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ABSTRACT

The emergence of Zika virus (ZIKV), which was previously limited to sporadic cases in Africa and Asia, with subclinical or mild influenza-like
illness, has rapidly become widespread in the Americas since 2015, exhibiting a relationship with microcephaly and other birth defects. The
broad spectrum of adverse outcomes caused by ZIKV infection in utero has been described as congenital Zika syndrome (CZS). One of
the important pillars of this new entity is the ocular manifestations that may be presented at birth by the affected newborns. Interestingly, all
infants with CZS show significant visual impairment, regardless of whether they present with ocular findings, which suggests cortical visual
impairment. In addition, infants with CZS may have limited power of accommodation, poor visual acuity, high refractive errors, and strabismus,
which frequently require refractive correction. Thus, CZS is a challenge not only to families but also to health care providers and the public
health system.
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RESUMO

O virus da zika (ZIKV), que anteriormente se limitava a casos esporadicos na Africa e na Asia, com sintomas similares a uma gripe leve ou
subclinica, rapidamente tomou conta das Américas desde 2015 e passou a ter comprovadamente uma relagdo com microcefalia e outros
defeitos congénitos. O amplo espectro das consequéncias causadas pela infecgéo intrauterina do feto por ZIKV foi descrito como sindrome
congénita do virus da zika (CZS). Um dos principais pilares desta nova entidade sdo as manifestagdes oculares que os recém-nascidos
afetados podem apresentar. Curiosamente, todas as criangas com CZS apresentam comprometimento visual significativo, independentemente
de apresentarem achados oculares, o que sugere deficiéncia visual cortical. Além disso, as criangas com CZS podem ter um poder limitado
de acomodacgdo, ma acuidade visual, altos erros de refragdo e estrabismo, requerendo frequentemente correcéo refrativa. Desta forma,
a CZS é um desafio ndo so para as familias, mas também para os prestadores de cuidados da saude e para o sistema de saude publica.
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RESUMEN

El virus del zika (ZIKV), que previamente se limitaba a casos esporadicos en Africa y Asia, con sintomas similares a los de una gripe sencilla
o subclinica, rapidamente tomé las Américas desde 2015 y se comprobd la relacion que paso a tener con la microcefalia y otros defectos
congeénitos. El amplio espectro de las consecuencias provocadas por la infeccion intrauterina del feto por el ZIKV fue descrito como sindrome
congeénito por el virus del zika (CZS). Uno de los principales pilares de esta nueva entidad son las manifestaciones oculares que los recién
nacidos afectados pueden presentar. Lo curioso es que todos los nifios infectados por el CZS presentan problemas visuales significativos,
ya sea si presentan hallados oculares o no, lo que sugiere deficiencia visual cortical. Ademas, los nifios infectados por el CZS pueden tener
un poder limitado de acomodacion, mala acuidad visual, elevadores errores de refraccion y estrabismo, por lo cual se requiere correccion
refractiva frecuente. Asi, la CZS presenta un desafio no solamente para las familias, sino también para los prestadores de cuidados de la
salud, asi como para todo el sistema de salud publica.
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INTRODUCTION

The Zika virus (ZIKV) was first isolated from a sentinel rhesus monkey in the Zika Forest in Uganda in 1947".
Five years later, the presence of ZIKV was detected in humans in Nigeria in 19532 However, due to the clinical
picture of ZIKV infection exhibiting only mild febrile illness, similar to those of dengue fever and chikungunya,
ZIKV received only limited research attention®.

Before 2007, only sporadic ZIKV cases were reported in Africa and Asia. The first documented ZIKV outbreak
was reported in 2007 in Yap Islands, part of the Federated States of Micronesia, which resulted in approximately
5,000 infections among the total population of 6,700*. Subsequently, 6 years later, another outbreak was reported
in French Polynesia that involved an estimate of 32,000 people®®, and neurological complications, including
Guillain—Barré syndrome, were associated with ZIKV infection for the first time®.

In the Americas, ZIKV was initially identified at the beginning of 2015 in two northeastern states of Brazil,
Rio Grande do Norte and Bahia”®. However, the first state to report birth defects was Pernambuco. By December
2015, the Brazilian Ministry of Health estimated that 440,000-1,300,000 people had been exposed to ZIKV in
Brazil, and by March 2016, the virus had spread to at least 33 countries and territories in the Americas®"".

