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Summ a r y

A widespread epidemic of Zika virus (ZIKV) infection was reported in 2015 in 
South and Central America and the Caribbean. A major concern associated with 
this infection is the apparent increased incidence of microcephaly in fetuses born 
to mothers infected with ZIKV. In this report, we describe the case of an expectant 
mother who had a febrile illness with rash at the end of the first trimester of 
pregnancy while she was living in Brazil. Ultrasonography performed at 29 weeks 
of gestation revealed microcephaly with calcifications in the fetal brain and pla-
centa. After the mother requested termination of the pregnancy, a fetal autopsy 
was performed. Micrencephaly (an abnormally small brain) was observed, with 
almost complete agyria, hydrocephalus, and multifocal dystrophic calcifications in 
the cortex and subcortical white matter, with associated cortical displacement and 
mild focal inflammation. ZIKV was found in the fetal brain tissue on reverse-
transcriptase–polymerase-chain-reaction (RT-PCR) assay, with consistent findings 
on electron microscopy. The complete genome of ZIKV was recovered from the 
fetal brain.

ZIKV, an emerging mosquito-borne flavivirus, was initially iso-
lated from a rhesus monkey in the Zika forest in Uganda in 1947.1 It is 
transmitted by various species of aedes mosquitoes. After the first human 

ZIKV infection, sporadic cases were reported in Southeast Asia and sub-Saharan 
Africa.2 ZIKV was responsible for the outbreak in Yap Island of Micronesia in 2007 
and for major epidemics in French Polynesia, New Caledonia, the Cook Islands, 
and Easter Island in 2013 and 2014.3,4 In 2015, there was a dramatic increase in 
reports of ZIKV infection in the Americas. Brazil is the most affected country, with 
preliminary estimates of 440,000 to 1.3 million cases of autochthonous ZIKV in-
fection reported through December 2015.5

The classic clinical picture of ZIKV infection resembles that of dengue fever and 
chikungunya and is manifested by fever, headache, arthralgia, myalgia, and 
maculopapular rash, a complex of symptoms that hampers differential diagnosis. 
Although the disease is self-limiting, cases of neurologic manifestations and the 
Guillain–Barré syndrome were described in French Polynesia and in Brazil during 
ZIKV epidemics.5,6 Recent reports from the Ministry of Health of Brazil suggest 
that cases of microcephaly have increased by a factor of approximately 20 among 
newborns in the northeast region of the country, which indicates a possible as-
sociation between ZIKV infection in pregnancy and fetal malformations.5

We present a case of vertical transmission of ZIKV in a woman who was prob-
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ably infected with ZIKV in northeastern Brazil at 
the end of the first trimester of pregnancy. Our 
discussion includes details of fetal imaging and 
pathological and virologic analyses.

C a se R eport

In mid-October 2015, a 25-year-old previously 
healthy European woman came to the Depart-
ment of Perinatology at the University Medical 
Center in Ljubljana, Slovenia, because of assumed 
fetal anomalies. Since December 2013, she had 
lived and worked as a volunteer in Natal, the 
capital of Rio Grande do Norte state. She had 
become pregnant at the end of February 2015. 
During the 13th week of gestation, she had be-
come ill with high fever, which was followed by 
severe musculoskeletal and retroocular pain and 
an itching, generalized maculopapular rash. Since 
there was a ZIKV epidemic in the community, 
infection with the virus was suspected, but no 
virologic diagnostic testing was performed. Ultra-
sonography that was performed at 14 and 20 weeks 
of gestation showed normal fetal growth and 
anatomy.

The patient returned to Europe at 28 weeks of 
gestation. Ultrasonographic examination that was 
performed at 29 weeks of gestation showed the 
first signs of fetal anomalies, and she was re-
ferred to the Department of Perinatology. At that 
time, she also noticed reduced fetal movements. 
Ultrasonography that was performed at 32 weeks 
of gestation confirmed intrauterine growth retar-
dation (estimated third percentile of fetal weight) 
with normal amniotic fluid, a placenta measur-
ing 3.5 cm in thickness (normal size) with numer-
ous calcifications, a head circumference below 
the second percentile for gestation (microcepha-
ly), moderate ventriculomegaly, and a transcere-
bellar diameter below the second percentile. 
Brain structures were blurred, and there were 
numerous calcifications in various parts of the 
brain (Fig. 1A and 1B). There were no other obvi-
ous fetal structural abnormalities. Fetal, umbili-
cal, and uterine blood flows were normal on 
Doppler ultrasonography.

