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® Context.—The number of neonates with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion is increasing, and in a few there are reports of
intrauterine infection.
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Objective.—To characterize the placental pathology
findings in a preselected cohort of neonates infected by
transplacental transmission arising from maternal infection
with SARS-CoV-2, and to identify pathology risk factors for
placental and fetal infection.

Design.—Case-based retrospective analysis by a multi-
national group of 19 perinatal specialists of the placental
pathology findings from 2 cohorts of infants delivered to
mothers testing positive for SARS-CoV-2: live-born neo-
nates infected via transplacental transmission who tested
positive for SARS-CoV-2 after delivery and had SARS-CoV-
2 identified in cells of the placental fetal compartment by
molecular pathology, and stillborn infants with syncytio-
trophoblast positive for SARS-CoV-2.

Results.—In placentas from all 6 live-born neonates
acquiring SARS-CoV-2 via transplacental transmission, the
syncytiotrophoblast was positive for coronavirus using
immunohistochemistry, RNA in situ hybridization, or both.
All 6 placentas had chronic histiocytic intervillositis and
necrosis of the syncytiotrophoblast. The 5 stillborn/
terminated infants had placental pathology findings that
were similar, including SARS-CoV-2 infection of the
syncytiotrophoblast, chronic histiocytic intervillositis, and
syncytiotrophoblast necrosis.

Conclusions.—Chronic histiocytic intervillositis together
with syncytiotrophoblast necrosis accompanies SARS-CoV-
2 infection of syncytiotrophoblast in live-born and stillborn
infants. The coexistence of these 2 findings in all placentas
from live-born infants acquiring their infection prior to
delivery indicates that they constitute a pathology risk
factor for transplacental fetal infection. Potential mecha-
nisms of infection of the placenta and fetus with SARS-
CoV-2, and potential future studies, are discussed.

(Arch Pathol Lab Med. 2021;145:517-528; doi: 10.5858/
arpa.2020-0771-SA)

Risk Factors for Intrauterine COVID-19—Schwartz et al 517


mailto:davidalanschwartz@gmail.com
mailto:davidalanschwartz@gmail.com

Following the identification of an outbreak of respiratory
tract disease caused by a novel coronavirus infection,
later termed coronavirus disease 2019 (COVID-19), in
Wuhan, China, in December 2019, there was concern
for the potential effects of the illness on pregnant women
and their infants. In particular, it was unknown whether this
new coronavirus, severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), could be transmitted from an
infected pregnant woman to her infant, a process termed
vertical infection.® During previous outbreaks of coronavirus
infections, Middle East respiratory syndrome (MERS), and
severe acute respiratory syndrome (SARS), there had been
both maternal and infant morbidity and mortality but no
confirmed cases of vertical transmission. Analysis of other
respiratory RNA viruses infecting pregnant women dem-
onstrated that they were rarely, if ever, transmitted to the
fetus.” The initial reports of pregnant women developing
COVID-19 in Wuhan and surrounding areas in China
indicated that no confirmed cases of vertical transmission
were occurring,®'? although there were some suspicious
cases.''* However, as COVID-19 continued to extend
throughout China and other parts of the world accompanied
by increasing numbers of neonates testing positive for the
virus in China and elsewhere,”> the possibility of
determining whether vertical transmission was occurring
became of even greater importance.”’* Because vertical
transmission can occur through intrauterine, intrapartum,
and postpartum mechanisms, the possibility that intrauter-
ine transplacental transmission with SARS-CoV-2 was
occurring in some cases was of particular interest.

Schwartz and colleagues® proposed molecular pathology
diagnostic criteria for determining intrauterine transmission
by examining placentas from maternal-neonatal dyads with
COVID-19. These criteria include the demonstration of
SARS-CoV-2 in the fetal-derived cells of the placenta (eg,
syncytiotrophoblast, Hofbauer cells, villous stromal, and
endothelial cells) using molecular pathology techniques
such as immunohistochemistry or RNA in situ hybridization
in mother-neonate dyads testing positive for SARS-CoV-2.
However, the proposed criteria for transplacental transmis-
sion did not address specific histopathologic abnormalities
occurring in placentas from cases where intrauterine
infection was believed to have occurred. As a result, it
would be of importance to characterize the spectrum of
placental pathology findings, or lack thereof, occurring in
these cases, and to identify whether they share placental
lesions that, because of their commonality, might be risk
factors for maternal-fetal SARS-CoV-2 transmission.

This compilation provides a detailed analysis by 19
perinatal specialists from 5 countries of the placental
pathology features from 11 cases of intrauterine infection
with SARS-CoV-2, and, in particular, examines whether
pathology risk factors for viral infection of the placenta as
well as maternal-fetal transplacental infection can be
identified.

