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A B S T R A C T   

Objectives: To verify characteristics associated with drug resistant epilepsy in children up to 36 months of age 
with Congenital Zika Syndrome (CZS). 
Methods: This is a prospective cohort study with children aged up to 36 months diagnosed with CZS. Obstetric, 
demographic, phenotype and other clinical signs, cranial tomography, growth and motor development of the 
children were collected. 
Results: Of a total of 109 children diagnosed with CZS, 100 (91.7%) had epilepsy and 68 (68%) with drug 
resistant seizures. The types of seizures associated with drug resistant epilepsy were focal seizures from the 
occipital lobe, generalized tonic and generalized tonic-clonic seizures. There was an association between drug 
resistant epilepsy and microcephaly at birth, severe microcephaly at birth, excess nuchal skin, ventriculomegaly, 
reduced brain parenchyma volume, and hypoplasia or malformation of the cerebellum. Difficulty sleeping, ir
ritability, continuous crying, dysphagia and gross motor function were clinical signs associated with drug 
resistant epilepsy, as were the presence of ocular abnormalities, low head circumference in the first year of life 
and low weight in the first six months. 
Conclusions: The prevalence of drug resistant epilepsy in children up to 36 months with CZS was 62.4% and was 
associated with the severity of the child’s neurological damage, with emphasis on the reduction of brain pa
renchyma volume and damage to the cerebellum.   

1. Introduction 

In November 2015, the Brazilian Ministry of Health declared the Zika 
virus (ZIKV) outbreak a public health emergency following an increase 
in microcephaly cases, especially in northeastern Brazil [1]. Since the 

beginning of reports of children with Congenital Zika Syndrome (CZS), 
epileptic seizures are the main clinical complication in the first 4 months 
of life [2]; they tend to be early [3,4] and refractory [4]. 

In CZS, epileptic seizures are the main cause of hospitalization and 
demand for emergency services [2] and are more common than in 
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congenital infections caused by STORCH pathogens (syphilis, toxo
plasmosis, rubella, cytomegalovirus and herpes simplex). The develop
ment, with constant and intense lack of control of the epileptic 
condition, is one of the causes of concern, fear and anguish of families of 
children with CZS [5]. 

In drug resistant epilepsy, the mechanisms of drug resistance are 
likely to be variable and multifactorial [6]. In CZS, the response to 
anti-seizure medication (ASM) is extremely low, ranging from 20% in 
the first year to 30% in the second year of life, and is associated with 
extensive neurological damage caused by ZIKV in the cortical structures 
of patients [7]. Studies with previous clinical and neurological evalua
tion in children with CZS who have epilepsy, especially up to three years 
of age, are necessary for a better understanding of resistance to ASM [8]. 

Patients with drug resistant epilepsy have increased risks of death, 
injuries, psychosocial dysfunction and reduced quality of life [9] In this 
sense, active screening and treatment for children with CZS who have 
epilepsy are important [2]. Knowledge about factors associated with 
drug resistant epilepsy in children with CZS is essential for prognosis. 
This study verifies the association between obstetric data, demographic 
characteristics, clinical signs, phenotype, growth, motor development 
and cranial tomography with drug resistant epilepsy in children with 
CZS. 

2. Methods 

This is a prospective cohort study of children with CZS born in ma
ternity hospitals in the state of Maranhão, Brazil, from March 2015 to 
September 2018, followed up at a referral center for neurodevelopment, 
assistance and rehabilitation of children (NINAR). 

We included children up to 36 months of age, diagnosed with CZS 
and with data on the presence and/or treatment of epilepsy. Children 
were followed up for an average of every three months, being able to 
verify their exposure to therapeutic changes and clinical evolution of 
their epileptic seizures. For growth analyses, children with hypertensive 
hydrocephalus were excluded because Head Circumference (HC) and 
weight values tend to be higher due to this condition. 

We consider drug resistant epilepsy, also called refractory epilepsy, 
when two or more protocols of ASM, used alone or in combination, have 
failed to control seizures in a sustained way – International League 
Against Epilepsy (ILAE) classification system [9]. 

