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ABSTRACT

This study analyzed possible associations between the trimester of maternal Zika virus 

infection (ZIKV) in pregnancy, severity of brain computed tomography (CT) findings and the 

presence of microcephaly at birth in children with Congenital Zika Syndrome (CZS). It was 

an analytical study in a cohort of children with CZS. Symptoms of maternal infection were 

dichotomized into the 1st trimester of pregnancy and other trimesters. Head circumference 

(HC) at birth was used to calculate the z-score. Mild microcephaly was defined as HC between 

2 and ≥3 standard deviations (SD) below the mean for each gestational age and sex, and 

severe microcephaly when HC <3 SD below average. Brain CT images were evaluated by two 

radiologists and classified, according to the severity, into mild, moderate and severe. Fisher’s 

exact, Mann-Whitney and Kruskal-Wallis tests were used to verify the associations between 

variables. In 108 children, maternal infection in the 1st trimester of pregnancy was associated 

with more severe brain CT abnormalities (p=0.038), greater severity of microcephaly at birth 

(p=0.013) and lower HC z-scores at birth (p=0.021). The severity of brain CT lesions was also 

associated with lower HC z-scores at birth (p<0.001). Maternal ZIKV infection during the 

first trimester of pregnancy proved to be an important risk factor for a more severe spectrum 

of CZS, as it is associated with more severe brain CT abnormalities and, consequently, with 

lower HC z-scores at birth.

KEYWORDS: Zika virus. Zika virus infection. Congenital abnormalities. Brain computed 

tomography. Microcephaly.

INTRODUCTION

At the end of 2015, there was a marked increase in reported cases of microcephaly 
in newborns in the regions affected by the Zika outbreak in Brazil, especially in 
the Norteast1. The World Health Organization (WHO) and the Center for Disease 
Control and Prevention (CDC) recognized the causal relationship between the virus 
and the presence of birth defects in April 20162,3.

The Congenital Zika Syndrome (CZS) was later described by the presence of a 
pattern composed of five features that allow the differentiation from other congenital 
infections: (1) severe microcephaly with partially collapsed skull; (2) thin cerebral 
cortex with subcortical calcifications; (3) macular healing and retinal pigmentary 
spotting; (4) congenital contractures; and (5) early hypertonia with extrapyramidal 
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symptoms4,5. However, not all newborns of pregnant women 
infected with the Zika virus (ZIKV) show clinical signs 
of the syndrome. The percentage of children with clinical 
symptomatology or brain images born to pregnant women 
infected with ZIKV varied from 9% to 42%6,7. Likewise, 
the absence of signs and symptoms characteristic of 
ZIKV infection in pregnant women does not exclude the 
possibility of CZS8,9. Microcephaly and other less frequent 
signs have been reported in children born to asymptomatic 
pregnant women8,10.

Some studies have reported a higher frequency of 
microcephaly when maternal infection occurred in the 
first gestational trimester6,8,11-13. However, as the studies 
were descriptive and included a small number of cases, 
no statistically significant difference was found in these 
studies6,8,11,12. Additionally, the association between 
skin rash in the first gestational trimester and severe 
microcephaly at birth was verified in a retrospective 
study with 602 confirmed or probable cases of CZS13. 
However, there seems to be no consensus in the literature 
in this regard, since Menezes et al.14, in a retrospective 
study with 87 confirmed cases of CZS, did not identify 
this association. 

In addition to microcephaly, congenital ZIKV infection 
is also capable of leading to abnormalities during the 
developmental stage of the Central Nervous System (CNS), 
such as brain calcifications, ventriculomegaly, abnormalities 
of cortical development and cerebellum and brainstem 
hypoplasias4,14-16. These neuroimaging findings were more 
common when the infection occurred in the first gestational 
trimester6,14-16 and it is suggested that the earlier the 
maternal infection occurs in pregnancy, the greater the risk 
of involvement and the seriousness of CNS damages15,17. 

Only one study in the literature addressed the association 
between head circumference,measured using the z-score, and 
neuroimaging abnormalities. In this study, Menezes et al.14 
investigated 87 confirmed cases of congenital ZIKV 
infection and showed no difference in HC z-scores of infants 
with or without lysencephaly and hypogyria.

