disorders YS, 8-10; FP, 28 14, 28, 119, 144, 241, 261, 336
Sore throat FP, 23 214, 265, 336, 349
Cough 2, 259, 349
Rhinorrhea 265
Aphthous ulcer FP, 4 17, 232, 241, 242
Hypotension 119
Hematuria 119
Prostatitis 232
Back pain 127, 234, 242, 303
Hearing difficulties 214
Hematospermia 232
Lymphadenopathy FP, 15 28, 119, 145, 211, 221, 230, 303
Sweating 303

Laboratory abnormalities
Albuminemia 2
Increased transaminases 144, 217, 453
Increased lactate dehydrogenase 452
Bile pigment in urine 2
Thrombocytopenia Normal-to-low-normal platelet countc YS, FP 144, 145, 221, 222, 241, 242, 247, 307
Leukopenia Normal-to-low-normal leukocyte countc YS, FP 28, 144, 145, 206, 217, 221, 230, 247, 259
Reactive lymphocytes 144, 145, 206, 221, 259, 452
C-reactive protein Normal to slightly increasedc FP 27, 211, 222

a YS, Yap State. Data are from http://www.spc.int/phs/english/publications/informaction/IA27/Zika-outbreak-Yap-2.pdf.
b FP, French Polynesia. Data are from reference 377 and http://www.hygiene-publique.gov.pf/spip.php?article126.
c Personal communication.
d http://www.spc.int/phs/english/publications/informaction/IA27/Zika-outbreak-Yap-2.pdf.
e Hands, 30%; feet, 17%; knees, 16%; fingers, 10%; wrists, 10%.
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in northeastern states; 62% of the patients had symptoms consis-
tent with Zika fever preceding GBS. In El Salvador, of 22 cases
investigated in December 2015, 54% also had symptoms consis-
tent with Zika fever preceding GBS. In Venezuela, an increase of 2-
to 3-fold from the national baseline has been recorded. Finally, a
first case of GBS possibly associated to ZIKV infection has been
reported by the French Ministry of Health on Martinique (31).
Collectively, these epidemiological data reinforce the hypothesis
of a relationship between ZIKV and GBS. Ocular complications in
adults have been reported (383).

Neurological complications in neonates. From 2010 to 2014,
the annual number of reported cases of microcephaly in Brazil
ranged from 150 to 200 (384). A relationship between ZIKV and
microcephaly was first suspected in Brazil in late October 2015,
with an increase in cases reported in Pernambuco State, north-
eastern Brazil (308, 384, 385). The Brazilian Ministry of Health
declared a national public health emergency on 11 November
(http://paraiba.pb.gov.br/saude-discute-notificacao-de-casos-de
-microcefalia-na-paraiba-nesta-sexta-feira/), and three other
alerts were issued by the PAHO on 17 November (36), by the
ECDC on 24 November (35), and again by the PAHO on 1 De-
cember (37). A task force was established to investigate the link
between ZIKV infections during pregnancy and microcephaly
(38). In the middle of December, 1,761 cases were reported in 13
states (208). As of late January 2016, Brazil has reported 3,893
cases of microcephaly since October 2015 (209). Cases were re-
ported in 21 states and 724 municipalities (31). In early February
2016, the WHO declared a global health emergency (386).

After retrospective investigations, the French Polynesian
health authorities reported 17 central nervous system malforma-
tions (including microcephaly) in newborns coinciding with the
ZIKV outbreak in French Polynesia. The annual average number
of central nervous system malformations in this country is about
one (31, 35, 37).

An etiologic relationship between ZIKV and microcephaly
has not yet been firmly demonstrated (387), but new virologic
and epidemiologic data favor the hypothesis of cause and ef-
fect. ZIKV RNA was detected in the amniotic fluid of pregnant
women who gave birth to microcephalic newborns and in the
brains of microcephalic newborns (31, 37, 276, 308, 388).
These data confirm that, like TORCH viruses (toxoplasmosis,

other [syphilis, varicella-zoster, parvovirus B19], rubella, cyto-
megalovirus, and herpesvirus) (389, 390), ZIKV is associated
with severe neurological damage in newborns. However, sev-
eral etiologies of microcephaly have been identified (35) and
the number of microcephaly cases directly associated with
ZIKV is unknown (370, 391).

