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Introduction
Recent emergence and the spread of Zika virus (ZIKV) in 

several countries around the globe have been considered as an 
emerging global public health problem. ZIKV is an arbovirus that 
belongs to the flavivirus genus. ZIKV is an enveloped, spherical 
virus containing a single-stranded positive RNA with a genome 
consisting of 10,794 nucleotides. The RNA of ZIKV is translated 
into a polyprotein that is co & post-translationally cleaved into 
11-mature proteins. ZIKV was first identified in the Zika forest of 
Uganda in 1947 [1]. ZIKV is primarily transmitted by the infected 
Aedes mosquito’s bites [2] and resides in the salivary glands of 
infected mosquitoes. ZIKV is also sexually transmitted, and the 
ZIKV RNA has been observed in sperm and urine after 62 days 
post infection [3,4]. In America, the increasing number of cases 
of congenital microcephaly and Guillain-barre syndrome cases 
are related to ZIKV infection [5-7]. On February 1st, 2016, World 
Health Organization (WHO) declared the ZIKV infection as an 
international health emergency [8]. It is found that the ZIKV 
infects and replicates in the neural stem cells of the developing 
brain and causing their apoptosis. The ZIKV infection causes 
reduction of the cortical layer thickness in the developing brain. 
ZIKV is able to cross the placenta, detectable in amniotic fluid 
and causes intrauterine growth restriction of the developing  

 
fetus in pregnant women [9-11]. Using a mouse model, Fernanda 
et al. proved that the ZIKV can target the cortical progenitor cells 
leading to microcephaly and impaired neurodevelopment in 
newborns [9]. 

The ZIKV congenital infection, intrauterine growth 
restriction and other devastating clinical manifestations 
urgently required the development of a safe and effective ZIKV 
vaccine. At present, there is no effective vaccine or drugs for the 
prevention or treatment of ZIKV infection. Envelope (E) and M 
protein are expressed on the surface of the virion and contain 
neutralizing epitopes, which can elicit neutralizing antibodies 
that block the infection of ZIKV. Multiple strategies and 
platforms have been used to develop an effective ZIKV vaccine. 
A recent study found that the lipid nanoparticle encapsulating 
modified mRNA vaccine encoding nonstructural genes elicit high 
titers of neutralizing antibodies and provide sterile protection in 
mice [12]. Authors have chemically synthesized the mRNA with 
type 1 cap as well as 5’and 3’ untranslated regions to increase 
translation efficiency and intracellular stability. The chemically 
synthesized mRNA also contains signal sequence from human 
IgE for gene expression. This vaccine consists of modified prM-E 
RNA containing mutations that demolish the conserved fusion-
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loop epitopes in the E-protein, and this strategy could minimize 
the generation of cross-reactive antibodies that may enhance the 
infection of dengue virus. An RNA nanoparticle technology has 
been used to produce a candidate ZIKV vaccine and identifies 
CD8+ T cell epitopes in E-protein [13].

ZIKV infection induces robust antibodies response that 
cross-react with other flaviviruses like Dengue virus (DENV) 
[14]. The ZIKV specific neutralizing and monoclonal antibodies 
have also been reported previously [15]. A neutralizing antibody, 
ZIKV-117 has proven to be protective against ZIKV infection in 
mice and limits the fetal pathology in pregnant mice [16]. This 
antibody is directed against the quaternary epitope on ZIKV 
envelope (Env) protein dimer-dimer interface. Elegant studies 
have developed the DNA vaccine expressing pre-membrane 
(Prm) and Env proteins. This DNA vaccine showed protection 
against ZIKV challenge in mice and rhesus monkeys [15,17]. This 
study also shows that passive protection against ZIKV infection 
in mice and monkeys can be achieved through the adoptive 
transfer of purified IgG from vaccinated animals [15,17]. It 
indicates that antibodies can provide passive immunity against 
ZIKA infection. Reduction in the number of CD4+ and CD8+ T 
lymphocytes in vaccinating animal did not affect the protective 
efficacy [17].