MATERIALS AND METHODS

This retrospective case study includes maternal-fetal pairs
consisting of pregnant women having a positive test result for
SARS-CoV-2 using reverse transcriptase polymerase chain reaction
(RT-PCR) occurring prior to delivery and the following conditions:
(1) the neonate was live-born and tested positive for SARS-CoV-2
using RT-PCR after delivery; (2) the placenta was submitted for
pathology examination; and (3) pathology testing of the placenta
for SARS-CoV-2 was performed and was positive in fetal-derived
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placental cells, either using immunohistochemistry for SARS-CoV-
2 antigen or RNA in situ hybridization for SARS-CoV-2 nucleic
acid or by polymerase chain reaction testing of swabs or aliquots of
the fetal components of the placenta. Based upon meeting these
criteria for intrauterine maternal-fetal transmission of SARS-CoV-
2, 6 cases of live-born neonates were identified. All of these cases
had been previously published as case reports. In addition to these
coronavirus-infected maternal-neonatal dyads, 5 cases were
included in this series, 2 of which were unpublished, of stillborn
or electively terminated infants from mothers with COVID-19 in
which SARS-CoV-2 was identified in the fetal compartment of the
placenta. In all 11 cases occurring in 5 countries, the pathologists,
clinicians, and others involved with these patients were personally
contacted by one of the authors (D.A.S.) requesting reexamination
of the placenta and confirmation of the clinical, laboratory, and
pathology findings. For these cases either approval was received
from the local institutional review boards or institutional waiver
and parental permission was obtained, and there was compliance
with the Declaration of Helsinki for Human Research.

RESULTS
Live-Born Infants

Case 1 involved a pregnant woman at 37 weeks 6 days’
gestation who presented with cough and fever and had a
positive nasopharyngeal (NP) swab for COVID-19.% She
delivered a 2660-g neonate by spontaneous vaginal delivery
with good Apgar scores (9 at 1 minute; 10 at 5 minutes). The
neonate had a positive test using RT-PCR for SARS-CoV-2
from an NP swab taken immediately after delivery. Repeat
testing for COVID-19 was also positive at 24 hours and at 7
days of life (DOL). The infant had an uneventful hospital
course and was discharged. The placenta demonstrated
chronic histiocytic intervillositis, characterized by collections
of histiocytes within the intervillous spaces (Figure 1, A and
B). The histiocytes in the intervillous space stained strongly
positive using immunohistochemistry with anti-CD68. In
the areas of intervillous histiocytic inflammation, the
chorionic villi showed degeneration and necrosis of the
syncytiotrophoblast. The placenta was evaluated using
RNAscope (Advanced Cell Diagnostics, Newark, California)
technology with the V-nCoV2019-S probe (Advanced Cell
Diagnostics) for SARS-CoV-2 spike protein mRNA. This
revealed strong positivity for SARS-CoV-2 nucleic acid in
villous syncytiotrophoblast. Immunohistochemistry using
mouse monoclonal primary antibody against SARS-CoV-2
viral nucleocapsid antigen also revealed strong positive
staining of the syncytiotrophoblast (Figure 2, A through C).

Case 2 involved an infant who was delivered by
emergency cesarean section delivery for nonreassuring fetal
status at 35 weeks 1 day gestational age.” The mother was
febrile with a cough, testing positive for COVID-19
following an NP swab. The female newborn weighed 2686
grams with Apgar scores of 9 and 10 at 1 and 5 minutes,
respectively, and umbilical artery pH of 7.32. She was
immediately separated from her mother and had an NP
swab performed, which was negative by RT-PCR. The infant
was admitted to the neonatal intensive care unit. A second
NP swab performed on DOL 7 was positive for SARS-CoV-
2 in the absence of maternal-neonatal contact during that
period. With the exception of feeding difficulties during the
initial few DOL, there were no neonatal complications, and
the infant was discharged on DOL 20. The placenta
demonstrated chronic histiocytic intervillositis in which
immunohistochemical staining with antibody to CD68
confirmed the presence of histiocytes in the intervillous
space. Trophoblast necrosis was present predominantly in
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Figure 1. Case 1. A, Chronic histiocytic intervillositis. This is an uncommon lesion that has previously not been reliably associated with any TORCH
(toxoplasma, other, rubella, cytomegalovirus, herpes) infection until COVID-19. B, Florid chronic histiocytic intervillositis associated with trophoblast necrosis
(hematoxylin-eosin, original magnifications X20 [A] and X40 [B]).

Figure 2. Case 1. A, Diffuse staining of syncytiotrophoblast for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in an area of chronic
histiocytic intervillositis. B, Strong SARS-CoV-2 positivity is present in the syncytiotrophoblast from adjacent chorionic villi. C, In this photograph there is
positive staining for SARS-CoV-2 of both syncytiotrophoblasts and cells in the intervillous space, which are probably maternal inflammatory cells. See Figure 6,
C, for a similar finding (antibody to SARS-CoV-2 nucleocapsid protein, original magnifications X20 [A] and X100 [C]; RNAscope for SARS-CoV-2 spike protein
viral RNA, original magnification X20 [B]).

Figure 3. Case 2. Chronic histiocytic intervillositis. There are prominent degenerative changes and necrosis of the syncytiotrophoblast (hematoxylin-eosin,
original magnification x40).

Arch Pathol Lab Med—Vol 145, May 2021 Risk Factors for Intrauterine COVID-19—Schwartz et al 519



the areas of intervillositis (Figure 3). Evaluation of the
placenta using RNAscope with the V-nCoV2019-S probe for
SARS-CoV-2 spike protein mRNA showed strong positivity
for SARS-CoV-2 nucleic acid in villous syncytiotrophoblast.
Intense positive staining of the syncytiotrophoblast was also
detected using antibody against SARS-CoV-2 viral nucleo-
capsid antigen.

