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KEY POINTS

� Zika virus is a mosquito borne arbovirus.

� Most individuals infected with Zika virus have minimal or no symptoms.

� If present, typical symptoms include rash, conjunctivitis, and fever.

� Pregnant women infected with Zika, particularly during the first trimester, appear to be at
increased risk of having infants with congenital abnormalities such as microcephaly.

� There is currently no vaccine or treatment for Zika virus. Prevention through minimizing
mosquito bites is the best means of decreasing risk of infection.
INTRODUCTION

Zika virus’ recent introduction into theWestern Hemisphere and its dramatic and rapid
spread during 2015 to 2016 represent a global public health challenge. Associations
between Zika virus with congenital anomalies and Guillain Barre Syndrome (GBS) un-
derscore the importance of understanding strategies for management and control of
the virus. There is significant concern for risk to pregnant women/women of reproduc-
tive age and the risks associated with the spreading disease and with travel to
endemic areas. Preparations for the 2016 Olympic Games in Brazil cast an increased
sense of urgency on the need for improved assessment/identification, management,
a Department of Emergency Medicine, University of California, Irvine, 333 The City Boulevard
West, Suite 640, Rt 128-01, Orange, CA 92868, USA; b Department of Emergency Medicine, Cen-
ter for Disaster Medical Sciences, University of California, Irvine, 333 The City Boulevard West,
Suite 640, Rt 128-01, Orange, CA 92868, USA; c Public Health Program, Center for Disaster Med-
ical Sciences, University of California, Irvine, 333 The City Boulevard West, Suite 640, Rt 128-01,
Orange, CA 92868, USA; d Department of Emergency Medicine, University of Maryland School
of Medicine, 110 South Paca Street, Room 4S-127, Baltimore, MD 21201, USA; e Department of
Epidemiology and Public Heath, University of Maryland School of Medicine, 110 South Paca
Street, Room 4S-127, Baltimore, MD 21201, USA
* Corresponding author. Department of Emergency Medicine, University of Maryland School of
Medicine, 110 South Paca Street, Room 4S-127, Baltimore, MD 21201.
E-mail address: jhirshon@umaryland.edu

Emerg Med Clin N Am - (2016) -–-
http://dx.doi.org/10.1016/j.emc.2016.04.001 emed.theclinics.com
0733-8627/16/$ – see front matter � 2016 Elsevier Inc. All rights reserved.

mailto:jhirshon@umaryland.edu
http://dx.doi.org/10.1016/j.emc.2016.04.001
http://emed.theclinics.com


Shastry et ale2
and containment of Zika virus. Given the potential for increased numbers of infected
individuals, it is essential that emergency providers equip themselves with the knowl-
edge and background necessary to effectively assess, manage, and counsel patients.
This article provides background and epidemiologic information on Zika virus followed
by a discussion of diagnostic, treatment, and management strategies.

HISTORY
Origins

The Zika Virus was first identified in 1947 at the Yellow Fever Research Laboratory in
the Zika Forest area of Uganda.1,2 During this time period, British scientists placed
Asian rhesus monkeys in Africa. Blood samples from 1 sentinel rhesus monkey
were injected into mice. These mice subsequently became ill. Several viruses were
identified in the brain tissue of the ill mice; 1 of the isolated viruses was the Zika virus.
Zika virus was also isolated from mosquitos in the region.2

Epidemiology

From 1947 to 2007, there were limited and infrequent documented human cases of
Zika virus infection.3,4 In 2007, scientists reported the first outbreak of Zika virus on
the island of Yap within the Federated States of Micronesia. There were 49 confirmed
and 59 probable cases documented over a 4-month period.5,6 Public health officials
recorded a subsequent outbreak in 2013 in French Polynesia. There were 294 cases,
confirmed by RNA assay, recorded over a 10-week period.7,8

The first documented case of the Zika virus in the Americas was in 2014 with locally
acquired cases in Easter Island.9 Subsequently, in May 2015, initial cases were
confirmed in Northeast Brazil.10–12 From May 2015 until early 2016, Brazilian officials
estimated that there were 1.5 million cases of Zika virus infections throughout the
country.11 Colombia also reported more than 25,000 cases from October 2015
through the middle of February 2016.13 Given that infection is often subclinical, with
many affected patients not seeking medical care, officials advise that cases are likely
underreported.
As of March 2016, there have been no documented cases of locally acquired Zika

virus infection in the continental United States. However, there have been 153 travel-
associated cases within 28 states and the District of Columbia. Within the US terri-
tories, to that date, there was 1 documented travel-associated case and 107 locally
acquired cases.14

