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صخلملا

ضرمبةباصلإلةضرعرثكألماوحلاءاسنلانأتاساردلانمديدعلاتدافأ
قلعتياميفةدودحم2يفوك-زراسلاىودعتاساردنإف،كلذعمو.19-ديفوك
.نينجلاوملأاىلعةيضرملاهراثآاميسلاو،لمحلاىلعهريثأتب

ىودعلادضيعانملاعافدلاةيلآوةيميشملاصاوخةعجارملاهذهحضوت
اهيلاتلصوتيتلاةيضرملاةيجيسنلاتاريغتلاةساردو19-ديفوكةيسوريفلا
يفةمهاسملل2-يفوكزراسىودعـبتاباصملاتاهملأاةميشمنمثاحبلاا
.يميشملاضرملااذهةعيبطةفرعم

زراسىودعـبةباصلإاتلااحعيمجةساردةيمهأىلاةساردلاتراشأكلذك
ةساردوةميشملاليلحتلةينواعتتاساردلمعولماوحلاءاسنلانيب2-يفوك
كلذوةيدرفلابراجتلايفهرشنمتيذلاددعلانمربكأةنيعىلعتاريغتلا
نيسحتىلإيدؤتستاساردلاهذهنأامك.جئاتنلاةيقوثوموميمعتلاةيلباقنيسحتل
نمةيضرملاتاريغتلاوةميشملايفيفيظولاللخلانيبةقلاعلالوحةفرعملا
نيسحتيفكلذدعاسينأنكمي،يلاتلابو.2-يفوكزراسنمجتانلاملأاىودع
.ةحئاجلاءانثأةلمتحملاتافعاضملاليلقتونينجلاوملألةيبطلاةياعرلاميدقت

لمحلا؛2-يفوكزراسىودع؛ةميشملا؛19-ديفوك:ةيحاتفملاتاملكلا

Abstract

Several studies have reported that pregnant women are

more susceptible to contracting the SARS-CoV-2 disease.

However, SARS-CoV-2 infection studies have limited

evidence regarding its impact on pregnancy, particularly

its pathological effects on the maternalefetal interface.
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This review emphasized the placental structures and

immunomodulatory defense mechanism against the viral

infection COVID and highlighted the spectrum of re-

ported histopathological changes from SARS-CoV-2-

infected mothers’ placenta to contribute to the knowl-

edge of the nature of this placental pathology. Further

studies where collaborations that seek to maximize sam-

ple numbers analyzed can be performed to improve the

generalizability and reliability of the findings. This can

lead to improved knowledge on the relationship between

placental dysfunction and pathology from maternal

SARS-CoV-2 infection. Consequently, this can help

improve maternity care delivery during the pandemic.
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Introduction

The coronavirus disease (COVID-19) was declared a
pandemic by the World Health Organization (WHO) on

March 11, 2020. There has been an estimated 180,413,090
laboratory-confirmed cases of COVID-19 globally, with
3,909,491 resulting in death. In KSA, the reported
laboratory-confirmed cases were around 480,702, which

resulted in 7,743 deaths.1 Three novel coronaviruses have
been described since 2002, namely, severe acute respiratory
syndrome coronavirus (SARS-CoV) in 2002, Middle East
his is an open access article under the CC BY-NC-ND license
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respiratory syndrome coronavirus (MERS-CoV) in 2012,
and SARS-CoV-2 in 2019.2

In recent times, the birth of new vulnerable hosts, as well
as immunity decline among previously infected individuals,
have challenged the efforts to eradicate SARS-Co-V-2.

Although there is no fully established durability of immu-
nity to SARS-CoV-2 yet, viral survival was projected to be
prevalent in new births. SARS-CoV-2 transfer among

humans is highly probable in the future, like any other in-
fectious pathogens.3

The first instance of SARS-CoV-2 infection was reported
in Wuhan, China, around December 2019.4 The infection

results in the development of various symptoms, such as
dyspnea, cough, fevers, myalgias, diarrhea, cytokine storm,
pharyngitis, acute respiratory distress syndrome,

pneumonia, thrombotic events, endothelial damage, and
multisystem organ failure.5

Several studies have reported that pregnant women are at

higher risk of contracting the SARS-CoV-2 disease, which
can result in greater susceptibility to viral pneumonia.6

Breslin and colleagues found that a majority of pregnant
mothers can get either asymptomatic or mild conditions of

this disease. Moreover, about 3% required intensive care,
and cases of perinatal death and preterm labor were
reported among 43 maternity cases.7

There is an extensive continuum of neonatal and placental
pathology of viral infections during pregnancy. Villitis and
spontaneous abortion can be caused by several viruses.

Moreover, multisystem organ damage, sepsis, lifelong dis-
abilities, and death can result from congenital viral infections
in the neonate.5 However, factors bolstering the association

between COVID-19 and adverse outcomes during preg-
nancy remain unclear, despite the increasing research on
clinical situations involving infected pregnant women as well
as their infants.8 Given its critical nature as the interface

between the fetus and the mother, the placenta serves as a
layer of protection for the fetus from infection. However,
the adverse environment of the mother can affect its ability

to protect the fetus from infection.9

Despite limited data on this disease and its consequences
on pregnancy, questions, as well as concerns related to

maternal and fetal outcomes, have arisen. Likewise, the un-
clear pathological description of the infection and its
outcome in pregnancy, particularly on the maternalefetal
interface, have raised more questions. Therefore, this re-
view study aimed to emphasize the placental structures and
immunomodulatory defense mechanism against COVID-19.
Moreover, this review highlights the spectrum of reported

histopathological changes from the placenta of infected
pregnant women for better knowledge of placental pathol-
ogy and its type.
SARS-CoV-2 structure and its receptor

