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ABSTRACT

Background: Zika virus infection during pregnancy has been recently associated with congenital microcephaly and other
severe neural tube defects. However, the magnitude of confirmed cases and the scope of these anomalies have not been
extensively documented. This review focuses on the magnitude of laboratory-confirmed congenital Zika virus cases among
probable cases and describing the patterns of congenital anomalies allegedly caused by the Zika virus, information which
will inform further research in this area.

Methods: We conducted a literature search for English-language articles about congenital Zika virus infection using online
electronic databases (PubMed/MEDLINE, POPLINE, Embase, Google Scholar, and Web of Knowledge). The search terms
used were, “zika”, “pregnancy”, [year], “microcephaly”, “infants”, “children”, “neonates”, “foetuses”, “neural tube defect”,
and “CNS manifestations” in different combinations. All articles reporting cases or case series between January 2015 and
December 2016 were included. Data were entered into a Microsoft Excel database and analysed to obtain proportions of the
confirmed cases and patterns of anomalies.

Results: A total of 24 articles (11 case series, 9 case reports, and 4 others) were found to be eligible and included in this
review. These articles reported 919 cases, with or without microcephaly, presumed to have congenital Zika virus infection. Of
these cases, 884 (96.2%) had microcephaly. Of the 884 cases of microcephaly, 783 (88.6%) were tested for Zika virus infec-
tion, and 216 (27.6%; 95% confidence interval, 24.5% to 30.8%) were confirmed to be Zika virus-positive. In addition to mi-
crocephaly, other common abnormalities reported — out of 442 cases investigated — were calcifications of brain tissue (n=240,
54.3%), ventriculomegaly (n=93, 20.8%), cerebellar hypoplasia (n=52, 11.7%), and ocular manifestations (n=46, 10.4%).
Conclusion: Based on the available literature, Zika virus infection during pregnancy might lead to a wide array of outcomes
other than microcephaly. There is a need for more epidemiological studies in Zika-endemic areas, particularly in Africa, to
ascertain the role of Zika virus in causing congenital neurological defects.

Pan Africa Health Organization.” A total of 51,473 sus-
pected cases of ZIKV had been reported in Brazil alone
by March 2016.% In sub-Saharan Africa, outbreaks have
been reported in Gabon,? and recently, sporadic cases
were reported in Angola.’

ZIKV is transmitted by mosquitoes, primarily of
the genus Aedes. Aedes species, including Aedes aegyp-
ti, Aedes africanus, Aedes hensilli, and Aedes albopictus

INTRODUCTION

ika virus (ZIKV) is anarthropod-borne virus trans-
Z mitted mainly by mosquitoes of the genus Aedes.”
ZIKV was discovered in East Africa in 1947 from rhesus
monkeys in Uganda’s Zika forest, and human cases were
confirmed a few years later in Tanzania and the Cen-
tral African Republic.’ In recent years, the public health

impact of ZIKV has been underscored by its associa-
tion with Guillain-Barré syndrome and central nervous
system congenital abnormalities.*® Between 2007 and
2016, several ZIKV outbreaks were reported in 52 coun-
tries and territories, including 40 countries that reported
autochthonous transmission. By January 2016, locally
transmitted cases from Puerto Rico and 19 countries
or territories in the Americas had been reported to the
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have been linked with ZIKV transmission. For example,
A. hensilli mosquitoes were implicated in the 2007 Yap
State outbreak in Micronesia. In Africa, the predominant
Aedes species vector has not been definitively identified,
although viral isolation studies suggest that A. albopictus
was likely the vector connected to the 2007 ZIKV out-
break in Gabon.”!*!? ZIKV infection is known to result
from intrauterine or intrapartum transmission from a
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viraemic mother to her foetus or newborn (both resulting
in congenital infection), sexual transmission, blood transfu-
sions, and laboratory exposure.””” Although ZIKV RNA has
been detected in breastmilk, transmission through breast-
feeding has not been documented.'®

ZIKV infection is asymptomatic in about 80% of cas-
es'”!%: when symptoms are present, they are usually mild
and self-limiting. Commonly reported symptoms include
rash, fever, arthralgia, myalgia, fatigue, headache, and con-
junctivitis. These symptoms usually resolve within 2 weeks.
Several clinical sequelae have been associated with ZIKV in-
fection. ZIKV-associated congenital abnormalities have been
observed in many countries outside of Africa."’* Following
increasing reports on its association with congenital micro-
cephaly in the Americas and Europe,”” the World Health Or-
ganization (WHO) declared ZIKV a public health emergency
in early 2016.