Acquired ZIKV infection is symptomatic in only 20% of the infected population, with the general symptoms
being fever, maculopapular rash, arthralgia, and nonpurulent conjunctivitis*. Six months after the beginning of
the Brazilian outbreak, the Brazilian Ministry of Health reported an increase in the number of newborns with
microcephaly'>'3. This unexpected event spread rapidly throughout the Americas, which resulted in the World
Health Organization (WHO) declaring ZIKV an international public health emergency that lasted from February
to November of 2016,

DIAGNOSIS OF ZIKV INFECTION

ZIKV infection is a mosquito-borne disease closely related to yellow fever, dengue fever (DFV), West Nile
fever, and Japanese encephalitis viruses'. The most accurate method of diagnosing ZIKV infection in mothers
is the identification of the virus through real-time reverse-transcriptase—polymerase chain reaction (RT-PCR)
testing during the period of acute infection. The virus is detectable in blood during the period of acute viremia
and initial symptoms and is subsequently shed in the urine, generally for 3—14 days''®. In Brazil, the diagnosis
of ZIKV infection has been complicated due to the cross-reactivity among other flaviviruses such as DFV, which
have been considered endemic in Brazil for more than 30 years. However, no congenital abnormalities were
observed in neonates of mothers who had DFV".

Diagnosing ZIKV infection is very challenging and requires an enormous public health effort, since most cases
are asymptomatic'®. Due to the fact that RT-PCR testing for ZIKV is not part of standard prenatal care, it is only
performed in pregnant women when symptoms are reported. This implies that ZIKV infection is more commonly
diagnosed during fetal ultrasonography follow-ups, when neurological findings such as brain calcifications and
microcephaly are detected, or at birth, when other clinical manifestations of the Congenital Zika Syndrome (CZS)
are found. In such cases, it is essential to exclude other causes of microcephaly, including other congenital
infections, alcohol abuse, and genetic or familial disorders. The diagnosis is supported by positive ZIKV serology
(IgM) as well as by negative serological tests for DFV and chikungunya virus'®'8. In equivocal cases, plaque-
reduction neutralization tests (PRNTs) can be performed to confirm CZS".

MODES OF ZIKV TRANSMISSION

The most common mode of ZIKV transmission is the bite of an infected mosquito, usually A. aegypti or A.
albopictus'®. Other modes of transmission have recently been reported in the literature such as sexual intercourse,
blood transfusion, organ transplant, and most importantly, the vertical transmission. In addition, scientists have
recently questioned if the contact with infected body fluids such as sweat, tears, and saliva could increase the
risk of transmission'®-25,

The sexual transmission of ZIKV is an important matter, since viral RNA has been detected in the semen 6
months after the onset of symptoms, and this could potentially increase the risk of vertical transmission to fetuses.
However, the rate of sexual transmission is unknown and the risk factors for sexual transmission have not been
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determined?. However, condom use has been recommended in epidemic areas and if symptoms are presented. In
case ZIKV infection is diagnosed during the acute phase by PCR, condom use is now recommended for 3—-6 months
to avoid sexual transmission; however, additional data are necessary to support definitive recommendations?®.

The magnitude of the risk of developing microcephaly after maternal infection remains unknown. Studies
performed previously in Brazil and the French Polynesia estimated a risk between 1- 13% of having the virus
transmitted to the fetus when maternal infection occurs in the first-trimester?-2°. Recently, a study conducted in
the United States revealed, among pregnant women with complete pregnancies and laboratory evidence of a
possible recent ZIKV infection, that 6% of fetuses or infants showed evidence of ZIKV-associated birth defects,
primarily brain abnormalities and microcephaly, and among women with a possible ZIKV infection exclusively
during the first trimester, 11% had a fetus or an infant with a birth defect°.

ZIKV infection occurring during pregnancy is deleterious to the fetus and is associated with fetal death,
fetal growth restriction, and a spectrum of central nervous system (CNS) abnormalities, thereby making this
disease a dangerous public health problem*??. This is why the WHO recommends that pregnant women must not
travel to endemic areas and that pregnant women in such areas must use insect repellents to avoid the bites of
the hematophagous mosquito Aedes aegypti. The Center for Disease Control and Prevention (CDC) guidance
recommends ZIKV testing for all women with possible exposure during pregnancy, regardless of symptoms?6. The
latest CDC guidelines for the evaluation of infants with a possible congenital ZIKV infection recommend testing
of the infant when there is laboratory evidence of a possible maternal ZIKV infection. Further recommendation
considers testing in situations wherein there is maternal exposure to ZIKV infection during pregnancy and no
maternal testing was carried out, or when the maternal testing results were negative but the testing was conducted
outside the time period when molecular and serological testing results would be expected to be positive®.