Coronaviruses are deemed as sizable, enclosed viruses
with a positive-sense single-stranded RNA genome. In

particular, one of the key receptors of SARS-CoV being
utilized is angiotensin-converting enzyme 2 (ACE2). It has a
crucial role in disease infection development.10 Thus, disease
treatment can target the interaction between the receptor and

the virus. As a constituent that regulates blood pressure,
ACE2 distribution and expression have been described in
kidneys, lungs, heart, and placenta with tissue-specific ac-

tivity patterns.11 Moreover, another key enzyme for SARS-
CoV-2’s entry in host cells was identified in the form of
serine protease for virus Spike (S) protein priming, which is

referred to as transmembrane protease serine 2
(TMPRSS2).12

During pregnancy, TMPRSS2 and ACE2 expression

significantly vary at different stages based on the study
conducted by Bloise and colleagues.13 They found a decline
in placental TMPRSS2 and ACE2 expression during
gestation. Significant reductions in expression levels were

observed from the first to the second trimester until it
became almost undetectable in the third semester. This
means that pregnant women in their first trimester are

more vulnerable to contracting SARS-CoV-2 together with
its transplacental conveyance. Although mothers were found
to be positive for COVID-19, research has rarely mentioned

the non-detection of placental virus in first- and second-
trimester miscarriages.8,14 However, a mother who was
COVID-19 positive in the third trimester was reported to
give preterm birth to an infant with amniotic fluid infected

with SARS-CoV-2.15 This result was different from the
theory that infants of COVID-19-positive mothers can be
protected from the virus due to placental TMPRSS2 and

ACE2 not being detected in the third trimester.
Studies on single-nucleotide polymorphisms (SNPs) have

found an association between genetic variation and suscep-

tibility to SARS via such variations’ impact on gene ex-
pressions that result in disease outcomes. Factors such as
age, ethnicity, and selection criteria resulting in contentious

outcomes among various population groups affect this
association.12

The pathogenesis and infectivity of the SARS-CoV-2 vi-
rus can be ascertained via its entry into the host cell, which

can be facilitated by a virus surface spike protein. This virus
can attach to the human ACE2 (hACE2) receptor and is
stimulated by human proteases through its receptor-binding

domain (RBD). Spike protein aids the virus in efficiently
maintaining its ability to enter the host cell, as it avoids
immune surveillance. Consequently, these characteristics

help the virus propagate in its host.10

Receptor binding and virus entry can be initiated by the
activation of the spike (S)-protein via cathepsin-mediated

cleavage or type-II transmembrane serine proteases
(TTSPs). A disintegrin and metalloproteinase 17 (ADAM17)
can trim ACE2, which competes with TTSPs for the same
receptor. ADAM17 discharges extracellular soluble ACE2

(sACE2), while the ACE2 receptor for binding can be acti-
vated using cleavage by TTSPs. Sites that are critically
involved in the binding mechanism were found via structural

studies on both S-protein and ACE2.12

SARS-CoV spike (S) protein exhibited ACE2 expression
in autopsy studies of dead patients with SARS pneumonia.16

The mediation of the viral spike (S) protein upon entry of the
virus was found to depend on attachment to an analogous
receptor in the target cell site. Nuclear factor-kappa B
(NFkB)-driven inflammatory module expression is induced

by the S protein’s attachment to ACE2. In turn, this pro-
duces proinflammatory cytokines such as transforming
growth factor-beta 1 (TGF-b1), tumor necrosis factor-alpha

(TNF-a), monocyte chemoattractant protein 1 (MCP-1),
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interleukin (IL)-1b, and IL-6, which can be linked to
thrombogenesis.

SARS-CoV-2 was linked to increases in IL-8 and inter-
feron (IFN)-g. Further, it boosts T-helper (Th)1 cell-
associated proinflammatory cytokines, IL-1b, IL-6, and

TNF.17 On the other hand, a potent antiviral response can be
provided by type III IFN at the placenta level via the
initiation of a signaling cascade to activate the

transcription of genes regulated by IFN. This can be a
probable mechanism that protects the fetus from the
infection since the virus can induce type III IFN release.
Another crucial antiviral defense mechanism is the

utilization of trophoblastic microRNAs, which play a key
role in trophoblast integrity maintenance and viral invasion
restriction.18

There was a reduction in inflammation caused by NFkB
route inhibition in infected mice lungs. Viral transmission
reduction, cell damage, immune response mitigation, tissue

limitation, and cytokine storm reduction can be caused by
placental immune cell immunomodulatory action.6

Placental physical and structural barrier for SARS-CoV-2

The placenta, which is formed during pregnancy, acts
upon the liver, heart, kidneys, and lungs of the fetus and

facilitates pathogen transmission prevention from the
mother to the fetus. It works as a physiological obstruction
between maternal and fetal bloodstream formed by maternal

and embryonic component fusion attached to the uterine
wall.10

While the placenta is crucial in the prevention of
maternal-to-fetal transmission of pathogens, maternal fac-

tors can have adverse effects on the placenta, which can
result in dangerous outcomes. During pregnancy, intrauter-
ine alterations can be caused by systemic diseases in the

mother, which can lead to later neonatal and fetal morbidity
and mortality.19

A unique interchange of modulated immune states can be

represented by pregnancy at varying gestational stages.
Proinflammatory cytokine production can be induced by the
pregnant host, as it responds to viral infection. This, in turn,

activates the immune system of the mother as the virus
crosses the placenta. Infections in the placenta can prompt
an inflammatory response in the fetus itself, which can result
in damage in the multiorgan system and have negative con-

sequences for fetal development.5

MERS-COV and SARS-CoV virus research showed that
it can pose an immense risk to pregnant women compared to

non-pregnant ones, as well as raise serious complications
during gestation. As SARS-CoV-2 possesses a SARS-CoV-
like receptor, the fetuses of COVID-positive pregnant

women can be affected by the vertical transmission of the
novel coronavirus.

