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FACTS ABOUT ZIKA VIRUS INFECTION 
Zika fever is a mosquito-borne viral disease caused by Zika virus (ZIKV), a member of the Flaviviridae 
family that is related to other vector-borne flaviviruses including dengue, West Nile, Spondweni virus 
and Japanese encephalitis viruses. The most common symptoms of Zika virus disease are mild fever, 
maculopapular rash, headache, arthralgia, myalgia, asthenia and nonpurulent conjunctivitis. One 
out of five infected people may develop symptoms, which typically appear two to seven days after the 
mosquito vector bite. In those who are affected, the disease is usually mild with symptoms that can last 
from several days to a week. Severe disease requiring hospitalization and death are uncommon (Lucey, 
D.R. et al (2016); Zika virus infection (Pan American Health Organization/World Health Organization)).

Very recently, however, the virus has been tentatively linked to a severe neurodevelopmental birth 
defect known as microcephaly in infants born to mothers who were infected during pregnancy 
(Carneiro, L.A. et al (2016); Possible association between Zika virus infection and microcephaly—Brazil, 
2015 (Centers for Disease Control and Prevention, January 22, 2016)). With the mosquito vector firmly 
established in regions of the world that are home to more than half of the world’s population, together 
with the potentially tragic consequences of maternal infection, health authorities are calling for the 
rapid development of diagnostics, vaccines and antiviral drugs (Musso, D. et al (2015)).

 

THE ZIKA VIRUS 
ZIKV is a single-stranded, icosahedral, enveloped RNA virus belonging to the arbovirus family 
Flaviviridae, genus Flavivirus. It is closely related to the Spondweni virus (Marano, G. et al (2015)).  
There are various subclades clustered under two major lineages (African and Asian) (Haddow, A.D. et 
al (2012)).

The virus genome is approximately 11 kb and consists of 5’ and 3’ untranslated regions flanking a single 
open reading frame (ORF). The ORF encodes a polyprotein with three structural components and seven 
nonstructural proteins.

The structural components are capsid (C), premembrane (prM) or membrane (M) and envelope (E), 
and the nonstructural proteins are NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5 (Haddow, A.D. et al 
(2012); Marano, G. et al (2015)).

Fig 1. Transmission electron 
micrograph (TEM) of Zika 
virus, a member of the family 
Flaviviridae. Virus particles 
are 40 nm in diameter, with 
an outer envelope, and an 
inner dense core. The arrow 
identifies a single virus 
particle. Photo courtesy of 
Centers for Disease Control 
and Prevention (CDC), Public 
Health Image Library (PHIL) 
(Cynthia Goldsmith).

http://www.paho.org/hq/index.php?option=com_content&view=article&id=11585&Itemid=41688&lang=en
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e2.htm
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e2.htm
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TABLE 1. IMPORTANT RNA VIRUSES AND THE DISEASES THEY PRODUCE IN HUMANS

Family/Characteristics Viruses Diseases

Orthomyxoviruses (Orthomyxoviridae) Single-
stranded RNA, enveloped (No DNA step in 
replication; negative-sense genome; segmented 
genome)

Influenza A and B virus Upper respiratory 
infection, croup

Paramyxoviruses (Paramyxoviridae) Single-
stranded RNA, enveloped (No DNA step 
in replication; negative-sense genome; 
nonsegmented genome)

Parainfluenza 1-3 virus

 
Respiratory syncytial 
virus

Measles virus

Mumps

Upper respiratory 
infection, croup

Upper respiratory 
infection, croup

Measles

Aseptic meningitis

Coronaviruses (Coronaviridae) Single-stranded 
RNA,enveloped (No DNA step in replication; 
positive-sense genome)

Human coronaviruses Upper respiratory 
infection

Rhabdoviruses (Rhabdoviridae) Single-stranded 
RNA, enveloped (No DNA step in replication; 
negative-sense genome; nonsegmented genome)

