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Background. There are limited data on the natural history of antenatal Zika virus (ZIKV) exposure in twin pregnancies, espe-
cially regarding intertwin concordance of prenatal, placental, and infant outcomes.

Methods. This prospective cohort study included twin pregnancies referred to a single institution from September 2015 to June 
2016 with maternal ZIKV. Polymerase chain reaction (PCR) testing of maternal, placental, and neonatal samples was performed. 
Prenatal ultrasounds were completed for each twin, and histomorphologic analysis was performed for each placenta. Abnormal ne-
onatal outcome was defined as abnormal exam and/or abnormal imaging. Two- to three-year follow-up of infants included physical 
exams, neuroimaging, and Bayley-III developmental assessment.

Results. Among 244 pregnancies, 4 twin gestations without coinfection were identified. Zika virus infection occurred at 16–33 
weeks gestation. Zika virus PCR testing revealed discordance between dichorionic twins, between placentas in a dichorionic pair, 
between portions of a monochorionic placenta, and between a neonate and its associated placenta. Of the 8 infants, 3 (38%) had an 
abnormal neonatal outcome. Of 6 infants with long-term follow-up, 3 (50%) have demonstrated ZIKV-related abnormalities.

Conclusions. Neonatal PCR testing, placental findings, and infant outcomes can be discordant between co-twins with antenatal 
ZIKV exposure. These findings demonstrate that each twin should be evaluated independently for vertical transmission.

Keywords.  congenital Zika syndrome; perinatal infection; TORCH infection; twin; vertical transmission.

Zika virus (ZIKV) infection in pregnancy places the fetus at risk 
of developing significant central nervous system (CNS) abnor-
malities, including microcephaly, seizure activity, hypertonia, 
visual and auditory deficits, and other neurodevelopmental 
changes [1–3]. During primary maternal infection, this single-
stranded flavivirus passes from the maternal blood stream, 
across the placenta, and into the fetal circulation, gaining access 
to the fetal CNS where the virus cause destruction and malfor-
mation [4].

Because the vast majority of ZIKV infections occur in 
singleton pregnancies, little is known about the natural his-
tory of ZIKV infection in twin pregnancies. We identified 3 

published studies addressing this special circumstance. One re-
port described a single case of maternal ZIKV infection in the 
first trimester of a dizygotic twin pregnancy, with subsequent 
delivery of 1 healthy neonate and 1 microcephalic neonate, with 
no long-term infant follow-up [5]. A case series described 2 di-
zygotic twin pairs with intertwin ZIKV discordance based on 
prenatal and postnatal neuroimaging after maternal ZIKV in-
fection in pregnancy, with infant follow-up for 7–12  months; 
notably, these twin pairs were identified as having had antenatal 
ZIKV exposure based on positive immunoglobulin M testing 
on neonatal cerebrospinal fluid (CSF), rather than positive ma-
ternal serum testing before delivery [6]. Another case series 
described 6 of 7 dizygotic pairs with ZIKV discordance based 
on neuroimaging or serology, without long-term infant fol-
low-up [7]. These previously published reports are limited by 
their retrospective natures, which may bias towards abnormal 
outcomes, and by their short-term infant follow-up, because 
subtle outcomes related to antenatal ZIKV exposure, particu-
larly those related to neurodevelopmental outcomes, may not 
manifest until months to years after birth [8, 9].

We present a prospective cohort of twin pregnancies compli-
cated by confirmed antenatal ZIKV infection, with a focus on 
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prenatal evaluation, molecular confirmation of vertical trans-
mission, placental pathology, and infant follow-up of at least 
25  months. We present evidence of intertwin discordance in 
these findings.