The evaluation of clinical symptoms alone is unreliable
in the diagnosis of ZIKV infection because of clinical overlap
with other arboviruses. The diagnosis relies on laboratory
testing; molecular amplification with real-time polymerase
chain reaction (RT-PCR) assays on serum samples remains
the most specific diagnostic approach and is the preferred
testing method for ZIKV during the acute phase (<7 days from
symptom onset). Serologic testing for ZIKV is another option,
although it is limited by potential cross-reactions with other
flaviviruses, particularly dengue virus.'**

There is no specific treatment or vaccine available for
ZIKV infection. Management is based on supportive care, in-
cluding rest, fluids, antipyretics, and analgesics. Other general
measures focus on the prevention of mosquito bites include
personal protection by wearing long pants, long sleeves,
light-coloured clothing, and using insect repellents and bed
nets. Pregnant women residing in countries that are not ZIKV
endemic are advised against travel to affected countries. Test-
ing should be offered to all pregnant women who have trav-
elled to areas with ongoing Zika virus transmission.

Previous and ongoing studies have investigated the ap-
parent causal link between ZIKV infection and congenital
anomalies and sequelae, with the majority of reported cases
falling under the “probable” category because of a lack of lab-
oratory evidence to support the hypothesised causality. This
obfuscates the magnitude of the problem. There are limited
data to help quantify confirmed cases and the associated pat-
tern of anomalies. It is important to generate, analyse, and
compile such data because most anomalies allegedly caused
by congenital ZIKV infection can also be caused by other
pathogens, such as rubella virus, cytomegalovirus, Toxoplas-
ma gondii, parvovirus B19, Treponema pallidum, and herpes
simplex virus type 2, for example.”! This review aimed at
documenting the magnitude of the reported laboratory-con-
firmed congenital ZIKV cases and the patterns of congenital
anomalies potentially caused by congenital ZIKV infection.
This information may be useful for ascertaining the knowl-
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edge gap to be filled by future research, especially as there are
still more questions than answers regarding congenital ZIKV
infection.

METHODS

Search Strategy

We conducted a literature search for English-language arti-
cles about ZIKV infection published between 2015 and 2016.
During this period, WHO and different organisations, such as
the US Centers for Disease Control and Prevention (CDC) laid
down clear guidelines for ZIKV diagnosis. The search terms

" ou "oy

used were, “zika”, “pregnancy”, [year], “microcephaly”’, “in-
fants”, “children”, “neonates”, “foetuses”, “neural tube defect”,
and “CNS manifestations” in different combinations. After
each search, the links displayed in the abstracts were followed
to yield more results. The bibliographies of the retrieved arti-

cles were carefully reviewed to yield more articles.

Information Sources

Information was searched from the online databases
PubMed/MEDLINE, POPLINE, Google Scholar, Embase, and
Web of Knowledge between 1 July and 31 December 2016.
Only studies published in scientific journals were included.
We used a checklist to extract the relevant information from
each included article, and no authors were contacted for ad-
ditional information.

Eligibility Criteria and Study Selection
As this review aimed to quantify laboratory-confirmed cas-
es and delineate the pattern of anomalies, we included case
reports, case series, and cross-sectional studies with descrip-
tions of cases published in English between 2015 and 2016.
All search results reporting on cases were included in this
review. Articles were screened for the completeness of data;
articles reporting ZIKV infection in the general population,
news and epidemiological alerts, review articles, and articles
with evidence of data repetition were excluded. All studies
were assessed for methodological quality using a checklist.”®
Atotal of 2,134 articles and abstracts were obtained; 1,761
were excluded because of duplication, leaving 373 abstracts
and articles to be analysed for eligibility, of which 320 were
excluded. Finally, 53 full articles were critically reviewed.
Only 24 articles (11 case series, 9 case reports, 2 cross-sec-
tional studies, 1 case-control study, and 1 cohort study) were
found to be eligible and included in this review (Figure 1).

Data Collection Process

Two independent reviewers performed data extraction using
a checklist with the headings Author, Study Period, Year of
Publication, Study Area/Country, Sample Size, Study Design,
Clinical Presentation, Imaging Results, Cases Tested, Diag-
nostic Technique, and Mother Symptoms, where applicable.
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FIGURE 1. PRISMA Diagram Outlining the Article Selection Process
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All studies described cases, and laboratory confirmation was
done using recommended techniques, such as RT-PCR and
IgM immunoassays.'**’

Summary Measures

Unweighted analysis was carried out, whereby the outcomes
of individual studies were counted to quantify the propor-
tions of cases with microcephaly and laboratory-confirmed
cases, as well as describe patterns of congenital anomalies.
We calculated 95% confidence intervals using 2-sample pro-
portion tests.

Ethical Approval

Ethical approval to conduct and publish this review was ob-
tained from the Joint Catholic University of Health and Allied
Sciences/Bugando Medical Centre (CUHAS/BMC) Ethical Re-
view Committee (CREC/043/2014/2015/2016).

