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Correlation between cephalic circumference 
at birth and ocular alterations in patients with 
microcephaly potentially associated with Zika 
Virus infection
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The Zika virus is an arbovirus that was isolated 
for the first time in non-human primates in Uganda, 
in the Zika forest, in 1947, through a network for syl-
vatic yellow fever monitoring, and is transmitted to 
humans through the bite of Aedes aegypti. In Brasil, 
it was first identified by molecular biology in May 
2015, and since then, his presence was confirmed in 
18 Brazilian states, initially in the Northeast region1-3.

Since then, the Zika virus (ZIKV) was identified 
as the etiologic agent of the acute exanthematous 
disease in Brasil, and from October of the same 
year, neuropediatricians in Recife (Pernambuco) 
warned about an epidemic of microcephaly with 
peculiar radiographic changes suggestive of con-
genital infection4. The Ministry of Health of Brasil 
confirmed the relationship between the Zika virus 

SUMMARY
INTRODUCTION: The Zika virus (ZIKV) is an arbovirus isolated for the first time in 1947 and transmitted to humans by the Aedes aegypti 
mosquito. In Brasil, it was first detected in May 2015. Since then, ZIKV has been identified as the etiological agent of acute exanthem-
atous disease in Brasil, and Neuropediatricians of the Recife warned about an epidemic of microcephaly, and the Brazilian Ministry of 
Health confirmed the association between ZIKV and Congenital malformations and neurological syndromes. The eye, as an extension 
of the developing brain, has been examined in patients with microcephaly and maternal history of ZIKV infection. 
METHODS: Twenty newborn patients with microcephaly, whose mothers had presumed Zika virus during pregnancy, were analyzed 
through medical records. The nonparametric chi-square statistic was used to verify the association between head circumference and 
ocular alteration at a significance level of 0.0001.
RESULTS: The significance of P = 0.000 in the value of non-parametric chi-square statistics was lower than the value of α = 0.0001, 
demonstrating that, at a level of 0.0001, there is an association between head circumference and ocular alteration.
CONCLUSION: Although the knowledge of the natural evolution of the disease is still scarce, the current evidence is strong enough to 
establish a causal relationship between ZIKV infection during pregnancy and the increased incidence of the microcephaly and serious 
eye alterations that lead to the severe lower vision of these children.
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METHODS

We analyzed, by means of a medical chart, 20 
newborn patients with microcephaly, whose moth-
ers presumably had a Zika virus infection during 
pregnancy. This study was carried out in a maternity 
hospital of reference in Grande João Pessoa-PB, and 
we also performed a bibliographic search in the SciE-
LO, Lilacs, and Medline databases. 

The data analysis was performed from the de-
scriptive statistics, with mean, standard deviation, 
median, amplitude, confidence interval, minimum 
and maximum values for the continuous variable of 
head circumference. The nonparametric Chi-square 
statistics were used to verify the association between 
head circumference and ocular alteration, at a signif-
icance level of 0.0001. The data were tabulated and 
analyzed using SPSS software (Statistical Package for 
the Social Sciences).

RESULTS

Of the 20 newborns whose medical records were 
analyzed, 10 were males and 10 females, all born 
at term, with gestational age ranging from 37 to 
40 weeks and an average weight of 2.649 kg. Most 
mothers, around 70% (14 mothers), reported the 
presence of a rash during pregnancy, suggesting that 
they might have been affected by Zika virus in the 
gestational period. 

Of these, 11 reported it during the first trimester 
of pregnancy, and three in the second trimester. The 
head circumference ranged from 27 cm to 31.5 cm at 
birth, with an average of 29.5 cm.

and microcephaly and issued an epidemiological 
alert about the association between the viral infec-
tion, congenital malformations, and neurological 
syndromes1.5.

Microcephaly is not a disease in itself, but a sign 
of destruction or deficit of brain growth, with a con-
genital malformation defined as a head much small-
er in size than those of other babies of the same age 
and sex4.6.

The sequelae of microcephaly depend on its etiol-
ogy and the age at which the event occurred, the ear-
lier the infection, the more serious are the anomalies 
of the central nervous system (CNS) 4.6. 