The possibility cannot be excluded that microcephaly is only
the tip of the iceberg and that other complications, less severe or
affecting not only the brain but other organs, might occur. Other
neurological, ophthalmologic, and auditory complications are
now reported in neonates (38, 209, 276, 308, 371, 392). These
reports will be reviewed in an upcoming issue of Clinical Microbi-
ology Reviews.

ZIKV-related death. In addition to microcephalic neonates
who died in the 24 h after death (31), three ZIKV-related deaths
were reported in late November in Brazil (two adults with neuro-
logical disorders and one newborn) (37, 393). A ZIKV-infected
15-year-old female suffering from sickle cell disease died despite
management in a pediatric intensive care unit (394).

Differential Diagnosis

The clinical presentation of Zika fever is not specific and can
mimic diseases responsible for fever, rash, and arthralgia, es-
pecially dengue and chikungunya (271, 395). Sporadic cases of
Zika fever in areas where dengue and/or chikungunya are en-
demic can be difficult to diagnose clinically, highlighting the
importance of laboratory investigation of patients presenting
with “dengue-like syndromes” and testing negative for dengue.
Algorithms comparing clinical symptoms of Zika fever, den-
gue, and chikungunya (396) have been proposed but should be
used with caution, especially when several arboviruses are co-
circulating.

Treatment

There is no specific treatment or antiviral drug for ZIKV infection
(179). The current treatment guidance is based on a limited body
of evidence. Recommendations are the treatment of symptoms
based on acetaminophen for fever and pain, an antihistaminic for
pruritic rash, and drinking of fluids. Treatment with acetylsalicylic
acid and nonsteroidal anti-inflammatory drugs is discouraged be-
cause of the reported increased risk of hemorrhagic syndrome

FIG 9 Temporal association between cases of Zika fever (blue columns) and GBS (red line) during the French Polynesian outbreak.
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with other flaviviruses (Secretariat of the Pacific Community,
http://www.spc.int/phs/english/publications/informaction/IA27
/Zika-outbreak-Yap-2.pdf). In the first days after symptom on-
set (viremic phase), patient isolation to avoid mosquito bites
is recommended to prevent the infection of other persons
(179).

PREVENTION OF ZIKA FEVER

There is no vaccine for ZIKV, although several are in the de-
velopment phase with dengue vaccine technology. Prevention
measures are therefore the same as for all Ae. aegypti-borne
diseases for which there are no vaccines, including individual pro-
tection from mosquito bites and vector control. The literature on
DENV prevention and control is voluminous and will not be re-
viewed here. See the previously published reviews on public health
strategies (397–400) and mosquito bite prevention guidelines
(51). The epidemiological alert for ZIKV prepared by the PAHO
recommended integrated vector management and personal pre-
vention measures (171). The spread of ZIKV highlights the need
to develop new vector control strategies (401).

Specific recommendations have been issued to prevent con-
genital complications of ZIKV infections (37, 370, 402, 403); these
recommendations will be developed in an upcoming issue of Clin-
ical Microbiology Reviews.

SURVEILLANCE OF ZIKA FEVER

All countries at risk for ZIKV infection, e.g., those infested with
Ae. aegypti, should develop basic virologic and serologic labora-
tory capabilities to diagnose ZIKV. In countries without autoch-
thonous ZIKV transmission, the PAHO recommends strengthen-

ing event-based surveillance to detect the first case (37, 171, 179).
This would require including ZIKV testing of all patients present-
ing with dengue-like illness who test negative for DENV in coun-
tries with competent mosquito vectors. In countries with autoch-
thonous transmission of ZIKV, the PAHO recommends
monitoring of the trend and geographic spread of the virus within
and to new countries and monitoring of genetic lineages of ZIKV
(37, 171). The impact on public health should be monitored by
enhancing surveillance for potential neurological and autoim-
mune complications, following up pregnant women and congen-
ital malformations, and identifying risk factors associated with
ZIKV infection.

