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Infection in the Western Hemisphere
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Since February 2015, Zika virus has spread throughout the Western Hemisphere, starting in Brazil. As of
March 2016, autochthonous transmission has been reported in at least 31 countries or territories. For
countries in the Americas, the spread of Zika virus, a previously unfamiliar disease, follows similar
emerging infection introductions of West Nile virus and Chikungunya virus and their spread throughout
the American continents and the Caribbean nations. The Pan American Health Organization and the
World Health Organization have issued alerts and a Public Health Emergency of International Concern
announcement related to the recent cluster of microcephaly cases and other neurological disorders in
Brazil that are temporally associated with Zika virus, which highlights the possible adverse impact of viral
infection. This article provides an overview of the Zika virus infection and presents the historical
background of the virus, a description of the pathogen, the epidemiology and clinical spectrum of
Zika virus infection, diagnosis and treatment approaches, and prevention and control measures.
Understanding what is known about the virus and its clinical presentation will assist in prevention,
detection, and response measures to reduce and control the spread of the virus throughout the Western

Hemisphere. (Disaster Med Public Health Preparedness. 2016;10:707-712)
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issued an Epidemiological Alert recommending that

Member States establish and maintain the capacity
to detect and clinically manage Zika virus (ZIKV)
infections and control the disease vector.! This alert was
based on the possible outbreak of ZIKV cases in the
northeastern states of Brazil since February 2015.% As of
March 2016, local ZIKV transmission has been reported
in at least 31 countries or territories in the Western
Hemisphere.” On 1 February 2016, the Director-General
of the World Health Organization issued a Public Health
Emergency of International Concern announcement
related to the recent cluster of microcephaly cases and
other neurological disorders in Brazil and following
similar reports from the 2014 French Polynesian
outbreak as these are temporally associated with ZIKV.?

I n May 2015, the Pan American Health Organization

In 1992, the Institute of Medicine issued a report
defining emerging infections as newly recognized agents,
as agents or diseases occurring in new hosts, as previously
controlled agents reappearing in endemic areas or agents
occurring in new geographic areas, or as changes in agent
characteristics such as antimicrobial attributes.” Since
1992, various diseases have “emerged” and are globally
familiar. Such infections include avian influenza H5N1,
Hendra virus, Nipah virus, West Nile virus, severe
acute respiratory syndrome coronavirus, and more
recently Middle East respiratory syndrome coronavirus,
Chikungunya virus, and Ebola virus.

The recent ZIKV outbreak fits into these emerging
infection models because it was first identified in
Africa in 1947 and remained relatively unknown with
sporadic cases in Africa and Asia until outbreaks in
2007 and 2013 occurring in Micronesia and French
Polynesia, respectively. Even so, ZIKV remained an
unfamiliar disease globally among the health
community and unknown to the public until 2015.
This article provides an overview of ZIKV, including
a historical background of the virus, a description of
the pathogen, the epidemiology of infection, the
clinical spectrum of illness, diagnostic and treatment
approaches, and prevention and control measures.

HISTORICAL BACKGROUND

The ZIKV is named for the Zika Forest in Uganda
where the first virus was identified in a rhesus monkey
that was used as a sentinel animal in a yellow fever
study in April 1947.° During the same time period,
additional studies showed that mosquitoes (Aedes
africanus) carried the ZIKV. From the 1960s until
2007, various cases and serologic studies identified
ZIKV-positive individuals, animals, and mosquitoes
from several countries in Africa and South Asia.
In April 2007, a ZIKV outbreak occurred on Yap
Island of the Federated States of Micronesia where 49
confirmed and an additional 59 probable cases were
identified.” Then in October 2013 to February 2014, a
large outbreak began among the islands of French
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Polynesia, where over 19,000 suspected cases are estimated to
have occurred.®

In February 2015, an outbreak of a dengue-like syndrome was
reported in the northeastern states of Brazil. The illness
demonstrated primarily as a rash illness and pruritus with
low-grade fever or no fever, with or without headache, pain
or swelling in the joints, and muscle and eye pain.” A small
percentage (13%) of cases tested positive for dengue fever;
most were negative for other illnesses including measles,
rubella, and chikungunya. In April 2015, ZIKV was identified
by reverse transcriptase polymerase chain reaction (RT-PCR)
and by September 2015, the Ministry of Health reported an
increased number of babies with microcephaly from the
outbreak areas among an estimated 400,000 to 1.3 million
suspected human cases. This report of microcephaly gave
greater weight and additional attention to ZIKV and the
spread of the virus throughout the Western Hemisphere.’
As of 4 March 2016, more ZIKV cases have been reported
from 31 countries or territories in the Western Hemisphere.

