CASE REPORTS

Clinical and laboratory diagnosis of congenital Zika virus syndrome and
diaphragmatic unilateral palsy: case report
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Abstract
Introduction: several birth defects associated to congenital Zika virus infection have
been reported, although the clinical features have not been fully characterized.
Description: this is the first case report on unilateral diaphragmatic paralysis diagnosed
on a neonate with congenital Zika confirmed by the examination of the amniotic fluid through
polymerase chain reaction (ZIKV RT-PCR) and the examination of cerebrospinal fluid by
serological test (IgM ZIKV-ELISA) after birth. The main manifestations detected by
intrauterine ultrasound were: microcephaly, ventriculomegaly, intracranial calcifications,
enlarged cisterna magna, increased amniotic fluid index and fetal akinesia syndrome. The
newborn had acute respiratory failure in the first hours of life, requiring mechanical ventilation. The X- ray of the chest showed unilateral diaphragmatic paralysis and cardiomegaly.
Discussion: diaphragmatic palsy in congenital Zika has not been previously reported,
the etiopathogenic mechanisms of this event in congenital Zika virus needs to be elucidated.
Key words Microcephaly, Arbovirus infections, Arthrogryposis, Prenatal ultrasound,
Respiratory paralysis
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Introduction
Zika virus (ZIKV) was first isolated in the Zika
forest in Uganda, Africa in 1947 and thereafter in
1952 the first human with ZIKV infection was identified in Uganda and the United Republic of
Tanzania. ZIKV outbreaks were described in 2007 in
the Yap State (Micronesia) and in 2013 in the French
Polynesia in the South Pacific. 1 In Brazil, the first
report of autochthonous transmission of ZIKV was
in 2015.2 In this same year, the Brazilian Ministry of
Health announced the increase of neonatal microcephaly cases following a ZIKV outbreak. The
causal link between ZIKV and microcephaly
strengthened after the identification of ZIKV in the
amniotic fluid from two pregnant women positive
for ZIKV with fetal abnormalities (by polymerase
chain reaction test-RT-PCR) in Paraíba State
(Northeast of Brazil) and the detection of ZIKV
genome in tissues of a newborn with microcephaly
who died after birth.3
ZIKV is a RNA virus transmitted by the Aedes
mosquitos bites to humans and primates. 1 The less
common modes of transmission are through blood
transfusion, sexual contact and perinatal transmission.4 The possible routes of perinatal transmission
are transplacental, during delivery, during breastfeeding and possibly by close contact between
mother and newborn after ZIKV was identified in
human saliva.4,5 However, the exact mechanism of
perinatal transmission remains unknown.
Thereafter, many different congenital neurological malformations such as microcephaly, agyria,
hydrocephalus , brain atrophy, brain calcifications in
the white matter, corpus callosum and vermiandysgenesis, enlarged cisterna magna, asymmetric hemispheres, unilateral ventriculomegaly and displacement of the midline. Other malformations as fetal
akinesia syndrome, asymmetric eyes with cataracts,
intraocular calcifications, and/or unilateral macular
lesions and intrauterine growth restriction were
described.3,6
Diaphragmatic paralysis is an extremely rare
event. Post viral neuropathy and phrenic nerve
involvement have been described following several
viral infections like herpes zoster, poliovirus, dengue
(DENV), West Nile virus and human immunodeficiency
virus
infections
among
adults. 7
Diaphragmatic palsy and cardiomegaly were not to
be reported in neonates with congenital Zika. Here
we first describe a unilateral diaphragmatic palsy
case of a newborn with laboratorial confirmation of
congenital Zika. The diagnostic of ZIKV infection
was confirmed by testing the amniotic fluid through
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polymerase chain reaction (ZIKV RT-PCR) and by
serological test (IgM ZIKV-ELISA) performed in the
cerebrospinal fluid of the neonate.