Characteristics of epileptic seizures (age of onset, seizure types, and 
ASM) were collected and analyzed by a pediatric neurologist. Obstetric, 
demographic and birth data were obtained retrospectively from medical 
records and from the Child’s Health Handbook. Other clinical data such 
as the presence of spasticity, difficulty sleeping, irritability, dysphagia 
and continuous crying were extracted from the medical records. The 
diagnosis of CZS in this cohort [10–12] occurred through classification 
into 4 categories: (a) confirmed by plaque reduction neutralization test 
(PRNT 90)>1:10, (b) Probable laboratory case, with positive enzyme 
immunosorbent assay for immunoglobulin M when PRNT was negative 
or not performed, (c) highly probable clinical case with lesions on 
computed tomography (CT) of the brain suggestive of CZS and negative 
results for STORCH (syphilis, toxoplasmosis, rubella, cytomegalovirus 
and herpes simplex), (d) moderately likely clinical case with brain CT 
lesion suggestive of CZS and incomplete or inconclusive results for 
STORCH [10]. All children had phenotype and CT findings suggestive of 
CZS. PRNT collection occurred at a mean age of 22 months, with a 
standard deviation of six months of age [11]. 

Obstetric data were type of delivery (normal and cesarean) and 
gestational trimester of onset of maternal symptoms of ZIKV virus 
infection during pregnancy (first, second, and third). We considered 
symptoms present when the mother reported a rash or two of the 
following symptoms: fever, pruritus, arthralgia/joint swelling, 
conjunctivitis, and headache, dichotomized into yes and no. Regarding 
the child, sex was the demographic data collected. Low birth weight was 
defined as birth weight <2500 g and preterm birth as <37 completed 

weeks of gestational age. Phenotype data, such as frontotemporal 
retraction, craniofacial disproportion, prominent occipital, biparietal 
depression, excess nuchal skin, and the signs of fetal akinesia deforma
tion sequence - arthrogryposis and congenital clubfoot [13] were also 
recorded. 

Computed tomography (CT) scans of the skull were performed in 
children up to two years of age and were analyzed by two neuroimaging 
specialists who were unaware of the laboratory findings. The following 
changes characteristic of CZS were investigated: calcifications, reduced 
brain parenchyma volume, ventriculomegaly, malformation of cortical 
development, malformation/hypoplasia of the cerebellum, malforma
tion/hypoplasia of the brainstem, and agenesis/dysgenesis of the corpus 
callosum. 

A trained physical therapist assessed the degree of motor impairment 
for children according to gross motor function – classification system 
(GMFCS) [14] validated for Portuguese in Brazil [15] at five levels: I – 
walks without limitations; II – walks with limitations; III – walks using a 
manual mobility device; IV - self-mobility with limitations. Can use 
motorized mobility; V – transported in a manual wheelchair. 

An ophthalmologist performed an eye examination by bio
microscopy and indirect ophthalmoscopy. Findings were documented 
with wide-angle fundus photography using the RetCam Shuttle System 
(Clarity Medical Systems, Pleasanton, CA, USA). The following 
ophthalmic lesions were examined: chorioretinal scar, mobilization of 
retinal pigment, optic nerve pallor, optic nerve hypoplasia, bilateral 
retinal change, and bilateral optic nerve change. 

HC, weight, weight for length and length at birth were extracted 
from medical records and at 6, 12, 24 and 36 months were collected by 
trained personnel following a standardized protocol. The HC was 
measured with an extensible tape, passed around the head, anchored 
above the eyebrows and over the children’s occiput. The 
INTERGROWTH-21st online program [16] was used to calculate 
Z-scores for HC, weight and length according to sex and gestational age 
at birth, with gestational age corrected for preterm children. We used 
the criteria of the World Health Organization (WHO) [17,18] to classify 
microcephaly, weight, weight for height, and height after birth, which 
was considered when the Z score was >2 standard deviations (SD) below 
the average for sex and age. We considered severe microcephaly as a HC 
Z-score >3 SD below the mean for sex and age [16]. 