The clinical presentation raised suspicion of 
fetal viral infection. Because of severe brain dis-
ease and microcephaly, the fetus was given a 
poor prognosis for neonatal health. The mother 
requested that the pregnancy be terminated, and 
the procedure was subsequently approved by 
national and hospital ethics committees. Medi-

cal termination of the pregnancy was performed 
at 32 weeks of gestation. At the delivery, the only 
morphologic anomaly was the prominent micro-
cephaly. Genetic consultation that included a de-
tailed maternal family history revealed no suspi-
cion of genetic syndromes or diseases. An autopsy 
was performed, as is mandatory in all cases of 
termination of pregnancy. The mother provided 
written informed consent for the publication of 
this case report.

Me thods

Autopsy and Central Nervous System (CNS) 
Examination

An autopsy of the fetus and placenta was per-
formed 3 days after termination of the pregnancy, 
with an extensive sampling of all organs, pla-
centa, and umbilical cord. Samples were fixed in 
10% buffered formalin and embedded in paraf-
fin. Fresh tissue samples were collected for mi-
crobiologic investigations. Brain and spinal cord 
were fixed in 27% buffered formalin for 3 weeks, 
after which a neuropathological examination 
was performed with extensive sampling of the 
brain and spinal cord. Sections of all tissue 
samples were stained with hematoxylin and eo-
sin. Immunostaining for glial fibrillary acid pro-
tein, neurofilament, human leukocyte antigen DR 
(HLA-DR), CD3 (to highlight T cells), and CD20 
(to highlight B cells) was performed on repre-
sentative CNS samples.

Electron Microscopy

Tissue was collected from formalin-fixed brain 
and underwent fixation in 1% osmium tetroxide 
and dehydration in increasing concentrations of 
ethanol. The sample was then embedded in Epon. 
Semithin sections (1.4 μm) were made, stained 
with Azur II, and analyzed by means of light 
microscopy. Ultrathin sections (60 nm) were 
stained with uranyl acetate and lead citrate. In 
addition, a small piece of brain (5 mm3) was 
homogenized in buffer. The suspension was then 
cleared by low-speed centrifugation, and the 
obtained supernatant was ultracentrifuged di-
rectly onto an electron microscopic grid with the 
use of an Airfuge (Beckman Coulter). Negative 
staining was performed with 1% phosphotung-
stic acid. Imaging of the ultrathin sections and 
brain homogenate was performed with the use 
of a 120-kV JEM-1400Plus transmission electron 
microscope (JEOL).
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Indirect Immunofluorescence

Paraffin-embedded sections of the fetal brain 
tissue and brain tissue of an autopsied man as a 
negative control were incubated with serum ob-
tained from the mother of the fetus (dilution, 
1:10), followed by antihuman IgG antibodies 
labeled with fluorescein isothiocyanate (FITC) 
(dilution, 1:50). In addition, fetal brain tissue was 
incubated with a serum obtained from a healthy 
blood donor, as well as with FITC-labeled antihu-
man IgG antibodies only.

Microbiologic Investigation

RNA was extracted from 10 mg of the placenta, 
lungs, heart, skin, spleen, thymus, liver, kidneys, 
and cerebral cortex with the use of a TRIzol Plus 
RNA purification kit (Thermo Fisher Scientific). 
Real-time RT-PCR for the detection of ZIKV RNA 

(NS5) and one-step RT-PCR for the detection of 
the envelope-protein coding region (360 bp) 
were performed as described previously.7,8 In ad-
dition, next-generation sequencing was per-
formed in samples of fetal brain tissue with the 
use of Ion Torrent (Thermo Fisher Scientific) and 
Geneious software, version 9.0.6. Reads from 
both runs were combined and mapped to the 
reference sequence (ZIKV MR766; LC002520) 
with the use of default measures. For phyloge-
netic analysis, complete-genome ZIKV sequences 
were used, and multiple sequence alignments 
(ClustalW) were performed. A neighbor-joining 
phylogenetic tree (GTR+G+I model) was con-
structed, with the use of the MEGA6 software 
system,9 to show the phylogenetic relationships. 
The nucleotide sequence of ZIKV that was obtained 
in this study has been deposited in GenBank 

Figure 1. Prenatal Ultrasonographic Images and Photographs of Coronal Slices of Brain.