Description
A 17-year-old primigravida from Pernambuco
(Northeast of Brazil) was referred to the Fetal
Medicine Unit at 27 th week of gestation was
suspected of fetal microcephaly by a previous
prenatal ultrasound. The woman had characteristic
signs and symptoms of ZIKV infection at 14th weeks
of gestation (rash and fever). Laboratorial tests for
screening congenital infections, such as TORCH
infections [Toxoplasmose, Rubella, Cytomegalovirus (CMV), and Herpes infections and others]
were not performed. She took folic acid supplementation and ferrous sulfate and was vaccinated against
influenza, diphtheria and tetanus on the 11th week.
The patient denied personal or family history of
microcephaly or other congenital abnormalities, the
consumption of illicit drugs, alcohol, smoking,
cosmetics or corticoids, or having any contact with
pesticides, insecticides or ionizing radiation.
At 27 week of gestation, the fetal abnormalities
on the morphological ultrasound where the biparietal diameter (BPD) was 54 mm and the head
circumference (HC) was 216 mm (BPD and HC two standard deviations [SD] were below the mean
for gestational age) (Figure 1). The abdominal
circumference (AC) and femur length (FL) were
normal for gestational age. Moreover, it was also
observed agenesis of cerebellar vermix and enlarged
cisterna magna (measuring 23 mm), ventriculomegaly with increased posterior horn of the lateral
ventricle (measuring 20 mm), periventricular and
diffuse calcification in the cerebral hemispheres,
forehead flattened and increase in amniotic fluid
index (measuring 19 cm) (Figure 1). The upper and
lower limbs were not adequately assessed because of
the inadequate fetal position. Other organs and
systems were apparently normal. Doppler
velocimetry of the umbilical and uterine arteries
were normal.
At 29 weeks of gestation, the intrauterine fetal
growth restriction was observed. Prenatal ultrasound
monitoring was conducted every 15 days and a
higher decrease in the SD of the curve to the mean
gestational age of the HC were observed.
Trans-abdominal amniocentesis guided by ultrasound was performed at 29 weeks of gestation and
the amniotic fluid sample was ZIKV positive by
quantitative real-time reverse transcription-polymerase chain reaction (qRT-PCR). At 31 weeks of
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gestation, the maternal hematological profile
(hemogram) was normal and serologic tests for
TORCH (syphilis, toxoplasmosis, rubella,
cytomegalovirus, herpes simplex, B19 parvovirus
and HIV infection) were negative.
The woman had vaginal delivery of a female
newborn at 39 weeks. The newborn´s birth weight
was 2,565 g (small for gestational age). The Apgar
scores at birth were six and seven in the first and
fifth minutes, respectively, and the maneuver resuscitation with positive pressure ventilation and mask
were needed. The newborn was referred for treatment at the neonatal intensive care unit (NICU) due
to respiratory distress and was placed in a non-invasive ventilation with nasal continuous positive
airway pressure and positive end expiratory pressure
of +5, and a fraction of inspired oxygen (FiO 2) of
0.40. Intravenous nutrition was initiated.
A complete physical examination, included a
careful measurement of the head circumference,
length, and weight, was performed by a pediatrician

after 24 hours of birth of the newborn´s life. The
occipitofrontal circumference was 28 cm, more than
three SD below the mean for gestational age and
gender. The newborn’s length was 46 cm and the
thoracic circumference was 30 cm. After birth,
microcephaly and other dysmorphic features as fetal
akinesia syndrome/arthrogryposis of the hip and
hands as well as bilateral clubfoot were found
(Figure 2). The brain transfontanellar ultrasound
revealed bilateral ventricular enlargement and widespread brain calcifications.
Blood samples from the mother and child were
collected to track dengue (DENV), chikungunya
(CHIKV) and ZIKV infection. The newborn was
also tested for TORCH. CSF was collected from the
newborn to assess ZIKV infection through for molecular (ZIKV RT-PCR) and serologic tests (ZIKV
IgM-ELISA). Plaquet Reduction Neutralization Test
(PRNT) was performed to assess neutralizing antibodies of ZIKV and DENV following a modified
protocol previously described. The PRNT results

Figure 1
Fetal microcephaly.
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A. Diffuse calcification in the cerebral hemispheres; B. Forehead flattened; C. Ventriculomegaly, periventricular calcification and enlarged cisterna magna; D. Ventriculomegaly and periventricular calcification; E. Brain transfontanellar
ultrasound revealed ventriculomegaly and widespread of the brain calcifications; F. Prenatal ultrasound revealed cisterna magna and bilateral ventricular enlargements.
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Figure 2
Microcephaly and other dysmorphic features.
A

B

A. Fetal akinesia syndrome/arthrogryposis of the hip and hands and bilateral clubfoot; B. Chest X-ray. Note normal
lungs with a unilateral diaphragmatic paralysis and cardiomegaly.

