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ABSTRACT

The proportion of the reported cases of Zika virus (ZIKV) infection reached the status of a
pandemic. Numerous studies are being conducted on the isolation of ZIKV strains from
various epidemics, diagnosis of the infections, various animal models and cell culture
designs to study the pathogenesis of ZIKV in the attempts to find an effective ZIKV
vaccine. This review focuses upon the ‘Off-Spectrum’ body of studies which analyses the
epidemiology, pathogenesis and other attributes of ZIKV in the light of various dissident
hypotheses.
1. Introduction

Begun from a humble report [1] on its discovery in the
Ugandan Zika forests, to its present day threat at a pandemic
level, the Zika virus (ZIKV) is really intriguing in various
ways. Wide arrays of studies and reviews are being reported
regarding its epidemiological, structural and functional aspects.
There are no drugs or vaccines officially declared against this
virus, even though various strategies are being proposed.

The main stream body of reports [2–4] considers ZIKV as a
main causative agent of the fever, rashes, Guiiles-barrion syn-
dromes in adults and, importantly, of microcephaly of the neo-
nates and microcephaly-related intellectual disabilities, and
encourages corresponding studies on various animal models and
cell lines in this perspective. But it must be noted that there is a
dissident group of reports, which maintain that ZIKV is not that
‘guilty’ and virulent enough to provoke such adverse reactions
so as to infiltrate the immune system or to cross the placenta to
affect the fetus. Hence, there available are these interesting
bodies of proposals and communications, and this review is all
about them.

2. On microcephaly

The interest on microcephaly well precedes that on ZIKV.
Babies born with small heads invoked interesting speculations
across all races and, of course, various theories were constructed
and studies reported in this discipline.

The Japanese myth of the curse for having killed pregnant
monkeys [5], Virchow's theory of premature synostosis [5],
Vogt's Atavastic theory [5], Jelgersma's theory on ‘Advanced-
type Individuals’ [6] and Giacomino's classification on
microcephaly [5] are some of the theories worth mentioning in
this regard. Prasad et al. attributed the mental retardation,
supposedly caused by microcephaly, to malnutrition [7]. Later,
the measurement standards for normal and microcephalic
heads were established by various authors and were either
accepted or followed flexibly, in the subsequent studies.

2.1. Measurement of microcephaly

One of the earlier standards on microcephaly was proposed
by Böök et al. [8], which considered a head microcephalic only if
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it has the (head) circumference (HC) of less than three standard
deviations (SD) from the mean for age and sex. This standard
was accepted and followed by Brandon et al. [9] in their
subsequent study on microcephaly in monozygotic twins.
They followed the standards of Westropp and Barber [10] for
the normal head size. Interestingly, Westropp and Barber, in
their study with children measured in Oxford, London and
Aberdeen, admitted the difficulty in the construction of these
standards. They repeatedly mentioned the word ‘normal’ in
quotes. Later, Roche et al. proposed the HC to be greater than
3SD [11]. Modern studies on microcephaly consider the Fenton
growth curves or InterGrowth curves.

Recently, in their comment, Victora et al. explicitly stated the
distortion of standard parameters by various organizations such
as Brazil's Ministry of Health, Pan American Health Organiza-
tion (PAHO) and World Health Organization (WHO), in
calculating the number of microcephalic neonates [12]. This
paper also questions the reliability of using the Fenton curves
and the diagnostic methods proposed by WHO, and strongly
anticipates effective anthropometric measurements on both
scientific and moral grounds.

2.2. Causes of microcephaly

The genetic etiology of microcephaly was strongly contem-
plated in the earlier periods of literature in this field, though the
non-genetic factors were not completely ignored. This prepon-
derance over the genetic factors was advocated with strong
supporting evidences.

One of these evidences is an unique study by Plummer in
1952 [13], which reported that among the 11 children, whose
mothers were exposed to the radiation emitted from the atom
bomb dropped in Hiroshima, 7 were microcephalic. The
mothers were within 1200 m from the hypocenter and were in
their first 20 weeks of gestation. Following this study, came
the report by Komai T et al., which studied microcephaly in
78 Japanese sib-ships [5]. The primary conclusions of this
study are as follows: i) An autosomal recessive gene is the
cause of microcephaly; ii) Males are genetically more disposed
than females, and iii) Contribution of non-genetic factors is
not important.

But Brandon et al. suggested other factors, which could
operate during pregnancy [9]. They claim that factor such as
multiple pregnancies could also result in low birth weights and
brain defect, as the probands in this study were not exposed to
any radiation in utero. In this context, they also questioned the
measurement of microcephaly among these children, as these
low weight children could be falsely considered to be
microcephalic.