VIROLOGY
Classification and Structure

Zika virus is an arbovirus within the genus Flaviviridae and family Flavivirus.1 It is a
single-stranded RNA virus with Asian and African lineage.6,15,16 Other flaviviruses
include yellow fever, dengue fever, and West Nile virus.1 Within the African lineage,
the life cycle of the virus is between nonhuman primates and mosquitoes. Humans
are occasional, unintentional hosts within the African life cycle.17,18 Outside of Africa,
humans are the primary host for infection.5

Transmission

The primary transmission vector is the Aedas aegyptimosquito. Laboratory testing has
shown the possibility of transmission via the Aedes albopticus mosquito.19–23

Sexual transmission of the Zika virus has been reported.24–27 There has been at
least 1 documented case of male-to-female sexual transmission of the virus as well
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as 1 probable case of male-to-female sexual transmission.25,26 In a third case, semen
isolated from an infected male was shown to test positive for Zika virus serologic
testing for 2 to 10 weeks after initial symptom onset.27 In all of these cases, the
male patient was symptomatic. It is unclear whether sexual transmission can occur
from an asymptomatic male. As of March 2016, there have been no documented
cases of female-to-male transmission.28 In April 2016, the CDC published a report
of male-to-male sexual transmission of Zika virus.29

Concern has also emerged for Zika virus transmission via infected blood prod-
ucts.30,31 One 2014 study showed that 42 out of 1505 blood donors in the French Poly-
nesian outbreak of 2013 to 2014 tested positive for Zika virus via nucleic acid testing.
All blood donors were asymptomatic at the time of blood donation.30 This has promp-
ted new US Food and Drug Administration (FDA) recommendations for blood and
organ donation.31

As of March 2016, for blood donors in areas without active Zika virus transmission,
the FDA suggests that donation should be deferred for 4 weeks in donors who are at
risk for Zika virus infection. Donors are considered to be at risk if they either have had
symptoms of Zika virus infection in the past 4 weeks, have had sexual contact with
persons who either traveled to or resided in an area with active Zika virus transmission
within the past 3 months, or if they have travelled to areas with active transmission of
the Zika virus during the past 4 weeks. For areas with active Zika virus transmission,
the FDA recommends that blood/blood products should be obtained from areas of the
United States without active transmission of the Zika virus. The FDA is developing
screening tests for blood.31

Evolving FDA recommendations for organ donation state that living donors should
be considered ineligible if they were diagnosed with Zika virus infection, were in an
area with active Zika virus transmission, or had sex with a male with either of these
2 risk factors (travel to areas with active transmission or symptoms of Zika virus infec-
tion) within the past 6 months. Further, donors of umbilical cord blood, placenta, or
other gestational tissues should be considered ineligible if they had any of these
risk factors (travel to area of active transmission, sexual contact with an at-risk
male, or symptoms of Zika virus infection) during their pregnancy. Finally, deceased
donors should be considered ineligible if they were diagnosed with Zika infection
within 6 months prior to the time of donation.32

Early studies noted a temporal association between incidence of Zika virus infection
and incidence of congenital microcephaly/congenital defects. This led to concerns of
possible transplacental/perinatal transmission of the Zika virus. Subsequent studies
have identified Zika virus genetic material in amniotic fluid samples of fetuses with
microcephaly whose mothers had symptoms suggestive of Zika virus infection.
Other studies have shown reverse transcription polymerase chain reaction
(RT-PCR)-confirmed Zika virus infection in both mothers and fetuses within 4 days
of delivery. These data raised the possibility of transplacental transmission of the
virus.13,33–35 A subsequent March 2016 study examined the proposed molecular basis
for the link between congenital microcephaly and Zika virus. The study group identi-
fied that in vitro, Zika virus infects human neural progenitor cells, which subsequently
leads to attenuation of cell growth.36
CLINICAL PRESENTATION
Initial Signs and Symptoms

The virus has an incubation period of 3 to 12 days. This is followed by a subclinical or
mild illness.5,37–39 Symptoms, when present, typically last for 2 to 7 days. Initial
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symptoms are generally mild and typically self-limited.13 Typical symptoms of Zika
infection are listed in Box 1.

