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IMPORTANCE Hydrocephalus is a treatable but potentially fatal complication that has not
been previously described in congenital Zika syndrome (CZS).

OBJECTIVE To describe the clinical features and imaging findings in 24 patients with
congenital Zika syndrome (CZS) who developed hydrocephalus.

DESIGN, SETTING, AND PARTICIPANTS This case series included patients with hydrocephalus
who were born in October and November 2015 and followed up until mid-2017 in the 2
largest national referral centers for CZS in Brazil. The participants included consecutively
enrolled children with a clinical and laboratorial diagnosis of CZS who developed clinical
and/or image findings suggestive of hydrocephalus and who were confirmed to experience
increased intracranial hypertension during ventriculoperitoneal shunt procedures.

MAIN OUTCOMES AND MEASURES To retrospectively describe clinical and image findings in
these 24 patients.

RESULTS This multicenter cohort included 308 patients with CZS; 24 consecutive children
were enrolled in this study. These children were aged between 3 to 18 months, and 13 of 24
(54%) were female. All patients presented with at least 1 positive test result for anti-Zika
antibodies in cerebrospinal fluid or serum and had classic signs of CZS. At the time of
hydrocephalus diagnosis, only 14 of 24 patients (58%) had symptoms and signs suggestive
of hydrocephalus (mainly worsening seizures, vomiting, irritability, and/or sudden increase
of head circumference percentile). Two of 24 patients (8%) had no symptoms suggestive
of hydrocephalus but were found to have reduced brain volume on repeated imaging.
Cerebellar or brainstem hypoplasia on baseline imaging were found in 18 of 23 patients
(78%). At the second computed tomographic scan, all patients showed a marked increase
of ventricular volume, compatible with communicating hydrocephalus, and reduction of brain
tissue that was visibly worse than on baseline imaging for the 23 patients with repeated
scans.

CONCLUSIONS AND RELEVANCE We present evidence that hydrocephalus is a complication of
CZS in at least a proportion of patients. The clinical spectrum of this condition continues to
evolve, but given that presenting signs and symptoms of hydrocephalus can be challenging
to recognize in CZS, we provisionally recommend that high suspicion and appropriate
monitoring for hydrocephalus should be part of the standard care of patients with CZS.
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Z ika virus (ZIKV) is an arthropod-borne virus of the Fla-
viviridae family that can cause a mild febrile illness with
maculopapular rash, joint pain, and conjunctivitis.1 The

first report of ZIKV infection in Brazil was in 2015,2 and a dra-
matic increase in cases of microcephaly was subsequently de-
tected, especially in the northeast of the country. In April 2016,
the causative relationship between microcephaly and ZIKV was
established.3

The clinical spectrum of congenital Zika syndrome (CZS) is
notcompletelyunderstood,andconfirmedcasespresentingwith
less severe manifestations have been described.4 Presentations
of CZS go beyond microcephaly to include other clinical patterns,
such as retinal abnormalities with visual impairment,5 hearing
loss,6 and limb abnormalities, such as arthrogryposis.7 This ar-
ticle describes, for the first time to our knowledge, a series of in-
fants with CZS who developed hydrocephalus, discusses possible
causes for this expansion of the clinical phenotype, and suggests
that repeated neuroimaging may be necessary to detect this com-
plication.

Methods
Patients with CZS are followed up as part of a descriptive study
at 2 reference centers in Brazil: the Association for Assistance
of Disabled Children of Pernambuco (in Recife) and Albert Sa-
bin Childreńs Hospital, Ceará (in Fortaleza). As part of this
study, patients were identified retrospectively who devel-
oped hydrocephalus and underwent ventriculoperitoneal
shunt (VPS) surgery as part of routine care.

On initial investigation, all patients underwent detailed
physical and neurologic evaluations and brain imaging by non-
enhanced head computed tomography (CT) or nonenhanced
magnetic resonance imaging (MRI) of the head. On follow-up
after 3 months of age, patients with CZS with clinical suspi-
cion of developing hydrocephalus or unexplained worsening
of other signs and symptoms, underwent repeated brain
imaging. As these evaluations pointed toward an actual risk
for developing hydrocephalus, we decided to systematically
proceed with repeated imaging of all patients at approxi-
mately 10 months of age.