Rabies virus Rabies

Flavivirus genus

Pestivirus genus

Hepacivirus genus

TVB

KRV CFAV RBV
MMLV

MODV
APOIV

DENV

JEV
WNV

MVEV

ZV
YFV
YOKV

DTV
POWV
AV

LGTV
LIV

TBEV

OHFV

BVDV

HCV

GBV-B

GBV-C

GBV-A

HCV
GBV-A
GBV-B
GBV-C

APOIV
AV
CFAV
DENV
DTV
JEV
KRV
LGTV
LIV
MMLV

MODV

Alkhurma Virus
Apoi Virus
Cell Fusing Agent Virus
Dengue Virus
Deer Tick Virus
Japanese Encephalitis Virus
Kamiti River Virus
Langat Virus
Louping III Virus
Montana Myotis 
Leukoencephalitis Virus
Modoc Virus

OHFV

POWV
RBV
TBEV

TBV 
WNV
WVEV

YFV
YOKV
ZV

Omsk Hemorrhagic  
Fever Virus
Powassan Virus
Rio Bravo Virus
Tick-Borne  
Encephalitis Virus
Tamana Bat Virus
West Nile Virus
Murray Valley 
Encephalitis Virus
Yellow Fever Virus
Yokose Virus
Zika Virus

Hepatitis C Virus
GB Virus Type A
GB Virus Type B
GB Virus Type C

PV1

PV3
PV2

Hepacivirus

BVDB

PV1
PV1
PV1

Bovine Viral 
Diarrhea Virus
Pestivirus Type 1
Pestivirus Type 2
Pestivirus Type 3

Pestivirus

Flavivirus

Fig 2. Flaviviridae 
Phylogenetic Tree.
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TABLE 1. IMPORTANT RNA VIRUSES AND THE DISEASES THEY PRODUCE IN HUMANS

Family/Characteristics Viruses Diseases

Picornaviruses (Picornaviridae) Single-stranded 
RNA, nonenveloped

Rhinoviruses

Hepatitis A virus

Enteroviruses:

- Polioviruses

- Coxsackie A24 viruses

 
- Coxsackie B viruses 

- Coxsackie B1-5 viruses

- Coxsackie A9 viruses

- Echoviruses

Common cold

Hepatitis

Paralysis

Acute hemorrhagic 
conjunctivitis

Myocarditis, 
pericarditis

Aseptic meningitis

Aseptic meningitis

Aseptic meningitis, 
encephalitis

Caliciviruses (Calciviridae) Single-stranded RNA, 
nonenveloped

Norwalk virus Gastroenteritis

Hepeviruses (Hepeviridae) Single-stranded RNA, 
nonenveloped

Hepatitis E Hepatitis

Togaviruses (Togaviridae) Single-stranded RNA, 
enveloped (No DNA step in replication; positive-
sense genome)

Alphaviruses  
(Group A arboviruses)

Rubivirus

Encephalitis, 
hemorrhagic fever

Rubella

Flaviviruses (Flaviviridae) Single-stranded RNA, 
enveloped (No DNA step in replication; positive-
sense genome)

Group B arboviruses

 
Hepatitis C virus

Dengue virus

Zika virus

Encephalitis, 
hemorrhagic fever

Hepatitis

Dengue fever

Zika fever

Bunyaviruses (Bunyaviridae) Single-stranded RNA, 
enveloped (No DNA step in replication; negative-
sense genome; segmented genome)

Some arboviruses

 
Hantavirus

Encephalitis, 
hemorrhagic fevers

Fever, renal 
involvement

Reoviruses (Reoviridae) Double-stranded RNA, 
nonenveloped

Human rotaviruses Gastroenteritis

Arenaviruses (Arenaviridae) Single-stranded RNA, 
enveloped (No DNA step in replication; negative-
sense genome;segmented genome)

Lymphocytic 
choriomeningitis  
(LCM virus)

Lassa virus

Meningitis

 
 
Hemorrhagic fever

Retroviruses (Retroviridae) Single-stranded RNA, 
enveloped (DNA step in replication)

HTLV-I, HTLV-II

 
HIV-1, HIV-2

T cell leukemia, 
lymphoma, paresis

AIDS

Filoviruses (Filoviridae) Single-stranded RNA, 
enveloped (No DNA step in replication; negative-
sense genome; nonsegmented genome)