Panel A shows numerous calcifications in various parts of the brain (some marked with arrows) and the dilated oc-
cipital horn of the lateral ventricle (Vp, marked with a measurement bar) as seen on transverse ultrasonography. 
Panel B shows numerous calcifications in the placenta. Panel C shows multifocal cortical and subcortical white cal-
cifications (arrows) and almost complete loss of gyration of the cortex. The basal ganglia are developed but poorly 
delineated (black asterisks), and the sylvian fissures are widely open on both sides (arrowheads on the left). The 
third ventricle is not dilated (white asterisk). Panel D shows dilated body of the lateral ventricles (white arrowheads); 
the left is collapsed. Temporal horns of the lateral ventricles (black arrowheads) are also dilated. The thalami (black 
asterisks) and the left hippocampus (white asterisk) are well developed, whereas the contralateral structure is not 
recognizable owing to autolysis.
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under accession number KU527068. A detailed 
description of the molecular methods is provid-
ed in the Supplementary Appendix, available 
with the full text of this article at NEJM.org. The 
results of comprehensive serologic analyses of 
maternal serum and a description of the molecu-
lar differential diagnostic procedures used with 
fetal tissue samples are provided in Tables S1 
and S2 in the Supplementary Appendix. All the 
authors vouch for the completeness and accuracy 
of the data and analyses presented.

R esult s

Autopsy and Neuropathological Findings

The fetal body weight was 1470 g (5th percen-
tile), the length 42 cm (10th percentile), and the 
head circumference 26 cm (1st percentile). The 
only external anomaly that was noted was mi-
crocephaly. The placenta weighed 200 g, result-
ing in a placental–fetal weight ratio of 0.136 
(<3rd percentile). Macroscopic examination of 
the CNS revealed micrencephaly with a whole-
brain weight of 84 g (4 SD below average), 
widely open sylvian fissures, and a small cere-
bellum and brain stem. Almost complete agyria 
and internal hydrocephalus of the lateral ventri-
cles were observed. There were numerous vari-
able-sized calcifications in the cortex and sub-
cortical white matter in the frontal, parietal, and 
occipital lobes. The subcortical nuclei were quite 
well developed (Fig. 1C and 1D). In spite of some 
autolysis, microscopic examination revealed ap-
propriate cytoarchitecture of the fetal brain. The 
most prominent histopathological features were 
multifocal collections of filamentous, granular, 
and neuron-shaped calcifications in the cortex 
and subcortical white matter with focal involve-
ment of the whole cortical ribbon, occasionally 
associated with cortical displacement (Fig. 2A 
and 2B). Diffuse astrogliosis was present with 
focal astrocytic outburst into the subarachnoid 
space, mostly on the convexity of the cerebral 
hemispheres (Fig. 2C). Activated microglial cells 
and some macrophages expressing HLA-DR 
were present throughout most of the cerebral 
gray and white matter (Fig. 2D). Scattered mild 
perivascular infiltrates composed of T cells and 
some B cells were present in the subcortical 
white matter (Fig. S1 in the Supplementary Ap-
pendix). The cerebellum, brain stem, and spinal 
cord showed neither inflammation nor dystro-

phic calcifications. The brain stem and spinal 
cord showed Wallerian degeneration of the long 
descending tracts, especially the lateral cortico-
spinal tract, whereas ascending dorsal columns 
were well preserved (Fig. 2E). Indirect immuno-
fluorescence revealed granular intracytoplasmic 
reaction in destroyed neuronal structures, which 
pointed to a possible location of the virus in 
neurons (Fig. 2F, and Fig. S1 in the Supplemen-
tary Appendix). Histologic examination of the 
placenta confirmed focal calcifications in villi 
and decidua, but no inflammation was found. 
There were no relevant pathological changes in 
other fetal organs or in the umbilical cord or 
fetal membranes. Fetal karyotyping with the use 
of microarray technology showed a normal 46XY 
(male) profile.