The COVID-19 mechanism on the placenta

There is a scarcity of data explaining COVID-19 and its
impact on placental pathology, specifically among asymp-

tomatic pregnant mothers. Relevant information on patho-
logical changes linked to COVID-19 is only limited to
literature reviews, case series, and case reports, with
proposed effects classified as either direct or indirect. Despite
the lack of clarity on the exact mechanism that results in

various forms of placental injury in COVID-19 infected
mothers, there are shreds of evidence and postulated theories
available in the literature.20

Direct effect of COVID-19 on placenta

Due to its nature as the maternal-fetal interface, the

placenta plays a crucial role in protecting the fetus from
infection. However, it can be impacted by an adverse
maternal environment. Sustained hypoxia can result from
severe COVID-19 infection, which may further result in

preeclampsia, stillbirth, and fetal growth restriction.
Furthermore, infectious agents can pass through the
placenta during pregnancy or childbirth. However, a sub-

stantial correlation between infection during pregnancy and
the fetal outcome must be established as proof of placental
damage and transmission.9

Algarroba and colleagues21 visualized the placental
invasion of the virus via electron microscopy. Results
showed the presence of extracellular structures that are like

those seen within cells with no clathrin-coated vesicles.
Placental samples were determined to have the SARS-CoV-2
glycoprotein utilizing the specific antibody. Immunogold
electron microscopy was used to immunolocalize the virus,

and a real-time polymerase chain reaction (RT-PCR)-spe-
cific primer was used to detect the virus in the placenta.

The amniotic fluid, as well as replicated neonatal throat

and nasal swabs with positive RT-PCR test results, was
determined in a severely infected woman who gave birth at 32
gestational weeks.15 However, the placenta may phagocytose

the virions as immune complexes (IgG-mediated) instead of
direct placental tissue invasion.9

A study of direct placental expression using immunohis-

tochemistry and in situ hybridization found the highest
ACE2 membranous expression on the stromal side of syn-
cytiotrophoblast while TMPRSS2 expression was rarely seen
in syncytiotrophoblast. In probable cases of vertical trans-

mission, COVID-19 RNA was primality found in ST and
cytotrophoblast of the placenta indicating rare but possible
placental transmission.22

Indirect COVID-19 effect on the placenta

Cytokines have long been presumed to participate in

immunopathology during viral infection. To effectively
defend against viral infection, a person should have a well-
coordinated and rapid innate immune response. Neverthe-

less, immune damage to the human body can be caused by
excessive and dysregulated immune responses.17 Pro-
inflammatory responses play an important role during vi-
rus pathogenesis among severely ill patients. Infected pa-

tients were found to have an increment in proinflammatory
cytokines, which increases further among critically ill
patients.9

Epithelial and endothelial cells are directly infected by the
virus, followed by heightened amounts of proinflammatory
cytokines.16 There is evidence that it may cause severe

systemic inflammatory retort and can be upshot in a
hypercoagulable state as well as microthrombi spread in
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almost every organ system, which includes the heart, lungs,
brain, and kidneys, as corroborated by autopsy

examinations.23 Microvascular platelet-rich thrombotic de-
positions were found in the small lung vessels as well as in
other organs of infected patients upon autopsy. However,

indications of schistocytes or hemolysis were not found in the
blood film. Further, the platelet count was above the ex-
pected count for a case of thrombotic microangiopathy.24

Similarly, this process can affect the maternalefetal
interface.

Coagulation abnormality is an indirect mechanism during
pregnancy that can develop into a definitive thromboin-

flammatory response in consequence of endothelial, leuko-
cyte, and platelet activation. Similar outcomes were observed
among the placenta of women suffering from diabetes, pre-

eclampsia, and hypertensive disorder. Coagulation abnor-
malities of patients with severe SARS-CoV-2 infection can be
imitated by other systemic coagulopathies linked to severe

infections, such as thrombotic microangiopathy or dissemi-
nated intravascular coagulation (DIC), despite the distinct
characteristics of SARS-CoV-2. Its significance has become
clearer than more patients with severe SARS-CoV-2 who had

developed venous, arterial, or sometimes unrecognized
thromboembolic complications.24

Fibrin and thrombosis formation in the maternal vascu-

lature coupled with mild maternal malperfusion was found in
mildly infected pregnant women. Blood vessel inflammation
can cause cardiac muscle inflammation and diffuse micro-

angiopathic thrombi.25

Intrauterine transplacental SARS-CoV-2 transmission

The probability of transplacental transmission has been
supported by limited evidence, as vertical transmission risk is
deemed contentious.9

The occurrence of inflammatory lesions caused by coro-
naviruses should be considered substantial, as these are more
common in stillbirth and pregnancy loss cases, as reported by

Pathak and colleagues.26 MVM or inflammation can be
attributed to earlier pregnancy losses. It has been
postulated that systemic inflammation, maternal

hypoxemia due to COVID-19, or administration of thera-
peutic drugs such as corticosteroids may result in placental
changes, as these are found to modify the function and
turnover of cells in the placenta.9

Among 38 infected pregnant women, a study by
Schwartz27 reported 1 neonatal death, 9 preterm births, and
zero maternal deaths. Another study gathered evidence to

show transmission from the mother to the fetus.28 About
2.7% and 5.3% of neonatal infections were determined
from vaginal deliveries and Caesarean sections,

respectively. Moreover, the method of delivery, mother-to-
infant contact, and breastfeeding did not pose a greater
risk for neonatal infection. However, in utero infection was
not examined for this study.

This research determined the probability of vertical
transmission, in contrast to previous reports that did not
submit evidence regarding vertical transmission.29 Plausible

mechanisms for viral crossing to the placenta include direct
infection and rupture of STB syncytiotrophoblasts (ST),
entry into the intravascular extravascular trophoblasts or
other placental cells via endothelial microcirculation,

ACE2- and Fc (FcR)-mediated virion transcytosis,
ascending vaginal infection, and entry via infected maternal
immune cells at the placental barrier.6

Electron microscopy revealed the presence of virions in
the placental villi, and this study verified transplacental viral
transmission with twice the viral load in the placenta than in

the blood or nasopharynx of the mother. Heightened
placental viral loads boost the probability of the virus
prompting placental inflammation, which can further lead to
injury.20

The presence of substitute proteases and receptors for
viral entry into STB cells is being advocated despite the rarity
of TMPRSS2 and ACE2 co-expression by the chorioamni-

otic membranes and human placenta during pregnancy.
Recently, CD147 and DPP4 (CD26) receptors have been
determined as substitute receptors. Trypsin and furin have

been suggested as entry proteases that can be expressed in
placental tissues during pregnancy. Another possibility is the
SARS-CoV-2 infection of peripheral blood mononuclear
cells along with its transmission through the placenta.