Acute Sequelae

Severe acute infections with Zika virus are rare. There have been fewer than 10 adult
deaths caused by the Zika virus reported as of early 2016.13,40 However, investigators
have detected an association, and likely a causal relationship, with the serious
sequelae of Guillain–Barré syndrome (GBS).41 A February 2016 Lancet case–control
study reported that 41 patients in the case group (98%) had anti-Zika virus immuno-
globulin M (IgM) or IgG compared with 54 patients (56%) in the control group
(P<.0001). This study supported an association between Zika virus and GBS. In total,
there was an estimated incidence of 0.24 cases of Zika per 1000 cases of GBS in the
French Polynesian outbreak (compared with incidence of 0.25–0.65 cases of Zika per
1000 cases of GBS with Campylobacter jejuni infection).41 Authorities have attributed
3 deaths to GBS associated with Zika virus infection.13

Congenital Complications

As the incidence of Zika virus infection rose in northeast Brazil, there was a simulta-
neous increase in the incidence of congenital microcephaly and other fetal complica-
tions. Subsequent studies established a possible link between Zika virus infection and
congenital complications.42–44 Up until February 2016, there had been no documented
cases of microcephaly in Colombia despite over 30,000 cases of Zika virus infection in
the country.13 However, as ofMarch 4, 2016, 3 infants who tested positive for Zika virus
were diagnosed with microcephaly and other congenital anomalies. Colombian public
health experts expect to see a further rise in congenital abnormalities related to Zika
virus in Colombia.45 A New England Journal of Medicine study published in February
2016 studied 88 women in Brazil from September 2015 to February 2016. This study
identified fetal abnormalities in 29% of women who tested positive for Zika virus and
in 0% of women who tested negative for Zika virus. Fetal abnormalities that were iden-
tified included: 2 cases of fetal death, 5 cases of in utero growth restrictions with or
withoutmicrocephaly, 7 cases of ventricular calcifications or other central nervous sys-
tem lesions, and 7 cases of abnormal amniotic fluid volume or cerebral/umbilical artery
flow.44 In April 2016, the CDC concluded that Zika virus is a cause of microcephaly and
other fetal anomalies.46
Box 1

Typical Zika symptoms

� Fever

� Conjunctivitis

� Arthralgia/myalgia

� Diffuse rash

� Headache

� Retro-orbital pain

� Peripheral edema

� Gastrointestinal upset
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TESTING AND DIAGNOSIS
Diagnostic Criteria

As of June 2016, the Pan American Health Organization (PAHO) provisional case defi-
nition of suspected acute Zika virus infection is47 a rash that is typically pruritic and
maculopapular (Fig. 1) with two or more of the following accompanying signs/
symptoms

� Arthralgia/myalgia
� Nonpurulent conjunctivitis
� Conjunctival hyperemia
� Fever (usually <38.5�C)
� Peri-articular edema

The signs and symptoms of Zika virus infection are nonspecific; thus there is a broad
differential diagnosis. The differential diagnosis includes Dengue fever, chikungunya
virus, initial human immunodeficiency virus (HIV) seroconversion, measles, scarlet fe-
ver, rickettsial infection, leptospirosis, parvovirus, enterovirus, rubella, and secondary
syphilis. Given the nonspecific nature of the signs/symptoms and the broad differential
diagnosis, clinical presentation alone is insufficient to make the diagnosis without
confirmatory laboratory testing.13

Laboratory Testing

As of March 2016, definitive diagnosis of Zika virus is made by RT-PCR testing of blood
and saliva, which can only be accomplished with assistance from public health author-
ities and is not yet available at individual hospitals.13 Results are generally not acces-
sible in a timely fashion. IgM antibody against the Zika virus can also be detected in
serum. Data on the utility of urine and semen RT-PCR are limited. Delayed antibody
testing (IgG) is less useful due to the cross-reactivity of IgG antibodies to other flavivi-
ruses, such as dengue. Given that other flaviviruses can be endemic to the same region
where there is active Zika virus transmission, false positive results are common.13,48–51
Fig. 1. Patient with viral exanthem caused by Zika virus. (Courtesy of Dr David C. Pigott,
University of Alabama at Birmingham, Birmingham, AL.)
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INFECTION CONTROL AND PUBLIC HEALTH
Travel Recommendations/Restrictions