Marburg virus

Ebola virus

Marburg disease

Ebola hemorrhagic 
fever
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TRANSMISSION AND LIFE CYCLE 
Zika virus transmission is usually vectorial, although there have been anecdotal reports of other routes 
of transmission. The most common vectors are mosquitoes of the Culicidae family, Aedes genus, the 
most frequently named culprit being Aedes aegypti (Fauci, A.S. et al (2016)). Other confirmed or potential 
transmitting species have also been reported, including Aedes africanus, Aedes albopictus (the Asian tiger 
mosquito) and Aedes hensilli (Ioos, S. et al (2014); Marcondes, C.B. et al (2015)). Of particular concern is 
Ae. aegypti, which has adapted well to urban environments, lays its eggs in peridomestic water storage 
containers, and feeds primarily indoors on humans (Marcondes, C.B. et al (2015)).

In unpopulated areas such as the one where it was first detected, Zika virus is maintained in a sylvatic 
cycle of transmission involving mosquitoes and nonhuman primates, with occasional zoonotic 
transmission to humans (Haddow, A.D. et al (2012)). In urban settings and during outbreaks, humans 
act as the primary amplifying hosts (Musso, D. et al (2015)). The virus is transmitted from an infected 
human to the arthropod during a blood meal. The virus reproduces within the host vector without 
affecting it and remains within the insect for the rest of its life. During the next blood meal, ZIKV is 
transmitted back to a human or other mammalian reservoir (Ioos, S. et al (2014)).

Other documented methods of transmission include intrauterine and intrapartum (Besnard, M. et 
al  (2014)), sexual (in semen) (Musso, D. et al (2015)), blood transfusion (Musso, D. et al (2014)) and 
laboratory exposure (Zika virus spreads to new areas—Region of the Americas, May 2015-January 2016 
(Centers for Disease Control and Prevention, January 22, 2016)). Blood transfusion has been confirmed as 
a route of transmission for nearly all human-disease-causing arboviruses (Marano, G. et al (2015)).

Fig 3. Photograph depicting 
a female Aedes aegypti 
mosquito while acquiring a 
blood meal from her human 
host. Photo courtesy of 
Centers for Disease Control 
and Prevention (CDC), Public 
Health Image Library (James 
Gathany).

Fig 4. A female Aedes 
albopictus mosquito, 
shown under conditions of 
experimental transmission 
to act as a West Nile virus 
vector, feeding on a human 
blood meal. Photo courtesy 
of Centers for Disease 
Control and Prevention, 
Public Health Image Library.

http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e1.htm
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e1.htm
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The primary reservoir species is most likely a nonhuman primate, although anti-ZIKV antibodies have 
also been isolated from orangutans, zebras, elephants and a variety of other large animals, as well as 
small rodents (Hayes, E.B. (2009); Haddow, A.D. et al (2012)).

Spread of Zika virus from one geographic region to another is most commonly traced to international 
travel, when a viremic host carries the virus to a new region where the mosquito vector is established, 
enabling a new cycle of authochthonous transmission to begin (Bogoch, I.I. et al (2016)).

MORBIDITY AND MORTALITY
Following a bite from an infected mosquito and an incubation period of a few days, approximately 20% 
of individuals will develop symptoms. Described as ‘flu-like’ or ‘dengue-like’, these typically consist of 
mild fever, chills, malaise, maculopapular rash, arthralgia and conjunctivitis. Other frequently reported 
symptoms include muscle pain and headache. The illness is usually mild and may last from 3-12 days. 
Severe disease requiring hospitalization is uncommon and case fatality is low (Ioos, S. et al (2014); 
Centers for Disease Control and Prevention (CDC)—Zika virus home page).

More than 70 cases of Guillain-Barré syndrome were reported in French Polynesia coincident with 
the outbreak there, suggesting a connection to this otherwise rare neurologic disorder (Fauci, A.S. et 
al (2016)). The syndrome is described as tetraparesis predominantly in the lower limbs, paresthesia 
of the extremities, diffuse myalgia, bilateral albeit asymmetric facial palsy, and loss of deep tendon 
reflexes (Marcondes, C.B. et al (2015)). The incidence of GBS during the outbreak was 20-fold higher 
than would normally be encountered (Musso, D. et al (2014)). This was the first report of serious 
disease potentially caused by ZIKV, albeit in the context of co-circulating dengue and chikungunya 
(Anonymous (2015)).

