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Introduction

In 2015, an increase in the incidence of congenital 
microcephaly in newborns began to be observed in 
Brazil, with the initial ecological association with mater-
nal Zika virus (ZIKV) infection later confirmed as 
causative.1 In Argentina, the first case of local transmis-
sion of ZIKV infection occurred in February 2016 in 
the province of Cordoba, followed by outbreaks in 
Tucumán, Salta, and Chaco. The first national case of 
congenital ZIKV syndrome (CZS) was reported in 
November 2016 in Tucumán.2 The National Network of 
Congenital Anomalies (RENAC) reported an increase 
in the birth prevalence of microcephaly in Argentina, 
from 4.1 per 10 000 in 2009 to 2015 to 6.9 per 10 000 in 
2016/17, although this increase was substantially lower 
compared with other countries in the region like Brazil, 
Colombia and Venezuela.2-4 The last reported ZIKV 
case in Argentina was in early May, 2019. No new cases 
have subsequently been reported.5

Every year about 7.9 million (6%) infants born world-
wide have major birth defects, with 3.3 million of these 
children estimated to die before reaching 5 years of age 
and 3.2 million surviving with a disability.6 The impact 
of birth defects is more critical in low and middle income 
countries (LMICs) where the conditions for preven-
tion, treatment, and rehabilitation are challenging.6 In  
Latin America and the Caribbean (LAC), birth defects 
contribute up to 21% of mortality among children  
under 5 years.7,8 This burden has been complicated by 
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the substantial number of newborns with microcephaly 
during the recent ZIKV outbreaks in the region.9-12 In 
Argentina, birth defects are the second most important 
cause of infant mortality and account for 28% of total 
infant deaths.13 As in many LMICs, the impact of birth 
defects nationally has been also observed in spontane-
ous abortion, comorbidity, high demand for medical and 
surgical treatments, social and emotional impact, and 
high economic costs.14

Microcephaly is a condition with multiple definitions 
and heterogeneous pathogenesis, and can be caused by a 
range of genetic and environmental factors that impact 
on the developing fetal brain.15-18 Prior to the re-emer-
gence of ZIKV in 2016, it was well-established that some 
congenital infections such as Toxoplasma gondii, cyto-
megalovirus (CMV) and rubella, can result in micro-
cephaly. However, the ZIKV pandemic highlighted gaps 
in both knowledge and surveillance of microcephaly 
around the world, including a lack of understanding with 
respect to the different causes and consequences of the 
condition.

In this context, we conducted a retrospective study of 
children with microcephaly evaluated at the pediatric 
Hospital Juan P. Garrahan, Buenos Aires during the 
period 2017 to 2019, when ZIKV outbreaks were ongo-
ing, in order to describe the epidemiological, clinical, 
neuroimaging characteristics and etiologies overall and 
to examine any cases of CZS.

Methods

This observational retrospective study was conducted 
through a review of medical records of all children 
younger than 3 years referred to the Infectious Diseases 
Clinic of the pediatric Hospital Juan P. Garrahan between 
March 2017 and November 2019, and diagnosed with 
microcephaly. Microcephaly was defined as the pres-
ence of a head circumference (HC) 2 standard devia-
tions below the median for gestational age and sex19; it 
was further classified as congenital if it was first identi-
fied prenatally or at birth or as secondary if it occurred 
postnatally (ie, in an infant with a head circumference in 
the normal range at birth).17 The review of microcephaly 
cases during this time period was carried out in order to 
identify eligible children for inclusion in the ZIKAction 
Pediatric Registry of children with known ZIKV expo-
sure in utero and/or with confirmed or suspected CZS. 
ZIKAction is an international consortium conducting 
interdisciplinary research on ZIKV epidemiology, natu-
ral history, and pathogenesis, with a particular emphasis 
on maternal and child health (www.zikaction.org). This 
study was reviewed and approved by the Comité Revisor 
de Investigacion, Ref: 962, Hospital de Pediatria 
Garrahan, Buenos Aires, Argentina. The parents or 

guardians provided written informed consent to enroll 
children in the study.