However, viral replication was found to not exist in this
compartment.6

Celik and colleagues30 suggested that the lack of

syncytiotrophoblast caveolin causes a lack of vertical viral
transmission. As membrane-bound structures, caveolae can
endocytose certain viruses. The absence of caveolin may

result in inflammation failure, as syncytiotrophoblast re-
mains as a continuous layer wherein the virus cannot enter
the placental villi.30

Contrary, cases of transplacental transmission of coro-
navirus were reported to be associated with chronic histio-
cytic intervillositis and syncytiotrophoblast necrosis. In all of
the studied cases, placental syncytiotrophoblast was infected

with the virus indicating that placental transmission cannot
be dismissed as a risk for fetal infection of SARS-CoV-2.31

In a separate study of 50 placentas from SARS-CoV-2

positive mothers, 10% were observed with placental
damage which although is not thought to lead to intra
uterine fetal death may have been involved in fetal uterine

growth limitation. The placental lesions showed peri-
villous fibrin deposition, and chronic histiocytic inter-
villositis among others. It was found that 3% of the

neonates and about 20% of the placental samples were
infected with COVID-19 from their mothers,32 further
suggesting that transplacental transmission can be a
possible risk.

Histopathological findings of placenta after SARS-CoV-2

infection

Table 1 provides the histopathological changes in the
placenta induced by COVID-19. MVM in the form of pe-
ripheral infarctions, fibrinoid necrosis and atherosis,

decidual arteriopathy, intervillous thrombi, and mural hy-
pertrophy were exemplified in most published cases.

Histopathological results of placentas from infected

pregnant mothers during the second and third trimesters
have been reported in 29 studies. As reviewed by Sharps and



Table 1: Placental histopathological findings in COVID-19-positive mothers.

Study Number of

pregnant

women in

the study

Gestational

age

Mode of

deliverya
COVID-19

positive

Placental histological

finding

Patient or

fetal outcome

Algarroba et al.,

202021
1 28 � 5

weeks

CS Yes Decidual vasculopathy,

mature chorionic villi with

focal villous edema; single

virion in microvillus, single

virion in syncytiotropho

blast, single virion in the

terminal villous core.

Mother recovered and

was discharged 10 days

post-operation; infant

tested negative for

COVID-19 on the 2nd

and 3rd day of life.

Algeri et al.,

202033
5 27 � 4 to

38 � 4

weeks

4 CS,

1 VD

Three cases upon

admission, two

cases determined

after delivery.

N/A Four among 5 mothers

reported to have

stabilized condition or

have recovered 2 months

post-delivery. All

neonates were well with 4

among 5 infants testing

negative for COVID-19.

Singh et al.,

202134
50 40.3 weeks 92% VD All positive Histological examination

showed heightened

syncytial knotting,

increased

microcalcifications,

heightened fibrin, villous

agglutination, and small

fibrotic villi.

Maternal and fetal

outcomes were stable or

asymptomatic of

common COVID-19

symptoms.

Shanes et al.,

202035
15 34e40

weeks

NA 13 were positive

with COVID-19

Accelerated villous

maturation, villous

agglutination, and central

and peripheral villous

infarctions decidual

arteriopathy ensued

involving mural

hypertrophy of membrane

arterioles and fibrinoid

necrosis and atherosis of

maternal vessels.

There were no maternal

deaths and all infants

tested negative for

COVID-19.

Menter et al.,

202036
5 40e41

weeks

CS 3 were positive

with COVID-19

Outcomes depended on the

state of the infection.

The inflammatory response

was evident as well as

detection of viral RNA in

the umbilical cord,

placenta, and decidua.

Maternal and fetal

malperfusion were present.

COVID-19 was not

transmitted to all

neonates; four out of five

infants presented no

abnormalities.

a CS ¼ Caesarean section; VD ¼ Vaginal delivery; NA ¼ not applicable.
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colleagues,9 about 20 studies revealed no pathognomonic
histological patterns in the placenta of infected mothers.

Pathophysiology of placental infection in pregnancy

Vascular, thrombotic, and inflammatory changes, which
are like other inflammatory conditions, have been observed

in the placenta of infected pregnant women.37 Consequently,
these inflammatory conditions can result in adverse obstetric
and neonatal events. Acute infection among women during

pregnancy indicates maternal inflammation instead of
direct viral pathology. A common finding among infected
pregnant women is the presence of microvasculopathy in

the placenta, which can manifest as fetal and/or maternal
malperfusion. Acute infection can affect the prominence of
fetal and maternal malperfusion as well as
lymphohistiocytic villitis.35

In a separate report, early studies associating malperfu-
sion and SARS-CoV-2 infection of pregnant mothers have
not been supported by later research. Instead, recent reviews

mention indicators of placentitis in cases with confirmed
placental coronavirus infection. Placental inflammation due
to coronavirus infection is infrequent but often characterized
by the presence of histiocytic intervillositis, perivillous fibrin

deposition, and trophoblast necrosis. SARS-CoV-2 pla-
centitis is hypothesized to have begun with the accumulation
of C4D in the syncytiotrophoblast ultimately leading to the

three aforementioned conditions.38



N.H. Almohammadi170
A case study involving a 25-year old patient reports a
placenta with massive perivillous fibrin deposition, tropho-

blast necrosis and histiocytic intervillositis. Further exami-
nation of the sample revealed that the syncytiotrophoblast
layer of chorionic villi expressed high COVID-19 spike

glycoprotein and ACE2 concentrations. The study concludes
with the preferential localization of SARS-CoV-2 to fibrin-
encased, hypoxic trophoblastic cells additionally

mentioning that infection of placental villous tissue indicates
transplacental transmission.39