CLINICAL FINDINGS

The causality link between ZIKV infection and neonatal structural malformations has been recently
demonstrated®'. Cugola et al. analyzed the Brazilian ZIKV strain (ZIKVBR) in experimental mice models and
reported that it crosses the placenta and causes microcephaly by targeting cortical progenitor cells and
inducing cell death through apoptosis and autophagy, thus impairing neurodevelopment®2. Microcephaly is
a severe disorder of fetal brain development that results in a head size that is smaller than normal and is
often accompanied by delays in cognitive and physical development. Genetic or environmental brain damage
occurring in utero can result in congenital microcephaly at birth, and infectious causes have been identified as
well-established associations (e.g., rubella, cytomegalovirus infection, and toxoplasmosis)®'. Microcephaly is
only one of the possible adverse outcomes among a spectrum of conditions that may be a part of the CZS33. The
recognizable pattern of CZS may include (1) severe microcephaly with a partially collapsed skull; (2) thin cerebral
cortices with subcortical calcifications; (3) macular scarring and focal pigmentary retinal mottling; (4) congenital
contractures; and (5) marked early hypertonia with symptoms of extrapyramidal involvement®.

Few studies have reported that normocephalic infants with CZS at birth present with abnormal postnatal
brain development or adverse effects that are not immediately evident at birth®:.

OCULAR FINDINGS

This new entity has been reported to cause brain anomalies and ocular manifestations in the eyes of
the affected newborns®-%. Researchers from the Altino Ventura Foundation in Recife, Brazil, organized a
multidisciplinary task force in partnership with researchers from the Federal University of Sdo Paulo (Unifesp) and
the Oswaldo Cruz University Hospital (HUOC) to investigate the visual and neurological effects of ZIKV infection.
When the first task force convened on December 14, 2015, 55 newborns were examined, of whom 40 presented
with microcephaly, other neurological manifestations, and negative serology for other congenital infectious
diseases®.In this study, ocular manifestations were detected in 55.6% of the newborns, including chorioretinal
scars, pigment mottling in the macular region, optic nerve hypoplasia, optic nerve pallor, and increased cup-to-
disc ratio®'. Interestingly, a similar situation had occurred in Salvador, Bahia, where similar ocular findings were
reported in 34.5% of the affected newborns®. It is important to emphasize that at that time, no serology for ZIKV
was available in Brazil. Thus, a presumed diagnosis of CZS was given to these newborns in Recife and Salvador.
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This same study reported that the infected fetus is most likely to be more susceptible to the effects of the virus
on the eye during the first trimester of pregnancy, similar to other congenital infections®. They also showed that
the severity of microcephaly is also associated with fundus abnormalities.

A later study by Ventura et al. revealed that regardless of fundus involvement, all infants with CZS present
with visual impairment, suggesting that visual impairment is most likely implicated by the extensive damage to the
CNS*. This hypothesis is supported by several mice model studies showing that ZIKV severely attacks neural
progenitor cells causing cell death and restricting neurodevelopment3241-43,

Infants with CZS, similar to other infants with brain abnormalities, and neurological visual impairment may
have limited power of accommodation, poor visual acuity, high refractive errors, and strabismus#4-4¢,

Overcorrection done to improve accommodation has been shown to result in immediate improvement in
binocular vision in 62% of the children (Figure 1)*.

Since ZIKV infection is an emerging disease, a larger number of studies are required to better address this
infection. Past studies have highlighted hearing loss, visual impairment, and neuromuscular and neurodevelopmental
abnormalities as common long-term sequelae associated with congenital viral infections3347.

CONCLUSIONS

ZIKV infection has recently emerged as a major global threat to pregnancies. Given the serious congenital
complications that can develop due to ZIKV infection and the substantial long-term consequences, including
seizures, visual and hearing impairment, feeding difficulties, and significant developmental delay, a strong and
rapid global public health and research response to the virus is essential to limit and prevent the major health,
social, and economic impact of the virus and to advance the development of therapeutics, vaccines, and improved
diagnostics. All newborns suspected of CZS infection must undergo at least one eye examination, including a
dilated fundus examination as well as auditory and global assessment. Longitudinal monitoring of the infants with
possible CZS is essential for a complete characterization of the visual and systemic outcomes. The pandemic
potential of the disease requires research toward the development of a vaccine and greater efforts in vector control.

Figure 1. An infant with congenital Zika syndrome adapting eyeglasses as a part of the early
intervention treatment for visual impairment.
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