Table 1
Molecular and serologic testing results of the mother and newborn.
Patient

Sample

RT-PCR
ZIKV

Mother
Newborn

DENV

IgM (P/N)*
CHIKV

ZIKV

DENV**

Serum

ND

ND

ND

1.4

2.2

CSF

ND

ND

ND

24.5

0.7

Serum

ND

ND

ND

13.6

0.9

IgG

Interpretation

DENV
Positive
ZIKV IgM positive
Positive

ZIKV IgM positive

ND = Not Detected; *(P/N) = Ratio OD sample/OD negative control - Values <2 are negative; >3 are positive; values 2–3
are considered equivocal; **DENV = dengue virus 1-4 mixture.

showed that mother and the neonate had anti-dengue
anti-bodies for DENV-3 and DENV-4 in the past, but
not for serotypes 1 and 2 (Table 1).
The chest X-ray was performed to evaluate
persistent respiratory distress and revealed normal
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lungs with a unilateral diaphragmatic paralysis and
cardiomegaly (Figure 2). The color Doppler echocardiography showed a 2.5 mm patent ductus arteriosus
with a left to right shunt and left cardiac enlargement. The patient was treated with diuretics
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(furosemide) and was still on ventilatory support.
The updated chest x-ray was normal except for the
unilateral diaphragmatic paralysis. Congenital infections such as syphilis, toxoplasmosis, rubella,
cytomegalovirus, and herpes simplex virus were
ruled out of the newborn. The neonate is still at the
intensive care unit with respiratory support until
normal function of the diaphragm which is essential
for effective ventilation.

Discussion
We first describe a case of unilateral diaphragmatic
palsy of a newborn with laboratorial confirmation of
congenital Zika. In addition, we emphasized the
need to perform a chest X-ray on the newborn with
respiratory distress to evaluate the possibility of
unilateral diaphragmatic paralysis. It is important to
highlight the not yet description associating unilateral diaphragmatic paralysis and congenital ZIKV
infection.
Diaphragmatic paralysis described in the chronic
inflammatory demyelinating polyneuropathy might
result to neurological diseases affecting the phrenic
nerve, including Guillain-Barré syndrome and in two
reports were associated to phrenic neuropathy
following DENV infection in adults. ZIKV infection
is associated to Guillain-Barré syndrome in adults
but there are no reports on newborns. 7 Unilateral
diaphragmatic paralysis has been described by
following several viral infections such as herpes
zoster, poliovirus, West Nile virus and human
immunodeficiency virus. This particular finding has
not been reported before in any of the studies
published to this present date and the exact mechanism of phrenic neuropathy associated to Zika infection still needs to be elucidated.
The etiopathigenic mechanism involved in the
diaphragmatic paralysis in congenital ZIKV infection are not known and further studies are necessary
to investigate this specific abnormality.
This case of congenital Zika was discovered in
Pernambuco State which is considered the epicenter
of congenital infections attributed to ZIKV in
Brazil. 3 The rapid outbreak of ZIKV in Brazil and
also in Latin America is probably the result of a
recent introduction of the virus in a naïve population,
in addition to the environmental factors such as high
densities population of Aedes aegyti, the main vector
of arboviruses worldwide.8
The identification of ZIKV is still a challenge,
especially during the pregnancy, of fetal brain
neurodevelopment disorders and maternal symptoms. The amniocentesis was a fundamental impor-