Clinical and Laboratory Assessment

All clinical and laboratory evaluations were conducted as 
part of routine care, according to local guidelines on the 
diagnosis and assessment of children with microcephaly, 
which involves multidisciplinary input (ie, neurology, 
infectious diseases, radiology, ophthalmology). Thus,  
in addition to detailed medical history taking, neuro
imaging, ophthalmological, and audiological evaluations 
were performed on all children. Neuroimaging evalua-
tions (ultrasonography, Computed Axial Tomography, 
and/or Nuclear Magnetic Resonance) were classified as: 
presence of calcifications only; parenchymal compro-
mise only; ventricular system compromise only; combi-
nations of the above. All children underwent fundoscopy 
and had their hearing assessed with either otoacoustic 
emission (OAE) or auditory evoked potential testing, 
depending on their age. Karyotype and comparative 
hybridization array (array-CGH) were carried out when 
the geneticist considered that they were indicated.

Blood and/or urine samples from the children and their 
mothers were tested for toxoplasmosis, rubella, herpes 
simplex, Chagas disease, syphilis, CMV, and ZIKV. For 
ZIKV, real-time polymerase chain reaction (RT-PCR), 
and antigen-specific Immunoglobulin M (MAC-ELISA) 
testing was conducted at the Hospital Juan P. Garrahan, 
with plaque reduction neutralization test (PRNT90) at the 
Instituto Nacional de Enfermedades Virales Humanas 
“Dr. Julio I. Maiztegui.”

In this manner, the causes of microcephaly such as 
genetic, toxic and metabolic disorders were studied. 
The final classification of the microcephaly cases was 
carried out according to the etiology (infectious or 
non-infectious).

Data Collection and Analysis

Medical record review of all eligible children was con-
ducted, to collect data on demographic, clinical, neuro-
imaging, and laboratory data as well as pregnancy and 
perinatal information. The data collected was processed 
using Epi-Info 7.2. Continuous variables were reported as 
median, range or interquartile range (IQR). Comparisons 
of variables were assessed using the chi-squared, Fisher’s 
exact test, or Rank sum test. A P value <.05 was consid-
ered statistically significant.

Results

Forty children younger than 3 years of age with micro-
cephaly were included during the study period, of whom 

www.zikaction.org


Berberian et al	 3

most (60%) were male (Table 1). The majority of chil-
dren had been born in Argentina (27 in Buenos Aires, 7 
in other provinces), with 6 (15%) born in other LAC 
countries; 10% were born preterm and 25% had a low 
birthweight (Table 1).

Initial Presentation

The median age at first evaluation at the Hospital Juan 
P. Garrahan was 6 months (IQR 2–31.5 months). 
Microcephaly was congenital in 31 (77%) children, 
while in 9 (23%) it developed postnatally. Microcephaly 
was the only abnormal presentation at the initial consul-
tation for 13 patients (33%), while the remaining 27 
children presented in association with other features, 
most commonly seizures (N: 12, 44%), developmental 
delay (N: 10, 37%), non-progressive chronic encepha-
lopathy (N: 6, 22%), and West Syndrome (N: 8, 30%). 
The presenting clinical features of the children stratified 
by congenital or secondary microcephaly are presented 
in Table 2. Subsequently, 5 of the 13 children referred 
with isolated microcephaly were identified as having 
other abnormalities following additional investigations.

Clinical and Radiological Investigations

Regarding clinical characteristics, for 22 (55%) children 
the pathologic manifestations were restricted to central 
nervous system (CNS) compromise, whilst the remain-
ing 18 children had additional abnormalities identified 

(Table 2). Neuroimaging assessments were available 
for 39 children in total, and abnormal in 31 (79%): 7 
children had combined parenchymal and ventricular 
abnormalities, 2 children had abnormalities in the 3 
localizations, 10 showed intracranial calcifications only, 
9 parenchymal abnormalities only, and 7 had ventricular 
system abnormalities only. Ocular abnormalities were 
identified in 8 children, all with congenital microceph-
aly: 5 had chorioretinitis, 1 papilla hypoplasia, 1 reti-
nopathy with retinal fold and 1 leukocoria. Overall, 9 
children had sensorineural deafness (1 unilateral, 8 
bilateral), 3 of whom had secondary (postnatal) micro-
cephaly; considering the child’s most severely affected 
ear, 1, 5, and 2 participants had mild, moderate, and 
severe hypoacusis respectively.