DESCRIPTION OF THE PATHOGEN

The pathogen, ZIKV, is a single-stranded RNA virus found
within the Flaviviridae family and Flavivirus genus.'® Within
this same genus and family are other arboviruses including
yellow fever, dengue, West Nile, and Japanese encephalitis
virus.!! The ZIKV is divided into 2 genetic lineages, an
African lineage and an Asian lineage. These lineages are
historically associated with the geography for which they are
named. As for the virus that is spreading within the Western
Hemisphere, recent genetic sequencing and comparisons of
viruses collected from autochthonous cases in Suriname in
November 2015 were reported genetically similar to the
Asian lineage viruses.'> The virus is susceptible to and killed
by potassium permanganate, ether, and temperatures above
60°C. Use of 10% ethanol is reported to be ineffective to kill
or inactivate the virus."?

PATHOGENESIS

Little is known about the pathology of the ZIKV. A 2015
study showed that ZIKV is injected by the mosquito vector in
the skin and skin immune cells, including dermal fibroblasts,
epidermal keratinocytes, and immature dendritic cells. The
virus replicates, leading to activation of an antiviral innate
immune response and type I interferons in the cells.'* Viral
replication occurs in cellular cytoplasm or in the infected
cell nuclei. It is theorized that the virus spreads in the
bloodstream to the lymph nodes. A recent study reported that
ZIKV directly infects human cortical neural progenitor cells,
resulting in stunted growth and cell death, which suggests
that ZIKV may impact human brain development.”> An
additional report detected ZIKV in brain tissues of infants
with microcephaly and in placental tissues from early
miscarriages.'® Detection of ZIKV in the blood has been
reported to occur as early as illness onset and to continue

up to 11 days after onset.'””> The virus has been detected
in blood, urine, semen, amniotic fluid, breast milk, and
cerebrospinal fluid.

EPIDEMIOLOGY

Since the discovery of the virus in the sentinel rhesus monkey
in 1947, no definite animal reservoir has been identified for
ZIKV. Yet, mice are susceptible to infection when injected
with the virus.® Early surveys of nonprimate animals, to
include small mammals in endemic areas where mosquitoes
tested positive for the virus, found no evidence of infection.'’
Antibodies to ZIKV have been found in nonhuman primates,
small ruminants, and rodents.'”'®!” It is suspected that
nonhuman primates serve as an animal reservoir with humans
acting as a transmission vessel, but more needs to be
studied on the subject. The insect reservoir is the Aedes spp.
mosquito. It is a container-breeding mosquito that tends to
feed during the day and that has become well adapted to
urban and peri-urban environments.

Geographic Distribution

Since the discovery of the virus in Uganda, the African
countries have been the focus of where the disease is
endemic. Human case reports have been published for
Nigeria, with serologic evidence of human infection reported
in the African countries of Central African Republic, Egypt,
Gabon, Senegal, Sierra Leone, Tanzania, and Uganda, and in
the Asian countries of Cambodia, India, Indonesia, Malaysia,
Pakistan, Philippines, Thailand, and Vietnam. Similarly, the
virus has been isolated from vectors in many of these
countries to include Cote d’Ivoire.”®> In 2007, ZIKV was
identified in human cases on Yap Island, Micronesia, and in
October 2013 in French Polynesia.®

Since May 2015, local transmission has been reported in 31
countries or territories in the Western Hemisphere. With the
present outbreak of disease, further spread of the disease is
likely and has been compared to the spread of chikungunya
and the occurrence of dengue in the Western Hemisphere, as
they share the same vectors.”’ Autochthonous transmission
has not been reported within the United States, yet travelers
from the United States have returned from areas of known
disease transmission with the disease.

Incidence and Prevalence

Reported incidence and prevalence levels of ZIKV are scarce.
Historical documents have noted studies conducted in
Nigeria in the 1960s and 1970s that identified up to 40% of
persons testing seropositive with neutralizing antibody. Other
limited studies show serologic evidence in other African
countries and also in parts of South Asia."

During the 2007 ZIKV outbreak on Yap Island, Micronesia,
an estimated 73% of the population aged 3 years and older
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had been infected with the virus.” In a seroprevalence
study in 2013 prior to the French Polynesian outbreak,
0.8% of blood donors tested were seropositive for ZIKV.*!
Additionally, 3% of asymptomatic blood donors tested by
RT-PCR during the French Polynesian outbreak period were
positive.?* With the ongoing outbreak in Brazil, the Brazilian
Ministry of Health estimates up to 1.3 million suspected cases
during 2015.