Inclusion Criteria
The diagnosis of CZS was established under the following
criteria: (1) a brain imaging result suggestive of congenital
infection, (2) a full negative investigation for the main
causes of congenital infections producing microcephaly,
and (3) detection of anti-Zika antibodies in serum and/or
cerebrospinal fluid (CSF) in either the Zika IgM antibody
capture enzyme-linked immunosorbent assay (Zika MAC-
ELISA) and/or the plaque-reduction neutralization testing
(PR-NT).8 Samples of CSF and serum from patients with CZS
were tested for ZIKV infection by real-time quantitative
reverse-transcription polymerase chain reaction9 and by
IgM-antibody MAC-ELISA.8 A PR-NT for anti-ZIKV IgG was
performed when the MAC-ELISA test result for anti-ZIKV
antibodies was negative in patients with cases clinically
compatible with CZS. The samples were collected at the

time of suspicion of microcephaly during the early newborn
period and afterward, during neurosurgery.

Additional CSF Studies
The CSF samples from patients from whom such samples were
available were analyzed for total protein content and protein
electrophoretic separation. Four patients had additional total
cell counts analyzed.

Brain Image Analyses
Initial nonenhanced head CT scans were performed during the
ZIKV outbreak in different radiology centers and with differ-
ent CT equipment (with slice detectors varying from 6 to 64
images on initial CT scan), making the imaging impossible to
standardize. The follow-up nonenhanced head CT scans were
all performed in 4 radiology centers. The images were ana-
lyzed by 3 physicians (V.v.d.L., N.C.d.L.P., and A.N.H.) in 2 meet-
ings. The initial and follow-up CT images from each patient
were analyzed side by side at a workstation, after adjust-
ments of window, slice thickness, and planes, to equalize the
images as completely as possible. The 3 physicians answered
questions at the same time, together, using a form created by
the authors.

Initial CT scans were reviewed for presence and location
of brain calcifications; malformations of cortical develop-
ment, if present, were noted, as well as prominence of occipi-
tal bone. Increased extraaxial CSF spaces, cerebellum or brain-
stem hypoplasia, enlarged cisterna magna, reduced cerebral
volume, or ventriculomegaly were further classified as mild,
moderate, or severe.

Cerebral ventricular size, cerebral volume, extra-axial CSF
spaces, and cisterna magna size were evaluated on follow-up
CT scans and recorded as unchanged, reduced, or increased.
The degree of prominence of the occipital bones and separa-
tion of the cranial sutures was also assessed.

Ethical Issues
All medical investigation procedures described were con-
ducted as part of standard clinical care. Signed informed con-

Key Points
Question Can hydrocephalus be part of the clinical spectrum of
congenital Zika syndrome?

Findings This case series describes 24 patients who developed
hydrocephalus between 3 and 18 months of age and had at least
1 test positive for anti-Zika antibodies, including 14 who had
symptoms and signs suggestive of hydrocephalus, 18 who had
cerebellar or brainstem hypoplasia at baseline, and 2 who had no
such symptoms but were found to have reduced brain volume on
repeated imaging; at a second computed tomographic scan, all
showed marked increases of ventricular volume and reduction
of brain tissue.

Meaning Hydrocephalus may be a complication of congenital Zika
syndrome with presenting signs and symptoms that are
challenging to recognize; monitoring for it, including assessing the
potential harbinger of cerebellar or brainstem hypoplasia, should
be part of the standard care of patients with this condition.
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sent was obtained for publication of images presented in this
article from parents of patients as part of our ongoing longi-
tudinal studies of CZS, which were approved by the ethics
boards of Association for Assistance of Disabled Children
(Recife) and Albert Sabin Childreńs Hospital (Fortaleza).

Statistical Analysis
Descriptive statistical analyses were performed using SPSS
version 24 (IBM). A significance level of .05 (2-sided) was used
for all hypothesis tests.