RESULTS

Study Characteristics

Of the 24 articles included in the final analysis, 20 (83.3%)
were case series or case reports. Most of the data were col-
lected between February 2015 and June 2016. The majority
(n=21, 87.5%) of the studies were conducted in South Amer-
ica (Table). Seventeen (70.8% ) of the articles reported on lab-
oratory results associated with ZIKV infection. Five articles
reported PCR as the sole laboratory technique, while 13 ar-
ticles reported the use of IgM immunoassays along with PCR
assays. All articles reported on the presence or absence of mi-
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crocephaly. Nineteen (79.2%) of the studies investigated oth-
er causes of congenital anomalies, such as rubella, T. gondii,
cytomegalovirus, parvovirus B19, T. pallidum, herpes simplex
type 2, and HIV. Various combinations of ultrasound, com-
puted tomography, magnetic resonance imaging, and plain
x-rays were employed to establish imaging findings. Seven-
teen (68%) articles reported on maternal clinical signs and
symptoms during pregnancy.

Synthesis of Results

A total of 919 cases with central nervous system manifesta-
tions with or without laboratory confirmation of ZIKV infec-
tion were reported in the 24 articles. The majority of these
studies were from Brazil (Table). There were 884 (96.2%) cas-
es of microcephaly. Maternal clinical data were available for
309 mothers whose babies had microcephaly. Among these
309 women, the common signs and symptoms were rash
(n=189, 61.8), arthralgia or myalgia (n=65, 21%), and fever
(n=62, 20.1%). The details of the analysed articles are sum-
marised in the Table.

Diagnosis of ZIKV Infection

Out of 884 cases of microcephaly, 783 (88.6% ) were tested for
ZIKV infection. Of the 783 tested samples, 216 (27.6%; 95% CI,
24.5% to 30.8%) were confirmed to be positive for ZIKV in-
fection. Of 35 cases without microcephaly, 11 (31.4%) tested
positive for ZIKV infection. Of the 227 confirmed cases, most
(n=153, 67.1%) were confirmed by IgM enzyme immuno-
assay (EIA). The commonest sample type used for laborato-
ry confirmation of ZIKV infection was blood (n=761 of 783,
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FIGURE 2. Imaging Findings for 442 Microcephaly Cases

Imaging Findings

97.2%), followed by cerebrospinal fluid in 86 (11%) of 783
cases. Both amniotic fluid and tissue samples were used in
14 cases, urine was used in 8 cases, and amniotic fluid only
was used in 8 cases. Four cases relied on only tissue samples
for diagnosis. Histopathological findings using haematoxylin
and eosin staining and immunohistochemistry were investi-
gated for 6 cases, all of which had calcifications, with macro-
phages and perivascular infiltrates observed in 1 case.

Imaging Findings

Of the 883 cases with microcephaly, imaging results were
available for 442 (50.1%). The commonest finding was calcifi-
cations (n=240, 54.3%), followed by ventriculomegaly (n=92,
20.8%), cerebellar hypoplasia (n=52, 11.7%), and ocular man-
ifestations - including chorioretinal scarring, macular pig-
mentation, fovea and reflex loss, microphthalmia, intraocular
calcifications, cataracts, and microphthalmia (n=46, 10.4%).
Other findings included cortical hypogyration (n=23, 5.2%),
arthrogryposis (n=15, 3.4%), lower limb manifestations (n=6,
1.4%), cerebral atrophy (n=2, 0.5%), and hydrocephalus
(n=1, 0.25%). The details of the findings are summarised in
Figure 2. Adverse pregnancy outcomes observed were mis-
carriages (n=7), intrauterine growth retardation (n=4), hy-
drops foetalis (n=1), and stillbirths (n=2).
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DISCUSSION

This report summarises the magnitude of confirmed congen-
ital ZIKV infection and the scope of anomalies that might be
caused by ZIKV. An important finding is the magnitude of
the confirmed cases, which reflects progress in investigating
the link of causality. Only a quarter of “probable cases” were
laboratory confirmed as cases of ZIKV infection. The small
proportion of confirmed cases could be due to the unknown
course of the disease, the time taken for viral markers to dis-
appear after congenital infections, and the sensitivity of the
available assays. There is a need for a coordinated effort to
develop inexpensive, specific, and sensitive tests to diagnose
ZIKV infection. To date, only a few assays have been approved
and recommended by WHO.?

