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Among the most worrisome consequences of a newly emer-
gent viral disease is its potential effect on pregnant women. It is
particularly important to determine whether a novel virus is
transmissible from a mother to her infant, a process termed verti-
cal infection, and if so, under what circumstances. There are three
possible mechanisms for vertical infection � intrauterine infection
(including transplacental and ascending infections), intrapartum
transmission (during delivery), and postpartum infection. Intra-
uterine transplacental transmission is an important cause of verti-
cal infection of the foetus from viruses, having occurred in
previous epidemics of emergent viral diseases such as HIV, Ebola,
hepatitis E and Zika viruses. However, following the birth of a
neonate that is subsequently found to have a viral infection, it
can be challenging to determine exactly how and when the infant
became infected. These details have important implications that
can influence obstetrical management decisions, best practice
delivery options, and neonatal care including viral testing strate-
gies, skin-to-skin maternal contact, need for neonatal isolation
and safety of breast feeding.

In previous epidemics of such pathogenic coronaviruses as
SARS and MERS, as well as other RNA respiratory viruses, trans-
placental infections have either been absent or were rare [1].
However, increasing reports of neonates testing positive for
COVID-19 shortly after birth have focused attention on the possi-
bility of intrauterine infection, and specifically on transplacental
transmission [2]. Until recently, it has not been possible to deter-
mine how newborn infants acquired their infection, leading
investigators to speculate on when, how and from whom they
acquired COVID-19 [3].

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 foetus [3]. In prior epi-
demics of emerging viral infections including Ebola [4] and Zika
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viruses [5], molecular pathology techniques have proven impor-
tant in demonstrating virus in infected foetal cells of the placenta
and confirming transplacental maternal-foetal transmission. These
methods include immunohistochemistry using antibodies to viral
antigens and nucleic acid techniques such as in situ hybridization
and RNAscope that detect target RNA molecules within intact cells.
Both antibody-based and nucleic acid methodologies can precisely
identify virus within specific cell types in defined anatomic com-
partments of the placenta and they are not limited by standard
formalin fixation. Molecular pathologic analysis of the placenta
may also be used to identify and immunophenotype inflammatory
cells of both maternal and foetal origins, characterizing the nature
of the immunological response to placental infection. Double-
staining methods can evaluate individual cells in the placenta for
two different markers, permitting simultaneous identification of
the virus and cell types. Additionally, immunohistochemistry can
identify specific proteins, cytoskeletal components and markers of
cell activation which can help determine responses at the mater-
nal-foetal interface to viral infection.

In this issue of EBioMedicine, Facchetti and colleagues [6] describe
their research involving the placenta from a term neonate who tested
positive for COVID-19 and developed pneumonia and systemic dis-
ease following delivery to an infected mother. A comprehensive
pathological evaluation of the placenta was performed to identify
SARS-CoV-2 in foetal tissue, characterize the nature of the pathologic
response to the infection, identify and immunophenotype the cells
and characterize the inflammatory response. Using routine staining
methods, the placenta showed foetal vascular malperfusion and a
prominent inflammatory infiltrate in the intervillous space. An exten-
sive array of antibody tests to determine the immunophenotype of
the inflammatory cells revealed a heterogenous mixture of mono-
cyte-macrophages and mature and immature neutrophils. Despite
the prominent number of neutrophils, immunofluorescence antibody
staining demonstrated limited positivity for neutrophil extracellular
traps (NETS). Villous stromal macrophages, termed Hofbauer cells,
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were increased in number and expressed programmed death-ligand
1 (PD-L1). Immunohistochemical staining for antibodies recognizing
megakaryocyte and platelet associated antigens showed significant
platelet deposition in areas of inflammation. Damage to the syncytio-
trophoblast was confirmed using cytokeratin antibody staining.

Perhaps the most significant finding by the authors was the
demonstration of intense signal positivity for SARS-CoV-2 in syn-
cytiotrophoblast lining the chorionic villi using RNA in situ hybrid-
ization. The syncytiotrophoblast is a major component of the
maternal-foetal interface and constitutes its strongest cellular
defensive mechanism together with the innate immune mecha-
nism [7]. The finding of SARS-CoV-2 nucleic acid in this continuous
cell layer demonstrates infection of foetal tissue and identifies a
pathway for the intrauterine infection of the foetus. In addition to
the evidence from nucleic acid analysis, ultrastructural examina-
tion revealed coronavirus-like particles within the cytoplasm of
syncytiotrophoblast, as well as within chorionic villous fibroblasts
and foetal capillary endothelial cells.

In a recent communication Schwartz and colleagues [3] pro-
posed that the diagnosis of intrauterine transplacental SARS-
CoV-2 among infected mother-neonate dyads be based upon
identification of SARS-CoV-2 in foetal-derived cells of the chori-
onic villi using immunohistochemistry or nucleic acid methods
such as in situ hybridization. In their article, Facchetti and coau-
thors have satisfied these criteria and demonstrated that SARS-
CoV-2 can enter the placenta and be passed to the foetus prior
to delivery. This finding not only confirms the recent results of
placental infection in other neonates with COVID-19 [8, 9] but
introduces new questions. How do these findings correlate with
recent research examining the presence of receptors (ACE2) and
enzymes (TMPRSS2) in placental tissues that are necessary for
viral entry and replication [10]? Do Hofbauer cells have a role
in either preventing or permitting transmission? Are there any
risk factors for transplacental transmission of the virus in moth-
ers with COVID-19? Is maternal or foetal vascular malperfusion
of the placenta causally associated with the infection or coinci-
dental? As the COVID-19 pandemic continues to spread, hope-
fully these and related questions will be answered.
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