Results
Patient Presentation and Demographics
Our longitudinal studies of patients with CZS include a total of
308 individuals in Recife, Pernambuco, Brazil (n = 198) and
Fortaleza, Ceará, Brazil (n = 110). Of these, 24 patients (7.8%) had
a confirmed diagnosis of hydrocephalus with suggestive signs
of increased intracranial pressure and underwent VPS neurosur-
gery. Dates of birth of patients with CZS and hydrocephalus
ranged from October 2015 to November 2015. Twenty-one of the
24 patients (88%) were followed up in the state of Pernambuco,
and the remaining 3 (13%) in the state of Ceará. Three patients
(13%) were born at preterm gestation, and 21 (88%) at full term.
The age of patients who fulfilled inclusion criteria for CZS with
hydrocephalus were between 3 to 18 months of postnatal life.
Thirteenpatientsof24(54%)werefemale.DuringVPSplacement,
allpatientshadCSFcollectedforfurtheranalysis.TheMAC-ELISA
test was performed on the CSF collected during the surgical pro-
cedure from all patients, resulting in positive findings in 23 (96%)
and a negative finding in 1 (4%). Seven of 24 patients (29%) had
CSF collected during the surgery analyzed for quantitative
reverse-transcriptionpolymerasechainreactionforZIKV;allwere
negative. Fifteen of 24 patients’ mothers (60%) described expe-
riencing cutaneous rashes consistent with ZIKV between the sec-
ond and seventh gestational month, of whom 1 (7%) experienced
this at the first trimester, 10 (67%) in the second trimester, 2 (13%)
at the third trimester, and 2 (13%) without clear information on
trimester. Sixteen of 24 newborns (67%) had appropriate weight
for gestational age. In all patients, microcephaly and craniofa-
cial disproportion were diagnosed at birth. Seventeen of 24 new-
borns(71%)hadaprominentoccipitalboneprotuberanceatbirth,
detected by direct clinical assessment and confirmed by CT scan;
20 of 24 (80%) had redundant skin on the scalp.

Clinical Signs and Symptoms of Hydrocephalus
At the time of hydrocephalus diagnosis, 14 of 24 infants (58%)
had symptoms and signs suggestive of hypertensive hydro-
cephalus, mainly vomiting, irritability, and/or sudden in-
creases in head circumference percentile. Nonspecific neuro-
logical symptoms and signs of hydrocephalus were present in
8 of 24 patients (33%). Worsening seizures was the most fre-
quent symptom, present in 13 patients (54%). Only 1 patient
(4%) presented with vertical gaze palsy. Two of 24 patients (8%)
did not present clear clinical signs for the diagnosis of hydro-
cephalus but presented with reduction of brain volume on
repeated imaging. In Figure 1, we show the imaging examina-

tions of 1 of these patients, with a progressive loss of the ce-
rebral parenchyma, associated with an increase in the ven-
tricles on examination at birth, 1 month of age, and 11 months
of age, despite not presenting at the clinic with intracranial hy-
pertension. Surgery was needed to preserve the remainder of
the parenchyma.

Considering the marked increase in ventricular size, only
5 patients (21%) presented with sudden growth of head cir-
cumference at the time of hydrocephalus diagnosis, and 2 of
24 (8%) reached an age-appropriate head circumference, while
22 of 24 (92%) remained microcephalic. All patients were noted
to have CSF flowing steadily out of the dura mater during sur-
gical entry into the subarachnoid space at the time of the VPS
placement, suggesting high-pressure hydrocephalus.

Other Neurologic Disability
All 24 patients presented with severe neurological disorders
with cognitive dysfunction, no interaction with the environ-
ment, and no motor skills. Dysphagia was evident in all pa-
tients. Twenty-three of 24 (96%) had epilepsy. Arthrogrypo-
sis was diagnosed in 7 of 24 patients (28%). Table 1 summarizes
the clinical features of the patients, with additional details
presented in eTable 1 and eTable 2 in the Supplement. All pa-
tients presented improvement of the symptoms after the VPS
surgical procedure.

CSF Analysis Results
Sixteen of 21 patients (76%) with CSF available had their
samples analyzed for total protein content and electropho-
retic separation. In 14 of the 16 patients (88%), we found pro-
tein content to be normal; in 2 patients (13%), protein analy-
sis was not possible owing to blood contamination and
hemolysis in the sample. The results from electrophoretic sepa-
ration were obtained from 13 samples, showing normal γ globu-
lin, prealbumin, albumin, and α-1 and α-2 globulin fractions.
Notably, in 4 patients, increased levels of β-globulin were de-
tected. Additionally, total cell counts were performed in 4
samples and were normal. eTable 3 in the Supplement shows
the main findings of the CSF analysis.