The SARS-CoV-2 infection can also cause hypoxemia.
Substantial increases in the occurrence of subchorionic

thrombi and villous agglutination have been evident in the
placenta of infected pregnant women. Consequently, it can
result in the accumulation of lactic acid and oxygen free

radicals, variation in electrolytes and intracellular pH, and
extended cellular damage. Furthermore, sustained hypoxia
can result from severe COVID-19 infection that may further

lead to stillbirth, preeclampsia, and fetal growth restriction.9

Third-trimester placental injury

Histopathological aberrations, such as malperfusions and
inflammatory conditions, have been widely reported with
differing frequencies. The frequency of these lesions was
estimated to be uncertain due to the bulk of reported studies

not using control groups as well as the unblinded examina-
tion of the clinical condition. Thus, there are no comparisons
between infected and non-infected pregnant women in terms

of the presence of lesions in the placenta.9

Adverse pregnancy outcomes, such as placental abrup-
tion, preterm delivery, and stillbirth, are linked to placental

maternal vascular malperfusion (MVM) lesions, with a
higher prevalence in infected pregnant women as compared
to a control group.40 MVM lesions may be associated with

the duration, timing, and severity of the infection, which,
in turn, can result in preterm deliveries.20 There is a
recognizable pattern of placental injury associated with
abnormal uterine perfusion. Moreover, this can result in

countless pathological variations, such as villous infarction,
TenneyeParker change, intervillous thrombosis, decidual
vasculopathy, heightened intervillous and perivillous fibrin

deposition and accelerated villous maturation.41,42

Consequently, these can lead to significant clinical
outcomes, such as preterm birth, fetal demise, and fetal

growth restriction. Subsequent hypoxic-ischemic placental
injury and uterine under perfusion may be induced by
maternal hypoxia arising from severe lung infection due to
COVID-19.

On the other hand, four studies on the placenta of preg-
nant women affected by COVID-19 reported the occurrence
of fetal vascular malperfusion (FVM) due to diminished

vascular supply.36,43e45 FVM can be associated with certain
conditions, such as abnormal cord insertion, maternal
hypercoagulable state, umbilical cord hyper cooling, and

fetal vascular thrombosis.46,47 Vascular endothelial
dysfunction can be caused by viral endotheliotropic
behavior via the ACE2 receptors present on endothelial

cells. Consequently, COVID-19 infected patients can have
a complement-induced coagulopathy state, which pre-
disposes them to microthrombi formation.48

Placentas with focal subchorionic fibrin, prominent
intervillous fibrin, increased capillarization, and syncytial
nuclear aggregates (SNAs) were found as evidence of MVM

and FVM. Ischemic lesions, such as villous agglutination or
villous infarcts (microinfarcts), were found to have a com-
bination of intervillous space collapse and trophoblast ne-

crosis. Maternal placental blood flow disturbance due to
hypoxic respiratory disorder can be associated with height-
ened microcalcifications and thrombi. Dysregulation of
coagulation cascade has been attributed to causing such

phenomenon, which can lead to the formation of fibrin clots,
to the coronavirus. Moreover, in a study, there was a sub-
stantial increase in fibrin thrombi and microcalcifications

among the COVID-positive group as compared to the
negative control, as evidenced in 90% of microscopic ex-
aminations of placentas that were coronavirus positive.34

Due to the unclear etiology of the increasing occurrence
of FVM, Golden and Simmons49 suggested an intermittent
or partial umbilical blood flow obstruction in cases of stem
villous vessels or chorionic plate occlusion and localized

thrombosis. Altered flow may be reflected through
endothelial damage instead of thrombosis itself. They
presumed that this may be due to indirect systemic

damage, which can either be immune- or viral-mediated,
instead of local pathophysiologic shifts. In contrast, fetal
vascular thrombosis was mentioned in situations of FVM

and may be attributed to a COVID-19-induced hypercoag-
ulable state.50,51

Fetal endothelial cell breakdown and/or damage within

the villous stroma can be a consequence of villous stromal-
vascular karyorrhexis. As recognized in one case of infec-
ted pregnancy, it can pose a risk to oligohydramnios, fetal
growth restriction and demise, and non-reassuring fetal heart

rate depending on the nature and severity of obstruction.52

Chronic inflammatory pathologies, including chronic
deciduitis,36 chronic histiocytic intervillositis,43,53e56 and

lymphohistiocytic villitis,36,45,46,57,58 can be linked to
SARS-CoV-2 placental infections, which are comparable to
other RNA viral infections59 during pregnancy. About one-

third of the infected placentas were reported to have
maternal inflammatory responses, such as acute stage-2
chorioamnionitis and stage-1 subchorionitis/chorionitis as

verified in 11 studies. On the other hand, acute cho-
rioamnionitis was present in 1.7% of the non-infected pla-
centas of pregnant women.60 One consistent finding in
several studies was the rise in intervillous macrophage

infiltration,43,45,53e56,61 which aligned with the findings of
lung tissue autopsy among dead patients with severe
COVID-19. Macrophage influx is presumed to aid in the

containment of local viral transmission and propagation as
well as to mediate exuberant immune response, which can
result in unnecessary tissue destruction in the COVID-19-

infected placenta. Despite macrophages and monocytes be-
ing considered viral dissemination vectors,62,63 fetal
infections can be caused by the virus present in the fetal
vascular monocyte cytoplasm. To prevent

immunopathology linked to the SARS-CoV-2 infection,
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vigorous therapeutic approaches can be implemented to
impede the differentiation and migration of macrophages

and monocytes.