Data were stored in RedCap software and analyzed in STATA® 14.0. 
Data description was performed using frequencies and percentages. The 
normality of numerical variables was evaluated based on symmetry and 
kurtosis. Pearson’s chi-square and Fisher’s exact tests were used to 
verify associations between the categorical variables and the T test for 
independent samples and Mann Whitney’s test to compare the mean Z- 
scores, according to the normality of the distribution between the groups 
with and without drug resistant epilepsy. 

This study was approved by the Research Ethics Committee of the 
University Hospital of the Federal University of Maranhão, Brazil, cer
tificate of presentation of ethical assessment number 
65,897,317.1.0000.5086. and protocol number 1,510,315. 

3. Results 

Of a total of 110 children diagnosed with CZS, 109 had information 
about the presence or absence of epilepsy in their medical records. Of 
these, 9 (8.3%) had no epileptic seizures and 100 (91.7%) had epilepsy 
within the first 36 months of life. A total of 68 (62.4%) children had drug 
resistant epilepsy (Table 1). 

We did not find an association between age at first epileptic seizures 
and the presence of drug resistant epilepsy (p = 0.055). Among the 
occurrence of each type of epileptic seizure, those that were associated 
with drug resistant epilepsy were focal seizures from the occipital lobe 
based on electroencephalogram (EEG)/video EEG and clinical data (p <
0.001), generalized tonic (p = 0.040) and generalized tonic-clonic (p =
0.008). Almost all types of seizures had association with drug resistant 
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epilepsy (Table 1). 
The ASM most frequently used by children with drug resistant epi

lepsy were vigabatrin (69.1%), cannabidiol (66.2%), topiramate 
(63.2%), phenobarbital (50.0%), valproate (45.6%) and levetiracetam 
(44.1%). Among children who did not have drug resistant epilepsy, 
topiramate (29.3%) was the most used medication. Of the children with 
drug resistant epilepsy, 66.2% used 2 to 4 ASM in their first 36 months of 
life. 

Of the 83 mothers with symptoms of Zika virus infection during 
pregnancy, 55 (66.2%) had symptoms in the first semester of pregnancy. 
Drug resistant epilepsy was not associated with maternal infection 
trimester (p = 0.173), type of delivery (p = 0.130), sex (p = 0.439), low 
birth weight (p = 0.876), preterm birth (p = 0.926) or PRNT (p = 0.279) 
(Table 2). 

Regarding the CZS phenotype, of the 109 children studied, 92 
(84.4%) had a known HC at birth. There was an association between 
drug resistant epilepsy and microcephaly (HC Z score< 2SD) at birth (p 
= 0.038), severe microcephaly (HC Z score< 3SD) at birth (p = 0.023), 
and excess nuchal skin (p = 0.011). In addition, 70.5% of children with 
microcephaly at birth, 75% with severe microcephaly at birth and 
84.6% with excess nuchal skin had drug resistant epilepsy. Features of 
fetal akinesia syndrome, such as arthrogryposis (p = 0.318) and 
congenital clubfoot (p = 0.253) were not associated with drug resistant 
epilepsy (Table 3). 

Among the clinical characteristics, an association was observed be
tween drug resistant epilepsy and difficulty sleeping (p = 0.005), irri
tability (p = 0.007), dysphagia (p < 0.001), continuous crying (p =
0.002), and transported in a manual wheelchair (GMFCS level V) (p =
0.035), with a higher percentage of drug resistant epilepsy when these 
clinical findings were also present. No association was found between 

drug resistant epilepsy and spasticity (p = 0.553) (Table 4). 
Among the CT findings, there was an association between drug 

resistant epilepsy and ventriculomegaly (p = 0.027), reduced cerebral 
parenchyma (p = 0.036), hypoplasia or malformation of the cerebellum 
(p = 0.022); when present, these findings imply a higher percentage of 
children with drug resistant epilepsy (Table 5). 