As of March 2016, the United States has no documented cases of locally acquired
Zika virus infection, but there have been numerous travel-associated cases.14 The
first travel-associated case of Zika virus among US travelers was reported in
2007. From 2007 to 2014, 14 returning US travelers tested positive for Zika virus
at the US Centers for Disease Control and Prevention (CDC). From 2015 to 2016,
at least 8 returning US travelers have tested positive for Zika virus per CDC re-
ports.52 The spread of Zika virus via travel prompted the release of interim CDC
travel guidance in January 2016. CDC issued a Level 2 travel alert (practice
enhanced precautions) for people traveling to regions where there is ongoing active
transmission of Zika virus. This includes travel to: Brazil, El Salvador, French Guiana,
Guatemala, Haiti, Honduras, Martinique, Mexico, Panama, Paraguay, Suriname,
Venezuela and the Commonwealth of Puerto Rico. See Box 2 for specific
recommendations.

Vector Control/Health Care Precautions

Vector control strategies include use of insecticides and removal of small stagnant
pools of water, which tend to harbor the mosquito vector. In addition to these local
control measures, research is ongoing for strategies to achieve mosquito eradication.
For example, the World Health Organization (WHO) is exploring the release of sterile
irradiated mosquitoes in order to curtail the breeding/propagation of the vector spe-
cies.13 Recommendations for health care providers encountering a patient potentially
infected with Zika include vigorous hand hygiene, standard precautions, and safe
disposal of sharps/medical waste.53 There is no indication for contact/droplet/
airborne precautions in the health care setting. Standard measures to prevent sexual
transmission are also advised for at-risk populations.

Implications for Pregnant Women

As of early 2016, the CDC and the European Centre for Disease Prevention recom-
mend that pregnant women and those who plan on becoming pregnant avoid travel
to areas with active Zika virus transmission.54,55 If travel cannot be avoided, women
should consult with their health care providers prior to traveling. These women should
also take special precautions to avoid mosquito bites including wearing long-sleeved
shirts and long pants, use of US Environmental Protection Agency registered
Box 2

Recommendations for travelers to endemic areas

� Wear long sleeved shirts and pants

� Use approved mosquito repellants

� Stay in lodgings that are screened or air-conditioned

� Safe eating habits

� Sexual education with condom use
� For 6 months for men with infection
� For 28 days in asymptomatic male travelers

Data from CDC. Issues interim travel guidance related to Zika virus for 14 countries and terri-
tories in Central and South America and the Caribbean. Available at: http://www.cdc.gov/
media/releases/2016/s0315-zika-virus-travel.html. Accessed January 29, 2016.

http://www.cdc.gov/media/releases/2016/s0315-zika-virus-travel.html
http://www.cdc.gov/media/releases/2016/s0315-zika-virus-travel.html
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mosquito repellants, use of permethrin-treated clothing and gear, and staying in lodg-
ings with air conditioning/screening.56,57 Women who are not pregnant at the time of
travel should be counseled to avoid becoming pregnant within 28 days after return
from travel.58

Mass Gatherings and International Implications

The 2016 Olympic Games in Rio De Janeiro, Brazil, poses a unique challenge for
safety/infection control.51,59 In preparation for this mass gathering, WHO recommen-
ded that all participating member states maintain awareness of the possibility of Zika
virus transmission. Member states were also advised to maintain adequate care facil-
ities/resources to meet potential increased demand for care. States were advised to
strengthen antenatal care/resources and improve infection control procedures.57,58

Vector control activities were accelerated in Brazil prior to start of the Olympic
Games.53,59–61