Infection Investigations

Laboratory evidence of infectious diseases was recorded 
in 16 out of 37 cases (43%), with 9 (23%) children diag-
nosed with CMV, 4 (10%) with congenital toxoplasmo-
sis, and 3 (7.5%) with CZS. The 3 cases of CZS (all 
male) were imported, with all 3 children born in 
Venezuela between May and June 2016; none of their 
mothers had laboratory confirmed ZIKV diagnosis 
whilst pregnant by PCR or serology, but were diag-
nosed with suspected ZIKV infection (2 mothers 
reported fever and rash during their pregnancy, and 1 
fever and muscle/joint pain). The diagnoses of CZS 
were made based on clinical presentation and the epide-
miological link in the context of exposure in a setting 
with circulating virus, with no laboratory evidence of 
ZIKV infection available in the medical records of the  
3 children with CZS. All 3 mother-child pairs subse-
quently received serological testing after arrival in 
Argentina (>15 months after delivery in all cases), with 
1 mother-child pair being IgG positive, 1 mother-child 
pair being IgG negative, and 1 being discordant (mother 
IgG positive and child IgG negative). In addition to 
congenital microcephaly, all 3 had intracranial calcifi-
cations, malformations of cortical development, and 1 
child had chorioretinitis.

In addition to the 3 mothers of infants with CZS, 
one further mother reported fever and rash during her 
pregnancy (her infant’s microcephaly was found to be 
genetic in origin). It is also important to note that 1 
child died because of CMV and neonatal complications 
unrelated to microcephaly.

Causes of Microcephaly

The underlying cause of microcephaly was defined in 
the medical records of 37 children (93%), while 3 were 

Table 1.  Infant and Maternal Characteristics of 
Microcephaly Cases, N = 40.

Characteristic n (%) or median (IQR)

Sex
  Male 24 (60)
  Female 16 (40)
Country of birth
  Argentina 34 (85)
  Venezuela 3 (7.5)
  Bolivia 3 (7.5)
Gestational age, median (weeks) 38 (26-41)
<37 completed weeks 4 (10)
≥37 completed weeks 36 (90)
Birthweight, median (g) 2800 (1400-3640)
<2500 g 10 (25)
  ≥2500 g 30 (75)
Maternal age at delivery, median 

(years)
26 (22-31)

Microcephaly classification
Congenital 31 (77.5)
Secondary/postnatal 9 (22.5)
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lost to follow-up before a final diagnosis could be made. 
Overall, the etiology was classified as non-infectious for 
21 children and infectious for 16. Pathogenesis was 
genetic in 13 cases, with the cause of the microcephaly 
determined to be due to hypoxic-ischemic encephalopa-
thy in 6 cases and due to metabolic disease in 2. The 
distribution of causes by type of microcephaly (congeni-
tal and postnatal) is presented in Table 2.

Comparison of clinical characteristics between the 
non-infectious and infectious etiology groups showed 
that the former had significantly more cases with isolated 
microcephaly (eg, without ocular, auditory, or hemato-
logical abnormalities), at 67% (14/21) versus 31% (5/16) 
(P = .035), whilst there was a higher proportion of chil-
dren with calcifications in the infectious etiology group 
compared with the non-infectious etiology group, at 50% 
(8/16) versus 14% (3/21) (P = .023 Fisher’s exact). No 
other significant differences were observed.

Discussion

Our study, one of the first descriptive epidemiological 
investigations in Argentina of microcephaly following 
the emergence of ZIKV, provides a characterization of 
the patterns and etiologies of microcephaly in 40 chil-
dren attending the pediatric hospital of J.P.Garrahan in 
Buenos Aires over a nearly 3 year period. The driver for 
this retrospective review of all microcephaly cases was 

a screening/surveillance process to identify cases of 
CZS for inclusion in the ZIKAction Pediatric Registry.