Case 3 involved a 40-year-old pregnant woman with a
history of familial neutropenia, gestational diabetes, and
recurrent bacterial infections who was admitted to the
hospital at 35 weeks 5 days’ gestation with symptomatic
COVID-19 confirmed by an NP swab and RT-PCR.*
Because of worsening coagulopathy and decreasing platelet
counts, a semiurgent cesarean section was performed,
resulting in delivery of a male infant with Apgar scores of
9 and 9 at 1 and 5 minutes, respectively. Neonatal NP swabs
performed on DOL 1, 2, and 7 were positive for SARS-CoV-
2 by RT-PCR; also testing positive for the coronavirus were
plasma on DOL 4 and stool on DOL 7. The placenta showed
extensive chronic histiocytic intervillositis (Figure 4, A and
B). Immunohistochemistry revealed that the predominant
cell type in the intervillous inflammatory infiltrate was
CD68-positive histiocytes, but scattered CD3-positive T
cells, CD20-positive B cells, and CD15-positive neutrophils
were present. Extensive necrosis of the syncytiotrophoblast
was present, including fragmentation of trophoblast nuclei.
There was also widespread increased fibrin deposition.
Polymerase chain reaction testing was positive for SARS-
CoV-2 in all placental tissues tested: 2 placental swabs, 1
taken from the maternal side and the other the fetal side; 1
sample of formalin-fixed placental parenchyma; and 1
sample of placental chorionic plate surface.

Case 4 involved a 29-year-old pregnant woman hospital-
ized for fever and idiopathic thrombocytopenia at 37 weeks
5 days’ gestation.?” She was diagnosed as being positive for
SARS-CoV-2 with COVID-19 pneumonia. Because of her
worsening fever and thrombocytopenia, she underwent
vaginal induction of delivery of a 2840-g male infant with
Apgar scores of 9 and 10 at 1 and 5 minutes, respectively.
The neonate developed systemic illness beginning 24 hours
after delivery that included fever, hypotonia, abdominal
distention, vomiting, cutaneous erythema, and interstitial
pneumonia that required mechanical ventilation. An NP
swab performed just after birth was inconclusive for SARS-
CoV-2 infection; NP swabs taken at 36 and 48 hours after
delivery, as well as at DOL 17, were positive for SARS-CoV-
2 using RT-PCR. An extensive placental pathology evalua-
tion was performed that included immunohistochemistry,
molecular pathology, and ultrastructural analysis. The 448-g
placenta was grossly unremarkable. It was characterized
microscopically by histiocytic-neutrophilic intervillositis that
involved approximately 40% of the chorionic tissue. The
inflammatory process was characterized by monocytoid cells
and histiocytes expressing CD11c, CD14, CD68, and CD163,
and a population of myeloperoxidase* CD66b* neutrophils,
including a CD10-immature subset. Necrosis of syncytio-
trophoblast was present, and deposition of fibrin was
prominent in many areas (Figure 5, A and B). Also present
were features of fetal vascular malperfusion, including
avascular villi and stroma-vascular karyorrhexis. Immuno-
histochemistry for SARS-CoV-2 spike and nucleocapsid
proteins was positive in the syncytiotrophoblast (Figure 6, A
through C). SARS-CoV-2 RNA in situ hybridization showed
strong expression of viral RNA in the syncytiotrophoblast
and in scattered CD14-positive intervillous monocyte-
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macrophages. Electron microscopy revealed viral particles
in different villous cell types, especially in the syncytiotro-
phoblast but also in fibroblasts, endothelial cells, and a fetal
intracapillary monocyte.

Case 5 involved a 37-year-old pregnant woman with
maternal class B diabetes mellitus, latent syphilis, and
obesity who developed preterm labor at 34 weeks’ gestation
after developing preterm premature rupture of mem-
branes.”® At the hospital she was diagnosed with COVID-
19 by NP swab and RT-PCR. Her labor was augmented with
oxytocin and she had a vaginal delivery of a 3280-g female
infant with Apgar scores of 7 and 9 at 1 and 5 minutes,
respectively. Nasopharyngeal swabs from the neonate were
positive for SARS-CoV-2 by RT-PCR at 24 and 48 hours of
life. The infant developed respiratory distress, which
resolved 3 days later. An NP swab performed at DOL 14
remained positive for SARS-CoV-2. The infant was dis-
charged in good condition on DOL 21. The placenta showed
discrete areas having marked histiocytic intervillositis in
which histocytes stained positive with anti-CD68. There
were associated villous ischemic changes with areas of
agglutinated villi that had the appearance of villous
infarction (Figure 7, A through C). Necrosis of syncytiotro-
phoblast was present with occasional villi having loss of
nuclear basophilia of the syncytiotrophoblast or apoptosis.
Immunostaining for the SARS-CoV-2 nucleocapsid protein
was strongly positive in the cytoplasm of the syncytiotro-
phoblast.