The presence of any ophthalmic lesion was associated with the 
presence of drug resistant epilepsy (p = 0.004) as well as, separately, the 
chorioretinal scar (p = 0.002), with 90.9% of the affected children also 
presenting drug resistant epilepsy. The other ophthalmic damages 
analyzed separately were not associated with drug resistant epilepsy 
(Table 6). 

For the growth analyses, of the 109 children with CZS and known 
epilepsy data, we excluded 2 (two) because they had hypertensive hy
drocephalus at birth. It is possible to observe that the differences in HC 
Z-score between the groups with and without drug resistant epilepsy 
decrease over time and cease to be significant after 24 months. 
Regarding the other growth data, only weight for age at six months (p =
0.044) and at 36 months (p = 0.042) showed a difference between the 
groups with and without drug resistant epilepsy (Table 7), being lower 
in the group presenting drug resistant epilepsy. 

4. Discussion 

The prevalence of drug resistant epilepsy in children up to 36 months 
with CZS was 62%. Drug resistant epilepsy was associated with the 
presence of ventriculomegaly, reduced cerebral parenchyma and hy
poplasia or malformation of the cerebellum. It was also associated with 
other clinical variables commonly associated with epilepsy – irritability, 
continuous crying, difficulty sleeping and dysphagia. The most common 
seizures in children with drug resistant epilepsy were focal seizures from 
the occipital lobe, generalized tonic and generalized tonic-clonic. 

We suggest that association of drug resistant epilepsy and neuro
development occurs in the more severe cases and are consequences of 

Table 1 
Clinical characteristics of epilepsy and presence of drug resistant epilepsy in 
children with congenital Zika syndrome. São Luís, 2016–2018.  

Characteristics Drug resistant epilepsy (n =
109)a 

P-value 

Yes No 
No. (%) No. (%) 

Epileptic seizures (n = 109)      
No 0 0.0 9 100.0  
Yes 68 68.0 32 32.0  
Age at first epileptic seizures (n = 98)     0.055b 

<6 months 43 75.4 14 24.6  
6 to 11 months 17 68.0 8 32.0  
>=12 months 7 43.7 9 56.3  
Focal seizures from the frontal lobe (n 
= 98)     

0.055b 

No 20 52.6 18 47.4  
Yes 43 71.7 17 28.3  
Focal seizures from the occipital lobe (n 
= 97)     

<0.001c 

No 5 21.7 18 78.3  
Yes 58 78.4 16 21.6  
Generalized epileptic spasms (n = 105)     0.665c 

No 3 4.5 3 7.9  
Yes 64 95.5 35 92.1  
Generalized tonic seizures (n = 97)     0.040b 

No 27 55.1 22 44.9  
Yes 36 75.0 12 25.0  
Generalized tonic-clonic seizures (n =

97)     
0.008c 

No 45 58.4 32 41.6  
Yes 18 90.0 2 10.0  
Number of anti-seizure medications 

used (109)      
0 or 1 0 0 25 61.0  
2 to 4 45 66.2 16 39.0  
above 4 23 33.8 0 0   

a 109 children with Congenital Zika Syndrome with known data on epilepsy. 
b Chi-square test. 
c Fisher’s exact test. 

Table 2 
Clinical, demographic and laboratory characteristics and presence of drug 
resistant epilepsy in children with congenital Zika syndrome. São Luís, 
2016–2018.  

Characteristics Drug resistant epilepsy (n =
109)a 

P- 
value 

Yes No 
No. (%) No. (%)  

Trimester of maternal infection during 
pregnancy (n = 83)b     

0.173d 

First 36 65.4 19 34.6  
Second 13 68.4 6 31.6  
Third 3 33.3 6 66.7  
Type of delivery (n = 109)     0.130c 

Vaginal 28 54.9 23 45.1  
Cesarean 40 69.0 18 31.0  
Sex (n = 109)     0.439c 

Male 38 59.4 26 40.6  
Female 30 66.7 15 33.3  
Low birth weight (n = 106)     0.876c 