METHODS

Human Subjects and Study Design

This prospective cohort included all twin pregnancies that 
were referred to the Instituto Fernandes Figueira (IFF) for 
suspected maternal ZIKV infection from September 2015 
to June 2016, based on clinical symptoms of an acute febrile 
illness and a rash. As the Ministry of Health referral center 
for Rio de Janeiro, Brazil, the IFF provides comprehensive 
prenatal, obstetric, and postnatal care for pregnancies com-
plicated by complex fetal diagnoses, including possible con-
genital ZIKV infection. This study was approved by the 
institutional human research ethics committee at IFF (CAAE 
52675616.0.0000.5269) and was considered exempt at the 
University of California, San Francisco.

Specimen Collection and Analysis

At the time of suspected infection, maternal serum and urine 
specimens were collected and tested with reverse-transcriptase 
polymerase chain reaction (PCR) assays to confirm ZIKV in-
fection, as previously described [1]. Maternal samples were also 
collected to rule out other infections, including toxoplasmosis, 
syphilis, rubella, cytomegalovirus, and herpes simplex virus. 
Any cases with coinfection were excluded. At birth, placenta, 
cord blood, neonatal serum, neonatal urine, and/or neonatal 
CSF specimens were collected as available for ZIKV PCR to 
confirm cases of vertical transmission.

Placental Specimen Collection and Histopathologic Analysis

Placentas were collected and processed as soon as possible after 
delivery, within a maximum of 48 hours. Macroscopic evalua-
tion of fresh, unfixed placental specimens was performed ac-
cording to previously published guidelines [10]. Three placental 
pieces from the umbilical cord insertion site, measuring 0.5 cm 
each, were collected for PCR analysis. The placentas were fixed 
in 10% phosphate-buffered formalin for 24 to 48 hours, and at 
least 5 samples from the placental disc of each twin, including 
the umbilical cord insertion site, were collected by cutting a ver-
tical plane through the full thickness of the tissue, making sure 
to include both the fetal and maternal surfaces. Samples from 
the umbilical cord and membranes were also taken. After dehy-
dration in alcohol and diaphanization in xylene, placental frag-
ments were embedded in paraffin. Histologic sections (4 μm) 
were stained with hematoxylin and eosin and analyzed by light 
microscopy (Olympus, Tokyo, Japan) per standard procedure. 
For each of the 8 twins, histopathologic analysis was performed 
on at least 5 samples from the placental disc, 4 samples from the 

umbilical cord, 2 samples from the smooth chorion, and 1 from 
the intertwin membrane.

Maternal and Neonatal Variables

Data collected for each case included maternal symptoms, ob-
stetric history, delivery outcomes, ultrasound findings, and 
other prenatal testing results. All ultrasounds were compre-
hensive and performed by specialists certified by the Brazilian 
College of Radiology and the Brazilian Federation of Societies 
of Gynecology and Obstetrics. Neonatal outcomes included 
birth measurements such as head circumference (HC), weight, 
and length. At the time of birth, clinical exams were docu-
mented by the IFF pediatrics team, which included special-
ists in neonatology, infectious diseases, neurology, pediatric 
ophthalmology, and genetics. Neuroimaging was performed 
on infants after birth, via transfontanellar ultrasound (TFUS). 
Those with abnormalities on TFUS or on physical exam under-
went a subsequent computerized tomography (CT) of the head. 
Preterm birth was defined as delivery before 37 weeks of gesta-
tion. Microcephaly was defined as an HC more than 2 standard 
deviations (SD) below expected for gestational age and sex by 
INTERGROWTH curves, and severe microcephaly was de-
fined as HC more than 3 SD below expected for gestational age 
and sex. Birth weights were compared with INTERGROWTH 
birth weight standards by sex and considered small for gesta-
tional age if the birth weight Z-score was more than 1.28 SD 
below expected for gestational age and sex [11]. Abnormal neo-
natal outcome was defined if any of the following were present: 
abnormal newborn examination, abnormal imaging studies, 
and/or perinatal death (defined as intrauterine fetal demise or 
neonatal death within 30 days of birth).