Case 6 involved a 23-year-old pregnant woman admitted
to the hospital at 35 weeks 2 days’ gestation with fever,
cough, and expectoration, at which time she was found to
have SARS-CoV-2 by RT-PCR from multiple sites, including
blood and NP and vaginal swabs.*® Three days after
admission, fetal monitoring was interpreted as category I1I,
which resulted in a cesarean section being performed. A
2540-g male neonate was delivered with Apgar scores of 4
and 7 at 1 and 5 minutes, respectively. He underwent
resuscitation and was admitted to the neonatal intensive
care unit. An NP and rectal swab taken 1 hour after delivery,
as well as neonatal blood and nonbronchoscopic broncho-
alveolar lavage fluid, were positive for SARS-CoV-2. The NP
and rectal swabs remained positive when retaken on DOL 3
and 18. On DOL 3 he developed severe neurologic
symptoms, and magnetic resonance imaging on DOL 11
showed signs of cerebral vasculitis with bilateral gliosis of
the deep white periventricular and subcortical matter. He
was discharged on DOL 18. The placenta demonstrated
chronic histiocytic intervillositis, trophoblast necrosis, dif-
fuse perivillous fibrin deposition, and infarction. The
intervillous inflammatory infiltrate was composed of histio-
cytes that stained positively for CD68 and CD163, and
neutrophils (Figure 8). There was intense and diffuse
positive staining of syncytiotrophoblast cells using immu-
nohistochemistry with antibody against SARS-CoV-2 N
protein. Reverse transcriptase polymerase chain reaction on
the placenta was positive for SARS-CoV-2, with the viral
load being significantly greater in placental tissue than in
amniotic fluid and blood from the mother or neonate.

Electively Terminated and Stillborn Infants

Case 7 involved a 35-year-old pregnant woman presenting
to the hospital having symptoms of COVID-19 and vaginal
bleeding at 22 weeks’ gestation.*® She had become febrile
with a cough 10 days prior to hospital admission. An NP
swab was positive for COVID-19 by RT-PCR. She had
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Figure 4. Case 3. A, Chronic histiocytic intervillositis with extensive trophoblast necrosis. The intervillous space is obliterated by histiocytosis. B,
Prominent degenerating and necrotic syncytiotrophoblast is clearly evident. Necrotic nuclei in the degenerating multinucleated syncytiotrophoblast
cells have a targetoid or halo appearance (hematoxylin-eosin, original magnifications X20 [A] and x40 [B]).

Figure 5. Case 4. Chronic histiocytic intervillositis from a placenta transmitting severe acute respiratory syndrome coronavirus 2 to the fetus. The
intervillous space is filled with mononuclear inflammatory cells, predominantly histiocytes, and cellular debris. There is extensive necrosis of

syncytiotrophoblast (hematoxylin-eosin, original magnifications X20 [A] and x40 [B]).

findings consistent with severe preeclampsia and dissemi-
nated intravascular coagulation. Despite replacement therapy
of blood and clotting factors, she had persistent thrombocy-
topenia, and a decision was made to undergo termination of
the pregnancy to avoid risk of serious maternal morbidity or
mortality. Following delivery, the placenta was tested for
SARS-CoV-2 by quantitative RT-PCR and found to be
positive. Fetal heart and lung tissues were also tested and
were negative for coronavirus RNA. Histologic examination
of the placenta revealed chronic histiocytic intervillositis in
which the intervillous space contained an inflammatory
infiltrate composed predominantly of CD68-positive histio-
cytes, as well as T lymphocytes that stained positive for CD3
by immunohistochemistry. Trophoblast necrosis was present,
as well as increased perivillous fibrin. Both RNA in situ
hybridization for SARS-CoV-2 and immunohistochemistry
using antibody to SARS-CoV-2 spike protein were strongly
positive in cells of the syncytiotrophoblast. Electron micros-
copy demonstrated coronavirus particles in several cell types
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within chorionic villi, including syncytiotrophoblast, cytotro-
phoblast, fibroblast, and endothelial cells.

Case 8 involved a 38-year-old pregnant woman with
insulin-dependent type 2 diabetes and obesity who pre-
sented to the hospital at 35 weeks 2 days’ gestation because
of decreased fetal movements. The mother had been
diagnosed with COVID-19 infection via NP swab and RT-
PCR 5 days prior, and had developed worsening respiratory
symptoms and anorexia. She underwent a vaginal induction
and delivered a stillborn infant. At the time of delivery, the
placenta was swabbed and was positive for SARS-CoV-2 by
RT-PCR. Additionally, an NP swab was performed on the
deceased infant at the time of autopsy that was positive for
SARS-CoV-2 by RT-PCR, but a bronchial swab taken
during that procedure was negative for the coronavirus.
Examination of the placenta revealed extensive perivillous
fibrin deposition with an appearance similar to massive
perivillous fibrin deposition. There was also chronic
histiocytic intervillositis in which staining with antibody to
CD68 revealed the predominant inflammatory cells in the
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Figure 6. Case 4. A, Inmunohistochemistry for the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike protein demonstrating the
extent of viral load in the syncytiotrophoblast. B, Double immunohistochemistry for SARS-CoV-2 spike protein (brown) and the neutrophil marker
CD66b (blue). Many of the inflammatory cells are represented by neutrophils. C, Double immunohistochemistry for nucleocapsid SARS-CoV-2
protein (brown) and the monocyte-macrophage marker CD14 (blue). Strong reactivity for nucleocapsid protein of the syncytiotrophoblast. Also
noted in the intervillous space is a CD 14" macrophage/histiocyte staining positive for nucleocapsid protein (antibody to SARS-CoV-2 spike antigen,
original magnification X10 [A]; antibodies to SARS-CoV-2 spike antigen and CD66b, original magnification X20 [B]; antibodies to SARS-CoV-2
nucleocapsid antigen and CD14, original magnification x40 [C]).