Although arboviruses were not previously known to cause microcephaly, the Brazilian state of 
Pernambuco has reported a drastic upsurge in the number of cases of this severe neurodevelopmental 
disorder coincident with the outbreak of Zika virus disease in that country (Oliveira Melo, A.S. et al 
(2016)). Nearly 4,000 suspected cases of microcephaly had been reported in Brazil by the end of 
2015, a 20-fold increase over the rate for the previous five years (Lucey, D.R. et al (2016)). Supporting 
this potential link, viral RNA has been identified in mothers as well as in samples of amniotic fluid 
(Besnard, M. et al (2014); Possible association between Zika virus infection and microcephaly—Brazil, 
2015 (Centers for Disease Control and Prevention, January 22, 2016)). Studies conducted more than 
50 years ago in mice demonstrated the ability of the virus to cross the blood-brain barrier and to 
penetrate neurons and glial cells. In order to definitively establish a link between ZIKV infection and 
microcephaly, however, further investigation is needed in order to confirm vertical transmission on one 
hand, and to demonstrate the virus’s direct or indirect effects on neural development, on the other 
(Tetro, J.A. (2016); Fauci, A.S. et al (2016)).

EPIDEMIOLOGY
The Zika virus was discovered serendipitously in 1947 in a rhesus monkey in the Zika forest of Uganda 
during a mosquito and primate surveillance (Ioos, S. et al (2014); Fauci, A.S. et al (2016)). Until 
recently, its distribution was confined to a narrow equatorial belt crossing Africa and Asia, and was 
known only to cause sporadic cases of mild flu-like disease. The first documented transmission outside 
of this area --as well as the first documented outbreak—was reported in 2007, when the virus caused 
an outbreak on four islands comprising the Micronesian state of Yap. Of 185 suspect cases reported, 
there were 49 confirmed and 59 probable cases of Zika fever (Duffy, M.R. et al. (2009); Marano, G. et al 
(2015)). A large Zika outbreak began in French Polynesia in October 2013, with an estimated 10% of the 
population (29,000 individuals) ultimately affected (Ioos, S. et al (2014)).

In Febuary 2014, the first autochthonous transmission of ZIKV was reported in Easter Island (Chile) 
(Anonymous (2015)). In May 2015, the Pan American Health Organization (PAHO) issued an alert 
regarding the first confirmed Zika virus infection in Brazil. By December the virus had been detected in 
much of continental America including Colombia, El Salvador, French Guiana, Guatemala, Honduras, 
Mexico, Panama, Paraguay, Suriname and Venezuela (Attar, N. (2016)). The range of the virus 
continues to expand rapidly. According to Canadian epidemiologists, the penetration of the mosquito 
vector means that ZIKV has the potential to spread throughout most of the American continent. Of 
note, more than 60% of the U.S. population resides in areas that are susceptible to seasonal Zika 

http://www.cdc.gov/zika/
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e2.htm
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e2.htm


THOMSON REUTERS CORTELLIS™ | DISEASE BRIEFING: ZIKA VIRUS INFECTION 8

outbreaks (Bogoch, I.I. et al (2016)), similar to those already experienced with West Nile virus. In 
January 2016, less than a year after the first cases were reported, the National Institute of Allergy 
and Infectious Diseases (NIH), called it a ‘pandemic’ (Fauci, A.S. et al (2016)). On February 1, 2016, 
the World Health Organization declared the American outbreak of Zika a Public Health Emergency of 
International Concern. 

Outside of the Americas, the Atlantic island nation of Cape Verde also reported an outbreak of ZIKV 
infection in October 2015. There were 4,744 suspected cases of Zika virus infection in Cape Verde as of 
early December (Attar, N. (2016)).

DIAGNOSIS 
Zika virus infection should be considered in the diagnosis of patients presenting with characteristic symp- 
toms who have been in the affected geographic region during the two weeks prior to disease onset.