Long-Term Follow-up

Infants were followed for at least 25  months to screen for 
developmental, neurologic, orthopedic, auditory, and/or oc-
ular disorders consistent with antenatally acquired ZIKV. 
These evaluations included routine physical examination, 
fundoscopic examination, and brainstem evoked response 
audiometry (BERA) test. Neuroimaging with head CT was 
performed only if clinically indicated based on presence of 
seizures, significant developmental delay, and/or signs of au-
tism spectrum disorder. Starting at 6 months of age, infants 
were evaluated on cognitive, language, and motor develop-
ment using the Bayley-III Scale of Infant Development, a tool 
that has previously been validated for cross-cultural use in 
Brazil [12]. A  score between 1 and 2 SD below average (70 
to 85) was considered below average and is used as a marker 
for risk of developmental delay [13]; a score more than 2 SD 
below average (less than 70) was considered very below av-
erage and is generally used as a marker of severe development 
delay [8, 9, 14].
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RESULTS

Among 244 cases referred to IFF between September 2015 to 
June 2016, a total of 5 twin pregnancies were identified (Figure 1).  
One pregnancy was excluded due to coinfection with syphilis. 
The remaining 4 twin pregnancies are described in this cohort; 
3 were dichorionic, diamniotic twin pregnancies, and 1 was a 
monochorionic, diamniotic twin pregnancy. Onset of maternal 
symptoms and subsequent diagnosis ranged from 16 to 33 
weeks of gestation. Overall, 3 of the 8 neonates (37.5%) had an 
abnormal neonatal outcome, with abnormal BERA testing in 2 
ZIKV-positive twins in the same pair and abnormal TFUS in 1 
ZIKV-positive twin with an unaffected ZIKV-negative co-twin 
(Table 1).

Each placenta underwent detailed histopathologic analysis by 
a trained pathologist. These findings are summarized in Table 2, 
and representative findings are shown in Figure 2. Representative 
images from a normal, noninfected, term placenta are shown in 
Supplemental Figure 1 for comparison. All placentas demon-
strated delayed villous maturation (DVM) (Figure 2A). Other 
common findings included stromal fibrosis and Hofbauer cell 
hyperplasia (Figure 2B), basal villitis (Figure 2C), and chronic 
deciduitis (Figure 2D). Of placental histopathologic findings, 
basal villitis and lymphocytic deciduitis were commonly dis-
cordant between twin pairs. Placental PCR was discordant in 
50% of twin pairs, including in one monochorionic placenta.

One twin pair was lost to follow-up after birth, leaving 3 twin 
pairs available for long-term follow-up of at least 25  months 

244 ZIKV pregnancies

239 Singleton pregnancies

5 Twin pregnancies

1 Pregnancy with syphilis co-infection

4 Twin pregnancies with
follow-up through delivery

1 Twin pair lost to follow-up after birth

3 Twin pairs with
long-term infant follow-up

Figure 1. Flow diagram of patient inclusion in prospective cohort of twin preg-
nancies with antenatal Zika virus (ZIKV) exposure.
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and up to 39 months. Among these 6 infants, 3 (50%) have de-
veloped abnormalities on long-term follow-up, with significant 
strabismus in 1 ZIKV-positive twin, and significant bilateral 
hearing loss and below average Bayley-III language scores in 2 
ZIKV-positive twins from the same pair (Table 3). Further in-
formation regarding antepartum course, placental findings, and 
infant outcomes for each twin pair are detailed in the following 
paragraphs.