Plasmid DNA vaccine (VRC-ZKADNA085-00-VP; VRC5288) 
developed by Vaccine research center (VRC), National Institute 
of Allergy and Infectious Disease (NIAID) has entered into a 
Phase I clinical trial. The plasmid DNA vaccine expresses full-
length prM-Env proteins consisting of Japanese encephalitis 
virus (JEV) stem and the transmembrane region has also been 
reported. Insertion of JEV stem and transmembrane region 
enhance the secretion of viral particles, reduced the protective 
efficacy and immunogenicity compared to the unchanged prM-
Env [18]. Another Phase I clinical trial has initiated by the 
In-vivo Pharmaceuticals. In this study, plasmid DNA vaccine 
expressing prM-Env (GLS-5700) has been used. This plasmid 
DNA vaccine proved the efficacy in immuno compromised mice 
and plasma IgG mediate the protection. Three more Phase I 
clinical studies have been initiated by the U.S. Army, NIAID, 
and Beth Israel Deaconess Medical Center (BIDMC) to check 
the efficacy and immunogenicity of ZIKV PIV (ZPIV) vaccine 
developed by WRAIR. The PIV represents the purified formalin 
inactivated virus adjuvanted with alum. The other ZIKV vaccines 
are in progress include recombinant vector-based vaccines [17], 
RNA-based vaccines [19] and subunit vaccines. Since many ZIKV 
vaccines are at different stages of development and it will be 
very difficult to choose a safe and effective vaccine candidate. It 
would be achieved through the careful examination of preclinical 
and early clinical data and other considerations.

Challenges
An effective ZIKV vaccine should prevent ZIKV infection and 

protect from viral infection particularly in pregnant women. 

ZIKV vaccination of women during pregnancy has several issues 
to be addressed. First, in order to protect a developing fetus, 
the ZIKV vaccination protective immunity in pregnant women 
must be achieved at the time of first and early second trimester. 
However, many pregnant women do not know about their 
pregnancy until their first trimester. The replicating live virus 
vaccine may provide protective immunity at single dose is not 
generally considered as a good candidate vaccine for pregnant 
women. Inactivated virus, recombinant and other nonreplicating 
vaccines are good for pregnant women; need to be administered 
at multiple doses to achieve the protective immunity and hence 
extending the time window for pregnant women. Second, for the 
long-term goal, the ZIKV vaccination should be provided in the 
pediatric population to generate protective immunity in women 
at the childbearing age before their pregnancy and to prevent 
sexual transmission of ZIKV. It can be achieved if the ZIKV 
vaccine is safe, durable and provide robust immunogenicity. 

Conclusion
Effects of ZIKV infection during pregnancy and developing 

fetus should be minimized or eliminated by the administration 
of a safe and effective ZIKV vaccine in women. Therefore, the 
global public health goal is to prevent the ZIKV epidemics in 
future. Neutralizing antibodies against ZIKV found to control 
and prevent the ZIKV infection. Development of an effective ZIKV 
vaccine using different platform, such as recombinant vector 
based vaccine, purified inactivated virus vaccine, nucleic acid 
vaccine and is achievable in rodent and primate models. Studies 
have shown that the protection is mediated through the vaccine-
elicited antibodies. Multiple Phase I clinical trials have been 
initiated for the ZIKV vaccines. Protective efficacy in human, 
cross-reactive antibodies to other flaviviruses and protection 
against congenital ZIKV syndrome are the main issues for an 
effective ZIKV vaccine. 

References
1.	 Dick GW, Kitchen SF, Haddow AJ (1952) Zika virus. I. Isolations and 

serological specificity. Trans R Soc Trop Med Hyg 46(5): 509-520.

2.	 Hayes EB (2009) Zika virus outside Africa. Emerg Infect Dis 15(9): 
1347-1350.

3.	 Nicastri E, Castilletti C, Liuzzi G, Iannetta M, Capobianchi MR, et al. 
(2016) Persistent detection of Zika virus RNA in semen for six months 
after symptom onset in a traveller returning from Haiti to Italy. Euro 
Surveill 21(32).

4.	 Harrower J, Kiedrzynski T, Baker S, Upton A, Rahnama F, et al. (2016) 
Sexual Transmission of Zika Virus and Persistence in Semen, New 
Zealand, 2016. Emerg Infect Dis 22(10): 1855-1857.

