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Abstract In view of the recent outbreak of Zika virus
(ZIKV), there is an urgent need to investigate the patho-
genesis of the symptoms associated with ZIKV infection.
Since the first identification of the virus in 1947, the
pathologies associated with ZIKV infection were thought
to be limited with mild illness that presented fever, rashes,
muscle aches, and weakness. However, ZIKV infection has
been shown to cause Guillain-Barré Syndrome, and
numerous cases of congenital microcephaly in children
have been reported when pregnant females were exposed to
the virus. The severity and the rate of spread of ZIKV in
the last year has drawn alarming interest among researchers
to investigate murine models to study viral pathogenesis
and develop candidate vaccines. A recent study by Lazear
and colleagues, in the May 2016 issue of cell host and
microbe, is an effort to study the pathogenesis of con-
temporary and historical virus strains in various mouse
models.
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Zika virus (ZIKV), a member of flaviviridae family, is a
mosquito-borne pathogen, which was originally isolated
from a febrile sentinel rhesus monkey in the Zika forest
near Entebbe, Uganda (Dick et al. 1952). Apart from
ZIKV, the Flavivirus genus also includes the yellow fever
virus (YFV), West Nile Virus (WNYV), Japanese
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encephalitis virus (JEV), Chikungunya virus (CHKYV), tick-
borne encephalitis virus (TBEV), and Dengue virus
(DENV), many of which are commonly associated with
CNS complications (Neal 2014; Sips et al. 2012). The
ZIKV genome is >10 Kb in length and contains a single
open reading frame (ORF) that codes for capsid (C), pre-
cursor membrane (PrM), envelope (E), and seven non-
structural proteins formed NS1, NS2A, NS2B, NS3, NS4A,
NS4B, and NS5 (Cunha et al. 2016; Ellison et al. 2016;
Enfissi et al. 2016; Giovanetti et al. 2016; Ladner et al.
2016; Liu et al. 2016; Nandy et al. 2016). The envelop
protein of ZIKV possesses close resemblance to all of the 4
serotypes of dengue virus (DENV), having 54-58 % of
homology (Kostyuchenko et al. 2016) and leading to
serological cross-reactivity (Lanciotti et al. 2008). In
addition, the ZIKV envelop also shares 42, 54, 54, and
40 % homology with YFV, WNV, JEV, and TBEV,
respectively (Kostyuchenko et al. 2016).

Since the early isolation of the virus from the monkey,
the first human infections were reported in 1952 among
patients from Uganda and United Republic of Tanzania
(Kindhauser et al. 2016). However, the ZIKV did not
receive enough attention until recently when Brazil and
other South American Countries reported microcephaly in
children born from infected mothers. Although almost
70 years have passed since its first identification, very little
is known about the nature and severity associated with
ZIKV. Until recent reports, ZIKV infection was estimated
to be asymptomatic with almost 80 % of the cases devel-
oping mild fever, rashes, arthralgia, and conjunctivitis
(Duffy et al. 2009). A few early studies performed in mice
reported that ZIKV could replicate and injure the CNS
cells, however, no clear evidence was reported to show
whether neurodevelopmental defects are associated with
ZIKV (Bell et al. 1971; Dick 1952; Way et al. 1976).

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12640-016-9635-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12640-016-9635-3&amp;domain=pdf

132

Neurotox Res (2016) 30:131-134

Recent clinical presentations with serious complications
indicate that the ZIKV infection is associated with the
neurological auto-immune disorder, Guillain-Barré syn-
drome (GBS), and fetal abnormalities such as micro-
cephaly, placental insufficiency, and cerebral calcification
leading to intrauterine growth restriction (Brasil et al.
2016; Oliveira Melo et al. 2016). The growing concerns
about the explosive outbreak of ZIKV and lack of antivirals
or vaccines prompted the WHO to declare the spread of
ZIKV as a Public Health Emergency of International
Concern.