Another important observation is that three-quarters of
ZIKV studies in this review ruled out other causes of congen-
ital anomalies - such as rubella virus, T. gondii, cytomegalo-
virus, parvovirus B19, T. pallidum, herpes simplex type 2, and
HIV - which is important for providing more robust evidence
for the association between ZIKV and congenital anomalies.
It is crucial to screen for other causes of congenital anomalies
during the diagnosis of potential ZIKV cases, particularly in
developing countries where these infections are most prev-
alent.”’%

The majority of the articles in this review included
well-studied cases highlighting the widely varying patterns
of congenital ZIKV presentation. As has been done for the
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TABLE. Summary of the Articles Included in the Review
NSJ:i); ] Study Design' Study Location Sump'l\le Size CNS Man'i‘festutions Microc:phaly Lab r:sults
1 Case report?’ Washilr]g’t:»n bC, 1 1 0 ND
2 Case report? Paraiba, Brazil 2 2 2 2
3 Cohort study? ~ Ri© d;i‘;ﬂeim' 88 12 4 ND
4 Case series? Pernambuco, Brazil 7 7 7 2
5 Case series*3%0 Eight states, Brazil 35 35 35 ND
6 Case report* Sao Paulo, Brazil 1 1 0 ND
7 Case series'® French Polynesia 3 2 2 ND
8 Case report'® Paraiba, Brazil 2 2 2 2
9 Case report* Slovenia, Europe 1 1 1 1
10 Case—control¥ Recife, Brazil 32 32 32 13
11 Cross-sectional®® Brazil 602 602 602 76
12 Case series® Paraiba, Brazil 23 23 23 7
13 Case report™ Salvador, Brazil 1 1 1 1
14 Case report’! Pernambuco, Brazil 70 70 70 70
15 Case series’’ Brazil 5a 5 2 2
16 Case series™ French Polynesia 19 19 8 4
17 Case series™ Salvador, Brazil 29 29 29 ND
18 Case report™ Brazil 1 1 1 1
19 Case series® Paraiba, Brazil 11 11 11 6
20 Case report® Spain 1 1 0 1
21 Cross-sectional®” USA 26 26 18 26
22 Case series® Brazil 19 19 19 5
23 Case series'® Brazil 3 3 3 2
24 Case series’! Brazil 13 13 11 13
Total 994 919 884
“The diagnosis included 3 tissues samples
Abbreviation: ND, not determined
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congenital rubella syndrome,” there is a need to establish a
pathognomonic features list and case definitions for congen-
ital ZIKV infection.

Regarding laboratory diagnosis of ZIKV infection, half

(n=12) of the included articles confirmed ZIKV infection us-
ing EIAs and PCR assays. The diagnosis of ZIKV infection -
similarly to other closely related viruses, such as the chikun-
gunya, dengue, and yellow fever viruses - has become chal-
lenging due to cross-reactivity, which hinders the specificity
of the available diagnostic techniques.’®* Sensitive and spe-
cific assays to confirm ZIKV infection are in high demand at
this time of increasing anxiety related to ZIKV and its associ-
ated sequelae in both developed and developing countries.
Given that most congenital infections are associated with
similar maternal clinical presentations during pregnancy and
given the high incidence of congenital anomalies with un-
identified causes being reported in developing countries,*’ re-
liable and affordable diagnostic techniques for the screening
these infections at the point of care are paramount.
This review highlighted the common clinical manifestations
of congenital ZIKV infections. Cerebral calcifications were the
most common imaging finding, followed by ventriculomeg-
aly, cerebellar hypoplasia, and ocular manifestations. This
suggests that congenital ZIKV infection causes a wide array
of congenital anomalies, aside from microcephaly, which
calls for thorough clinical examinations and investigations
of all neonates with congenital anomalies. Even though ZIKV
is known to be neurotropic,'"** manifestations involving
other organ systems are possible, and this must be remem-
bered when considering ZIKV's role in causing congenital
anomalies, particularly in endemic developing countries
where the majority of congenital anomalies have no identi-
fied causes. Furthermore, apart from the congenital abnor-
malities mentioned herein, ZIKV might also cause a diverse
range of adverse pregnancy outcomes, such as miscarriages,
stillbirths, and intrauterine growth retardation.

In general, this review provides an overview of the cur-
rent situation regarding confirmed congenital ZIKV infection
along with the scope of outcomes, which may be useful for
future research and for designing control strategies. Never-
theless, we must mention several drawbacks. For example,
some of the articles did not clearly indicate how many micro-
cephalic newborns underwent imaging studies. This might
lead to an inaccurate understanding of the patterns of im-
aging findings. Similarly, most of the articles did not report
maternal clinical features during pregnancy, information
that could lead clinicians to have a high index of suspicion
for ZIKV infection when appropriate. Another limitation was
that some studies did not rule out other causes of congenital
anomalies.

CONCLUSION

Congenital ZIKV infections might be associated with a wid-
er spectrum of anomalies aside from microcephaly. This ne-
cessitates thorough clinical examination and investigation
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whenever a congenital infection is suspected. Diagnostic as-
says to confirm ZIKV infection are urgently needed, especially
in areas where ZIKV is endemic. There is a need to develop a
standardised format for reporting results regarding congen-
ital ZIKV infections to allow pooling of data for public use.
Additionally, we recommend further research on ZIKV strains
in relation to the pattern of congenital anomalies.
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