We found that microcephaly associated with other 
defects was more common than isolated microcephaly, 
similar to other studies4 and that the majority of cases 
had congenital microcephaly (77%). This differentiation 
is significant, as postnatal microcephaly is primarily 
associated with neuronal injury and cell death, while 
congenital microcephaly is related to fetal disruption of 
neuronal proliferation.20 It has therefore been suggested 
that postnatal microcephaly tends to have a more severe 
impact on neurodevelopmental function (particularly in 
the motor domain) than congenital onset21

Children with microcephaly in our study showed a 
broad spectrum of features, although presenting pri-
marily with pathologic manifestations associated with 
CNS compromise, notably seizures, West Syndrome, 
and developmental delay. All children underwent neuro
imaging and the majority (79%) had abnormalities 
detected—with parenchymal abnormalities dominating. 
In addition, 20% and 23% of our children with micro-
cephaly had a diagnosis of vision impairment and senso-
rineural hearing impairment respectively, underscoring 
the complex needs that these children may present with, 
requiring multidisciplinary, long-term care. We noted 
the preponderance of males among the microcephaly 
cases in our study, which has been reported elsewhere,22 
but not consistently.23,24

Table 2.  Clinical Features and Causes of Microcephaly Cases, by Presentation.

Congenital microcephaly Secondary microcephaly Total

  N = 31, n (%) N = 9, n (%) N = 40 n (%)

Neurological/neurodevelopmental diagnoses
  Seizures 12 (38.7) 0 12 (30.0)
  West syndrome 6 (19.4) 2 (22.2) 8 (20.0)
  Chronic encephalopathy 4 (12.9) 2 (22.2) 6 (15.0)
  Intellectual disability 9 (29.0) 1 (11.1) 10 (25.0)
Vision and hearing impairment
  Ocular abnormality 8 (25.8) 0 8 (20.0)
  Sensorineural deafness 6 (19.4) 3 (33.3) 9 (22.5)
Other clinical features
  Congenital heart disease 2 1 3
  Cleft palate 1 0 1
  Arthrogryposis 1 0 1
  Hepatomegaly 2 0 2
  Hematological 1 0 1
Cause of microcephaly (n = 40)
  Genetic 11 (35.5) 2 (22.2) 13 (32.5)
  Hypoxic-ischemic encephalopathy 3 (9.7) 3 (33.3) 6 (15.0)
  Metabolic 2 (6.5) 0 2 (5.0)
  Infectious 13 (41.9) 3 (33.3) 16 (40.0)
  Unknown (lost to follow-up) 2 (6.5) 1 (11.1) 3 (7.5)
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We were able to ascertain the probable cause of 
microcephaly for nearly all children following compre-
hensive investigations according to local guidelines. We 
found, consistent with other studies16,19,21,24, that there 
was a greater contribution of non-infectious than infec-
tious etiologies within our case series, with genetic dis-
eases a major cause in the former (accounting for 62% 
of cases) and causing microcephaly in a third of cases 
overall.

There were 3 different congenital infections identi-
fied as causes of microcephaly in our study, with CMV 
accounting for 56% of the infectious etiology group, 
and toxoplasmosis and ZIKV in the remaining cases. 
Prevalence of congenital CMV is estimated to range 
between 0.7% and 5% around the world, with higher 
prevalence in lower income countries,17 and is well recog-
nized as a major cause of developmental disabilities. 
Whilst the majority of congenital CMV cases are asymp-
tomatic at birth, evidence suggests that symptomatic 
presentation, particularly congenital microcephaly, is a 
strongly associated with adverse neurodevelopmental 
outcomes.21,25,26 In a review of 104 congenital micro-
cephaly cases reported through the RENAC between 
April 2016 and March 2017, 73 were evaluated for con-
genital infections, with 5 cases attributed to ZIKV, 4 to 
CMV, 3 to toxoplasmosis, 2 to congenital Herpes sim-
plex, and 1 to congenital syphilis.4