WHO drew international attention to the gravity and scope of the Zika virus outbreak
on February 1, 2016, when it declared the microcephaly and other neurologic condi-
tions temporally associated with Zika virus a Public Health Emergency of International
Concern (PHEIC).61 A PHEIC is defined as an “.extraordinary event which is determi-
ned.to constitute a public health risk to other states through the international spread
of disease.and to potentially require a coordinated international response.”62
EVALUATING A SUSPECTED CASE
Initial Evaluation/Consideration

Initial evaluation should be guided by the defined criteria for case definition in conjunc-
tion with a thorough travel history. A history of sexual contact with at-risk travelers
should also be elicited.13 If Zika virus is suspected, the case should be reported to
local and national public health authorities. In the United States and several other
countries, Zika virus is a nationally reportable condition. This requirement facilitates
appropriate epidemiologic follow-up, case tracking, and management.58,63

Serologic Testing

Molecular serologic testing should be offered to pregnant women who present with
signs and symptoms consistent with Zika virus infection within 2 weeks of travel to
an endemic area. Laboratory testing should also be offered to asymptomatic pregnant
women with a history of travel to areas with active Zika transmission. Initial test result
interpretation can be complex due to possible cross-reactivity with other flaviviruses,
which can lead to false-positive results. However, a negative IgM result at 2 to
12 weeks after initial travel canmore definitively rule out acute infection with Zika virus.
Serologic/molecular testing for asymptomatic women accordingly should be per-
formed at 2 to 12 weeks after initial travel.64

In symptomatic pregnant women who reside in a region where there is active Zika
virus transmission, testing should be performed within 7 days of symptom onset. For
asymptomatic pregnant women who reside in an endemic area, testing should be per-
formed at the initiation of prenatal care, with follow up testing midway through the
second trimester. Additionally, health care providers should provide sexual education
and counseling on reproductive options and risks/benefits of conception to women of
reproductive age who live in endemic regions.64

Serologic/molecular testing is recommended in infants with microcephaly and/or
intracranial calcifications whose mothers traveled to or resided in a region endemic
for Zika virus while pregnant. Testing is also recommended in infants who are born
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to mothers with positive or inconclusive testing for Zika virus infection. Specimens for
testing should be obtained from either the umbilical cord or directly via collection of
serum. The placenta, umbilical cord tissues, and cerebral spinal fluid may also be
tested. Amniocentesis for in utero diagnosis is an emerging intervention; however,
the clinical significance of in utero infection is unclear.64,65
TREATMENT/MANAGEMENT STRATEGIES
Management of Initial Infection/Sequelae

Primary management of Zika virus infection is supportive and is directed toward man-
agement of associated symptoms. As of March 2016, no antiviral therapy exists for
Zika virus infection. Symptomatic management includes rest, fluids/hydration, and an-
algesics/antipyretics. Given the overlap of signs and symptoms with other arboviruses
such as dengue virus, aspirin and other nonsteroidal anti-inflammatory drugs should
be avoided until other infections have been ruled out. This is necessary in order to
decrease the risk of Reye syndrome in children and hemorrhagic complications in
the general population.13,66 The symptoms of Zika virus are typically self-limited and
mild. Most patients (approximately 80%) are asymptomatic so they will not know
they have been infected if never tested.28

Clinicians should pay close attention to early identification of neurologic symptoms
that may herald an associated GBS. Typically, signs and symptoms of Zika virus infec-
tion occur 6 days prior to the neurologic symptoms of GBS. Patients with Zika virus-
associated GBS were not viremic at the time of hospital admission. Supportive
management and ventilator support may be required in cases of GBS. Intravenous
immunoglobulin and plasmapheresis may also be indicated for GBS treatment. With
appropriate supportive care, clinical outcomes in patients with Zika virus and GBS
have generally been favorable.41

Management of Pregnant Patients with Possible Zika Virus Infection

If initial serologic/molecular testing of a pregnant woman is positive or inconclusive,
the pregnancy should be subsequently managed with serial fetal ultrasounds every
3 to 4 weeks to assess for microcephaly/intracranial calcifications and other fetal ab-
normalities. If initial serologic/molecular testing of a pregnant woman is negative, then
initial fetal ultrasound should be performed for microcephaly/intracranial calcifica-
tions. If fetal abnormalities are identified on this ultrasound, then the pregnant patient
should be retested. If ultrasound is negative, then it is appropriate to proceed with
routine prenatal care.64 Amniocentesis can also be considered for fetal testing,
although the clinical implications of in utero infection are unclear.