Figure 7. Case 5. A, Chronic histiocytic intervillositis and perivillous fibrin are present together with syncytiotrophoblast necrosis, and, as is evident
in this low-magnification image, involve confluent areas of the villous parenchyma. B, The necrotic syncytiotrophoblast cells have a targetoid or halo
appearance similar to those in case 3. C, Immunohistochemistry shows syncytiotrophoblast infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in numerous chorionic villi (hematoxylin-eosin, original magnifications X4 [A] and X20 [B]; antibody to SARS-CoV-2
nucleocapsid antigen, original magnification X10 [C]).
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Figure 8. Case 6. Chronic histiocytic intervillositis demonstrating large
numbers of histiocytes that completely occupy the intervillous space
(antibody to CD163, original magnification X250).

Figure 9. Case 8. A, Placenta from a stillborn infant with positive
nasopharyngeal swab for severe acute respiratory syndrome coronavi-
rus 2. There was extensive fibrin deposition that accompanied chronic
histiocytic intervillositis and necrosis of syncytiotrophoblast. B, Immu-
nohistochemistry reveals numerous histiocytes have filled the intervil-
lous space (hematoxylin-eosin, original magnification X10 [A]; antibody
to CD68, original magnification X20).

Arch Pathol Lab Med—Vol 145, May 2021

intervillous space to be histiocytes (Figure 9, A and B). There
was extensive necrosis of syncytiotrophoblast. Immunohis-
tochemistry for SARS-CoV-2 antigens was positive for the
coronavirus spike protein.

Cases 9 and 10 involved a 30-year-old woman with a
dichorionic diamniotic twin pregnancy and gestational
diabetes who visited the emergency department at 22
weeks’ gestation with fever and rhinitis.*® She was
diagnosed with COVID-19 by RT-PCR from an NP swab
and was discharged home. She returned at 24 weeks’
gestation with back and low abdominal pain and disap-
pearance of her symptoms of COVID-19. At this time, an
intrauterine demise of 1 fetus was diagnosed, and non-
reassuring heart monitoring of the second fetus was present.
Following labor, which could not be halted, both twin
fetuses were born deceased by spontaneous vaginal
delivery. Maternal blood, amniotic fluid, and tissue samples
from both placentas tested positive for SARS-CoV-2 by
quantitative polymerase chain reaction. Samples of the fetal
membranes were negative for SARS-CoV-2. Both twin
placentas demonstrated chronic histiocytic intervillositis in
which aggregates of histiocytes and cytotoxic T lymphocytes
in the intervillous spaces were confirmed by immunohisto-
chemistry using antibodies to CD68, CD8, and CD3. There
was necrosis of the syncytiotrophoblast present as well as
extensive intervillous fibrin deposition (Figure 10). Within
the fetal circulation of the placenta, increased erythroblasts
and nuclear debris were noted. Immunohistochemistry
using antibody to SARS-CoV-2 showed strong positive
staining for the coronavirus in the syncytiotrophoblast.

Case 11 involved a 32-year-old pregnant woman with no
significant past medical history who was admitted to the
hospital at 39 weeks 2 days” gestation after identification of
an intrauterine fetal demise at her scheduled prenatal visit
the previous day. At the time of admission, she was found to
have an asymptomatic SARS-CoV-2 infection by an NP
swab and RT-PCR. She underwent a vaginal induction and
delivered a stillborn male infant. The delivery was remark-
able for shoulder dystocia and meconium-stained amniotic
fluid. An autopsy was restricted to the placenta, an external
examination of the stillborn infant, and an NP swab. No
major external developmental abnormalities were identified.
The NP swab was negative; however, flash-frozen villous
tissue of the placenta taken shortly after delivery was
positive for SARS-CoV-2 by RT-PCR. Examination of the
placenta revealed transmural perivillous fibrin deposition
involving more than 70% of the parenchyma (Figure 11, A
and B), patchy chronic histiocytic intervillositis highlighted
by CD68 immunohistochemistry, and associated syncytio-
trophoblast necrosis. Features of maternal vascular malper-
fusion were also present with acute atherosis/fibrinoid
necrosis of decidual arterioles, villous infarcts, and acceler-
ated villous maturation. Immunohistochemical staining for
SARS-CoV-2 nucleocapsid protein was strongly positive in
a subset of the affected syncytiotrophoblast cells (Figure 11).
Single-molecule RNA fluorescence in situ hybridization also
localized SARS-CoV-2 RNA to these same villous syncy-
tiotrophoblast cells.

DISCUSSION

There are many examples of new and reemergent viral
diseases that have caused morbidity and mortality among
pregnant women. Some infectious diseases, including
influenza, Ebola virus, hepatitis E, and varicella, have a
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Figure 10. Case 9. Placenta from twin stillbirth in which severe acute
respiratory syndrome coronavirus 2 was positive in the syncytiotropho-
blast. The extent of histiocytic infiltration within the intervillous space
resulting from chronic histiocytic intervillositis can be seen using
immunohistochemical staining for CD68 (antibody to CD68, original
magnification X20).