Brain Imaging
Brain images of all patients revealed malformations of corti-
cal development and a pattern of calcifications variable in size,
shape, and distribution, predominantly in the cortex and sub-
cortical white matter (especially in the transition between the
cortex and white matter). Eighteen of 23 (78%) had cerebellar
or brainstem hypoplasia, and 18 patients (78%) had enlarge-
ment of the cisterna magna, including 6 with enlarged fourth
ventricles. On the second CT scan, all patients showed marked
increase of the ventricular volumes (including in the third and
fourth ventricles in 16 of 23 patients [70%]), compatible with
diffuse reduction of brain mass, together with surgically es-
tablishing communicating hydrocephalus. Representative im-
ages of patients with CZS who had hydrocephalus are shown
in the eFigure in the Supplement. Most patients (n = 19) be-
came relatively more microcephalic, despite the onset of hy-
drocephalus. Five patients had increases in their z scores with
the onset of hydrocephalus, with 2 patients achieving normal-
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ization of the z score to −2 SD or better. The comparative head
circumference z scores at birth and at diagnosis of hydrocepha-
lus are shown in Figure 2. Several patients had change of their
head contour with the onset of hydrocephalus, as shown in
Figure 3.

One patient had only 1 imaging study, obtained at the time
of hydrocephalus diagnosis and characterized by a malforma-
tion of cortical development with thin cerebral cortex, severe
ventriculomegaly, and calcifications in the cortical and sub-
cortical white matter and the basal ganglia. This patient also
had severe hypoplasia of brainstem and cerebellum with an
enlarged cisterna magna. Table 2 summarizes the brain imaging
findings.

Discussion
We present 24 patients with CZS who developed hydrocepha-
lus and underwent VPS surgery. The association of severe mi-
crocephaly with hydrocephalus in some infants with CZS is sur-
prising, and it is important for clinicians who care for children
with CZS to be aware of this potential complication. Our ob-

servations stem from clinical access to the largest group of old-
est surviving patients with CZS in Brazil. Consequently, we are
continually gaining new insights into the evolution and the
natural history of this disease, its clinical spectrum, and its
pathophysiology.

It isalmostacenturysinceDandy10 madethefirstexperimen-
tal studies on hydrocephalus, but in most cases the underlying
mechanismremainsunknown.TheconventionalviewisthatCSF
malabsorption owing to hindrance of the CSF circulation causes
either obstructive or communicating hydrocephalus. Analyses
oftheintracranialhydrodynamicsassociatedwiththepulsepres-
sure show that this is an oversimplification.10

AcutehydrocephalusiscausedbyanintraventricularCSFob-
struction in accordance with the conventional view. In contrast,
it has been suggested that chronic hydrocephalus is caused by
decreased intracranial compliance.10,11 Congenital and neona-
tal hydrocephalus can be caused by a wide variety of develop-
mental abnormalities or insults, including congenital infection.12

Both Taxoplasmosis gondii and cytomegalovirus have the poten-
tial to infect the developing fetus and have been identified as
causes of congenital and neonatal hydrocephalus.13 Hydrocepha-
lus in patients with congenital toxoplasmosis has traditionally

Figure 1. Representative Brain Image of a Patient Without Clinical Evidence of Hydrocephalus
but With Progressive Loss of the Cerebral Parenchyma Associated With an Increase in the Ventricles

BirthA

Age 1 moB

Age 11 moC
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been attributed to obstruction of the aqueduct of Sylvius caused
by an ependymitis.14

To our knowledge, little is known about CZS and hydro-
cephalus. Sarno et al15 described a case of hydrops fetalis and
hydranencephaly in a case of fetal demise in which they had
obtained ZIKV-specific reverse-transcription polymerase chain
reaction amplification products from extracts of cerebral
cortex, medulla oblongata, cerebrospinal fluid, and amniotic
fluid. Experimental evidence with human derived neuropro-
genitor cells in vitro16,17 and in vivo, using mice18,19 and pri-
mate models,20,21 suggests that a mechanism involved in the
primary loss of neural cells during brain development in CZS
is the pathological induction of apoptosis17,22-25 among corti-
cal neuroprogenitor cells.23,25,26