No 52 62.6 31 37.4  
Yes 14 60.9 9 39.1  
Preterm birth (n = 104)     0.926c 

No 58 64.4 32 35.6  
Yes 8 57.1 6 42.9  
PRNT (n = 93)e     0.279c 

Negative 35 66.0 18 34.0  
Positive 22 55.0 18 45.0   

a 109 children with Congenital Zika Syndrome with known data on epilepsy. 
b 23 asymptomatic mothers and 3 others who did not know whether they had 

symptoms attributable to ZIKV infection during pregnancy were excluded. 
c Chi-square test. 
d Fisher’s exact test. 
e PRNT – Plaque Reduction Neutralization Test. 
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the cerebral damage. It is also possible that clinical characteristics 
associated with drug resistant epilepsy influenced growth and, mainly, 
the neurodevelopment of these children. 

We believe that the follow-up time of 36 months in this cohort 
contributed to the entry of epilepsy cases with onset after 12 months of 
age, which is one of the strengths of this study. The prevalence of epi
lepsy and drug resistant epilepsy in this age group contributes to write 
the disease history. The cohort of 109 children is one of the largest on the 
subject, and the longer follow-up time makes it possible to verify the 
association between drug resistant epilepsy with other characteristics of 
the children and infer clinical severity. 

The study has some limitations. The convenience sample attended at 
a referral center can bring bias to the study, due to the greater severity of 
children whose family sought the health service. It may have been 
difficult for family members to recognize and report the types of seizures 
in children, especially mild ones. Economic and personal factors may 
have influenced family members’ adherence to the medication protocol 
prescribed for the child. 

The percentage of children in this cohort who had epilepsy was 
91.7%, which is considered high when compared to other cohorts [5, 
19]. In a systematic review with meta-analysis on epilepsy in children 
with CZS, when analyzing 14 studies on the topic, the percentage of 
children with CZS and epilepsy was 60%, with higher percentages in 
studies with older children [7]. In the present study, most children had 
the onset of seizures in the first six months of life, and of these, 70.2% 
were drug resistant. 

CZS is associated with a high risk of developing epilepsy in the first 
few years of life [19]. In the study by Van der Linden, of the 141 children 
analyzed up to 9 months of age, the 95 children who had epilepsy were 

Table 3 
Phenotype characteristics of fetal brain rupture sequence and presence of drug 
resistant epilepsy in children with Congenital Zika Syndrome (n = 109). São 
Luís, 2016–2018.   

Drug resistant epilepsy (n =
109)a 

P-value 

Yes No 
No. (%) No. (%) 

Microcephaly at birth (n = 92)b     0.038c 

No 15 48.4 16 51.6  
Yes 43 70.5 18 29.5  
Severe microcephaly at birth (n = 92)b     0.023c 

No 25 52.1 23 47.9  
Yes 33 75.0 11 25.0  
Frontotemporal retraction (n = 107)     0.846c 

No 18 62.1 11 37.9  
Yes 50 64.1 28 35.9  
Craniofacial disproportion (n = 107)     0.708d 

No 6 75.0 2 25.0  
Yes 62 62.6 37 37.4  
Occipital protuberance (n = 107)     0.246c 

No 27 57.5 20 42.5  
Yes 41 68.3 19 31.7  
Biparietal depression (n = 107)     0.089c 

No 32 56.1 25 43.9  
Yes 36 72.0 14 28.0  
Excessive nuchal skin (n = 107)     0.011d 

No 46 56.8 35 43.2  
Yes 22 84.6 4 15.4  
Arthrogryposis (n = 106)     0.318d 

No 59 61.5 37 38.5  
Yes 8 80.0 2 20.0  
Clubfoot (n = 106)     0.253d 

No 60 61.2 38 38.8  
Yes 7 87.5 1 12.5   

a 109 children with Congenital Zika Syndrome with known data on epilepsy. 
b 15 children with no known head circumference at birth and 1 (one) with 

hypertensive hydrocephalus at birth were excluded. 
c Chi-square test. 
d Fisher’s exact test. 

Table 4 
Clinical characteristics, gross motor function and presence of drug resistant 
epilepsy in children with Congenital Zika Syndrome (n = 109). São Luís, 
2016–2018.   