It remains to be determined whether ZIKV infection will
become prevalent in the Western Hemisphere. However, if
ZIKV infections follow the same pattern as other introduced
arboviruses such as West Nile virus and Chikungunya virus,
there will be an acute increase in disease cases followed by a
decrease and plateauing of incident cases.”’

Transmission

The primary mode of transmission of the virus is by the bite of a
vector mosquito. The Aedes spp. mosquitoes have been
identified as having the ability to transmit the virus for up to
60 days. For the Western Hemisphere, Aedes aegypti and Aedes
albopictus are common vectors. Within these mosquitoes, from
the time a blood meal is taken, the incubation period until a
mosquito is infective is from 5 to 10 days.!>**%°

There is evidence of perinatal and in utero transmission
reported from earlier outbreaks,”® and the suspected association
of microcephaly as well as the identification of ZIKV in
amniotic fluid suggests transmission between mother and fetus.
Owing to these perinatal viral exposures and possible adverse
fetal outcomes, pregnant women and women of child-bearing
age are considered high-risk populations.>® A recent report
found infective ZIKV particles in breast milk from a mother
postpartum, which suggests breast milk as a possible source of
infection, although her baby remained healthy.?’

To date, 3 reports have suggested that ZIKV transmission by
sexual contact is possible.”®*? In one case, a male working in
Senegal returned to the United States and became ill 6 days
after return. His spouse also became ill 4 days after he had
become ill. Both had had sexual contact prior to any clinical
symptoms developing.’® A second case was reported in which
ZIKV was isolated from semen.’! In a third case a patient had
sexual contact with a returning male traveler.””** Reports
suggest that ZIKV may be detectable in semen from 2 to
10 weeks after illness onset.”® Sexual transmission from infected
women to sex partners is unknown and not reported.

The spread of ZIKV through blood transfusion appears plausible
and recent reports and investigations are ongoing to describe
ZIKV transmission via transfusion. On 7 February 2016, the
Brazilian Ministry of Health reported 2 possible ZIKV cases of
blood transfusion transmission from 2015.* Transfusion risk
due to ZIKV is unclear. During the French Polynesian
outbreak, 2.8% of blood donors tested positive for Zika RNA,
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which suggests that transfusion transmission is possible. As of
1 February 2016, the American Association of Blood Banks
released recommendations to reduce the risk of transfusion
transmission. By recommendation of the American Association
of Blood Banks , blood donors who have traveled to Mexico,
the Caribbean, or Central or South America during the 28 days
before donation should not donate.*® Presently, there are no

licensed blood donor screening tests in the United States to
identify Zika RNA.

CLINICAL SPECTRUM

Zika virus infection symptoms have been described as a
dengue-like illness.® Many infected individuals will be
asymptomatic and an estimated 1 in 5 infected with ZIKV will
become symptomatic. Characteristic clinical findings include
acute onset of fever, maculopapular rash, arthralgia (wrist,
fingers, and ankles), and conjunctivitis.’® Other symptoms
include asthenia, malaise, chills, headache, photophobia,
muscle pain, aphthous ulcers, and prostatitis. Other
complications include immune thrombocytopenic purpura
and hematospermia.’®’! Clinical illness usually is mild with
symptoms lasting for several days to a week. Severe disease
requiring hospitalization is uncommon and fatalities are rare.

Other adverse outcomes of ZIKV infection may include
neurological syndromes including Guillain-Barre Syndrome,*’””
acute myelitis,™ and meningo-encephalitis.” More recently,
another suspected neurologic defect is the temporal association
with microcephaly where congenital infections with ZIKV are
suggestive of a relationship. Additional reports have presented
further evidence linking ZIKV infection during the first
trimester of pregnancy with increased birth prevalence of
microcephaly.*"** Connected to microcephalic infants are
reported ocular manifestations of ZIKV infection including
macular atrophy, focal pigment mottling, and chorioretinal
atrophy. ¥ It is not known what other factors may increase the
risk of microcephaly to the fetus.” Other grave fetal outcomes
reported include fetal death, placental insufficiency, fetal growth
restriction, and CNS injury.*'#

