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Editorial
Zika virus (ZIKV) is a member of the flavivirus family, which 

also includes dengue virus (DENV), Yellow Fever Virus (YFV), West 
Nile Virus (WNV), Japanese Encephalitis Virus (JEV), Tick-born 
Encephalitis Virus (TBEV) and Chikungunya virus (CHIKV). ZIKV 
was first discovered in Uganda in 1947 and since then there are only 
a handful of reports of ZIKV outbreaks worldwide. ZIKV circulated 
in regions of Southeast Asia and Africa, but did not trigger a large 
outbreak. In 2007 and 2013 outbreaks were reported in Yap Island 
and Micronesia and in French Polynesia respectively. In May 2015, 
first confirmed ZIKV infection was reported in Brazil [1,2]. Since then 
ZIKV virus transmission is reported in countries and territories in 
Central and South America, Caribbean Islands, Puerto Rico and the 
U.S. Virgin Islands [3]. While many states in main land United States 
reported ZIKV infection, none is acquired locally by a ZIKV infected 
mosquito bites. About 193 travel related cases, including a case of 
sexual transmission from a returning traveler is reported in main land 
US (Figure 1). In contrast United States territories have reported 173 
ZIKV infections acquired via infected mosquito bites as of March 2016. 

The ZIKV is primarily transmitted to humans through the bite of 
infected Aedes aegypti mosquitoes. The virus may also be transmitted 
from an infected pregnant woman to her baby during pregnancy or, 
rarely, around the time of birth. Spread of the ZIKV through blood 
transfusion and sexual contact are reported [4]. Most people who are 
infected with ZIKV remain asymptomatic, about 20 percent of infected 
people show mild illness that includes symptoms like fever, rash, joint 
pain and conjunctivitis, and lasts a week or two. In French Polynesia 
following ZIKV outbreak of 2013, there have been reports of Guillain-
Barré syndrome (GBS) [5]. The GBS is a rare autoimmune disorder in 
which damaged nerve cells cause muscle weakness and, sometimes, 
paralysis. Most people do regain the muscle strength from GBS, but 
in rare cases it leads to permanent nerve damage or death. While it 
is not scientifically proven that ZIKV infection causes GBS, a strong 
association exists. During the ZIKV outbreak of 2015, Brazil reported 
a 20-fold increase in the number of infants born with microcephaly. A 
total of 4500 cases of microcephaly have been reported by early 2016 
by Ministry of health, Brazil [6,7]. So far only a handful of cases have 
confirmed the presence of ZIKV by RTPCR, full length viral sequence 
and electron micrographs in fetal brain following termination of 
pregnancy due to microcephaly at the request of the mothers [8,9]. 
Microcephaly is a condition when infant is born with abnormally 

small head with incomplete brain development [10]. The unanticipated 
connection between ZIKV and microcephaly, and the lack of prevention 
or treatment strategies for ZIKV infection in pregnant women have 
raised the anxiety among couples of childbearing age in the ZIKV 
prevalent area. Public health agencies in some countries have issued 
recommendations for pregnancy delay. In the United States, the Center 
of Disease Control (CDC) has recommended the use of condoms 
for men and increase prenatal surveillance of pregnant women who 
have travelled to the ZIKV affected areas [4,11-13]. While connection 
between ZIKV and microcephaly is not scientifically proven yet, 
biomedical research community and funding agencies across the globe 
joining forces to ramp up the research on the basic understanding of 
ZIKV infection, transmission, treatment, its association with GBS and 
microcephaly, and the vaccine development.

Vaccine development against ZIKV

In 2015 ZIKV outbreak, approximately 2 million people are 
reported to be infected in multiple countries [6]. Currently there are 
no antivirals or vaccine available to combat the infections or disease. 
Vaccinations against other flavivirus such as YFV, JEV and TBEV 
infection have been effective in reducing the disease caused by these 
viruses. Recently, a vaccine against DENV (tetravalent live attenuated 
viral vaccine) successfully ended phase III trial, and made its way to 
Brazil, Philippines and Mexico [14]. Vaccine Research Center (VRC), 
National Institute of Allergy and Infectious Disease (NIAID) is actively 
working on developing vaccine candidates to prevent ZIKV infection 
based on the vaccine platform for other flaviviruses, including a DNA-
plasmid based vaccine that uses a strategy similar to an investigational 
flavivirus vaccine for WNV and found to be safe and immunogenic in 
a phase 1 clinical trial; a live-attenuated investigational ZIKV vaccine 
building on a similar vaccine approach for DENV; and a ZIKV vaccine 
that uses a genetically engineered version of vesicular stomatitis virus 
(VSV –an animal virus) and was investigated for Ebola vaccine by 
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Abstract
The recent Zika virus (ZIKV) outbreaks of 2013 in French Polynesia and of 2015 in South and Central America 

are associated with Guillain-Barré syndrome (GBS) and microcephaly in infants born to the infected mother. Over 
4500 new cases of microcephaly, a 20-fold increase in the number of cases in Brazil by early 2016 pressed World 
Health Organization to declare a public health emergency. In this article, a brief introduction to the recent ZIKV 
outbreaks and the prospects for the development of vaccines and antiviral agents are discussed.
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NIAID. These vaccine approaches are at an early stage with plans to 
evaluate the ZIKV vaccine candidates in tissue culture and animal 
models. Considering the low strain diversity among ZIKV strains, it 
may be possible to develop a single vaccine that is effective against all 
circulating strains of ZIKV [15]. 