Drug resistant epilepsy (n =
109) 

P-value 

Yes No 
No. (%) No. (%) 

Spasticity (n = 106)     0.553d 

No 1 33.3 2 66.7  
Yes 66 64.1 37 35.9  
Difficulty sleeping (n = 106)     0.005c 

No 11 40.7 16 59.3  
Yes 56 70.9 23 29.1  
Irritability (n = 106)     0.007c 

No 17 45.9 20 54.1  
Yes 50 72.5 19 27.5  
Dysphagia (n = 106)     <0.001c 

No 19 43.2 25 56.8  
Yes 48 77.4 14 22.6  
Continuous crying (n = 106)     0.002c 

No 21 46.7 24 53.3  
Yes 46 75.4 15 24.6  
Gross motor function classification 

system - GMFCSb (n = 101)     
0.035d 

I, II, III and IV 3 30.0 7 70.0  
V 61 67.0 30 33.0  

a109 children with Congenital Zika Syndrome with known data on epilepsy. 
bGMFCS:: Levels I – walks without limitations; II – walks with limitations; III – 
walks using a manual mobility device; IV - self-mobility with limitations. Can use 
motorized mobility; V – transported in a manual wheelchair. 
cChi-square test. 
dFisher’s exact test. 

Table 5 
Computed tomography (CT) findings of the skull and the presence of drug 
resistant epilepsy in children with Congenital Zika Syndrome (n = 109). São 
Luís, 2016–2018.  

CT findings Drug resistant epilepsy (n =
109) 

P- 
value 

Yes No 
No. (%) No. (%) 

Brain calcifications (n = 107)     0.704c 

No 4 57.1 3 42.9  
Yes 64 64.0 36 36.0  
Prevalence of calcifications (n = 99)     0.194c 

Corticals or subcortical 41 60.3 27 39.4  
Periventricular 1 33.3 2 66.7  
Thalamus, basal/diffuse ganglia 21 75.0 7 25.0  
Ventriculomegaly (n = 106)     0.027c 

No 4 33.3 8 66.7  
Yes 63 67.0 31 33.0  
Reduced cerebral parenchyma (n = 105)     0.036b 

No 5 35.7 9 64.3  
Yes 61 67.0 30 33.0  
Malformation of cortical development (n 
= 105)     

0.805b 

No 13 59.1 9 40.9  
Yes 53 63.9 30 36.1  
Cerebellar hypoplasia or malformation (n 
= 106)     

0.022c 

No 49 57.6 36 42.4  
Yes 18 85.7 3 14.3  
Brainstem hypoplasia or malformation (n 
= 104)     

0.275c 

No 52 59.8 35 40.2  
Yes 13 76.5 4 23.5  
Agenesis or dysgenesis of the corpus 

callosum (n = 106)     
0.453c 

No 64 65.3 34 34.7  
Yes 4 50.0 4 50.0  

a109 children with Congenital Zika Syndrome with known data on epilepsy. 
bChi-square test. 
cFisher’s exact test. 
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medicated, of which 56% received two or more ASM and in 65% of them 
there was remission of the seizures [20]. In children followed up to 24 
months of age, only 46.1% of participants with epilepsy responded to 
anticonvulsant treatment [19]. At 36 months of age, response to medi
cations dropped to 32% and 81.6% of children received two or more 
ASM. 

The most important factor in choosing ASM is the type of seizure or 
epileptic syndrome. Other important factors are efficacy and tolera
bility, half-life, potential for drug interactions, and cost [21]. The 
first-choice ASM in children with CZS and drug resistant epilepsy up to 
36 months of age were vigabatrin, cannabidiol, topiramate, phenobar
bital and valproate. In a study with children with CZS under three 
months of age, phenobarbital was the drug of choice, being later 
replaced by valproate in most cases. Above three months, valproate was 
started alone or in combination with a benzodiazepine, followed by 
levetiracetam and vigabatrin [19]. CBD has trends in the literature for 
long-term efficacy for seizure control in populations with significant 
drug resistant epilepsy, however, generalizability of these results is not 
possible. CDB efficacy and safety in pediatrics need stronger scientific 
evidence [22–24]. 