Most previous studies with neuroimaging in CZS 
are descriptive and performed with few cases, thus with 
low power to detect statistically significant associations. 
Furthermore, studies that analyzed the association between 
abnormalities in brain CT with the gestational trimester of 
ZIKV infection and the severity of microcephaly are still 
scarce11,14,18. Based on these considerations, this study aims 
to answer the following questions: is there an association 
between maternal ZIKV infection during the first trimester 
of pregnancy and greater severity of brain CT findings 
and microcephaly at birth? Is greater severity of head CT 
abnormalities related to a lower HC z-score at birth?

MATERIAL AND METHODS

This is an analytical study of a cohort of children with 
CZS born from March 2015 to September 2018 in Maranhao 
State, Brazil, and followed up at the Reference Center 
for Neurodevelopment, Assistance and Rehabilitation of 
Children (NINAR), located in Sao Luis, Maranhao State, 
Brazil. It is based on a convenience sample. The children 
were referred to the NINAR Rehabilitation Center for the 
investigation of the SZC due to the following reasons: 
a) history of maternal ZIKV infection during pregnancy; 
b) microcephaly at birth or postnatally; c) neuropsychomotor 
development delay.

Cases were classified as confirmed, laboratory 
probable, highly and moderately probable. To identify 
confirmed cases, the results of the plaque reduction 
neutralization test (PRNT90), collected after 18 months 
of age, were used. PRNT was performed based on a 
previously described protocol, with some adaptations19 to 
determine the maximum serum dilution (1:8 to 1:4,096) 
necessary to reduce the formation of ZIKV plaque by 90%. 
PRNT90 titers ≥1:10 were considered positive. Laboratory 
probable cases were identified from the serological test of 
class M specific immunoglobulin (IgM). Enzyme-linked 
immunosorbent assays (ELISA) based on the envelope 
proteins were used to screen anti-ZIKV IgM antibodies 
in the patients’ serum20. For the classification of highly 
probable cases, brain CT lesions suggestive of CZS were 
considered (calcifications, reduction in the volume of 
cerebral parenchyma, ventriculomegaly, malformation 
of cortical development, malformation/hypoplasia of the 
cerebellum, malformation/hypoplasia of the brain stem and 
agenesis/dysgenesis of the corpus callosum)9 and negative 
serology for the TORCHS group (Toxoplasmosis, Rubella, 
Cytomegalovirus, Herpes Simplex and Syphilis). The 
moderately probable cases were defined as the presence 
of the same brain CT abnormalities mentioned above, but 
without all serologies for the TORCHS group performed 
or with inconclusive results, due to the fact that the serum 
collection for exams was performed in an average age 
of 18 months, a period in which about 73% of children 
already have positive cytomegalovirus (CMV) serologies 
due to postnatal transmission21. Despite this, we do not 
completely rule out the possibility of vertical transmission, 
but we considered vertical transmission of CMV in these 
cases highly unlikely.

The children’s mothers were interviewed and asked 
about the presence of symptoms related to a possible 
ZIKV infection during pregnancy. Those who had rash or 
two or more of the following symptoms were considered 
symptomatic: fever, headache, joint arthralgia/edema, 
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conjunctivitis and pruritus. The period of probable maternal 
infection was dichotomized into the first trimester and 
the 2nd/3rd gestational trimesters. Children whose mothers 
denied symptoms suggestive of ZIKV during pregnancy 
were excluded from the analyzes involving the gestational 
trimester of maternal infection.

Head circumference (HC) was measured by trained 
health professionals using an inextensible tape positioned 
over the occipital prominence and the arch of the eyebrows6. 
The HC measurement at birth was used to calculate the HC 
z-score, according to the INTERGROWTH-21st22 standards 
for each sex and gestational age, using corrected gestational 
age for preterm children. Mild microcephaly was defined as 
HC <2 and ≥3 standard deviations (SD) below the mean for 
gestational age and sex. Severe microcephaly was considered 
when HC <3 standard deviations below the mean. 