Figure 11. Case 11. A, Placenta from a stillborn infant with chronic
histiocytic intervillositis, trophoblast necrosis, and, as illustrated in this
image, extensive fibrin deposition. B, The syncytiotrophoblast stained
strongly positive for severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection (hematoxylin-eosin, original magnification X4
[Al; antibody to SARS-CoV-2 nucleocapsid protein, original magnifica-
tion X10 [B]).

524 Arch Pathol Lab Med—Vol 145, May 2021

more severe clinical course, increased complication rate, and
higher case-fatality rate among pregnant women than in
nonpregnant individuals.®* It is not surprising, therefore,
that recent epidemics of such emerging viral agents such as
Ebola and Zika viruses have had a significantly deleterious
effect on the well-being of fetuses and neonates.* As a
result, it is understandable that during the initial stages of
the global COVID-19 pandemic there was intense concern
about the effects that the virus would have on pregnant
women, their fetuses, and infants. Because a small number
of cases occurring in pregnant women were initially
reported, much of the information about the effects of
SARS-CoV-2 on the fetus and newborn was delayed during
the early phase of the pandemic. Several studies analyzed
previous data from outbreaks with SARS, MERS, and other
respiratory RNA viruses to predict what might be expected
when pregnant women developed SARS-CoV-2 infection.*”
The results of these analyses indicated that, should vertical
transmission of the novel coronavirus occur, it would likely
be unusual, and that transplacental transmission of SARS-
CoV-2 would be rare.”

With the continuance of the pandemic and its further
global spread, large numbers of pregnant women have
developed SARS-CoV-2 infection and COVID-19, and, as a
consequence, there are now increasing data available on the
effects of the coronavirus on the fetus and neonate.?** In
a recent analysis, Raschetti and colleagues*! performed a
meta-analysis in which 74 publications were analyzed that
included a total of 176 neonates testing positive for SARS-
CoV-2. The authors estimated that among all published
cases of neonates testing positive for SARS-CoV-2, approx-
imately 70% acquired their infection through postpartum
transmission (ie, environmental exposure) and 30% likely
became infected either through intrauterine or intrapartum
mechanisms. Among all, 5.7% were stated to have
confirmed congenital (ie, prepartum) infection.

In the setting of emerging viral diseases affecting pregnant
women, standard analysis of placental pathology can
provide critically important information regarding the
maternal and fetal components of the response to the
infectious agent, including the nature and strength of the
inflammatory response, the presence, localization, and
nature of cytopathic damage, and associated placental
pathology abnormalities; it can also exclude infections from
some other agents.*> When molecular pathologic methods
are used to supplement routine histopathologic methods,
additional significant information can be obtained, including
the specific identification of the virus, estimation of viral
burden, and placental cell tropism and distribution of the
virus in placental tissues.*** These methods can include
techniques such as immunohistochemical or immunofluo-
rescent analysis using antibodies to viral antigens as well as
nucleic acid techniques such as in situ hybridization that
identify target RNA or DNA molecules within intact cells.
Even in the case of formalin-fixed tissues, immunohisto-
chemical and nucleic acid methodologies can precisely
identify virus within specific cell types in defined anatomic
compartments of the placenta. This approach has been
successfully used in previous outbreaks of emerging viral
infections such as the Zika and Ebola viruses, where
molecular pathology has demonstrated the virus in infected
fetal-derived cells of the placenta, evaluated viral tropism for
specific placental cell types, and confirmed intrauterine
transplacental maternal-fetal transmission.**** In addition,
molecular pathology analysis of the placenta can be useful in
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delineating the spectrum and immunophenotype of inflam-
matory cells of both maternal and fetal origins, helping to
understand the nature of the immunologic response to
placental infection.* Double-staining techniques can exam-
ine individual placental cells for 2 different markers,
allowing the simultaneous identification of the virus and
cell types. Additionally, immunohistochemistry and immu-
nofluorescence can identify specific proteins, cytoskeletal
components, and markers of cell activation, which can help
characterize responses at the maternal-fetal interface to viral
infection. Thus, comprehensive examination of the placenta
is a potentially valuable method for the determination of
intrauterine transplacental transmission of a virus from an
infected mother to her fetus.**

In this report, the authors have used both standard and
molecular methods to characterize the spectrum of placental
pathology features in 11 placentas from pregnant women
having SARS-CoV-2 infection in which the coronavirus was
identified in the fetal side of the placenta. In all 11 of these
placentas obtained from live-born and stillborn infants, the
primary cell type infected by SARS-CoV-2 was the
syncytiotrophoblast, as documented using RNA in situ
hybridization, immunohistochemistry, or in some cases
both techniques. All cases contained an uncommon, if not
rare, pathologic finding, chronic histiocytic intervillositis,
and all placentas demonstrated trophoblast necrosis.
Among the 6 live-born infants, all tested positive for
COVID-19 by NP swabs and were believed to have acquired
their infection prior to delivery.?*2® The pathology findings
in these cases were consistent with the criteria recently
published for identifying intrauterine transplacental trans-
mission of SARS-CoV-2.2 Among 5 stillborn infants, the
placentas contained the same pathology findings as did
those of the live-born neonates: chronic histiocytic inter-
villositis, trophoblast necrosis, and positivity of the placenta
for SARS-CoV-2 using RNA in situ hybridization or
immunohistochemistry.

