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KEY POINTS:

e Zika virus is a mosquito borne arbovirus
e The vast majority of individuals infected with Zika virus have minimal or no

symptoms
e 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.



Synopsis

Zika virus is an arbovirus of the Flaviviridae family. It is primarily a minimally symptomatic
mosquito-borne infection. However, with Zika’s 2015-2016 introduction into the Western
Hemisphere and its dramatic and rapid spread, it has become a significant public health
concern, in large part due to congenital abnormalities associated with infection in pregnant
women. In early 2016, the World Health Organization declared the microcephaly and other
neurological conditions temporally associated with Zika virus infection a public health
emergency of international concern. This paper discusses the current epidemiological and
clinical understanding of Zika virus, focusing on critical information needed by emergency

providers.



Introduction

Zika virus’ recent introduction into the Western Hemisphere and its dramatic and rapid
spread during 2015-2016 represents a global public health challenge. Associations between
Zika virus with congenital anomalies and Guillain Barre Syndrome (GBS) underscore the
importance of understanding strategies for management and control of the virus. There is
significant concern for risk to pregnant women/women of reproductive 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 and containment of Zika virus. Given the
potential for increased numbers of infected individuals, it is essential that emergency
providers equip themselves with the knowledge 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.? During this time period, British scientists placed Asian rhesus

monkeys in Africa. Blood samples from one sentinel rhesus monkey were injected into

mice. These mice subsequently became ill. Several viruses were identified in the brain



tissue of the ill mice; one of the isolated viruses was the Zika virus. Zika virus was also

isolated from mosquitos in the region.>

Epidemiology

From 1947-2007, there were limited and infrequent documented human cases of Zika virus
infection.*>*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.>° 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.”®

The first documented case of the Zika virus in the Americas was in 2014 with locally
acquired cases in Easter Island.’ Subsequently, in May 2015, initial cases were confirmed in
Northeast Brazil.!* ' ' From May 2015 until early 2016, Brazilian officials estimated that
there were 1.5 million cases of Zika virus infections throughout the country.'’ Colombia
also reported more than 25,000 cases from October 2015 through the middle of February
2016." 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 U.S. territories, to that date,

there was 1 documented travel associated case and 107 locally acquired cases.**

Virology

Classification and Structure

Zika virus is an arbovirus within the genus Flaviviridae and family Flavivirus.' It is a single
stranded RNA virus with Asian and African lineage.* '™ '® Other flaviviruses include Yellow
Fever, Dengue Fever and West Nile virus.! Within the African lineage, the life cycle of the
virus is between non-human primates and mosquitoes. Humans are occasional,
unintentional hosts within the African life cycle.!”'® Qutside of Africa, humans are the

primary host for infection.®

Transmission

The primary transmission vector is the Aedas aegypti mosquito. Laboratory testing has

shown the possibility of transmission via the Aedes albopticus mosquito as well.'* 212223

Sexual transmission of the Zika virus has been reported.”**>?*?” There has been at least one
documented case of male to female sexual transmission of the virus as well as one probable
case of male to female sexual transmission.?®?® In a third case, semen isolated from an

infected male was shown to test positive for Zika virus serologic testing for 2-10 weeks



after initial symptom onset.?” 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.?® In April

2016, the CDC published a report of male-to-male sexual transmission of Zika virus. *

Concern has also emerged for Zika virus transmission via infected blood products.®®*' One
2014 study showed that 42 out of 1505 blood donors in the French Polynesian outbreak of
2013-2014 tested positive for Zika virus via nucleic acid testing. All blood donors were
asymptomatic at the time of blood donation.*® This has prompted new U.S. Food and Drug

Administration (FDA) recommendations for blood and organ donation.*’

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 U.S. without active

transmission of the Zika virus. The FDA is developing screening tests for blood.*'

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 two risk factors
(travel to areas with active transmission or symptoms of Zika virus infection) within the
past six 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 time of donation.*

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 RT-
PCR confirmed Zika virus infection in both mothers and fetuses within four days of delivery.
These data raised the possibility of transplacental transmission of the virus.'*3*%*% A
subsequent March 2016 study examined the proposed molecular basis for the link between
congenital microcephaly and Zika virus. The study group identified that in vitro, Zika virus

infects human neural progenitor cells, which subsequently leads to attenuation of cell

growth.%

Clinical Presentation

Initial Signs and Symptoms



The virus has an incubation period of 3-12 days. This is

Box 1: Typical Zika Symptoms

followed by a subclinical or mild illness.*?”%3° e TFever
¢ Conjunctivitis
Symptoms, when present, typically last for 2-7 days. e Arthralgia/myalgia

e diffuse rash

Initial symptoms are generally mild and typically self- e Headache

¢ Retro-orbital pain

e Peripheral edema

¢ (Gastrointestinal upset

limited." Typical symptoms of Zika infection are listed in

Box 1.