Management of Neonates with Potential Zika Virus

In an infant with potential Zika virus (positive infant test, positive or inconclusive test in
mother, mother who was untested with clinical symptoms and travel to endemic area
while pregnant), clinicians should perform a comprehensive physical examination and
neonatal testing for Zika virus. Rashes/skin lesions and other dysmorphic features
should be documented with photographs. Ophthalmologic evaluation is necessary
due to the possibility of abnormal eye findings in neonates with Zika virus. A cranial
ultrasound should be performed to assess for intracranial abnormalities. Hearing
should be assessed either prior to discharge or within 1 month of birth. If cranial ultra-
sound identifies microcephaly and/or intracranial calcifications, a clinical geneticist/
pediatric neurologist should be consulted, and testing/evaluation for other congenital
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infections should be undertaken. Patients should also undergo laboratory evaluation
and comprehensive genetic testing as indicated.65

PATIENT DISPOSITION
Initial Disposition

Given that acute Zika virus infection is typically mild and self-limited, admission is
frequently unnecessary. Standard hospitalization criteria are indicated for symptomatic
management of Zika virus infection.28 As previously discussed, efforts should be made
to elicit neurologic symptoms/findings that may suggest associated GBS. In cases of
associated GBS, hospital admission is warranted, and intensive care unit admission
with ventilator support may be necessary.41

Long-term Follow-up

As noted previously, Zika virus is a nationally reportable disease in the United States.
Suspected and documented cases should be reported to the CDC for appropriate
epidemiologic tracking and follow-up. For pregnant women with positive/inconclusive
Zika virus test results, serial fetal ultrasound should be performed every 3 to 4 weeks,
and amniocentesis should be considered.64

For neonates with possible Zika virus infection, repeat vision and hearing screening
should be performed at 6 months after birth. This follow-up should be performed even
if initial testing was normal. Close ongoing monitoring of head circumference and
developmental milestones should also be performed in the first year of life.65

FUTURE DIRECTIONS
Zika Vaccine

Evolving approaches to vaccine development include the use of a live or killed,
chimeric, DNA, or recombinant protein vaccine. The role of passive immunity after
exposure to Zika virus disease is unclear. The development of a vaccine against the
Zika virus remains an active area for future research.66

Additional areas of future research include the development of antiviral therapies
and the determination of whether Zika virus truly causes microcephaly and GBS,
which the current data are more and more indicating. Although some politicians and
authors have advocated for quarantine of persons exposed to Zika virus, there is un-
likely to be any future science that would support this point of view.67

SUMMARY

Zika virus is a single-stranded RNA filovirus that was originally isolated in 1947. Public
health officials have documented outbreaks since 2007. A large outbreak originating in
Brazil in 2015 to 2016 rapidly became a PHEIC involving multiple countries. As of
March 2016, Zika virus in the United States is limited to travel-associated cases.
Transmission of Zika virus is primarily through the A aegeypti mosquito, but may
also occur via sexual, blood transfusion, and perinatal/transplacental transmission.
Although acute Zika virus infection is typically mild and self-limited, researchers
have reported an association with GBS. In addition, there is concern about the tempo-
ral association between Zika virus infection and congenital microcephaly/intracranial
calcifications and other congenital anomalies. Strategies to contain Zika virus infection
include travel restrictions for women who are pregnant or trying to become pregnant
and avoidance of mosquito bites in endemic regions of the world, as well as vector
control. CDC has developed specific molecular/serologic testing protocols and algo-
rithms for follow-up care for suspected cases of infection. Suspected cases are
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reportable to CDC (directly or via local or county health departments). Until a vaccine
and antiviral medications are developed, management of acute Zika virus infection will
remain supportive. Improved infection control practices/vector control strategies were
accelerated prior to the 2016 Olympics. Emergency physicians in member states
should be prepared for assessment and management of increased numbers of
potentially infected individuals, particularly women who are pregnant or considering
becoming pregnant and their partners. Clinicians should consider the broad differen-
tial when encountering a patient with potential Zika virus so as not to miss other dis-
eases or even novel emerging infections.
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