The eye, as an extension of the developing brain, 
has been examined in patients with microcephaly 
and a maternal history of infection by Zika virus. In 
55% of patients with Zika virus infection, in the 2015-
2016 Brazilian epidemic, there were central anom-
alies in the retina and other ocular alterations4,7-11. 
These neurodevelopmental defects, associated with 
Zika infections, are grouped into what is called Zika 
virus syndrome12. 

The retinal changes caused by Zika virus infec-
tion usually involve the macula, with injuries rang-
ing from mild pigmentation alterations to retinal at-
rophy13-16.

The present study describes the profile of chil-
dren with microcephaly, born in a maternity hospital 
of reference in João Pessoa, whose mothers presum-
ably had a Zika infection during pregnancy, and the 
association between ocular alterations and head cir-
cumference, in addition to a review of the literature 
on the subject.

FIGURE 1 - MACULAR CHORIORETINAL ATROPHY IN BOTH EYES OF A PATIENT; THE LARGER LESION IN LOCATED 
ON THE LEFT EYE (LE).
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In relation to the imaging exams, all children had 
an ultrasound after birth, in which neurological ab-
normalities were observed suggesting an intrauter-
ine infection. Of these, the most frequent was ven-
triculomegaly/hydrocephalus in 75% of the patients, 
followed by brain calcifications in 55% of them. Other 
changes found were cerebral hemorrhage and brain 
alterations, such as lissencephaly and pachygyria.

In relation to the ocular effects, these were ob-
served in 70% of the patients, and macular atrophy 
was the most frequent (30%) (Figure 1). The ocular 
alterations found ranged from normality to paleness 
and hypoplasia of the optic nerve, dispersion of ret-
inal pigment epithelium in the macular region and 
chorioretinal macular atrophy (Figure 2).

According to the data in Table 1, the mean head 
circumference is of 29.55 cm, with a positive or neg-
ative variation of 1.54. The minimum value observed 
for the head circumference was 27 and the maxi-
mum 32. The amplitude of the head circumference, 
i.e., the difference between the highest and lowest 
values was 5. 

The significance level of P=0.000 in the non-para-
metric chi-square statistic value was less than α = 
0.0001, showing that P<α; thus, we can conclude 
that, at a 0.0001 level, there is an association be-
tween the head circumference and ocular alteration. 

DISCUSSION

It is known that the intrauterine period is a crit-
ical stage for the growth and development of fetal 
organs and tissues and that injuries suffered during 
this stage interfere with this process. Pregnant wom-

en, when infected by teratogenic etiologic agents, 
such as toxoplasmosis, rubella, cytomegalovirus, 
herpes, and syphilis, can transmit them vertically. In 
Brasil, the event of the epidemic of microcephaly si-
multaneous with the widespread Zika virus infection 
meant that, for the first time, a possible causal as-
sociation between arbovirus infections and congen-
ital malformations was reported and, subsequently, 
confirmed1. 

Even though the knowledge about the natural 
evolution of the disease and its pathogenesis is still 
scarce, the current evidence is strong enough to es-
tablish a causal relationship between a Zika virus 
infection during pregnancy, particularly in the first 
trimester and not necessarily symptomatic, and the 
increased incidence of abortions, stillbirths, and ear-
ly mortality, in addition to microcephaly and severe 
ocular alterations that lead to severe low vision of 
these children4.

The knowledge of the ocular effects of the Zika 
virus syndrome is based on a series of cases by many 

FIGURE 2 - DISPERSION OF PIGMENT EPITHELIUM IN THE MACULAR REGION OF BOTH EYES OF A NEWBORN.

TABLE 1 - DESCRIPTIVE AND INFERENTIAL STATISTICS 
OF THE HEAD CIRCUMFERENCE.

Average 29.5500
Confidence interval of 95% for the 
mean: Higher threshold

Lower threshold 28.8301
30.2699

Median 29.5000
Standard deviation 1.53811
Minimum 27.00
Maximum 32.00
Range
Chi-square - Sig. Assin. (2 tailed)                     

5.00
0.000*

P<0.0001*
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are directly related to the effect of the ZIKV infection, 
microcephaly, or both. Additional studies are needed 
for a better understanding of this issue20. 

The retinal changes caused by Zika virus infec-
tion usually involve the macula, with injuries rang-
ing from mild pigmentation alterations to retinal at-
rophy13-16,19.