Neuroimaging of children was performed by brain 
CT scan through volumetric acquisitions in the Siemens 
Definition AS multi-slice devices (64 channels) and reviewed 
by two radiologists with experience in neuroimaging. 
The following classification of severity of damages 
was proposed: (1) mild, when there were only cerebral 
calcifications and/or mild/moderate reduction of cerebral 
parenchyma; (2) moderate, if cortical malformation and/or  
malformation of the posterior fossa (brainstem and 
cerebellum) were present, regardless of the presence of 
injuries considered mild; and (3) severe, which included 
severe reduction of the brain volume with ex-vacuum or 
hypertensive ventriculomegaly, regardless of the presence 
of other abnormalities. 

Data were collected from information contained in 
medical records, interviews with mothers or guardians of 
the child, medical records and cards for pregnant women 
and children. The prenatal data collected from interviews 
were compared with the information contained in the 
medical records and in the pregnant woman’s card. When 
data diverged, the team contacted the interviewee to check 
the inconsistencies. The data were stored in the REDCap 
software database (Research Eletronic Data Capture, 
version 9.7.3, Vanderbilt University, Nashville, TN, USA) 
and exported to the Stata® (version 14.0, StataCorp LP, 
College Station, TX, USA) for statistical analysis.

Categorical variables were presented as relative and 
absolute frequencies and continuous variables as median 
and interquartile range (IQR). Fisher’s exact tests were used 
to verify the association between categorical variables and 
the Mann-Whitney and Kruskal-Wallis tests were used for 
continuous dependent variables without normal distribution. 
P value for trend was calculated in a linear regression model 
for continuous variables (head circumference z-score) or 
in logistic regression models for binary variables (severity 

of cranial tomography findings and microcephaly at birth) 
entering gestational trimester of maternal ZIKV infection 
as an ordinal variable.

Written informed consent was obtained from all 
mothers. The study was approved by the Institutional 
Research Ethics Committee of the University Hospital of the 
Federal University of Maranhao, Certificate of Presentation 
of Ethical Appreciation (CAAE) Nº 65897317.1.0000.5086.

RESULTS

A total of 108 confirmed or probable cases of CZS were 
included in this study. Thirty-nine (36.1%) children were 
classified as confirmed cases (positive PRNT) and three 
(2.7%) as probable laboratory cases (IgM positive). The 
remaining children were defined as probable cases of CZS: 
33 (30.6%) classified as highly probable and 33 (30.6%) 
as moderately probable, according to radiological criteria 
and serology for TORCHS. Fifty-nine percent were males 
and 14% were born preterm. Only one child with positive 
PRNT had a positive IgM result for toxoplasmosis. The 
most common brain CT findings were cerebral calcifications 
(93.4%), ventriculomegaly (88.6%), reduction of the 
cerebral parenchyma (85.6%) and malformations of the 
cortical development (79.1%). Malformations of the 
cerebellum (19.1%), agenesis/dysgenesis of the corpus 
callosum (18.2%) and malformations of the brainstem 
(16.5%) were less frequent. 

Eighty-one mothers (77.1%) reported signs and 
symptoms suggestive of ZIKV infection during pregnancy, 
while 24 (22.9%) were considered asymptomatic. Three 
women were excluded from the analysis of the gestational 
trimester of maternal infection, as they were unable to report 
the presence or absence of signs and symptoms suggestive 
of ZIKV infection. Of the 81 symptomatic mothers, 65.4% 
reported symptoms in the first trimester and 34.6% in the 
second or third trimester of pregnancy. Brain computed 
tomography images were available in 98.1% of cases. Of the 
106 children, 40.6% were classified as severe; 42.4% had 
moderate abnormalities; and, finally, 17% were classified 
as mild (Figure 1).

Greater severity of lesions in brain CT was associated 
with probable maternal infection in the first trimester of 
pregnancy (p=0.023). Severe microcephaly was more 
frequent when maternal infection occurred in the first 
trimester of gestation (p=0.013). Of the 50 children with a 
history of probable maternal infection in the first trimester 
of pregnancy, 56% were born with severe microcephaly 
(Table 1).