Twin Pair 1

A 40-year-old woman was diagnosed with maternal ZIKV infec-
tion by PCR from maternal serum at 24 weeks after presenting 
with symptoms of acute ZIKV infection (Table 1). Prenatal ultra-
sounds were unremarkable. She delivered liveborn dichorionic 
twins at 37 weeks in the setting of preeclampsia. Neonatal birth 
weights were appropriate for gestational age (2400 grams and 
2590 grams). Zika virus was identified from urine and CSF sam-
ples of both neonates. Both twins had normal neonatal find-
ings. Placentas were discordant for ZIKV PCR testing (ie, one 
was positive, while the other was negative). On histopathology, 
both placentas had evidence of DVM, Hofbauer cell hyper-
plasia, focal chronic villitis, stromal fibrosis, and perivascular 
fibrosis (Table 2). The placentas were discordant for other histo-
pathological features, including basal villitis and deciduitis. On 
long-term follow-up, both ZIKV-positive twins from this pair 
have had normal vision, hearing, and Bayley-III evaluations at 
25 months of follow-up.

Twin Pair 2

A 24-year-old woman presented with symptoms of acute 
ZIKV infection at 33 weeks, but her urine and serum samples 
tested negative for ZIKV by PCR (Table 1). Prenatal ultra-
sounds were notable for transient abnormalities on middle 

Figure 2. Representative pathological features from Zika virus-infected pla-
centas: (A) delayed villous maturation; (B) stromal fibrosis and Hofbauer cell hyper-
plasia; (C) basal villitis; and (D) chronic deciduitis.
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cerebral artery (MCA) Doppler interrogation of both twins. 
She delivered liveborn dichorionic twins at 34 weeks in the 
setting of oligohydramnios. Both twins had birth weights that 
were appropriate for gestational age (2190 grams and 2240 
grams). Zika virus was identified in the cord blood and in 
the placenta of each twin. Both twins had abnormal BERA 
tests at 1 week of life. On histopathology, both placentas had 
evidence of DVM, perivascular fibrosis, and a reduction of 
the vasculosyncytial membrane (Table 2). The placentas were 
discordant for basal villitis, focal chronic villitis, stromal fi-
brosis, deciduitis, vascular thrombosis, and calcifications. 
On long-term follow up, both ZIKV-positive twins from this 
pair have developed bilateral hearing loss and demonstrated 

below average Bayley-III language scores at 37  months. On 
cerebral, mastoid, and temporal CT imaging of both twins at 
37 months, there were no anatomical abnormalities (Figure 3),  
suggesting a functional sensorineural etiology of the severe 
hearing loss.

Twin Pair 3

A 28-year-old woman was diagnosed with maternal ZIKV 
infection by PCR from maternal urine at 16 weeks after pre-
senting with symptoms of acute ZIKV infection (Table 1). 
Prenatal ultrasounds were notable for transient abnormalities 
on MCA Doppler interrogation of only 1 fetus, with normal 
MCA Doppler interrogation in the other. She delivered liveborn 
dichorionic twins at 35 weeks in the setting of preterm prema-
ture rupture of membranes. Both twins had birth weights that 
were appropriate for gestational age (2550 grams and 2650 
grams). Zika virus was detected in only 1 twin on neonatal urine 
specimen. The placentas were discordant for ZIKV PCR testing, 
with the positive placenta corresponding to the positive twin, 
and the negative placenta corresponding to the negative twin. 
The ZIKV-positive twin was admitted to the neonatal intensive 
care unit (NICU), where postnatal TFUS demonstrated grade 
1 intraventricular hemorrhage; follow-up TFUS 1 month later 
demonstrated normal findings. The ZIKV-negative twin had no 
abnormal neonatal findings. On histopathology, both placentas 
had evidence of DVM, stromal fibrosis, and calcifications. The 
placentas were discordant for Hofbauer cell hyperplasia, blood 
vessel thickening, a reduction of the vasculosyncytial mem-
brane, and chorioamnionitis (Table 2). On long-term follow-up, 
the ZIKV-positive twin from this pair has been noted to have 
significant strabismus at 39 months; the ZIKV-negative co-twin 
has had normal findings on all follow-up testing, including 
ophthalmologic examination.