Diagnosis is made through the detection of viral RNA in serum samples using reverse transcription 
polymerase chain reaction (RT-PCR), or alternatively through serological detection (ELISA or 
immunofluorescence). The period of viremia is very short (days 3-5 after onset of symptoms), leaving 
a small window of opportunity for viral detection in blood or serum (Ioos, S. et al (2014); Marano, 
G. et al (2015)). Zika virus has been found to persist for a longer period of time (up to seven days) in 
urine, supporting the use of urine samples for PCR detection of the virus (Gourinat, A.C. et al (2015)). 
Immunoglobulin M and neutralizing antibody testing can be performed on specimens collected four 
or more days after onset of illness, although these serologic assays may give false-positive results 
because of cross-reacting antibodies against related flaviviruses (e.g., dengue and yellow fever viruses) 
(Zika virus spreads to new areas—Region of the Americas, May 2015-January 2016 (Centers for Disease 
Control and Prevention, January 22, 2016)). Specific Zika diagnostics are not widely available at this 
time, and are urgently needed (Fauci, A.S. et al (2016)).

Healthcare workers are encouraged to report suspected cases of Zika virus disease to the appropriate 
health departments; this includes the Centers for Disease Control and Prevention (CDC) in the U.S. 
(Zika virus spreads to new areas—Region of the Americas, May 2015-January 2016 (Centers for Disease 
Control and Prevention, January 22, 2016)).

DIFFERENTIAL DIAGNOSIS 
The clinical presentation and geographic distribution of Zika virus disease are similar to those of other 
arbovirus diseases that typically circulate in the same regions; these include Dengue, West Nile Virus 
Disease and chikungunya (Musso, D. et al (2014); Marano, G. et al (2015)), all of which should be 
considered in the differential diagnosis.

PREVENTION 
As with other arboviral diseases, the best method of prevention available at this time is to avoid 
mosquito bites. This is a challenging feat, given that Aedes mosquitoes are highly adapted to living 
with humans and are widely distributed throughout much of the world (Marcondes, C.B. et al (2015)).

Prevention at the community level consists in identifying and eliminating potential mosquito breeding 
sites, i.e., objects containing standing water, enhanced surveillance, and communication of risk to the 
population (Lucey, D.R. et al (2016)). At the individual level, it is important to protect against insect 
bites by using insect repellent and wearing long sleeves and long pants when outdoors, and using air 
conditioning or window and door screens when indoors.

Most insect repellents approved for use in the U.S., including N,N-diethyl-m-toluamide (DEET), can be 
used on children over two months of age. When used according to the product label, these products 
are also safe for pregnant and lactating women. Travelers to areas where ZIKV is known to be present 
should take steps to prevent mosquito bites. CDC has recommended that pregnant women should 
consider avoiding travel to affected regions (Zika virus spreads to new areas—Region of the Americas, 
May 2015-January 2016 (Centers for Disease Control and Prevention, January 22, 2016)).

http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e1.htm
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e1.htm
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e1.htm
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e1.htm
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e1.htm
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e1.htm


THOMSON REUTERS CORTELLIS™ | DISEASE BRIEFING: ZIKA VIRUS INFECTION 9

Although not common practice at this time, nucleic acid amplification testing (NAT) of donor blood can 
be used to avoid transmission of the virus in blood transfusions (Marano, G. et al (2015)). This practice 
was implemented in French Polynesia during the outbreak there in 2013-2014. In an outbreak situation, 
and given the high rate of asymptomatic infection, the adaptation of blood donation safety procedures 
to include detection of ZIKV may be justified (Musso, D. et al (2014)).

VECTOR CONTROL 
Oxitec, a subsidiare of Intrexon Corporation, is collaborating with Piracicaba City Hall (Piracicaba, 
Brazil) in the so-called ‘Friendly Aedes aegypti Project’ as a way of controlling the mosquito population. 
Following approval by Brazil’s National Biosafety Committee (CTNBio), Piracicaba’s CECAP/Eldorado 
district became the world’s first municipality to partner directly with Oxitec. In April 2015 the district 
started releasing its self-limiting mosquitoes whose offspring do not survive; by the end of the calendar 
year, results indicated an 82% reduction in wild mosquito larvae. Oxitec’s efficacy trials across Brazil, 
Panama and the Cayman Islands all resulted in a greater than 90% suppression of the wild Ae. aegypti 
mosquito population. Based on these promising results, the ‘Friendly Aedes aegypti Project’ in CECAP/
Eldorado district covering 5,000 people was extended for another year. Oxitec and Piracicaba intend to 
expand the project to an area covering up to 35,000-60,000 residents.