The HC z-score at birth was significantly lower in 
children whose mothers reported symptoms suggestive of 
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ZIKV infection in the first trimester of pregnancy (p=0.001). 
The median of the HC z-score at birth of children with 
maternal infection in the first gestational trimester was 
-3.22 and -1.83 when the infection occurred in the 2nd or 
3rd trimester (Table 2).

No linear trend was observed between the gestational 
trimester of maternal ZIKV infection and the severity of 
cranial tomography findings (p value for trend= 0.06). 
However, a linear trend was observed between the presence 
of microcephaly at birth and the head circumference Z score 
at birth with the gestational trimester of maternal infection 

(p value for trend=0.005 and 0.001, respectively).
Lower HC z-scores at birth were also associated with 

more severe brain CT damages (p <0.001). Children 
classified as having severe abnormalities in the brain 
CT scan had a median HC z-score of -4.12, those with 
moderate lesions of -2.00 and those with mild injuries of 
-1.62 (Table 2).

No significant difference in severity of brain CT 
damages was detected between the diagnostic classification 
highly probable and moderately probable groups (P=0.947) 
(Table 3).

Figure 1 - Classification of the severity of brain CTlesions : A) axial section showing sparse calcifications in the cerebral parenchyma, 
alteration classified as mild, with no signs of volumetric reduction of the brain or malformation of cortical development; B) axial 
section showing malformation of diffuse cortical development, alteration classified as moderate, in addition to sparse calcifications 
and moderate reduction in brain volume; C) axial section showing severe brain atrophy (severe alteration), cerebral calcifications 
and severe ex-vacuum ventriculomegaly.

Table 1 - Association between the gestational trimester of maternal Zika virus infection with microcephaly at birth and the severity 
of brain Computed Tomography (CT) lesions in children with Congenital Zika Syndrome. 

Variables

Trimester of maternal Zika virus infection

1º  
n (%)

2º/3º  
n (%)

p value

Severity of brain CT lesions (n=80)a 0.023h

Mildb 4 (7.7) 9 (32.1)

Moderatec 23 (44.2) 9 (32.1)

Severed 25 (48.1) 10 (35.8)

Microcephaly at birth (n=74)e 0.013h

Not present 12 (24.0) 14 (58.3)

Mildf 10 (20.0) 4 (16.7)

Severeg 28 (56.0) 6 (25.0)
a,eTwenty-four cases whose mothers were asymptomatic and three mothers who were unable to report the presence of signs and 
symptoms suggestive of ZIKV infection were excluded; aA child who did not undergo brain CT scan was excluded; bPresence of 
cerebral calcifications and/ or slight reduction of the cerebral parenchyma with or without ex-vacuum ventriculomegaly; cPresence 
of malformation of the cortical development and/or the posterior fossa; dSevere reduction of cerebral parenchyma with ex-vacuum 
or hypertensive ventriculomegaly; eSeven cases were excluded because they did not have their head circumference recorded 
at birth; fMild microcephaly was defined as a head circumference <2 and ≥3 standard deviations (SD) below the mean for each 
gestational age and sex; gSevere microcephaly was defined as a head circumference <3 SD below the mean for each gestational 
age and sex; hFisher’s exact test.
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DISCUSSION

Maternal ZIKV infection in the first trimester of 
pregnancy was associated with greater severity of brain 
injuries and microcephaly at birth, as well as lower HC 
z-scores at birth. In addition, greater severity of brain CT 
findings was also associated with lower HC z-scores at birth.

This study has some limitations. Not all described cases 
have been confirmed by qRT-PCR or PRNT for ZIKV. 
However, probable cases were included because they present 
clinical and neuroimaging findings markedly suggestive of 
CZS, such as microcephaly at birth, disseminated cortical/
subcortical calcifications, cortical malformations, neuronal 
migration disorders, brainstem and cerebellum hypoplasia 
and ventriculomegaly4,5,9. In addition, a study carried 
out with 602 confirmed and probable cases did not show 
clinically significant differences between the two groups13. 