Second-trimester placental injury

Histopathological characteristics of placentas in COVID-
19-infected mothers in their second trimester, which ranges
from 16 to 24 gestational weeks, have only been studied in

the selected literature.8,52,58,61,64 However, two studies only
focused on the virus detection and not on its effect on the
histopathological characteristics of the placenta.61,65 Hosier
and colleagues determined 3 � 107 virus copies (number of

copies of a virus gene in the genome of an organism) per
mg and 2 � 103 virus copies per mg in the placenta and
umbilical cord, respectively.64 On the other hand, fetal

tissues other than the umbilical cord and placenta did not
exhibit the presence of SARS-CoV-2 for a 19-week-old
stillbirth, as exemplified by Baud et al.8

Three studies revealed the presence of heightened sub-
chorionic and perivillous fibrin depositions.8,43,52 At 22
gestational weeks, clinical abruption was observed for a 35-

year-old infected pregnant woman.64 Although further
study is required on this, it is hypothesized that the early
onset of severe preeclampsia can be instigated by COVID-
19-related placental inflammation.66 A gestationally

diabetic mother gave birth to 24-week-old twins, who were
dichorionic and diamniotic, with chronic histiocytic inter-
villositis as well as related ischemic necrosis of adjacent

villi.52 Moreover, a 28-year-old infected mother had preterm
labor, resulting in the stillbirth of a 19-week-old with acute
subchorionitis and fetal vasculitis.8

Conclusion

Given that the placenta is vital to fetus maintenance and

development, clear-cut research on COVID-19’s impact on
outcomes from pregnancy and placental tissue collection and
assessment is deemed necessary. A review on the direct

placental invasion of the virus shows the SARS-CoV-2
glycoprotein utilizing the specific antibody while coagula-
tion abnormality provides an indirect mechanism for

thromboinflammatory response similar to coronavirus
characteristics during pregnancy. Vertical transmission of
SARS-CoV-2 was determined a possible risk despite con-
trary reports. This is mainly possible through direct trans-

mission, infection of syncytiotrophoblasts, and mediated
virion transcytosis among other pathways. There are
numerous reports of maternal vascular malperfusion occur-

ring as a histopathological change in the placenta induced by
coronavirus infection. Despite this, placentitis characterized
by histiocytic intervillositis, perivillous fibrin deposition, and

trophoblast necrosis are deemed more indicative as a histo-
pathological feature of SARS-CoV-19 infection.

SARS-CoV-2’s key receptors are the enzymes ACE2 and

TMPRSS2 which are observed to decrease in levels from the
first to the third semester of gestation indicating higher
infection vulnerability in the early stages of pregnancy.
Future research with an increased population size should

help provide a better understanding of the nature of the
SARS-CoV-2 mechanism on maternal transmission, its
pathological characteristics, and its effect on the mother and
fetus.
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Herrler T, Erichsen S, et al. SARS-CoV-2 cell entry depends on

ACE2 and TMPRSS2 and is blocked by a clinically proven

protease inhibitor. Cell 2020; 181(2): 271e280. e8.

12. Chaudhary M. COVID-19 susceptibility: potential of ACE2

polymorphisms. Egypt J Med Hum Genet 2020; 21(1): 54.

https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref2
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref2
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref2
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref2
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref2
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref3
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref3
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref3
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref3
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref4
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref4
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref4
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref4
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref5
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref5
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref5
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref6
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref6
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref6
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref6
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref6
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref7
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref7
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref7
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref7
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref7
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref7
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref8
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref8
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref8
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref8
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref9
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref9
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref9
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref9
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref9
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref10
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref10
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref10
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref10
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref11
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref11
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref11
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref11
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref11
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref12
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref12


N.H. Almohammadi172
13. Bloise E, Zhang J, Nakpu J, Hamada H, Dunk CE, Li S, et al.

Expression of severe acute respiratory syndrome coronavirus 2

cell entry genes, angiotensin-converting enzyme 2 and trans-

membrane protease serine 2, in the placenta across gestation

and at the maternal-fetal interface in pregnancies complicated

by preterm birth or preeclampsia. Am J Obstet Gynecol 2021;

224(3): 298. e1ee8.
14. Hachem R, Markou GA, Veluppillai C, Poncelet C. Late

miscarriage as a presenting manifestation of COVID-19. Eur J

Obstet Gynecol Reprod Biol 2020; 252: 614.

15. Zamaniyan M, Ebadi A, Aghajanpoor S, Rahmani Z,

Haghshenas M, Azizi S. Preterm delivery, maternal death, and

vertical transmission in a pregnant woman with COVID-19

infection. Prenat Diagn 2020; 40(13): 1759e1761.
16. Colling ME, Kanthi Y. COVID-19-associated coagulopathy: an

exploration of mechanisms. Vasc Med 2020; 25(5): 471e478.

17. Ye Q, Wang B, Mao J. The pathogenesis and treatment of the

‘Cytokine Storm’ in COVID-19. J Infect 2020; 80(6): 607e613.
18. Kreis NN, Ritter A, Louwen F, Yuan J. A message from the

human placenta: structural and immunomodulatory defense

against SARS-CoV-2. Cells 2020; 9(8).

19. Burton GJ, Fowden AL, Thornburg KL. Placental origins of

chronic disease. Physiol Rev 2016; 96(4): 1509e1565.

20. Patberg ET, Adams T, Rekawek P, Vahanian SA, Akerman M,

Hernandez A, et al. Coronavirus disease 2019 infection and

placental histopathology in women delivering at term. Am J

Obstet Gynecol 2021; 224(4): 382. e1ee18.

21. Algarroba GN, Rekawek P, Vahanian SA, Khullar P, Palaia T,

Peltier MR, et al. Visualization of severe acute respiratory syn-

drome coronavirus 2 invading the human placenta using electron

microscopy. Am J Obstet Gynecol 2020; 223(2): 275e278.

22. Hecht JL, Quade B, Deshpande V, Mino-Kenudson M,

Ting DT, Desai N, et al. SARS-CoV-2 can infect the placenta

and is not associated with specific placental histopathology: a

series of 19 placentas from COVID-19-positive mothers. Mod

Pathol 2020; 33(11): 2092e2103.
23. Abou-Ismail MY, Diamond A, Kapoor S, Arafah Y, Nayak L.