In the first two years of life, the most common type of seizure re
ported in children with CZS was epileptic spasm without hypsar
rhythmia, and the rate of seizure remission was low [19]. This is the 
most common type of epilepsy in studies with younger children [8]. At 
this study, epileptic spasms were observed in almost all children in the 
sample. After 12 months of life, seizures most commonly present as focal 
and tonic [8,19]. The types of epileptic seizures that were associated 
with drug resistant epilepsy at 36 months of follow-up were focal sei
zures from the occipital lobe, generalized tonic and generalized 
tonic-clonic seizures. We believe that focal seizures were not more 
common in drug resistant epilepsy at 36 months due to increased seizure 
severity. 

The association between microcephaly at birth, severe microcephaly 
at birth and excess nuchal skin with drug resistant epilepsy is evident. 
Intrauterine changes related to ZIKV infection are manifested in later 
postnatal stages, especially during the first months of life, when the 
highest peak of human growth is expected [5]. It is possible that the 
reduction in head circumference in children over time – up to at least 12 
months of age – and its association with drug resistant epilepsy is related 
to brain disruption sequence [25] and results from the lasting effects of 
death and/or damage to neural stem cells in utero that impact postnatal 
neurogenesis, the possibility of persistence of viral replication, or 
continued inflammation in the brain tissues of these children [26–29]. 

The choice for elective surgical delivery is a risk factor for preterm 
delivery, which in turn is associated with respiratory and neurological 
problems in children [30]; despite this evidence, in this study there was 
no association between type of delivery or preterm delivery and the 
presence of drug resistant epilepsy. The positive PRNT result was also 
not more frequent in children with drug resistant epilepsy, probably due 
to false-negative results in children with clinical signs of SZC when 
collected in periods that exceed the period of positivity of qRT-PCR [11]. 

Difficulty sleeping, irritability, continuous crying, and dysphagia 
were clinical signs associated with drug resistant epilepsy. Children with 
irritability may develop clinical or subclinical seizures and clinical cases 
with severe brain malformations are more likely to also have epilepti
form discharges and reduced sleep-related oscillations [31]. 

In a study with a 43 patients’ sample, no associations were found 
between the degree of gross motor function and drug resistant epilepsy 
[4], which differs from the present study. With a larger sample, it was 
possible to observe the association, considering that the worst gross 
motor function and the presence of epilepsy can occur simultaneously 
[32] and are related to the developmental deficit of the cortical structure 
of these children [7]. 

The CT findings associated with drug resistant epilepsy are ven
triculomegaly, reduced brain parenchyma, and cerebellar hypoplasia or 
malformation. Increased cortical thickness, brain surface anomalies [7] 

Table 6 
Ophthalmic lesions and presence of drug resistant epilepsy in children with 
Congenital Zika Syndrome (n = 109). São Luís, 2016–2018.  

Ophthalmic injuries Drug resistant epilepsy (n =
109) 

P- 
value 

Yes No 
No. (%) No. (%) 

Any ophthalmic lesion (n = 109)     0.004b 

No 34 79.1 9 20.9  
Yes 34 51.5 32 48.5  
Damage to the anterior segment of the 

eye (n = 98)     
0.155c 

No 57 61.3 36 38.7  
Yes 5 100.0 0 0.0  
Chorioretinal scar (n = 98)     0.002c 

No 42 55.3 34 44.7  
Yes 20 90.9 2 9.1  
Mobilization of retinal pigment (n = 98)     0.170b 

No 44 59.5 30 40.5  
Yes 18 75.0 6 25.0  
Optic nerve atrophy (n = 98)     0.184c 

No 47 59.5 32 40.5  
Yes 15 78.9 4 21.1  
Optic nerve hypoplasia (n = 98)     0.649c 

No 58 62.4 35 37.6  
Yes 4 80.0 1 20.0  
Bilateral retinal damage (n = 98)     0.075c 

No 45 58.4 32 41.6  
Yes 17 80.9 4 19.1  
Bilateral optic nerve damage (n = 98)     0.186c 

No 48 60.0 32 40.0  
Yes 14 77.8 4 22.2  

a109 children with Congenital Zika Syndrome and known epilepsy data. 
bChi-square test. 
cFisher’s exact test. 