Twin Pair 4

A 20-year-old woman was diagnosed with maternal ZIKV in-
fection by PCR from maternal urine at 21 weeks after presenting 
with symptoms of acute ZIKV infection (Table 1). Prenatal 
ultrasounds were notable only for growth restriction in 1 twin 

Table 3. Details of Long-Term Infant Follow-up Among Three Twin Pregnancies Complicated by Antenatal Exposure to ZIKV

Twin Pair Twin Eye Exam BERA

Most Recent Bayley-III Scale of Infant  
Development Scores

Timing Cognitive Language Motor

Twin pair 1 Twin A Normal Normal 25 months 90 89 91

Twin B Normal Normal 25 months 90 91 91

Twin pair 2 Twin A Normal Bilateral hearing loss at 28 months 37 months 95 83a 91

Twin B Normal Bilateral hearing loss at 28 months 37 months 90 77a 91

Twin pair 3 Twin A Significant strabismus Normal 39 months 100 94 85

Twin B Normal Normal 39 months 100 94 88

Abbreviations: BERA, brainstem evoked response audiometry; ZIKV, Zika virus.
aBelow average score, which indicates a value between 1 and 2 standard deviations below the norm.

A B

C D

Figure 3. Cerebral, temporal, and mastoid computerized tomography imaging of 
twin pair 2: (A) and (B) normal imaging of twin A with severe hearing loss; (C) and 
(D) normal imaging of twin B with severe hearing loss.
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at 32 weeks. She delivered liveborn monochorionic, diamniotic 
twins at 35 weeks in the setting of preeclampsia. Both twins 
had birth weights that were appropriate for gestational age 
(2220 grams and 2490 grams). These twins did not receive the 
detailed postnatal examination for suspected antenatal ZIKV 
exposure, but there were no gross physical or developmental 
abnormalities noted in the immediate neonatal period. Zika 
virus PCR testing was not performed on neonatal specimens, 
but both placentas were negative for ZIKV on PCR testing. On 
histopathology, placental portions from each twin had evidence 
of DVM, chorioamnionitis, reduction of the vasculosyncytial 
membrane, and small areas of abruption. Basal villitis was asso-
ciated with only 1 side of the placenta (Table 2). This twin pair 
was lost to follow-up after birth.

DISCUSSION

This prospective cohort describes the natural history of antenatal 
ZIKV exposure in twin pregnancies, with a spectrum of mild to 
severe ZIKV-related outcomes, even in the absence of micro-
cephaly. These findings demonstrate that transmission of ma-
ternal ZIKV infection in twin pregnancies can be discordant at 
multiple levels—between twins in a dichorionic pair (twin pair 
3), between placentas in a dichorionic pair (twin pairs 1 and 3), 
between placental portions of a monochorionic pair (twin pair 4), 
and between the neonate and its associated placenta (twin pair 3). 
These findings add to the limited literature regarding discordant 
ZIKV infection in twin pregnancies, including 1 case report of 
1 dizygotic pair with ZIKV discordance based on postnatal mi-
crocephaly, another report of 2 of 2 dizygotic pairs with ZIKV 
discordance based on prenatal and postnatal neuroimaging, and 
a third report of 6 of 7 dizygotic pairs with ZIKV discordance 
based on neuroimaging or serology [5–7].

Discordance in vertical transmission is not unique to ZIKV, 
because prior case series have reported intertwin discordance 
for other antenatally acquired infections, including parvo-
virus B19 [15], toxoplasmosis [16], and cytomegalovirus [17]. 
The precise factors that contribute to discordant vertical trans-
mission of congenital infections remain unknown but may 
include placental alterations that promote versus prevent ac-
quisition of infection. In this cohort, Hofbauer cell hyperplasia 
was a common placental finding. A normal component of the 
intervillous stroma, the Hofbauer cells can undergo hyperplasia 
in the presence of congenital infections and villitis of unknown 
etiology [18–20]. One case report of a placenta infected with 
ZIKV at 11 weeks noted marked villous enlargement due to 
Hofbauer cell hyperplasia [21], and 2 in vitro studies demon-
strated Hofbauer cell infection by ZIKV, with intracellular viral 
replication leading to subsequent activation of these cells [22, 
23]. In our series, the placentas from Case 3 were discordant 
for Hofbauer cell hyperplasia, which was present only in the 
ZIKV-positive placenta (which corresponded to the ZIKV-
positive neonate). However, Hofbauer cell hyperplasia was 