THE POTENTIAL FOR ZIKV EMERGENCE

In the last 4 decades, the emergence/resurgence of epidemic arbo-
viruses has been dramatic, affecting both humans and animals
(57). There has been an increased frequency of epidemic dengue
in all tropical regions of the world, and dengue hemorrhagic fever
has emerged in Asia, tropical America, and the Pacific (400). Den-
gue is now endemic to all of the tropical areas of the world (82,
104). In the last 2 decades, WNV has emerged as a major epidemic
disease of birds, horses, and humans in the Mediterranean region,
Europe, and the Americas, with severe and fatal disease occurring
in all of these areas (404–408). In the past decade, the status of
chikungunya changed from a relatively uncommon and poorly
documented disease to an emerging epidemic disease that is now a
global public health concern (25, 373). There are many factors
responsible for this emergence and changing epidemiology, but
the principal drivers have been global population growth, urban-

FIG 10 Global distribution of Ae. aegypti and Ae. albopictus.
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ization, globalization, and a lack of effective vector control (57,
104).

The emergence of these arboviruses was associated with the
description of new clinical patterns (ZIKV, CHIKV, and WNV)
(18, 26, 34, 37, 404, 407, 409–412) and new modes of transmission
(ZIKV, CHIKV, and WNV) (68–71, 307, 312, 409, 413). There is
good evidence that genetic changes in DENV, CHIKV, and WNV
have been responsible for phenotypic changes influencing viru-
lence and epidemic potential (84, 85, 88–94); to date, this has been
suspected but not demonstrated for ZIKV (31), but it is the most
likely explanation for its dramatic emergence in the past few years.
The potential impact of climatic change on the spread of ZIKV in
unknown (414).

ZIKV (40), like DENVs and CHIKV, has probably adapted
from an ancestral forest cycle involving nonhuman primates as a
vertebrate reservoir and canopy-dwelling mosquitoes as vectors to
a new urban/periurban cycle involving humans and Ae. aegypti

and/or Ae. albopictus mosquitoes as vectors. Experiments are un-
der way to confirm this adaptation of ZIKV. As widely distributed
Ae. aegypti and Ae. albopictus mosquitoes are competent ZIKV
vectors, the potential for the emergence of ZIKV to overlap the
geographic distribution of those mosquitoes is great (Fig. 10)
(ECDC, http://www.ecdc.europa.eu/en/healthtopics/vectors/)
(40, 373, 415, 416). The recent coemergence of arboviruses in
Pacific island countries and territories is a good example (18, 39,
40, 481). Until 2007, DENV was the predominant arbovirus in the
Pacific, usually with the circulation of a predominant serotype.
The epidemiologic situation has since changed (39), with the co-
circulation of several DENV serotypes (137) and the emergence of
ZIKV in 2007 (18) and CHIKV in 2011 (25). The situation is
similar in Brazil, where CHIKV emerged in 2014 (373) and ZIKV
emerged in 2015 (27) in addition to numerous already endemic
arboviruses, e.g., DENV and YFV (186). The epidemic in Brazil
poses a high global risk, with about 10 million travelers that depart

TABLE 7 Common features of ZIKV and other arboviruses

Parameter ZIKV CHIKV WNV DENV

Family Flaviviridae (45)a Togaviridae (454) Flaviviridae (45) Flaviviridae (45)
Genus Flavivirus (45) Alphavirus (454) Flavivirus (45) Flavivirus (45)
Place and/or time of discovery Uganda, 1947 (1) Tanzania, 1952 (455)b Uganda, 1937 (111) During World War II (458)c

Recent emergence Pacific, 2007 (16), 2013 (18);
Americas, 2015 (27, 28, 30,
33, 195)

Kenya, 2004 (460); Indian Ocean
islands, 2005 (409, 463); India,
2005/2006 (466); Europe,
2007 (223–225); Southeast
Asia, 2008 (467); Pacific, 2011
(25); Caribbean, 2013
(468–470)

Romania, 1996 (404);
Russia, 1999 (461);
Italy, 2008 (226, 462);
New York, 1999 (407);
North and South
America, 1999 (408,
464, 465)

Global (104)

Geographic distribution
(autochthonous human
infections)

Africa (33); Americas (30);
Asia (119); Oceania (18)

Africa (95); Americas (95); Asia
(95); Europe (95); Oceania
(95)

Africa (406); Americas
(406); Asia (406);
Europe (406)

Africa (104); Americas
(104); Asia (104); Europe
(104); Oceania (104)

Cocirculation of ZIKV with
DENV, CHIKV, and WNV

Africa (33); Americas (33);
Asia (119)