In absence of well-established animal models for assessment of 
protective immune response and efficacy of vaccine against ZIKV 
infection is another challenge scientific community phasing. In a 
recently study by O’Connor and Osorio, ZIKV infection is assessed 
in Indian rhesus macaques and showed that the viral RNA copies are 
detected in blood, saliva and urine samples by RTPCR for up to 10 days 
post-subcutaneous infection. An occasion surge in viral RNA copies 
after 10 days is noted [16]. There are couple at reports on ZIKV infection 
of CNS in mice are published. Mice and rhesus studies suggest that both 
animals are permissive to ZIKV infection, whether it mimics human 
infection and develops microcephaly or GBS is not examined [17,18]. 
For a successful ZIKV vaccine, assessment of pre-existing immunity to 
other flaviviruses is an important issue. The immune response to other 
flavivirus infections or vaccines could obstruct or promote protective 
immunity of ZIKV vaccine by boosting the cross-reactivity immunity 
to other flaviviruses. The pre-clinical studies in animal model and early 
phase clinical trial will determine immunogenicity in naïve subjects, 
and subjects with pre-existing immunity to ZIKV or other flavivirus 
infections or vaccinations.

Development of antivirals and therapeutics

 Currently no drug screening studies are reported for ZIKV. Other 
common flavivirus infections like dengue fever and yellow fever are 
frequent in some geographical regions, and antiviral drugs are not used 
commonly to manage symptoms. The fluid therapy has become the key 
in dengue management, and applied based on the severity of disease. In 
modern medicine ribavirin, glycyrrhizin and 6-azauridine are reported 
to have cytostatic and inhibitory effects on the dengue virus [19]. An 
adenosine analog is another promising drug studied for flavivirus. The 
chemical ‘NITD008’ is the best example [20]. The use of computational 
biology, bioinformatics and high-throughput screening was helpful 
in searching new antiviral drug for dengue [21].The high throughput 
screen helps identify and understand the molecular structure of virus 
for prediction of binding to the newly developed drug candidates. 
For example, screening of a combinatorial library of peptidomimetic 
inhibitors of dengue virus NS2B-NS3 protease [22]. It is only logical 
to screen these drugs for ZIKV. The drug discovery targets for ZIKV 
are NS3 (protease and helicase activity), NS5 (RNA-dependent RNA 
polymerase and methyltransferase activities) and E protein (fusion 
activity) [23]. Like other flavivirus, ZIKV could also develop resistance 
strains swiftly following treatment with drug that targets single gene; 
therefore, use of combination drugs with multiple targets will prove 
to be a valuable strategy. Immunotherapy using passive transfer of 
immune IgG and use of human monoclonal antibody (neutralizing) are 
also viable options for treatment [24,25]. 

Figure 1: Zika virus infection in United states 2015-2016. The total number of travel-associated ZIKV cases in mainland United States is 193 and locally 
acquired by ZIKV infected mosquito bites is zero. The total number of travel-associated ZIKV cases in US territories is 1 and locally acquired through infected 
mosquito bites is 173 [27].
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Since an effective ZIKV vaccine is decades away, the development of 
treatment to limit ZIKV disease is of prime significance. To expedite the 
treatment plan for ZIKV, National Institute of health (NIH) is funding 
research to develop drug-screening programs for existing antiviral 
drugs other flaviviruses, such as DNGV, WNV, YFV and JEV, and to 
create tests that could examine drug compounds for potential antiviral 
activity against ZIKV. NIH is also evaluating antivirals with activity 
against hepatitis C, which is not a flavivirus, but is closely related to 
ZIKV. The overarchis goal is to develop a broad-spectrum antiviral drug 
that could be used to treat a variety of flaviviruses, including ZIKV. If 
the ZIKV and microcephaly connection is founded, the challenge will 
be to design new drug trials in pregnant women, the group is rarely 
included in clinical trials. 

Social and behavioral modifications to control ZIKV: In the 
absence of antivirals and vaccine to combat ZIKV, vector control is a 
practical strategy to limit new ZIKV infections. The common-sense 
approach includes removing standing water that serves as breeding 
ground, insecticide and larvicide application, use of long sleeve 
clothing, mosquito net, and bug sprays. Such social and behavioral 
adjustments to avoid mosquito exposure may protect population 
against other mosquito-born diseases. Possible option to introduce 
genetically modified or sterile mosquitoes into the ZIKV epidemic 
site is also considered [26]. The association between ZIKV infection 
and microcephaly, and the lack measures to prevent or treat ZIKV 
in pregnant women, has compelled public health authorities in some 
countries to recommend use of contraceptives and pregnancy delays [4]. 

Addendum

Right before the publication of this editorial, a retrospective data analysis 
of Zika virus outbreak 2013, in French Polynesia was published online on 
thetancet.com suggesting that the ZIKV infection in the first trimester of pregnancy 
is associated with increased risk of microcephaly.
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