Oxitec has also developed sterile male mosquitoes, and other teams are producing insects that have 
been infected with the bacterium Wolbachia, thereby decreasing their capacity to host pathogens 
(Enserink, M. (2015)).

VACCINES 
There are no Zika virus vaccines in advanced stages of development or clinical testing at this time, 
although their development may be facilitated by the existence of other flavivirus vaccine platforms 
that are conceivably amenable to modification for this virus. These include flavivirus chimera and 
glycoprotein subunit technologies (Fauci, A.S. et al (2016)). Even with these preliminary inroads already 
made, however, experts calculate that it will take between three and ten years to develop and introduce 
an effective vaccine (Lucey, D.R. et al (2016)).

In January 2016, GeneOne Life Science and Inovio Pharmaceuticals announced a collaborative research 
program to test and advance a DNA-based Zika virus vaccine. Inovio and its collaborators have 
previously designed and tested novel DNA-based vaccines for related viruses including the West Nile, 
dengue and chikungunya viruses. The Zika virus vaccine candidate is currently in preclinical testing to 
evaluate its immunogenicity.

TREATMENT 
Only symptomatic treatment is available at this time, and consists primarily of acetaminophen 
(paracetamol) and antihistamines (Ioos, S. et al (2014)). Convalescent viremic patients should be 
protected from mosquito bites so that they do not transmit the virus back to the vector, further 
propagating the outbreak.

Broad-spectrum antiviral agents capable of treating infections caused by emerging arboviruses are 
urgently needed. The prevailing ‘one-bug-one-drug’ model is clearly inadequate to deal with outbreaks 
such as the currently unfolding ZIKV pandemic (Fauci, A.S. et al (2016)).
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TARGETS FOR THERAPEUTIC INTERVENTION 
For an overview of validated therapeutic targets for this indication, consult the targetscape below. 
The targetscape shows an overall cellular and molecular landscape or comprehensive network of 
connections among the current therapeutic targets for the treatment of the condition and their 
biological actions. An arrow indicates a positive effect; a dash indicates a negative effect. Gray or 
lighter symbols are targets that are not validated. For in-depth information on a specific target or 
mechanism of action, see the corresponding section in this report.

RELATED WEBSITES 
Centers for Disease Control and Prevention (CDC) - Zika virus home page 
http://www.cdc.gov/zika

Center for Infectious Disease Research & Policy 
http://www.cidrap.umn.edu

Institut Pasteur 
http://www.pasteur.fr/en 

National Institute of Allergy and Infectious Diseases 
http://www.niaid.nih.gov

Zika virus infection (Pan American Health Organization/World Health Organization) 
http://www.paho.org/hq/index.php?option=com_topics&view=article&id=427&Itemid=41484&lang=en 

Zika Virus Net 
http://www.zikavirusnet.com

Fig 5. Zika Virus Infection 
Targetscape.

© THOMSON REUTERS or its licensors. All rights reserved. 
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SELECTED ONLINE PUBLICATIONS 
Rapid risk assessment: Zika virus epidemic in the Americas: Potential association with microcephaly 
and Guillain-Barré syndrome (European Centre for Disease Prevention and Control, December 2015) 
http://ecdc.europa.eu/en/publications/Publications/zika-virus-americas-association-with-
microcephaly-rapid-risk-assessment.pdf 

ZICA VIRUS INFECTION TREATMENT GUIDELINES 
Interim guidelines for pregnant women during a Zika virus outbreak—United States, 2016 (Centers for 
Disease Control and Prevention, January 2016) 
http://www.cdc.gov/mmwr/volumes/65/wr/mm6502e1.htm 

Interim guidelines for the evaluation and testing of infants with possible congenital Zika virus 
infection—United States, 2016 (Centers for Disease Control and Prevention, January 2016) 
http://www.cdc.gov/mmwr/volumes/65/wr/mm6503e3er.htm 
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