The hypercoagulable state in COVID-19: incidence, patho-

physiology, and management. Thromb Res 2020; 194: 101e115.

24. Levi M, Thachil J, Iba T, Levy JH. Coagulation abnormalities

and thrombosis in patients with COVID-19. Lancet Haematol

2020; 7(6): e438ee440.

25. Anastasia EK, Vassiliki P, Athanasios T, Nikolaos ES,

Garyfallia S, Alexandros P, et al. Further placental pathology

in mild COVID-19 of term pregnancy with pathophysiological

correlates. Research Square 2021. https://doi.org/10.21203/

rs.3.rs-40375/v1 32.

26. Pathak S, Sebire NJ, Hook L, Hackett G, Murdoch E,

Jessop F, et al. Relationship between placental morphology and

histological findings in an unselected population near term.

Virchows Arch 2011; 459(1): 11e20.

27. Schwartz DA. An analysis of 38 pregnant women with COVID-

19, their newborn infants, and maternal-fetal transmission of

SARS-CoV-2: maternal coronavirus infections and pregnancy

outcomes. Arch Pathol Lab Med 2020; 144(7): 799e805.
28. Walker KF, O’Donoghue K, Grace N, Dorling J, Comeau JL,

Li W, et al. Maternal transmission of SARS-COV-2 to the

neonate, and possible routes for such transmission: a systematic

review and critical analysis. BJOG 2020; 127(11): 1324e1336.
29. Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W, et al. Clinical

characteristics and intrauterine vertical transmission potential

of COVID-19 infection in nine pregnant women: a retrospective

review of medical records. Lancet 2020; 395(10226): 809e815.

30. Celik O, Saglam A, Baysal B, Derwig IE, Celik N, Ak M, et al.

Factors preventing materno-fetal transmission of SARS-CoV-2.

Placenta 2020; 97: 1e5.

31. Schwartz DA, Baldewijns M, Benachi A, Bugatti M,

Collins RRJ, De Luca D, et al. Chronic histiocytic intervillositis
with trophoblast necrosis is a risk factor associated with

placental infection from coronavirus disease 2019 (COVID-19)

and intrauterine maternal-fetal severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) transmission in live-born

and stillborn infants. Arch Pathol Lab Med 2021; 145(5):

517e528.

32. Dubucs C, Groussolles M, Ousselin J, Sartor A, Van Acker N,

Vayssière C, et al. Severe placental lesions due tomaternal SARS-

CoV-2 infection associated to intrauterine fetal death.HumPathol

2022. https://doi.org/10.1016/j.humpath.2021.12.012.

33. Algeri P, Stagnati V, Spazzini MD, Bellan C, Montanelli A,

Patelli G, et al. Considerations on COVID-19 pregnancy: a

cases series during outbreak in Bergamo Province, North Italy.

J Matern Fetal Neonatal Med 2020: 1e4.
34. Singh N, Buckley T, Shertz W. Placental pathology in COVID-

19: case series in a community hospital setting. Cureus 2021;

13(1):e12522.

35. Shanes ED, Mithal LB, Otero S, Azad HA, Miller ES,

Goldstein JA. Placental pathology in COVID-19. Am J Clin

Pathol 2020; 154(1): 23e32.

36. Menter T, Mertz KD, Jiang S, Chen H, Monod C, Tzankov A,

et al. Placental pathology findings during and after SARS-CoV-

2 infection: features of villitis and malperfusion. Pathobiology

2021; 88(1): 69e77.

37. Komine-Aizawa S, Takada K, Hayakawa S. Placental barrier

against COVID-19. Placenta 2020; 99: 45e49.

38. Watkins JC, Torous VF, Roberts DJ. Defining severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2) placentitis:

a report of 7 cases with confirmatory in situ hybridization,

distinct histomorphologic features, and evidence of complete

disposition. Arch Pathol Lab Med 2021; 145(11): 1341e1349.

39. Mao Q, Chu S, Shapiro S, Young L, Russo M, De Paepe ME.

Placental SARS-CoV-2 distribution correlates with level of

tissue oxygenation in COVID-19-associated necrotizing histio-

cytic intervillositis/perivillous fibrin deposition. Placenta 2022;

117: 187e193.
40. Aghaamoo S, Ghods K, Rahmanian M. Pregnant women with

COVID-19: the placental involvement and consequences. J Mol

Histol 2021; 52(3): 427e435.

41. Ernst LM. Maternal vascular malperfusion of the placental bed.

APMIS 2018; 126(7): 551e560.

42. Wong YP, Khong TY, Tan GC. The effects of COVID-19 on

placenta and pregnancy: what do we know so far? Diagnostics

(Basel) 2021; 11(1).

43. Facchetti F, Bugatti M, Drera E, Tripodo C, Sartori E,

Cancila V, et al. SARS-CoV2 vertical transmission with adverse

effects on the newborn revealed through integrated immuno-

histochemical, electron microscopy and molecular analyses of

Placenta. EBioMedicine 2020; 59: 102951.

44. Ferraiolo A, Barra F, Kratochwila C, Paudice M, Vellone VG,

Godano E, et al. Report of positive placental swabs for SARS-

CoV-2 in an asymptomatic pregnant woman with COVID-19.

Medicina (Kaunas) 2020; 56(6).

45. Sisman J, Jaleel MA, Moreno W, Rajaram V, Collins RRJ,

Savani RC, et al. Intrauterine transmission of SARS-COV-2

infection in a preterm infant. Pediatr Infect Dis J 2020; 39(9):

e265ee267.

46. Chew MX, Teoh PY, Wong YP, Tan GC. Multiple umbilical

cord strictures in a case of intrauterine foetal demise. Malays J

Pathol 2019; 41(3): 365e368.

47. Heider A. Fetal vascular malperfusion. Arch Pathol Lab Med

2017; 141(11): 1484e1489.
48. Connors JM, Levy JH. COVID-19 and its implications for

thrombosis and anticoagulation. Blood 2020; 135(23): 2033e

2040.