3. Evidences on the pathogenicity of ZIKV

Certain studies [14–18] report the diagnosis of ZIKV infection
utilizing the presence of ZIKV antibodies, ZIKV RNAs and
ZIKV particles among the subjects. But mere presence of
antibodies, nucleic acids or particles does not suggest the
pathogenicity of ZIKV, especially when it violates the Koch
postulates. Koch postulates are the golden standard to assess
pathogenicity and, in our opinion, are technically far superior
to the Bradford Hill criteria [19]. While the latter infer certain
statistical causalities, the former gives a Fool-proof standard in
analyzing infective potential.
Various interesting and extensive studies are being reported
regarding the pathogenicity and neurotropism of ZIKV. Albeit
technically sophisticated, analytically they are less helpful. One
such report is that of Onorati et al. [20]. This group devised and
characterized cell lines to simulate neocortical (NCX) and
neuroepithelial stem cells (NES), infected them with the 2010
Cambodian ZIKV strain FSS 13025 and Brazilian ZIKV strain
PE243, used both strains to infect ex vivo human fetal brain
slices (1.5 DPI and 15 pcw, respectively) and attempted to
elucidate the pathogenic mechanisms. They observed NS1+/
VIM+ cells and scaffold disorganization of radial glial cells
starting at 3.5 DPI. Infection of radial glial cells could also be
accomplished by intraperitoneal injection of ZIKV strain in
offspring mice [21].

Another important part of this paper is that the investigators,
to their credit, conducted immunohistochemistry with the post-
mortem forebrain and spinal cord slices of the first reported
ZIKV-infected microcephalic fetus. ZIKV RNA from this fetus
was first isolated by Mlakar et al. [22]. Significant morphological
differences in ventricular and sub-ventricular zones in this
ZIKV-infected fetus were observed and compared with age-
matched postmortem controls. Yet, the genetic, nutritional and
cephalic profile of that child, whose brain samples were
analyzed, should have been discussed.

Based on immunoblotting, immunoelectron microscopy and
droplet digital PCR (on both the devised NES cell lines and
organotypic fetal slices), this group elucidated that ZIKV
translocates phosphorylated TANK binding kinase (pTBK),
which is already reported to mediate innate immunity and pro-
liferation pathways, from centrosomes to mitrochondria. They
studied the pTBK1 translocation with Dengue-2 virus and hu-
man cytomegalovirus. Though human cytomegalovirus induced
the translocation, Dengue-2 virus did not. In addition, they
treated the NES cells with KIN1408, an agonist of RIG 1 like
receptor. The treatment resulted in the similar translocation of
pTBK1 in mitochondria and CASP3-mediated cell death. This
experiment suggests that ZIKV may activate RIG 1 like receptor
for its pathogenicity. The group indicated, finally, that the
nucleotidyl prodrug, Sofosbuvir, could protect the NES cells
from ZIKV related infections.

Incidentally, Victora et al. report a case, in their study with
31 Brazilian microcephalic children with no intrauterine expo-
sure to infectious diseases such as syphilis, toxoplasmosis and
pathogens such as rubella virus, cytomegalovirus and herpes
virus [12]. This report, apparently, does not advocate microbial
infections to be the cause of microcephaly. Despite being
extensive, the studies performed by Onorati et al. does not
consider the protection conferred by the maternal immune
system within the fetus via the placenta [20,23–26]. Even the
normal flora [27], certain drugs ingested during pregnancy
[28,29] and other compounds and regulatory molecules [30–34]

also could pass via placenta regulating or affecting the fetus.
Placenta is an intriguingly unique organ [35–39] and mimicking
it using models is highly challenging [36] and, if not properly
structured, could yield misleading results. Most importantly,
the stability of ZIKV in normal environmental conditions is
reported [40,41] to be very less. Hence it is unlikely that ZIKV
could potentially infiltrate the mucosal immune system.

Infecting the NES, NCS and other neural cell lines and brain
tissue slices with highly virulent neurotropic viruses such as
polio virus and rabies virus could plausibly yield valuable results
and help us make an extensive and comparative analysis.
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4. Discussion

Ironically, no vaccines are officially declared against the
major epidemics of the third world countries, caused by Ebola
virus, SARS virus and ZIKV, except that by dengue virus,
against which a vaccine named Dengvaxia (CYD-TDV) is
available with much restriction [42].

Yet, hopes are expressed in finding therapeutic strategies,
including vaccines, against ZIKV on the grounds that ZIKV's
fetal pathology much resemble that of rubella virus [43,44]. The
penetrance [45] and immunogenic potential of ZIKV [46] also
are reported to be very low. It should be noted that an
effective vaccine presupposes its corresponding pathogen to be
reasonably virulent so as to generate a strong immune
response in the host.

It is our conviction that the scientific community has a moral
responsibility to understand the etiology and pathogenicity of
ZIKV and assess the epidemiology with genuine reasoning,
given the complicated nature of this worldwide enterprise.
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