Electron Microscopy

Although analysis of the ultrathin sections of 
the brain showed poorly preserved brain tissue 
with ruptured and lysed cells, clusters of dense 
virus-like particles of approximately 50 nm in 
size were found in damaged cytoplasmic vesi-
cles. Groups of enveloped structures with a 
bright interior were also detected. At the periph-
ery of such groups, the remains of membranes 
could be seen. Negative staining of homoge-
nized brain revealed spherical virus particles 
measuring 42 to 54 nm with morphologic char-
acteristics consistent with viruses of the Flavi-
viridae family (Fig. 3).

Microbiologic Investigation

Positive results for ZIKV were obtained on RT-
PCR assay only in the fetal brain sample, where 
6.5×107 viral RNA copies per milligram of tissue 
were detected. In addition, all autopsy samples 
were tested on PCR assay and were found to be 
negative for other flaviviruses (dengue virus, yel-
low fever virus, West Nile virus, and tick-borne 
encephalitis virus), along with chikungunya vi-
rus, lymphocytic choriomeningitis, cytomegalo-
virus, rubella virus, varicella–zoster virus, her-
pes simplex virus, parvovirus B19, enteroviruses, 
and Toxoplasma gondii (Table S2 in the Supple-
mentary Appendix).

A complete ZIKV genome sequence (10,808 
nucelotides) was recovered from brain tissue. 
Phylogenetic analysis showed the highest iden-
tity (99.7%) with the ZIKV strain isolated from a 
patient from French Polynesia in 2013 (KJ776791) 
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Figure 2. Microscopic Analysis of Brain Tissue.

Panel A shows thickened leptomeninges (black arrowhead) and irregular cortical and subcortical calcifications (asterisks) 
associated with cortical displacement (arrows), with preserved germinative matrix (white arrowhead); gyration is absent. 
Panel B shows higher magnification of calcifications with filamentous structures (arrow), possibly representing encrust-
ed, damaged axons and dendrites, and oval and polygonal structures (arrowheads), possibly representing encrusted, 
damaged neuronal-cell bodies (hematoxylin and eosin staining in Panels A and B). Panel C shows immunohistochemical 
labeling of proliferated reactive astrocytes that extend into the subarachnoid space (asterisk) (glial fibrillary acid protein, 
clone 6F2 [Dako]). Panel D shows immunohistochemical labeling of numerous activated microglial cells and macro-
phages in the cortex (full thickness marked with a line) and subcortical white matter (lower part of the figure). Nonspecif-
ic staining of the calcifications is present (arrow). Focal leptomeningeal infiltrates of macrophages are seen (arrowhead) 
(HLA-DR, clone TAL 1B5 [Dako]). Panel E shows neurofilament immunohistochemical staining of axons in a cross-sec-
tion of the lumbar spinal cord with severe Wallerian degeneration of the lateral corticospinal tracts (black asterisks), mod-
erate involvement of other descending tracts (arrows), and well-preserved ascending tracts in the dorsal columns (white 
asterisk) (neurofilament, clone 2F11 [Dako]). Panel F shows indirect immunofluorescence of fetal brain tissue, revealing a 
green granular intracytoplasmic reaction (see also inset). The yellow signals adjacent to the green granules indicate auto-
fluorescence of lipofuscin, suggesting that viral particles are located in the cytoplasm of neurons.
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and ZIKV detected in Sao Paolo, Brazil, in 2015 
(KU321639), followed by a strain isolated in 
Cambodia in 2010 (JN860885, with 98.3% iden-
tity) and with a strain from the outbreak in Mi-
cronesia in 2007 (EU545988, with 98% identity) 
(Fig. 4). In the ZIKV polyprotein, 23 polymor-
phisms were detected in comparison with the 
strain from Micronesia and 5 polymorphisms in 
comparison with the isolate from French Polyne-
sia; three amino acid changes were found in the 
NS1 region (K940E, T1027A, and M1143V), one 
in the NS4B region (T2509I), and one in the FtsJ-
like methyltransferase region (M2634V).