5.	 Mlakar J, Korva M, Tul N, Popovic M, Prijatelj PM et al. (2016) Zika 
Virus Associated with Microcephaly. N Engl J Med 374(10): 951-958.

6.	 Martines RB, Bhatnagar J, Keating MK, Silva-Flannery, Muehlenbachs A, 
et al. (2016) Notes from the Field: Evidence of Zika Virus Infection in 
Brain and Placental Tissues from Two Congenitally Infected Newborns 
and Two Fetal Losses--Brazil, 2015. MMWR Morb Mortal Wkly Rep 
65(6): 159-160.

http://dx.doi.org/10.19080/JOJIV.2017.02.555580
https://www.ncbi.nlm.nih.gov/pubmed/12995440
https://www.ncbi.nlm.nih.gov/pubmed/12995440
https://www.ncbi.nlm.nih.gov/pubmed/19788800/
https://www.ncbi.nlm.nih.gov/pubmed/19788800/
https://www.ncbi.nlm.nih.gov/pubmed/27541989
https://www.ncbi.nlm.nih.gov/pubmed/27541989
https://www.ncbi.nlm.nih.gov/pubmed/27541989
https://www.ncbi.nlm.nih.gov/pubmed/27541989
https://www.ncbi.nlm.nih.gov/pubmed/27454745
https://www.ncbi.nlm.nih.gov/pubmed/27454745
https://www.ncbi.nlm.nih.gov/pubmed/27454745
https://www.ncbi.nlm.nih.gov/pubmed/26862926
https://www.ncbi.nlm.nih.gov/pubmed/26862926
https://www.cdc.gov/mmwr/volumes/65/wr/mm6506e1.htm
https://www.cdc.gov/mmwr/volumes/65/wr/mm6506e1.htm
https://www.cdc.gov/mmwr/volumes/65/wr/mm6506e1.htm
https://www.cdc.gov/mmwr/volumes/65/wr/mm6506e1.htm
https://www.cdc.gov/mmwr/volumes/65/wr/mm6506e1.htm


How to cite this article: Dabbu K J, Jian Liu, Hua Z. Zika Virus: An Update and Its Implication for Vaccine Development. J Virol Curr Res.  2017;2(1):555580.
DOI: 10.19080/JOJIV.2017.02.555580.003

Juniper Online Journal of Immuno Virology 

7.	 Cao-Lormeau VM, Blake A, Mons S, Lastere S,Roche C, et al. (2016) 
Guillain-Barre Syndrome outbreak associated with Zika virus infection 
in French Polynesia: a case-control study. Lancet 387(10027): 1531-
1539.

8.	 World Health Organization (2016) Zika Strategic Response Framework 
& Joint Operations Plan (January-June 2016).

9.	 Cugola FR, Fernandes IR, Russo FB, Freitas BC, Dias JLM, et al. (2016) 
The Brazilian Zika virus strain causes birth defects in experimental 
models. Nature 534(7606): 267-271.

10.	Li C, Xu D, Ye Q, Hong S, Jiang Y, et al. (2016) Zika Virus Disrupts Neural 
Progenitor Development and Leads to Microcephaly in Mice. Cell Stem 
Cell 19(5): 672.

11.	Miner JJ, Cao B, Govero J, Smith AM, Fernandez E, et al. (2016) Zika 
Virus Infection during Pregnancy in Mice Causes Placental Damage 
and Fetal Demise. Cell 165(5): 1081-1091.

12.	Richner JM, Himansu S, Dowd KA, Butler SL, Salazar V, et al. (2017) 
Modified mRNA Vaccines Protect against Zika Virus Infection. Cell 
168(6): 1114-1125.

13.	Chahal JS, Fang T, Woodham AW, Khan OF, Ling J, et al. (2017) An RNA 
nanoparticle vaccine against Zika virus elicits antibody and CD8+ T cell 
responses in a mouse model. Sci Rep 7(1): 252.

14.	Stettler K, Beltramello M, Espinosa DA, Graham V, Cassotta A, et al. 
(2016) Specificity, cross-reactivity, and function of antibodies elicited 
by Zika virus infection. Science 353(6301): 823-826.