In patients with CZS who have been autopsied, the presence
ofvirusparticlesincentralnervoussystemcellswasdemonstrated
by electron microscopy as well as genomic sequencing,27,28 im-
plying that viral clearance was not achieved in the fetus after
primary maternal infection. Aid et al29 showed that ZIKV can
persist in CSF and lymph nodes of infected rhesus monkeys
for weeks after the virus has been cleared from peripheral blood,

urine, and mucosal secretions and that viral persistence in both
CSF and lymph nodes correlated with the upregulation of mecha-
nistictargetofrapamycinkinase,proinflammatory,andantiapop-
totic signaling pathways, as well as the downregulation of extra-
cellular matrix signaling pathways. However, they did not detect
ZIKV-specific antibodies in CSF.

The fact that we have demonstrated the presence of anti-
Zika IgM antibodies in the CSF collected during VPS surgery
in 96% of the patients in this study may be considered evi-
dence that ZIKV antigen presentation occurs in the intrathe-
cal space, perhaps owing to the development of tertiary lym-
phoid organs in situ.30,31 This antibody response is conceivably
connected with an evolving immune sensitization to ZIKV an-
tigens rather than to a virus-triggered inflammatory reaction
because of the absence of visible necrosis in the imaging stud-
ies and the lack of other inflammatory findings as described
in the literature.25,27 As shown in eTable 3 in the Supplement,
the CSF analysis obtained during VPS surgery showed no evi-
dence of ongoing inflammatory response as measured by cell
count and protein concentration in the cases in which these
parameters could be analyzed. In addition, autophagic behav-
ior and modulation of apoptotic genes in host cells has been
demonstrated experimentally32-34 as a survival strategy of the
flavivirus, because preservation of the host cell alive assures
virus persistence and replication.

Considering that a relatively low-grade, persistent ZIKV in-
fection in the central nervous system of surviving infants may
exist, it would allow persistence of the pathologically in-
duced apoptosis process over time. This candidate mecha-
nism could be implicated in the observed progressive de-

Table 1. Summary of Clinical Features of Patientsa

Characteristic Patients, No. (%)
Total 24

Girls 13 (54)

Characteristics at birth

Gestational age, mean (SD) [range], wk 38.5 (2.6)
[31-41]

Appropriate birth weight for gestational age 16 (67)

Severe microcephalyb 20 (83)

Arthrogryposis 7 (29)

Craniofacial dysproportion 24 (100)

Characteristics at follow-up

Epilepsy 23 (96)

No motor milestone achieved 24 (100)

Characteristics at diagnosis of hydrocephalus

Age, mean (SD) [range], mo 11.8 (3.5)
[3-18]

Signs and symptoms suggestive of hydrocephalus 14 (58)

Worsening seizures 13 (54)

Vomiting 9 (38)

Irritability 7 (29)

Worsening dysphagia 4 (17)

Drowsiness 3 (13)

Dysjunction of sutures 2 (8)

Hypertension 1 (4)

Respiratory symptoms 1 (4)

Sleep abnormality 1 (4)

Vertical gaze palsy 1 (4)

No symptoms suggestive of hydrocephalus 3 (13)

a Some patients presented with more than 1 feature suggestive of
hydrocephalus. Detailed features in each case can be found in eTable 1
(baseline clinical features) and eTable 2 in the Supplement (clinical features
of hydrocephalus).

b Severe microcephaly at birth defined as 3 SD less than the mean
for gestational age and sex.

Figure 2. Comparative Head Circumference z Scores at Birth
and Diagnosis of Hydrocephalus
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crease in the size of the brain mass seen on follow-up CT scans,
while the production of CSF remains active. Together, these
mechanisms would lead to progressive enlargement of ven-
tricular cavities, evolving toward the severe hydrocephalus that
we have so far observed. With its slow progression, this on-
going dilation may be classified as a chronic hydrocephalus-
like condition11 in which the expansion of space occupied by
CSF will overcome the complacency of the brain in compen-
sating for the CSF hydrostatic pressure, thereby determining
the hypertensive intracranial status.