In view of the growing threat of autochthonous trans-
mission of ZIKV, several studies have been undertaken to
develop a murine model to study ZIKV-associated patho-
genesis. Within the last couple of months, several studies
have focused on the development of in vivo models to
study the ZIKV pathogenesis (Dowall et al. 2016; Lazear
et al. 2016; Rossi et al. 2016). The study by Lazear and
colleagues used 5 viral strains (MR766, Dakar 41519,
Dakar 41667, Dakar 41671, and H/PF/2013) and showed
that 4- to 6-week-old mice lacking the IFN receptor and
with the ability to produce little IFN o/f, developed neu-
rological symptoms and succumbed to disease after ZIKV
infection with high viral loads in the brain, spinal cord, and
testes, which mimic the human ZIKV infection. In contrast
to the reports by Dowall and colleagues, which utilized
only one strain, the study by Lazear and colleagues pro-
vides comprehensive information because they used
MR766, Dakar 41519, Dakar 41667, Dakar 41671, and
H/PF/2013 and compared strains associated with recent
outbreaks with the original isolate (MR766). Using a wide
range of engineered mice such as Irf3 KO, Irf5 KO, Irf7
KO, Irf3/5/7 triple knockout (TKO), Ifnar '~ (A129),
AG129, and CD-1 mice, the study compared the suscep-
tibility to ZIKV in immunocompetent and immunocom-
promised mice. Unlike previous studies, it used a clinically
relevant route of infection (s.c. injections to the footpads
and compared the effects with i.p. and i.v. injections). To
assess the disease pathology, different read outs such as
survival, weight loss, and disease signs (sub-divided into
seven categories according to severity of the symptoms)
were recorded over 14-30 days. The most severe form of
infection was observed in Irf3/5/7 TKO followed by less
severity in Ifnar™'~ mice with significant weight loss
within 5 days post-infection. These mice further lost
weight over 7 days and died within 10 days post-infection.
The fact that TKO mice were more susceptible than
Ifnar '~ mice to ZIKV suggests a possible role for IRF-3-
dependent but IFN-o/p-independent mechanism. On the
other hand, WT mice or Irf3 KO, Irf5 KO, and Irf7 KO
mice did not develop clinical symptoms. Similar observa-
tions were reported with i.v. injections with higher mor-
tality rates. The susceptibility of ZIKV infection in WT
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mice was also found to be age dependent since adult WT
mice developed no signs of disease, whereas one-third of
suckling pups succumbed to infection within 24 days. The
A129 mice showed susceptibility to ZIKV infection
regardless of age, and mice up to 6 months of age showed
morbidity and mortality.

The authors also evaluated the effect of various ZIKV
strains and observed more lethality with H/FP/2013 strain
as compared to the other strains. Although all the younger
mice (4-6 week old) succumbed to the infection, almost
40-80 % of older mice (3—6 month old) survived the ZIKV
infection despite showing significant weight loss. In addi-
tion, to study the contribution of IFN- o/ signaling via the
use of knockout mice, the authors also pre-treated mice
with anti-IFN-oR antibodies that resulted in higher viral
load in a dose-dependent manner. These results further
underlined the role of IFN-aR in ZIKV pathogenesis. This
is an interesting finding because this strategy could be
utilized for the development of vaccine in the case of
immunocompetent mice by immunizing the WT mice with
vaccine followed by challenging with the ZIKV, with and
without IFN-o/f antibodies. When assessed for viral
replication, A129 mice demonstrated high viral loads in
spleen, liver, kidney, serum, testes, brain, and spinal cord.
The viral loads were 3—4 log cycles higher than initial
inoculum (103 FFU). The high levels of viremia in the
testes demonstrate clinical relevance since sexual trans-
mission is proposed as a possible route of human infection
(Dowall et al. 2016). While the model used by Lazear et al.
supports the earlier study reporting the presence of ZIKV
in the semen (Atkinson et al. 2016), it does not provide any
information regarding female reproductive organs, which is
a key feature of on-going ZIKV infection leading to neu-
rodevelopmental defects during pregnancy. Further vali-
dation of viral distribution in ovaries would consolidate the
suitability of the model proposed by Lazear et al. for ver-
tical transmission. Nevertheless, the study clearly provides
an important lead toward the development of vaccines that
can exploit the IFN-o/f signaling pathway.

Considering the urgent need to develop strategies to
combat the ZIKV epidemic, studies are rapidly emerging
from all over the world in an attempt to develop a suit-
able model. At the time of writing this report, a study by
Cugola et al. (2016) documented vertical transmission from
Brazilian strain (ZIKVBR), where they demonstrated
infection of pups in SJL mice, resulting in intrauterine
growth restriction and microcephaly. The mouse model
utilized by Cugala is the closest clinical model of fetal
microcephaly at present. In addition to SJL mice, Cugola
group also used C57BL/6 mice, which did not show any
placental transmission of ZIKV®R. The observations made
in the Lazear study somewhat differs from the Cugola
study in that the Lazear study reported severe ZIKV
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infection in 1-week-old C57BL/6 wildtype mice, whereas
the older WT mice did not develop clinical disease. Since
the Cugola study intended to measure the ZIKV infection
only in newborn pups from infected dams and Lazear study
only demonstrated disease in newborn pups, it is difficult to
judge the suitability of C57BL/6 mouse for vertical trans-
mission. Nevertheless, as pointed out in both the studies,
robust anti-viral immune response could be a possible
explanation for the resistance observed in C57BL/6 mice.
Another study from the Diamond lab (Miner et al. 2016)
demonstrated vertical transmission of ZIKV (H/PF/2013
strain) by showing the virus in placenta and fetus from
Ifnar—/— mice in C57BL/6 background. A similar study
(Wu et al. 2016) demonstrated vertical transmission of
Asian ZIKV (SZ01) in C57 mice. It is likely that the dif-
ference between Asian ZIKV (SZ01), ZIKVER, and Poly-
nesian ZIKV (H/PF/2013) could also play some role and
should be considered while choosing the suitability of a
mouse model. It is also unclear why some newborn infants
may remain unaffected despite ZIKV infection of mothers
during pregnancy (Brasil et al. 2016; Schuler-Faccini et al.
2016), which requires further evaluation.
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