Acute Sequela

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.'>*° However, investigators have
detected an association with the serious sequelae of GBS.*! A February 2016 Lancet case-
control study reported that 41 patients in the case group (98%) had anti-Zika virus IgM or
IgG compared with 54 patients (56%) in the control group (p < 0.0001). This study
supported an association between Zika virus and GBS. In total, there was an estimated
incidence of 0.24 per 1000 cases of GBS in the French Polynesian outbreak (compared with
incidence of 0.25-0.65 per 1000 of GBS with C jejuni infection). * Authorities have

attributed 3 deaths to GBS associated with Zika virus infection.!?

Congenital Complications



As the incidence of Zika virus infection rose in Northeast Brazil, there was a simultaneous
increase in the incidence of congenital microcephaly and other fetal complications.
Subsequent studies established a possible link between Zika virus infection and congenital
complications.****>** 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.™
However, as of March 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.** 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 identified included: 2 cases of fetal death, 5 cases of in
utero growth restrictions with or without microcephaly, 7 cases of ventricular calcifications
or other central nervous system lesions and 7 cases of abnormal amniotic fluid volume or
cerebral/umbilical artery flow.** In April 2016, the CDC concluded that Zika virus is a cause

of microcephaly and other fetal anomalies.*®

Testing and Diagnosis

Diagnostic Criteria

As of June 2016, the Pan American Health Organization (PAHO) provisional case definition

of suspected acute Zika virus infection is*’ a rash that is typically pruritic and



maculopapular (Fig. 1) with two or more of the following accompanying signs/
symptoms:

e Arthralgia/myalgia

¢ Nonpurulent conjunctivitis

¢ Conjunctival hyperemia

¢ Fever (usually <38.5_C)
e Peri-articular edema

The signs and symptoms of Zika virus infection are non-specific, thus there is a broad
differential diagnosis. The differential diagnosis includes Dengue fever, chikungunya virus,
initial HIV seroconversion, measles, scarlet fever, rickettsial infection, leptospirosis,
parvovirus, enterovirus, rubella and secondary syphilis. Given the non-specific nature of
the signs/symptoms and the broad differential diagnosis, clinical presentation alone is

insufficient to make the diagnosis without confirmatory laboratory testing."

Laboratory testing

As of March 2016, definitive diagnosis of Zika virus is made by reverse transcriptase-
polymerase chain reaction (RT-PCR) testing of blood and saliva, which can only be
accomplished with assistance from public health authorities and is not yet available at
individual hospitals.'® Results are generally not accessible 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 flaviviruses, 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. '3 484%°0.51



Infection Control and Public Health

Travel Recommendations/Restrictions

As of March 2016, the U.S. has no documented cases of locally acquired Zika virus infection,
but there have been numerous travel-associated cases.' The first travel associated case of
Zika virus among U.S. travelers was reported in 2007. From 2007-2014, 14 returning U.S.
travelers tested positive for Zika virus at the U.S. Centers for Disease Control and
Prevention (CDC). From 2015-2016, at least 8 returning U.S. travelers have tested positive
for Zika virus per CDC reports.*” The spread of Zika virus via travel prompted the release of

interim CDC travel guidance in January

Box 2: Recommendations for travelers to

2016.CDC issued a Level 2 travel alert endemic areas include: Eror: Reference source not foung
* Wear long sleeved shirts and pants
(practice enhanced precautions) for e Use approved mosquito repellants

e Stay in lodgings that are screened or
air-conditioned
e Safe eating habits
¢ Sexual education with condom use
0 for 6 months for men with
infection
0 for 28 days in asymptomatic
male travelers