absent in both placentas of Case 2, in which the 2 neonates and 
their placentas tested positive for ZIKV, indicating that there 
must be other mechanisms and/or markers of vertical trans-
mission. Another common placental finding in this cohort 
was the presence of DVM. Delayed villous maturation is char-
acterized by a homogeneous population of villi that resemble 
the villi of early pregnancy, with increased stromal tissue, de-
creased vasculosyncytitial membranes, and centrally located 
capillaries [24]. Compared with mature, terminal villi with 
thin vasculosyncytial membranes and peripherally located 
capillaries, villi with DVM are characterized by an increased 
distance between the maternal and fetal circulations. This ineffi-
ciency in circulatory exchange has been postulated as the mech-
anism underlying the previously reported associations between 
DVM and intrauterine fetal demise, neonatal demise, admis-
sion to NICUs, and hypoxic-ischemic neonatal encephalopathy 
[25–27]. Delayed villous maturation has also been implicated in 
other congenital infections; for example, cytomegalovirus has 
been shown to infect progenitor cells and inhibit trophoblast 
differentiation, an important step in normal villous maturation 
[28, 29]. Our study reports only on the presence or absence of 
DVM, which limits the interpretation of DVM being present in 
all placentas in this cohort. A working group of perinatal and 
placental pathologists recently suggested that all pathologists 
grade the degree of DVM [24]. With a more nuanced grading of 
DVM, it may be possible to identify an association between the 
degree of DVM and the risk of vertical transmission and/or the 
risk of adverse neonatal outcomes in ZIKV-affected pregnan-
cies, but further research is needed to evaluate this hypothesis.

This study is limited by the sample size, which was made 
even smaller by the loss of 1 twin pair to long-term follow-up. 
Another limitation of the study is the exclusive use of head CT 
for advanced neuroimaging. Magnetic resonance imaging may 
be more sensitive in characterizing mild structural variations 
but was unfortunately not routinely available due to the limited 
resources inherent to an epidemic setting.

Despite these limitations, this study has many strengths, particu-
larly its prospective nature, which yields itself to accurate collection 
of the outcomes of interest via thorough evaluation and testing of 
each subject. Extending from at least 25 months to up to 39 months, 
the length of follow-up in this study is another major strength. 
Prolonged follow-up is critical in evaluating for more subtle ZIKV-
related neurodevelopmental abnormalities that may not be obvious 
at the time of immediate neonatal assessment. Another strength 
of this study is the thoroughness of placental histopathological re-
porting. We hope that this may serve as a framework for future 
studies that will yield additional information regarding placental 
lesions associated with vertical transmission of ZIKV.

CONCLUSIONS

Our findings of twin discordance suggest that factors beyond 
the mother can modulate vertical transmission and infant 
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outcomes in cases of antenatal ZIKV exposure. These factors 
may be at the level of the placenta and/or the fetus. To better un-
derstand these factors, each neonate and its placenta in a ZIKV-
affected twin pregnancy should be evaluated separately. We also 
report on a monochorionic twin pregnancy, for which there was 
discordance for basal villitis between the 2 portions of the pla-
centa. Future studies examining ZIKV-affected monochorionic 
twins and placentas to determine the potential contributions of 
monozygosity (ie, genetic identicalness) and intertwin vascular 
connections (via placental anastomoses) in mediating the pla-
cental response to ZIKV infection and the likelihood of vertical 
transmission would provide further insights.
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