We also suggest that the progressive increase in CSF pres-
sure may contribute additional harm to the central nervous sys-
tem and cause stretching and loss of brain mass directly as a
result of both its physical compressive effect and by oppos-
ing or overcoming blood perfusion pressures. In this context,
the main mechanisms that physiologically regulate the turn-
over of CSF (including its production at choroid plexuses, ve-
nous absorption by dural Pachionian granulations, the inflow
of CSF through the periarterial pathway toward the neuropil,
and the outflow of CSF and interstitial fluid throughout the
paravenous vessels pathways of the lymphatic system35-39)
would hardly be impaired because of the progressive regres-
sion of brain mass structures as a whole. Considering the
imaging findings, we infer that these losses include neurons
and astroglia in parallel with their attendant vascular frame-
work. Additionally, the outflow that connects the para-
venous system, with the recently described dural lymphatic

system draining into deep cervical lymph nodes,37,40 would
likely also be impaired by the increased hydrostatic pressure
determined by the CSF constraint. To summarize, the evolu-
tion of the initial phenotype of microcephaly with ventricu-
lomegaly to the later phenotype of severe hydrocephalus and
probably high intracranial pressure is very likely multifacto-
rial in nature.

Magnetic resonance imaging of some cases of this series
showed an imaging pattern of variable degree in the severity
and shape of cerebellar hypoplasia, while other patients had
findings of a significant enlargement of the cisterna magna.
In these cases, we may postulate a coexisting association of
some degree of CSF overproduction and/or malformative points
of obstructed CSF resorption. In addition, another possible
mechanism of hydrocephalus in these patients is the enlarge-
ment of the fourth ventricle resulting in obstruction of the
fourth ventricular outflow pathways through the lateral and
median foramina, resulting in a counterclockwise rotation of
the extremely hypoplastic cerebellum. In such cases, the cer-
ebellum would be more likely involved and therefore tend to
be small, with the fourth ventricle enlarged. As a result of the
tetraventricular hydrocephalus, these patients may be less se-
verely affected by microcephaly, and they would be expected
to have a thin cerebral mantle.

We report here the increase in β-globulin in CSF in some
patients with CZS (eTable 3 in the Supplement). The in-
creased CSF β-globulin concentration is attributed to intra-

Figure 3. Change of Head Contour With Onset of Hydrocephalus in Patients With Congenital Zika Syndrome

D Image of a patient’s brain at birth
(top), hydrocephalus onset (bottom),
and an intermediate point, example 2

Patient’s head contour with
hydrocephalus onset, example 1,
at birth

A

Patient’s head contour with
hydrocephalus onset, example 1,
at 12 mo

B

Image of a patient’s brain at birth
(top), hydrocephalus onset (bottom),
and an intermediate point, example 3

EImage of example 1 patient’s brain
at birth (top), hydrocephalus onset
(bottom), and an intermediate point

C
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thecal synthesis owing to immune activation,40 including
nervous tissues destruction and degeneration, neuroinflam-
mation, and neuroinfections.31 In the present cases, the CSF
analysis did not show increases in other defined inflamma-
tory parameters, such as total protein concentration and cell
counts. We therefore infer that increased β-globulin in some
cases may be not correlated with significant exudative inflam-
matory reaction in the central nervous system but could re-
sult from progressive apoptosis and associated microglial
activation.31

Finally, clear clinical signs and symptoms of hydrocepha-
lus were not always present in the included patients, suggest-
ing the need for routine central nervous system reimaging after
a few months of life or in the presence of clinical worsening,
even with nonspecific symptoms. Further studies are required
to determine the overall risk of hydrocephalus in patients with
CZS, if there is an age of maximal risk, and methods for early
detection. Long-term follow-up is also needed to determine
the benefits of surgical intervention. Our data indicate that the
clinical picture of CZS has not yet been fully defined, and the

possibility of hydrocephalus in the setting of severe micro-
cephaly should be appreciated by clinicians caring for these
children.
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