We compared the diagnostic classification highly probable 
and moderately probable groups and found no significant 
difference in severity of brain CT damages between these 
two groups. Furthermore, it has recently been shown that 
a negative PRNT does not exclude CZS. Among mothers 
with qRT-PCR positive for ZIKV, only 48.5% had a positive 
PRNT23. Considering that this case series was performed at 
a referral center, it is possible that children with more severe 
neurological symptoms were more likely to be referred to 
that center, which may have led to selection bias.

As a strong point, this study included a greater number 
of CZS cases than previously performed studies, allowing 
the detection of statistically significant associations that 
were still little clarified in the literature. 

The proposed classification of brain CT damages was 
based on the severity of the findings. Severe reduction 
of cerebral parenchyma and cortical and posterior fossa 

Table 2 - Association between the median head circumference z-score at birth with the gestational trimester of maternal Zika virus 
infection and the severity of brain Computed Tomography (CT) lesions in children with Congenital Zika Syndrome. 

Variables
Head circumference z-score at birth

n (%) Median (IQRf) p value

Gestational trimester of maternal ZIKV infection (n=74)a 0.001g

1st 50 (67.6) -3.22 (2.37)

2nd/3rd 24 (32.4) -1.83 (2.09)

Severity of brain CT lesions (n=92)b <0.001h

Mildc 14 (15.2) -1.62 (3.68)

Moderated 39 (42.4) -2.00 (2.18)

Severee 39 (42.4) -4.12 (2.03)
aTwenty-four cases whose mothers were asymptomatic, three mothers who were unable to report the presence of signs and 
symptoms suggestive of ZIKV infection and seven newborns that did not have their head circumference recorded at birth were 
excluded; bFifteen cases that did not have their head circumference recorded at birth and one that did not undergo brain computed 
tomography were excluded; cPresence of cerebral calcifications and/or slight reduction of the cerebral parenchyma with or without 
ex-vacuum ventriculomegaly; dPresence of malformation of the cortical development and/or posterior fossa (cerebellum or brain 
stem); eSevere reduction of cerebral parenchyma with ex-vacuum or hypertensive ventriculomegaly; fInterquartile range; gMann-
Whitney test; hKruskal-Wallis test.

Table 3 - Association between the severity of brain computed tomography (CT) lesions and diagnostic classification (highly and 
moderately probable) in children with Congenital Zika Syndrome.

Severity of brain CT lesions (n=66)

Diagnostic Classification

Highly probabled 
n (%)

Moderately probablee 

n (%)
p value

Milda 7 (21.2) 7 (21.2) 0.947f

Moderateb 17 (51.5) 15 (45.5)

Severec 9 (27.3) 11 (33.3)
aPresence of cerebral calcifications and/ or slight reduction of the cerebral parenchyma with or without ex-vacuum ventriculomegaly; 
bPresence of malformation of the cortical development and/or posterior fossa; cSevere reduction of cerebral parenchyma with ex-
vacuum or hypertensive ventriculomegaly; dBrain CT lesions suggestive of CZS and negative serology for the TORCHSinfections; 
three children have positive IgM; eBrain CT lesions suggestive of CZS, but without all serologies for the TORCHS infections performed 
or with inconclusive results; fFisher’s exact test.
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malformation were considered severe or moderate because 
they are associated with a more severe spectrum of CZS11. 
However, it was decided to consider severe reduction 
of brain volume as the most serious abnormality, due to 
the global involvement of the brain and to occur, in most 
cases, with other concomitant findings. In turn, mild 
ventriculomegaly and calcifications were considered mild, 
as they were related to milder cases of CZS11. 

More severe findings in brain CT scans were associated 
with reported maternal infection in the first trimester of 
pregnancy. A similar result was found in a study with 
23 children with confirmed or probable CZS16, in which all 
cases with severe reduction of the cerebral parenchyma had 
a history of ZIKV maternal infection in the first trimester, 
but there was no statistically significant association, 
probably due to the study’s small sample size. Previous 
cohorts have also identified greater involvement of the 
central nervous system (CNS) when the infection occurred 
during the first trimester of pregnancy6,7. In the prospective 
cohort of Pomar et al.7, brain abnormalities such as reduced 
brain volume, posterior fossa abnormalities and cortical 
malformations were significantly more frequent when the 
child was exposed to ZIKV at the beginning of pregnancy. 