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 species.™
Recommendations for healthcare providers encountering a patient potentially infection
with Zika include vigorous hand hygiene, standard precautions and safe disposal of
sharps/medical waste.®® There is no indication for contact/droplet/airborne precautions in
the healthcare 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 recommend that
pregnant women and those who plan on becoming pregnant avoid travel to areas with
active Zika virus transmission.’* *® If travel cannot be avoided, women should consult with
their healthcare 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 Environmental Protection Agency registered mosquito repellants, use of permethrin-
treated clothing and gear, and staying in lodgings with air conditioning/screening.’® *’
Women who are not pregnant at the time of travel should be counseled to avoid becoming

pregnant within 28 days after return from travel.*®



Mass Gatherings and International Implications

The 2016 Olympic Games in Rio De Janeiro, Brazil, poses a unique challenge for
safety/infection control.>®**In preparation for this mass gathering, WHO recommended
that all participating member states maintain awareness of the possibility of Zika virus
transmission. Member states were also advised to maintain adequate care
facilities/resources to meet potential increased demand for care. States were advised to
strengthen antenatal care/resources and improve infection control procedures.*” *® Vector

control activities were accelerated in Brazil prior to start of the Olympic Games.** > %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 neurological conditions
temporally associated with Zika virus a Public Health Emergency of International Concern
(PHEIC).®' A PHEIC is defined as an “...extraordinary event which is determined...to
constitute a public health risk to other states through the international spread of disease...

and to potentially require a coordinated international response.”®*

Evaluating a Suspected Case

Initial Evaluation/Consideration



Initial evaluation should be guided by the defined criteria for case definition in conjunction
with a thorough travel history. A history of sexual contact with at-risk travelers should also
be elicited.” 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.*® ®

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 2-12 weeks after initial travel can more
definitively rule out acute infection with Zika virus. Serologic/molecular testing for

asymptomatic women accordingly should be performed at 2-12 weeks after initial travel.®*

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
performed at the initiation of prenatal care with follow up testing midway through the

second trimester. Additionally, healthcare 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.**

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 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.* ¢°

Treatment/Management Strategies

Management of Initial Infection/Sequela

Primary management of Zika virus infection is supportive and is directed toward
management of associated symptoms. As of March 2016, no antiviral therapy exists for Zika
virus infection. Symptomatic management includes rest, fluids/hydration and
analgesics/antipyretics. Given the overlap of signs and symptoms with other arboviruses
such as Dengue virus, aspirin and other non-steroidal 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.'®®® The symptoms of Zika virus are typically self-limited and mild. The vast
majority of patients (approximately 80%) are asymptomatic so will not know they have

been infected if never tested.?®

Clinicians should pay close attention to early identification of neurologic symptoms that
may herald an associated GBS. Typically, signs and symptoms of Zika virus infection 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. IVIG 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.*!

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 3-4 weeks
to assess for microcephaly/intracranial calcifications and other fetal abnormalities. If initial
serologic/molecular testing of a pregnant woman is negative, then initial fetal ultrasound
should be performed for microcephaly/intracranial calcifications. If fetal abnormalities are
identified on this ultrasound, then the pregnant patient should be re-tested. If ultrasound is
negative, then it is appropriate to proceed with routine prenatal care.** 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 ultrasound identifies
microcephaly and/or intracranial calcifications, a clinical geneticist/pediatric neurologist
should be consulted and testing/evaluation for other congenital infections should be
undertaken. Patients should also undergo laboratory evaluation and comprehensive genetic

testing as indicated.®®

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.?® 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.*'

Long-term Follow-up

As noted above, Zika virus is a nationally reportable disease in the United States. Suspected
and documented cases should be reported to 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 3-4 weeks and amniocentesis should be

considered.®*

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.*®

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.®®

Additional areas of future research include the development of antiviral therapies and the
determination of whether Zika virus causes microcephaly and GBS or there is merely an

association with these conditions. While some politicians and authors have advocated for
quarantine or persons exposed to Zika virus, there is unlikely to be any future science that

would support this point of view.*®

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 2015-2016 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. While acute Zika virus
infection is typically mild and self-limited, researchers have reported an association with
GBS. In addition, there is concern about the temporal 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 algorithms for follow-up care for suspected cases
of infection. Suspected cases are 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 and considering becoming pregnant and their partners. Clinicians
should consider the broad differential when encountering a patient with potential Zika

virus so as not to miss other diseases or even novel emerging infections.
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Figure 1: Patient with viral exanthem caused by Zika virus.

Photograph courtesy of Dr. David C. Pigott, University of Alabama at Birmingham