Africa (95); Americas (95); Asia
(95)

Africa (406); Americas
(406); Asia (406)

Africa (104); Americas
(104); Asia (104)

Ratio of
symptomatic/asymptomatic
infections

1/5–1/6 (123, 142) 8.5/10 (373) 1/4 (375) 1/4–1/9 (75, 374)

Main presentation Asymptomatic or mild disease
(16, 396)

Mild disease (373) with
persistent and relapsing
arthralgia in up to 50% of
patients

Asymptomatic or mild
disease (471)

Asymptomatic or mild
disease, hemorrhagic
fever (82)

Main complications Neurological complications in
adults in French Polynesia
and Brazil, 2013–2015 (18,
31, 34) and in neonates in
French Polynesia and Brazil
(26, 31, 35–37, 384)

Neurological complications on
Reunion Island, 2005–2006
(409–411)

Neurological
complications in
Romania, Russia, Italy,
United States (226, 404,
407, 412, 462)

Dengue hemorrhagic fever
and dengue shock
syndrome (82, 331)

When no longer considered to
cause mild disease, location

2013, French Polynesia (18,
34)

2005, Reunion Island (472) 1996, Romania (404) Never considered to cause
mild disease

Expanding lineage or serotype Asian (17, 271) East/Central/South African
(ECSA) (373); Asian (473)

Lineage 1 (474) Circulation and emergence
of all 4 dengue serotypes
(104)

New mosquito vector(s)
recent adapted to

Ae. hensilii (Yap State) (16,
295), Ae. albopictus
(Gabon) (14)

Ae. albopictus (Reunion,
Mauritius . . .) (475)

Not reported Most Aedes species of
subgenus Stegomyiaf

(476)
Adaptation from zoonotic

cycle in Africa to urban
cycle

Pacific islands (40) Reported (83, 373, 477–479) Not reported Reported (82, 400)

Non-vector-borne
transmission modes

Maternofetal (307),
transfusiond (312)

Maternofetal (68, 69) (409),
transfusiond (413)

Maternofetal (70, 71),
transfusione (77, 309)

Maternofetal (66, 67),
transfusion (75, 76)

a Reference numbers are in parentheses.
b But chikungunya is probably an older disease known as ki denga pepo (456, 457).
c But dengue-like illness has been described for at least 250 years (459).
d Potential risk.
e Public health problem in North America.
f In the version of this article published on 30 March 2016, “Stegomyia” was incorrectly spelled “Stemomyia.” This was changed in the version published on 9 May 2016.
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annually for international destinations; this risk will increase in
August 2016, when Brazil will host the Summer Olympic Games
(162).

The experience of the recent emergence of arboviruses and the
facts that ZIKV has essentially the same epidemiology and mos-
quito vectors in urban areas as DENV and CHIKV, that it uses
humans as the principal vertebrate host in urban/periurban areas,
and that this human connection greatly increases the risk of global
spread via infected humans to areas where mosquito control has
failed (104) suggest that ZIKV will likely follow in the path of
DENV and CHIKV and become a global public health problem
(40). Features common to ZIKV, CHIKV, WNV, and DENV are
shown in Table 7.

CONCLUSION

The first ZIKV outbreak in Yap State was unexpected and demon-
strated the potential for ZIKV emergence. The second outbreak in
French Polynesia was also unexpected and was associated for the
first time with severe neurologic disease. From French Polynesia,
ZIKV spread in the Pacific and imported cases were reported
on several continents. In 2015, ZIKV emerged in the Americas
and, as in French Polynesia, appears to be associated with se-
vere neurologic disease. An outbreak has also been reported in
the Cape Verde Islands (Africa). The emergence of ZIKV in
areas with cocirculation of other flaviviruses will make diagno-
sis based on clinical and epidemiological grounds difficult and
unreliable. The emergence of ZIKV in the Pacific, the Americas,
and Africa underscores the potential for ZIKV to spread glob-
ally as DENV and CHIKV have done. The future of ZIKV is
unpredictable, but its recent spread confirms that ZIKV is fol-
lowing in the path of CHIKV and DENV (40). The severe dis-
ease associated with ZIKV in French Polynesia and Brazil, how-
ever, suggests that this virus will become a very serious global
public health problem.
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