The presence of reduced brain volume in children 
infected in the first trimester can be explained by defects 
induced by the virus in the neuronal proliferation of radial 
glial cells and glia, a process that occurs around the 3rd 
month of pregnancy24. Oliveira-Szejnfield et al.15 also 
suggested that more severe brain dysmorphisms would be 
associated with infection during early pregnancy, as this is 
a period of rapid brain development. In addition, fetuses 
infected during the first trimester showed neurological 
findings suggestive of pathological changes during 
embryogenesis6, which could justify more severe brain 
lesions. However, it is important to remember that a late 
pregnancy infection does not rule out the possibility of brain 
abnormalities, even if they are less severe6.

In addition to the more severe brain CT lesions, greater 
severity of microcephaly at birth was also associated with 
maternal infection in the first trimester of pregnancy. 
Retrospective studies showed a higher risk of microcephaly 
at birth when the infection occurred in the first gestational 
trimester12,25,26, however they did not classify microcephaly 
as mild or severe. On the other hand, França et al.13 
identified in their case series that the earlier the skin rash 
occurred during pregnancy, the lower the mean head 
circumference at birth, suggesting a possible association 
between microcephaly severity and trimester of maternal 
ZIKV infection in pregnancy.

Lower values of HC z-score were also associated to 
maternal infection in the first trimester of pregnancy, with 

a median of -3.22 for children infected during this period. 
This result is in accordance with a study carried out with 
602 definitive or probable cases of CZS, in which the mean 
of the HC z-score was -3.0 when the skin rash occurred in 
the first trimester, -2.4 in the second, and -1.5 in the third 
trimester13. However, in another study carried out with 87 
confirmed cases, no significant difference in HC z-scores 
according to trimester of ZIKV infection during pregnancy 
was identified14.

Infection with ZIKV in the first gestational trimester 
is the main risk factor for microcephaly and other CNS 
abnormalities18. During this period of gestation, ZIKV has 
an impressive tropism for maternal and fetal cells, having 
wide capacity to infect the maternal basal decidua and 
placental cells, break through the fetal barrier and spread 
to the fetus27. After the fetal infection, the virus targets 
the developing brain’s neural progenitor cells directly, 
activating the innate immune response, which can lead to 
increased cell death, interrupted cell cycle progression, 
reduced proliferation and premature differentiation, 
resulting in impaired neurogenesis and provoking changes 
in the development of the CNS, which are possibly 
responsible for the development of microcephaly28. 

Another finding that contributes to this hypothesis was 
the association found between greater severity of brain CT 
lesions and lower HC z-scores at birth. This result differs 
from that found in a series of 87 confirmed cases14, in 
which no difference was found in HC z-scores between 
children with and without abnormalities in neuroimaging. 
However, in line with our findings, Aragao et al.11 identified 
a significant difference in head CT findings comparing 
children with and without microcephaly at birth11. Children 
with normal HC at birth had brain injuries considered 
milder, such as calcifications at the cortico-subcortical 
junction and mild ventriculomegaly. In turn, children 
with a HC z-score 2 standards deviations below the value 
expected at birth had more brain abnormalities and injuries 
considered more serious, such as severe parenchyma 
reduction, cortical malformation and posterior fossa 
malformations (brainstem hypoplasia)11.

In conclusion, maternal infection in the 1st trimester of 
pregnancy is an important risk factor for the development 
of a more severe spectrum of CZS. When ZIKV infection 
occurs during this period of significant CNS development, it 
leads to more severe brain abnormalities and, consequently, 
to lower HC z-scores at birth and to a greater severity of 
microcephaly.

In addition, the proposed severity classification of brain 
CT showed prognostic implications, having the sensitivity 
to distinguish those children with more severe CZS and 
more likely to present microcephaly at birth.
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