These exams are important both to obtain a bet-
ter understanding of the disease, but also to plan 
strategies for visual rehabilitation in order to im-
prove cognitive aspects17.18. Multicenter prospective 
studies are necessary because it will provide im-
portant data about the natural course of the disease, 
which will contribute to the creation of guidelines 
relating to the diagnosis, treatment, and follow-up 
for the rehabilitation and eye care of newborns with 
Zika virus syndrome.

The perspective of this study is to corroborate 
other articles in relation to the existing association 
between Zika, microcephaly, and ocular changes, in 
addition to contributing with public health policies 
and social measures aimed at encouraging that all 
newborns of mothers who presumably had a Zika 
infection go through ophthalmologic screenings, for 
early visual stimulation, in order to minimize the 
dependencies and the social effects caused by these 
changes in patients affected. In addition, this work 
emphasizes to the authorities that there is a need for 
more public and private investment for the better un-
derstanding of the disease, since the lack of financial 
resources for research is a key limiting factor in this 
process, with an impact on public health in Brasil 
and worldwide.

researchers, including the study group on Zika virus, 
which proposes to carry out ophthalmologic evalu-
ations, not only of newborns with clinical and/or 
laboratory evidence of ZIKV, but also of apparently 
healthy children whose mothers had laboratory ev-
idence of ZIKV infection during pregnancy or even 
suspected cases in endemic areas3.17.

In a case study carried out in Recife-PE, three 
cases of intrauterine Zika virus infection were re-
ported, detected using a funduscopy exam of the 
eyes, macroscopic macular pigment, and macular 
chorioretinal atrophy5. In another study, 15 pa-
tients who had macular abnormalities were also de-
scribed, but these have not been reported in other 
outbreaks of Zika virus worldwide2. Changes in the 
optic nerve were also observed, such as hypoplasia, 
paleness and an increased excavation of the optical 
disk2,5,18,19. 

A study conducted in Colombia and Venezuela, 
which evaluated 43 patients between October 2015 
and June 2016, showed that 12% of the cases of con-
genital Zika with microcephaly had anomalies of the 
anterior segment of the eye and 88% presented macu-
lar and optic nerve abnormalities. The visual sequel-
ae of theses ophthalmic effects remain unknown20.

The physiopathology of the injuries presented by 
these infants may be related to the virus or the inflam-
matory response. This can result in serious brain find-
ings (abnormal development and brain calcification), 
as well as ocular lesions2,3,5,19. The association between 
head circumference and ocular alterations observed in 
this study is supported by Ventura et al.21.

It is still unknown whether the ocular alterations 

RESUMO:

INTRODUÇÃO: O vírus Zika (ZIKV) é um arbovírus isolado pela primeira vez no ano de 1947, sendo transmitido para o homem pelo 
mosquito Aedes aegypti. No Brasil foi detectado pela primeira vez em maio de 2015. Desde então, ZIKV foi identificado como o 
agente etiológico da doença exantemática aguda no Brasil, e neuropediatras do Recife deram o sinal de alerta sobre uma epidemia 
de microcefalia, tendo o Ministério da Saúde do Brasil confirmado a associação entre ZIKV e malformações congênitas e síndromes 
neurológicas. O olho, sendo uma extensão do cérebro em desenvolvimento, tem sido examinado em pacientes com microcefalia e 
história materna de infecção por ZIKV. 
MÉTODO: Foram analisados, por meio de prontuário médico, 20 pacientes recém-nascidos, portadores de microcefalia, cujas mães 
tiveram presumidamente Zika vírus durante a gestação. A estatística não paramétrica Qui-Quadrado foi utilizada para verificar a 
associação entre perímetro cefálico e alteração ocular, no nível de significância de 0,0001. 
RESULTADOS: A significância de P=0,000 no valor da estatística não paramétrica de Qui-Quadrado foi menor do que o valor de α = 
0,0001, demonstrando que podemos afirmar que, em um nível de 0,0001, há uma associação entre o perímetro cefálico e a alteração 
ocular.
CONCLUSÃO: Apesar de ainda serem escassos os conhecimentos sobre a evolução natural da doença, as evidências atuais são fortes o 
suficiente para estabelecermos a relação causal entre a infecção pelo ZIKV durante a gravidez e o aumento da frequência da microce-
falia e alterações oculares graves que levam à baixa severa da visão dessas crianças.
PALAVRAS-CHAVE: Zika vírus. Gravidez. Microcefalia. Manifestações oculares.
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