tance to confirm the diagnosis. Amniocentesis is a
low-risk invasive procedure and was performed
successfully. 3 We recommend amniocentesis to be
performed in the presence of fetal abnormalities
suggestive for ZIKV infection because the amniotic
fluid is the only place to identify ZIKV by RT-PCR
in the uterus, particularly in advanced gestational
age confirming the diagnosis of fetal infection.
ZIKV genome was detected in the amniotic fluid
at 29 weeks of gestation by RT-PCR. However,
ZIKV RNA was not detected after birth (both the
mother and neonate serum samples) probably
because the acute infection occurred at early gestation. ZIKV IgM in the mother’s serum sample test
was negative. However, specific ZIKV IgM antibodies were detected in the neonate’s CSF and serum
sample test. IgM does not cross the placenta or the
blood-brain barrier, the finding of IgM in the CSF
indicates that the newborn had ZIKV infection in the
CNS. In addition, the finding of IgM anti-bodies in
the neonate serum sample indicated that the patient
had the infection in the uterus. It is not yet known
for how long these ZIKV IgM anti-bodies will be
detected in the CSF and in the blood.
The PRNT results showed that the mother and
the neonate had anti-dengue anti-bodies for DENV-3
and DENV-4 in the past, but not for serotypes 1 and
2, suggesting that the maternal IgG anti-bodies
transplacental passed to the newborn. Both mother
and neonate presented high titter of neutralizing antibodies for ZIKV in the serum, although, the newborn
was higher (anti-bodies produced by the mother and
newborn), almost the double. Importantly, neutralizing anti-bodies for ZIKA virus were also detected
in the CSF by confirming the findings of IgM in the
CSF. It is noteworthy that IgM antibodies do not
cross the placental barrier and this result does not
suggest the infection is associated to ZIKV and
DENV.
Most reports associate ZIKV and microcephaly
when the pregnancy is infected in the first quarter
however, in this case, the woman reported symptoms
suggestive to ZIKV infection at 14 weeks of gestation in the beginning of the second quarter of gestation. Although, a study suggests that fetal impairment could occur at any time during the pregnancy.9
The patient did not perform tests for screening
congenital infections at the time of symptomatology.
Microcephaly diagnosis was performed prenatally.
During the gestation was also observed that the
growth of the fetal head decreased, suggesting that
there is a stop of the growth. The measurement of
head circumference through ultrasound shows a
small variability, both inter-observer and intra-
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observer. A transfontanellar brain ultrasound was
used to confirm microcephaly of the newborn. 10 A
cerebral computerized tomography scan was not
performed because the acoustic window of the anterior fontanelle was sufficient for the newborn brain
examination be performed by transfontanellar ultrasound.
Microcephaly associated to intracranial calcification and ventriculomegaly is described in the literature as suggestive to other congenital infections,9
but the association of these manifestations with
agenesis of the cerebellar vermix and arthrogryposis
still needs scientific proof. There are several other
causes of microcephaly described in the literature
[genetics, hypoxic-ischemic, vascular disorders,
systemic and metabolic disorders, drug exposure
during pregnancy (alcohol and chemicals), severe
malnutrition during pregnancy (intrauterine malnutrition), and maternal phenylketonuria].5
All morphological alterations observed prenatally were confirmed, adding to other diagnoses,
such as the arthogryposis which is the presence of
congenital joint contractures involving at least two
different body areas both the upper and lower limbs.
It is a descriptive diagnosis present in many diseases
with varying etiologies and is a known observer in
the presence of ZIKV infection. We do not know the
exact mechanism of arthrogryposis. If it is by direct
action of the virus in the articulations, aberrant activation of the immune response, decreased fetal

movement in the uterus determining the joint
involvement, and deformities found, or by other
causes.
This report is a description of a laboratorial
confirmed congenital ZIKV syndrome in the gestational period. The neonate presented respiratory
distress after birth that was diagnosed as unilateral
diaphragmatic paralysis according to the chest Xray. Based on this finding, we suggest performing
chest X-ray in neonates suspected with congenital
Zika to assess the presence of diaphragmatic palsy.
In addition, the neonate is still at the intensive care
unit with respiratory support until there is uncoordinated activity of the diaphragm, an essential muscle
for effective ventilation.
There are some questions whereas answers are to
be investigated in further studies: Why this woman’s
newborn was affected by the ZIKV once she was in
her 14th weeks of gestation, when only a few women
had newborns affected and most of the infections
were in the first quarter? What is the mechanism of
the unilateral diaphragmatic palsy in newborns with
congenital ZIKV?
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