DIAGNOSTIC AND TREATMENT APPROACHES

According to the Centers for Disease Control and Prevention
(CDC), preliminary diagnosis of acute ZIKV disease is based
on the patient’s clinical features, places and dates of
travel, and activities. The case definition includes acute onset
of fever with maculopapular rash, arthralgia, or conjunctivitis
in travelers who have returned from areas with virus
transmission within 2 weeks of symptom onset. Dengue
and chikungunya infections should be considered in the
differential diagnosis and as possible co-infections in the same
patients.47

Laboratory criteria for diagnosis include isolation of virus from,
or demonstration of specific viral antigen or nucleic acid in,
tissue, blood, cerebrospinal fluid, or other body fluid, or a
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fourfold or greater change in virus-specific quantitative
antibody titers in paired sera, or virus-specific immunoglobulin
M (IgM) antibodies in serum with confirmatory virus-specific
neutralizing antibodies in the same or a later specimen, or
virus-specific IgM antibodies in cerebrospinal fluid or serum.*’

For acute specimens, during the first 7 days after onset of
symptoms, ZIKV disease can often be diagnosed by performing
RT-PCR on serum. A negative RT-PCR result does not
exclude infection and serologic testing should be performed.*®
ZIKV-specific IgM and neutralizing antibodies should be
performed on specimens collected after 4 days of illness onset.
Both acute and convalescent sera should be submitted. Zika
virus IgM antibody assays may cross-react with related
flaviviruses (eg, dengue and yellow fever viruses). Plaque-
reduction neutralization testing can be performed to measure
virus-specific neutralizing antibodies and discriminate between
cross-reacting antibodies in primary flavivirus infections.*’

For convalescent specimens, IgM antibodies typically persist for
approximately 2 to 12 weeks. In patients with a compatible
clinical syndrome, serum collected as early as 4 days after
illness onset can be tested by Zika, Chikungunya, and dengue
virus-specific IgM  ELISA (enzyme-linked immunosorbent
assay) and positive results confirmed by testing for neutralizing
antibodies.*®

Testing Pregnant Women

For asymptomatic pregnant women who have traveled to areas
with ZIKV transmission, testing can be offered 2 to 12 weeks
after pregnant women return from travel.”® For asymptomatic
pregnant women who reside in areas of ongoing disease
transmission, IgM testing is recommended at the initiation of
prenatal care with follow-up testing mid-second trimester. For
symptomatic pregnant women, testing is recommended during
the first week of illness. ZIKV testing of maternal serum
includes RT-PCR and IgM and plaque reduction neutralizing
antibody testing on specimens collected at 4 or more days after
onset of symptoms.”°

Treatment

No antiviral treatment or vaccine is currently available for
ZIKV infection. Treatment is generally supportive and can
include rest, fluids, and use of analgesics and antipyretics.
However, owing to the possibility of co-infections with dengue
virus, aspirin and other nonsteroidal anti-inflammatory drugs
should be avoided until dengue can be ruled out.”!

PREVENTION AND CONTROL

As of 21 January 2016, CDC added ZIKV infection to the
National Notifiable Disease Surveillance System (event code
11726).*" Cases of ZIKV disease should be reported to the
state and local health departments per local civilian reporting
requirements. Rapid and timely reporting and sharing of

information (clinical, virologic, and epidemiologic) relevant
to ZIKV infections will assist in the prevention, detection,
and response activities.”*

Prevention relies on effective mosquito control and avoidance
of vectors. Personal protection recommendations include the
use of insect repellent containing Environmental Protection
Agency-registered repellents, such as DEET or picaridin; the
wearing of long sleeves and long pants treated with permethrin
for added protection; and limiting outdoor activities in order to
prevent mosquito bites. Additional measures include staying in
places with air conditioning or that use window and door
screens to keep mosquitoes outside and sleeping under a
mosquito bed net if overseas or outside.”

Infected individuals should take added precautions to avoid
mosquito bites during the first week of illness. Men who reside
in or travel to areas of active ZIKV transmission should
abstain from sexual activity with pregnant and nonpregnant
partners. Furthermore, the consistent and correct use of
, . .. 2950
condoms during sex may reduce risk of transmission.

CONCLUSION

Many things are still not understood about the ZIKV.
The experience of the United States with other arboviral
infections such as West Nile virus, dengue virus, and
more recently with Chikungunya virus provides an example
and foreshadowing of what can occur if ZIKV becomes
endemic in the Western Hemisphere.”> Understanding
what is known about the virus and the clinical presentation
will assist in prevention, detection, and response measures
to reduce and control the spread of the virus throughout the
Western Hemisphere.
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