Although all 6 live-born neonates had evidence of
prenatal SARS-CoV-2 infection, based upon the syncytio-
trophoblast of the placenta and at least 1 NP swab following
delivery testing positive for SARS-CoV-2, the status of fetal
infection among stillborn infants was more variable. In 1
case (case 8) an NP swab performed during autopsy of the
deceased infant was positive for SARS-CoV-2; in another
case (case 11), an NP swab from the stillborn infant was
negative; case 7 had no NP swab performed at autopsy but
the heart and lung were tested by polymerase chain reaction
and found to be negative; and in the case of a very preterm
twin intrauterine fetal demise (cases 9 and 10) the infants
were not tested for the coronavirus. The placentas from all 5
stillborn infants had the same placental pathology findings
of chronic histiocytic intervillositis, trophoblast necrosis, and
strong positivity of syncytiotrophoblast for SARS-CoV-2
using either immunohistochemistry or RNA in situ hybrid-
ization, as did the placentas from the 6 live-born neonates
who acquired COVID-19 via transplacental transmission. In
case 11, a negative NP swab from autopsy does not exclude
fetal infection, as there is scant information available on the
accuracy of testing living neonates for COVID-19,* and
even less is known about testing the fetus following
intrauterine demise. Negative testing for COVID-19 from
NP swabs or testing of visceral organs in the setting of an
intrauterine fetal demise must be interpreted with precau-
tion: no data are available on the sensitivity of testing for
SARS-CoV-2 in neonatal autopsy specimens; in older living
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persons, the false-negative rate for RT-PCR has been
reported to be up to 29% in initial tests,*” and a study of
the sensitivity of RT-PCR from nasal swabs in 205 patients
demonstrated a sensitivity of 63%.*® It must also be
remembered that placental infection does not always
correlate with infection of the fetus, and it is possible that
a time interval may ensue between these 2 processes. Thus,
as additional placentas become available for study, we may
expect to find that not all cases demonstrating infection of
the syncytiotrophoblast by SARS-CoV-2 will result in fetal
infection.

The 11 infected placentas in this study showed remarkable
consistency of pathology findings. The most important
histopathology findings—chronic histiocytic intervillositis
and villous trophoblast necrosis in association with infection
of syncytiotrophoblast by SARS-CoV-2—were present both
in placentas from live-born infants who had acquired
infection prenatally from maternal-fetal transmission and
in placentas from stillborn infants. This uniformity is in
marked contrast to placentas from neonates who are not
infected after delivery to mothers with COVID-19.#
Placentas from uninfected infants show a wide spectrum
of placental findings, including lesions representing mater-
nal vascular malperfusion, fetal vascular malperfusion, and
inflammatory lesions including chorioamnionitis, funisitis,
and villitis; and in some cases they may not have any specific
pathology findings.***°

Chronic histiocytic intervillositis is an inflammatory lesion
of the placenta first identified in 1987 by Labarrere and
Mullen,** who initially termed it massive chronic intervillo-
sitis. Referred to by a variety of differing terms in the
medical literature, chronic histiocytic intervillositis has
remained a condition of unknown etiology that has a high
rate of recurrence and association with poor obstetric
outcomes that include miscarriage, fetal demise, intrauterine
growth restriction, and preterm delivery.”>* It is an unusual
placental abnormality, and although its exact prevalence is
unknown, prior to the COVID-19 pandemic it had been
estimated to occur in approximately 6 of 10 000 second- and
third-trimester placentas (0.6%).>*>* The pathology features
consist of the accumulation of mononuclear inflammatory
cells in the intervillous space of the placenta, which are
predominantly histiocytes and stain positive by immuno-
histochemistry with anti-CD68 and other markers of
histiocytes and macrophages. Histiocytes typically comprise
greater than 80% of the inflammatory cell population in the
intervillous space, but there is often a lymphocyte popula-
tion also present, and occasionally neutrophils.®* Among the
cases described herein, several placentas (cases 3, 4, and 6)
had a component of neutrophils in addition to histiocytes in
the intervillous space. A frequent accompaniment of chronic
histiocytic intervillositis is increased fibrin deposition®>; in
some placentas the accumulation of fibrin can be so drastic
that it can resemble massive perivillous fibrin deposition.>®
An important question that remains to be answered is
whether the chronic histiocytic intervillositis that we
identified in these 11 placentas from pregnancies in which
there was coexisting SARS-CoV-2 infection in the fetal
compartment is the same abnormality that was described as
a cause of pregnancy wastage, fetal damage with a high
recurrence rate from before the COVID-19 pandemic.

Among the 5 stillborn infants in our study, all placentas
were characterized by a marked increase in perivillous fibrin
in addition to having chronic histiocytic intervillositis and
syncytiotrophoblast necrosis; several had the appearance of
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massive perivillous fibrin deposition. Based upon studies of
obstetrical outcomes from chronic histiocytic intervillositis
prior to the COVID-19 pandemic,®*°¢ it can be hypoth-
esized that increased fibrin resulted in placental malperfu-
sion that contributed to the deaths of some of the fetuses in
this study.