 Discussion

This case shows severe fetal brain injury associ-
ated with ZIKV infection with vertical transmis-
sion. Recently, ZIKV was found in amniotic fluid 

of two fetuses that were found to have micro-
cephaly, which was consistent with intrauterine 
transmission of the virus.10 Described cases are 
similar to the case presented here and were 
characterized by severely affected CNS and gross 
intrauterine growth retardation. Calcifications 
in the placenta and a low placental–fetal weight 
ratio,11 which were seen in this case, indicate 
potential damage to the placenta by the virus. 
Among the few reports of teratogenic effects of 
flaviviruses, investigators described the brain and 
eyes as the main targets.12,13 No presence of virus 
and no pathological changes were detected in any 
other fetal organs apart from the brain, which 
suggests a strong neurotropism of the virus.

The localization of immunofluorescence sig-
nal and the morphologic appearance of the cal-
cifications, which resembled destroyed neuronal 
structures, indicate a possible location of the 

Figure 3. Electron Microscopy of Ultrathin Sections of Fetal Brain and Staining of a Flavivirus-like Particle.

Panel A shows a damaged brain cell with a cluster of dense virions located in the disrupted endoplasmic reticulum. 
Remains of membranes derived from different cellular compartments and filamentous structures are also seen. 
A magnified view of the boxed area with virions clearly visible (arrows) is shown in Panel B. Panel C shows a group 
of enveloped structures with a bright interior, presumably indicating viral replication (arrow). Panel D shows a nega-
tively stained viral particle with morphologic characteristics consistent with those of Flaviviridae viruses (arrow).
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virus in neurons. The consequent damage might 
cause arrested development of the cerebral cortex 
at the embryonic age of approximately 20 weeks.14

The mechanism involved in the neurotropism of 
ZIKV is currently not clear. The association be-
tween ZIKV infection and fetal brain anomalies 
was also noted by findings on electron micros-
copy that were consistent with ZIKV detection in 
the fetal brain. Dense particles consistent with 
ZIKV were seen in damaged endoplasmic reticu-
lum. Groups of enveloped structures with a bright 
interior resembling the remains of replication 
complexes that are characteristic of flavivirus-
es15,16 indicate viral replication in the brain. The 
findings on electron microscopy suggest a pos-
sible persistence of ZIKV in the fetal brain, pos-
sibly because of the immunologically secure 
milieu for the virus. The number of viral copies 
that were detected in the fetal brain were sub-
stantially higher than those reported in the se-
rum obtained from adult ZIKV-infected pa-
tients17 but similar to those reported in semen 
samples.18

The complete genome sequence of ZIKV that 
was recovered in this study is consistent with the 

observation that the present strain in Brazil has 
emerged from the Asian lineage.19 The presence 
of two major amino acid substitutions posi-
tioned in nonstructural proteins NS1 and NS4B 
probably represents an accidental event or indi-
cates a process of eventual adaptation of the vi-
rus to a new environment. Further research is 
needed to better understand the potential impli-
cations of these observations. It is likely that the 
rapid spread of ZIKV around the globe will be a 
strong impetus for collaborative research on the 
biologic properties of the virus, particularly 
since the risk of neurotropic and teratogenic vi-
rus infections places a high emotional and eco-
nomic burden on society.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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Figure 4. Phylogenetic Analysis of the Complete Genome of Zika Virus.

The evolutionary history was inferred by means of the neighbor-joining method under a GTR+G+I substitution mod-
el. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (2000 rep-
licates) is shown next to the branches. The GenBank accession number, year of isolation, and country of origin are 
indicated on the ZIKV branches for all strains except for those identified in 2015 and 2016. ZIKV strain Bahia, Brazil 
(KU527068), was obtained in this study. The complete genome sequence was recovered from fetal brain tissue. The 
0.01 scale bar denotes the genetic distance in nucleotide substitutions per site.
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