15.	Larocca RA, Abbink P, Peron JP, Zanotto PM, Iampietro MJ, et al. (2016) 
Vaccine protection against Zika virus from Brazil. Nature 536(7617): 
474-478.

16.	Sapparapu G, Fernandez E, Kose N, Cao B, Fox JM, et al. (2016) 
Neutralizing human antibodies prevent Zika virus replication and fetal 
disease in mice. Nature 540(7633): 443-447.

17.	Abbink P, Larocca RA, De La Barrera RA, Bricault CA, Moseley ET, et al. 
(2016) Protective efficacy of multiple vaccine platforms against Zika 
virus challenge in rhesus monkeys. Science 353(6304): 1129-1132.

18.	Dowd KA, Ko SY, Morabito KM, Yang ES, Pelc RS, et al. (2016) Rapid 
development of a DNA vaccine for Zika virus. Science 354(6309): 237-
240.

19.	Pardi N, Hogan MJ, Pelc RS, Muramatsu H, Andersen H, et al. (2017) 
Zika virus protection by a single low-dose nucleoside-modified mRNA 
vaccination. Nature 543(7644): 248-251.

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                         Track the below URL for one-step submission 
                  https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/JOJIV.2017.02.555580

http://dx.doi.org/10.19080/JOJIV.2017.02.555580
https://www.ncbi.nlm.nih.gov/pubmed/26948433/
https://www.ncbi.nlm.nih.gov/pubmed/26948433/
https://www.ncbi.nlm.nih.gov/pubmed/26948433/
https://www.ncbi.nlm.nih.gov/pubmed/26948433/
http://www.who.int/emergencies/zika-virus/strategic-response-framework.pdf
http://www.who.int/emergencies/zika-virus/strategic-response-framework.pdf
https://www.ncbi.nlm.nih.gov/pubmed/27279226
https://www.ncbi.nlm.nih.gov/pubmed/27279226
https://www.ncbi.nlm.nih.gov/pubmed/27279226
https://www.ncbi.nlm.nih.gov/pubmed/27179424
https://www.ncbi.nlm.nih.gov/pubmed/27179424
https://www.ncbi.nlm.nih.gov/pubmed/27179424
https://www.ncbi.nlm.nih.gov/pubmed/27180225
https://www.ncbi.nlm.nih.gov/pubmed/27180225
https://www.ncbi.nlm.nih.gov/pubmed/27180225
https://www.ncbi.nlm.nih.gov/pubmed/28222903
https://www.ncbi.nlm.nih.gov/pubmed/28222903
https://www.ncbi.nlm.nih.gov/pubmed/28222903
https://www.nature.com/articles/s41598-017-00193-w
https://www.nature.com/articles/s41598-017-00193-w
https://www.nature.com/articles/s41598-017-00193-w
https://www.ncbi.nlm.nih.gov/pubmed/27417494
https://www.ncbi.nlm.nih.gov/pubmed/27417494
https://www.ncbi.nlm.nih.gov/pubmed/27417494
https://www.ncbi.nlm.nih.gov/pubmed/27355570
https://www.ncbi.nlm.nih.gov/pubmed/27355570
https://www.ncbi.nlm.nih.gov/pubmed/27355570
https://www.ncbi.nlm.nih.gov/pubmed/27819683
https://www.ncbi.nlm.nih.gov/pubmed/27819683
https://www.ncbi.nlm.nih.gov/pubmed/27819683
https://www.ncbi.nlm.nih.gov/pubmed/27492477
https://www.ncbi.nlm.nih.gov/pubmed/27492477
https://www.ncbi.nlm.nih.gov/pubmed/27492477
https://www.ncbi.nlm.nih.gov/pubmed/27708058
https://www.ncbi.nlm.nih.gov/pubmed/27708058
https://www.ncbi.nlm.nih.gov/pubmed/27708058
https://www.ncbi.nlm.nih.gov/pubmed/28151488
https://www.ncbi.nlm.nih.gov/pubmed/28151488
https://www.ncbi.nlm.nih.gov/pubmed/28151488
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/JOJIV.2017.02.555580

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Challenges
	Conclusion
	References