49. Golden TN, Simmons RA. Maternal and neonatal response to

COVID-19. Am J Physiol Endocrinol Metab 2020; 319(2):

E315eE319.

http://refhub.elsevier.com/S1658-3612(22)00049-X/sref13
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref13
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref13
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref13
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref13
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref13
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref13
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref13
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref14
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref14
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref14
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref15
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref15
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref15
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref15
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref15
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref16
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref16
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref16
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref17
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref17
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref17
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref18
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref18
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref18
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref19
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref19
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref19
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref20
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref20
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref20
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref20
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref20
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref21
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref21
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref21
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref21
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref21
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref22
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref22
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref22
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref22
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref22
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref22
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref23
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref23
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref23
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref23
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref24
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref24
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref24
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref24
https://doi.org/10.21203/rs.3.rs-40375/v1 32
https://doi.org/10.21203/rs.3.rs-40375/v1 32
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref26
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref26
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref26
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref26
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref26
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref27
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref27
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref27
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref27
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref27
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref28
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref28
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref28
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref28
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref28
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref29
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref29
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref29
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref29
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref29
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref30
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref30
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref30
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref30
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref31
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref31
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref31
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref31
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref31
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref31
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref31
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref31
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref31
https://doi.org/10.1016/j.humpath.2021.12.012
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref33
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref33
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref33
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref33
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref33
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref34
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref34
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref34
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref35
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref35
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref35
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref35
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref36
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref36
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref36
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref36
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref36
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref37
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref37
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref37
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref38
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref38
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref38
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref38
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref38
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref38
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref39
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref39
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref39
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref39
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref39
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref39
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref40
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref40
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref40
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref40
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref41
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref41
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref41
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref42
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref42
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref42
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref43
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref43
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref43
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref43
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref43
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref44
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref44
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref44
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref44
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref45
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref45
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref45
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref45
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref45
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref46
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref46
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref46
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref46
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref47
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref47
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref47
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref48
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref48
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref48
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref49
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref49
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref49
http://refhub.elsevier.com/S1658-3612(22)00049-X/sref49


Histopathological findings in COVID-19 173
50. Baergen RN, Heller DS. Placental pathology in Covid-19 pos-

itive mothers: preliminary findings. Pediatr Dev Pathol 2020;

23(3): 177e180.

51. Mulvey JJ, Magro CM, Ma LX, Nuovo GJ, Baergen RN.

Analysis of complement deposition and viral RNA in placentas

of COVID-19 patients. Ann Diagn Pathol 2020; 46: 151530.

52. Pulinx B, Kieffer D, Michiels I, Petermans S, Strybol D,

Delvaux S, et al. Vertical transmission of SARS-CoV-2 infec-

tion and preterm birth. Eur J Clin Microbiol Infect Dis 2020;

39(12): 2441e2445.

53. Kirtsman M, Diambomba Y, Poutanen SM, Malinowski AK,

Vlachodimitropoulou E, Parks WT, et al. Probable congenital

SARS-CoV-2 infection in a neonate born to a woman with

active SARS-CoV-2 infection. CMAJ 2020; 192(24): E647e
E650.

54. Mongula JE, Frenken MWE, van Lijnschoten G, Arents NLA,

de Wit-Zuurendonk LD, Schimmel-de Kok APA, et al.

COVID-19 during pregnancy: non-reassuring fetal heart rate,

placental pathology and coagulopathy. Ultrasound Obstet

Gynecol 2020; 56(5): 773e776.

55. Patanè L, Morotti D, Giunta MR, Sigismondi C, Piccoli MG,

Frigerio L, et al. Vertical transmission of coronavirus disease

2019: severe acute respiratory syndrome coronavirus 2 RNA on

the fetal side of the placenta in pregnancies with coronavirus

disease 2019-positive mothers and neonates at birth. Am J

Obstet Gynecol MFM 2020; 2(3): 100145.

56. Richtmann R, Torloni MR, Oyamada Otani AR, Levi JE,

Crema Tobara M, de Almeida Silva C, et al. Fetal deaths in

pregnancies with SARS-CoV-2 infection in Brazil: a case series.

Case Rep Womens Health 2020; 27:e00243.

57. Hsu AL, Guan M, Johannesen E, Stephens AJ, Khaleel N,

KaganN, et al. Placental SARS-CoV-2 in a pregnantwomanwith

mild COVID-19 disease. J Med Virol 2021; 93(2): 1038e1044.

58. Taglauer E, Benarroch Y, Rop K, Barnett E, Sabharwal V,

Yarrington C, et al. Consistent localization of SARS-CoV-2

spike glycoprotein and ACE2 over TMPRSS2 predominance

in placental villi of 15 COVID-19 positive maternal-fetal dyads.

Placenta 2020; 100: 69e74.
59. Uenaka M, Morizane M, Tanimura K, Deguchi M,

Kanzawa M, Itoh T, et al. Histopathological analysis of pla-

centas with congenital cytomegalovirus infection. Placenta

2019; 75: 62e67.

60. Lokken EM, Walker CL, Delaney S, Kachikis A, Kretzer NM,

Erickson A, et al. Clinical characteristics of 46 pregnant women

with a severe acute respiratory syndrome coronavirus 2 infec-

tion in Washington State. Am J Obstet Gynecol 2020; 223(6):

911. e1ee14.

61. Vivanti AJ, Vauloup-Fellous C, Prevot S, Zupan V, Suffee C,

Do Cao J, et al. Transplacental transmission of SARS-CoV-2

infection. Nat Commun 2020; 11(1): 3572.
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