The etiologic association between chronic histiocytic
intervillositis and syncytiotrophoblast necrosis with trans-
placental SARS-CoV-2 transmission appears significant
when considering that the syncytiotrophoblast was found
to have a high viral load using molecular pathology methods
in every placenta in which it was examined. The viral load in
the syncytiotrophoblast present in these cases appears even
greater, as visualized with RNA in situ hybridization and
immunohistochemical methods, than that occurring with
Ebola virus infection of the placenta, an infection charac-
terized by intense levels of virus in the trophoblast.** Thus,
as far as can be determined in this investigation, syncytio-
trophoblast appears to be an important target cell type for
infection by SARS-CoV-2. Although some disparate data
have been reported, recent research has found that the
syncytiotrophoblast contains high levels of angiotensin-
converting enzyme 2 (ACE2), confirmed as being the
receptor of SARS-CoV-2, as well as the protease TMPRSS2,
which cleaves the viral spike protein to facilitate infec-
tion.57>*

The syncytiotrophoblast is the most important cellular
defense mechanism of the maternal-fetal interface. It is in
direct contact with maternal blood circulating in the
intervillous space and is exposed to all pathogens that
may be present in the mother’s circulation. The syncytio-
trophoblast has developed several intrinsic features to aid in
resisting infectious agents from reaching the chorionic
circulation and the fetus. Because it consists of a single cell
layer, it lacks cellular junctions, and also contains a dense
cytoskeletal network as well as a dense apical brush border,
all of which inhibit direct microbial invasion. It also secrets a
variety of antiviral compounds that can resist viral infection;
these include type III interferons (IFN-A) and vesicle-
enclosed primate-specific placental microRNAs. Syncytio-
trophoblast also contains the immunoglobulin G surface
receptors neonatal FcRn and FcyRIII, which can facilitate the
active transport of protective antibodies to the fetus.
Trophoblast can recognize viral pathogens through toll-like
receptors and RIG-I-like receptors that can activate
induction of antimicrobial signaling pathways. In addition
to these viral defense mechanisms, syncytiotrophoblast
possesses high rates of basal autophagy, an antimicrobial
process that can restrict the replication of a broad range of
intracellular pathogens.®®®* Because of its critical role in the
maternal-fetal interface, destruction of the trophoblast may
serve as a potential mechanism for a pathogenic virus to
penetrate the chorionic villi and reach the fetal vessels
within, permitting viral entry in the fetal circulation. Because
viruses such as SARS-CoV-2 are dependent on cells for
replication, programmed cell death can also serve an
antiviral function. These pathways include apoptosis,
necroptosis, and pyroptosis, the latter 2 being strongly
immunogenic, inducing lytic cell death, and initiating the
release of damage-associated molecular patterns and
proinflammatory cytokines.®* In the 11 cases in this report,
it is difficult to determine whether necrosis of the
syncytiotrophoblast was a result of direct viral cytotoxicity,
ischemia produced by malperfusion from chronic histiocytic
intervillositis and increased fibrin in the intervillous space,
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an antiviral programmed cell death mechanism, or a
combination of these factors.

The authors realize that this analysis contains some
limitations. It is an observational analysis, based upon a
series of geographically diverse cases that share common
clinical and pathologic features. It is not a case-controlled
study, and there is no control group of placentas for
comparison. However, the apparent infrequent occurrence
of intrauterine transplacental SARS-CoV-2 infection among
pregnant women with COVID-19 during the current
pandemic would make performing a controlled study
difficult. But even in the absence of a control group of
placentas, chronic intervillous histiocytosis is well known to
be a highly uncommon, if not rare, placental pathology
finding—and it has never been repeatedly etiologically
associated with any infectious agent. In addition, the
occurrence of chronic histiocytic intervillositis together with
necrosis of the syncytiotrophoblast in every one of the cases
of intrauterine fetal infection among the live-born neonates,
and similar pathology findings among the stillborn infants,
appears to extend beyond coincidence, even in the absence
of a control population of placentas. Although our present
study did not include a control placenta cohort, as part of
their investigation Facchetti et al*” evaluated 101 placentas
collected during the pandemic period (February 7-May 15,
2020), including 15 from pregnant women who tested
positive for SARS-CoV-2. In all of these cases, the authors
reported the clinical features of mothers and newborns and
the histopathologic findings of the placentas. Apart from
case 4 described here, they did not find intervillous
inflammation in any of them, with the single exception of
a placenta from a woman with COVID-19 in which the
inflammation was focal and the placenta tested negative for
SARS-CoV-2 protein.

These findings raise as many, if not more, questions than
they answer. What is the relationship between the SARS-
CoV-2 virus invasion and infection of the syncytiotropho-
blast and the associated parenchymal abnormalities that
were present in all of these placentas? Is chronic histiocytic
intervillositis in these cases a result of viral infection of the
syncytiotrophoblast, trophoblast necrosis, or another ma-
ternal or placental factor? Is the trophoblast necrosis that is
present in every case a result related to large viral load,
cellular ischemia, a direct viral cytotoxicity, or programmed
cell death as a potential protective mechanism? Are such
specific host microbiologic factors as viral load or maternal
viremia, or immunologic factors such as the presence of
maternal cytokine storm, related to the placental pathology
findings and transplacental transmission? How efficiently is
the placenta protecting fetuses from maternal COVID-19
infection, and through which mechanisms? It is hoped that
with the future analyses of placentas from mother-infant
dyads with COVID-19 that incorporate routine and
molecular investigation, there will be clarification of these
questions and more on the nature of the maternal and fetal
response to COVID-19 occurring during pregnancy, and
how and under what circumstances the fetus becomes
infected.
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