Table 7 
Mean head circumference Z scores at birth, 6, 12, 24 and 36 months of age 
according to drug resistant epilepsy in children with Congenital Zika Syndrome. 
São Luís, 2016–2018.  

Z-scores Drug resistant epilepsy (n = 107)a P-value 
Yes No 
n Mean n Mean 

Head circumference for age 
Birth (n = 92) 58 − 3.11 34 − 2.38 0.037b 

6 months (n = 54) 35 − 6.30 19 − 4.67 0.010b 

12 months (n = 72) 48 − 5.88 24 − 4.69 0.024b 

24 months (n = 91) 57 − 5.53 34 − 4.71 0.715b 

36 months (n = 43) 28 − 5.56 15 − 4.98 0.437b 

Weight for age 
Birth (n = 100) 63 − 0.93 37 − 0.66 0.257b 

6 months (n = 57) 39 − 1.43 18 − 0.76 0.044c 

12 months (n = 72) 48 − 1.21 24 − 1.18 0.943b 

24 months (n = 95) 59 − 1.85 36 − 1.73 0.744b 

36 months (n = 43) 28 − 2.42 15 − 1.38 0.042b 

Weight for length 
Birth (n = 79) 51 − 0.67 28 − 0.60 0.794b 

6 months (n = 50) 34 0.16 16 0.22 0.596c 

12 months (n = 67) 45 − 0.67 22 − 0.67 0.997b 

24 months (n = 89) 55 − 1.39 34 − 1.21 0.643b 

36 months (n = 41) 26 − 2.03 15 − 0.95 0.909b 

Length for age 
Birth (n = 79) 51 − 1.51 28 − 1.21 0.435b 

6 months (n = 50) 34 − 2.06 16 − 1.34 0.188b 

12 months (n = 67) 45 − 1.42 22 − 1.30 0.777b 

24 months (n = 89) 55 − 1.71 34 − 1.65 0.464b 

36 months (n = 42) 27 − 1.83 15 − 1.34 0.242b  

a Of the 109 children with CZS and known epilepsy data, 2 were excluded 
from the growth analysis because they had hypertensive hydrocephalus at birth. 

b Independent sample T test. 
c Mann Whitney test. 
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and reduced parenchymal volume [31] are associated with the devel
opment of epilepsy and clinical changes in patients with CZS. In a study 
with 47 children with CZS, 58% of individuals with clinical epilepsy 
were born with malformations in the hindbrain (cerebellum and 
brainstem), while none of the individuals without epilepsy showed 
macroscopic abnormalities in this region [31]. There is an association 
between drug resistant epilepsy and severity of tomographic findings 
[4], which explains the high prevalence of this finding in this cohort. 

The presence of any ophthalmic lesion and chorioretinal scar were 
associated with drug resistant epilepsy in our series. Ophthalmological 
and neurological findings are both related as consequences of congenital 
ZIKV infection [33,34]. Low vision may be present even without the 
presence of eye abnormalities, which may be related to brain damage 
[35]. 

Children with severe CZS may be at risk for malnutrition and 
stunting with advancing age [2]. The greater the neurological impair
ment, the greater the impact on growth [36]. In our study, there were 
significant differences in the Z-scores of weight for age of children at six 
and 36 months, when comparing the groups with and without drug 
resistant epilepsy, however, this difference dissipated over time. 

5. Conclusion 

The prevalence of epilepsy in children up to 36 months with CZS was 
92% and 68% of these were drug resistant. Drug resistant epilepsy was 
associated with ventriculomegaly, reduction of brain parenchyma, 
damage to the cerebellum and chorioretinal scar. It was also associated 
with irritability, continuous crying, difficulty sleeping and dysphagia. At 
36 months of age, the response to ASM was lower and the amount of 
ASM used was greater, when compared with shorter follow-up studies. 
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