The 3 children with CZS (8% of all microcephaly 
cases) were all born in Venezuela in 2016 to mothers 
who reported symptoms consistent with ZIKV infection 
whilst pregnant, but without prenatal laboratory confir-
mation. Although we reviewed referrals of children 
with microcephaly during 2017 to 2019, it is not sur-
prising that only a small proportion of the microcephaly 
cases were found to be due to congenital ZIKV infec-
tion, nor that these were imported cases only, given the 
hospital’s location in Buenos Aires, outside the tropical 
northern regions of Argentina where ZIKV outbreaks 
were occurring. The climatic and eco-epidemiological 
characteristics of Argentina explains why there were 
substantially fewer ZIKV cases compared to other 
countries in LAC, especially Brazil, Colombia, and 
Venezuela.27 However, considering the geographical 
proximity to higher burden countries, as well as popula-
tion movements, clinicians nationally were alerted to 
the need to consider congenital ZIKV infection as a dif-
ferential diagnosis for children with microcephaly or 
compatible pathology since 2016.

Evidence is still growing with respect to vertical 
transmission of ZIKV, which has been challenging to 
investigate due to factors including the high proportion 
of asymptomatic infections in pregnant women and 
challenges around testing and interpretation of potential 

laboratory markers of infection.28,29 A recent analysis 
using published data from 7 studies with prospective 
data on ZIKV in pregnancy provided preliminary esti-
mates of average vertical transmission rates by trimes-
ter, respectively 47%, 28%, and 25% in the first, second 
and third trimesters.30 This same analysis estimated that 
probability of an infant having CZS symptoms was 9% 
following maternal ZIKV infection in the first trimester, 
and 3% and 1%, respectively where the mother was 
infected in the second and third trimesters. It is impor-
tant to consider that 1 in 5 definite or probable cases of 
CZS are associated with brain abnormalities in infants 
without microcephaly, underscoring that surveillance 
should not focus solely on microcephaly.31 In our study, 
all 3 children with CZS had brain abnormalities (intra-
cranial calcifications and malformations of cortical 
development), with chorioretinitis reported in 1. These 
clinical manifestations are consistent with the literature 
on defects associated with CZS,32 and confirm that CZS 
is a more complex spectrum of anomalies.33,34

This is one of the few published epidemiological 
studies of microcephaly in Argentina and provides a 
point of reference to demonstrate the diversity of char-
acteristics that children with microcephaly can present, 
as well as the range of causes. Such understanding is 
important, considering that the prevalence of congenital 
microcephaly in Buenos Aires was estimated to be 
1.8 per 10 000 (95% CI 1.3, 2.5) in 2010 to 2016.35 
Microcephaly, particularly where it is accompanied by 
additional clinical features, can have serious implica-
tions for growth and development, with affected chil-
dren at significant risk for delay across all aspects of 
development and for long-term disability.21

This study is limited by the retrospective design, with 
some missing data and loss to follow-up of a small num-
ber of cases. A strength of this single center study was 
that children were assessed in a homogenous manner, 
with all receiving neuroimaging, ophthalmological, 
audiological, and genetic evaluations as well as testing 
for congenital infections. The focus of this work was on 
identifying the potential causes of the microcephaly in 
the children referred to our hospital, as well as describ-
ing their clinical features at or shortly after presentation. 
It is therefore important to note that longer follow-up 
may identify additional adverse neurodevelopmental or 
other outcomes that may emerge over time, as well as 
providing important information on these children’s 
developmental trajectories.

This study contributes to improved understanding of 
the clinical presentation and causes of congenital and 
postnatal microcephaly in children in a LAC setting 
with limited ZIKV circulation. Over 3-quarters of the 
microcephaly cases in our study were congenital, and 
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isolated microcephaly was present in only 20% of cases. 
Overall, non-infectious causes were the most frequent in 
children with microcephaly, but a high proportion (40%) 
were due to congenital infections. Congenital ZIKV 
infection was responsible for fewer than 10% of micro-
cephaly cases, and all cases of CZS were born outside 
Argentina.
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