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Abstract: Research indicates compelling evidence of SARS-CoV-2 vertical transmission as a result of
placental pathology. This study offers an approach to histopathological and immunohistochemical
placental observations from SARS-CoV-2-positive mothers compared to negative ones. Out of the
44 examined placentas, 24 were collected from patients with a SARS-CoV-2 infection during pregnancy
and 20 were collected from patients without infection. The disease group showed strong SARS-
CoV-2 positivity of the membranes, trophoblasts, and fetal villous macrophages. Most infections
occurred during the third trimester of pregnancy (66.6%). Pathology revealed areas consistent with
avascular villi (AV) and thrombi in the chorionic vessels and umbilical cord in the positive group,
suggesting fetal vascular malperfusion (FVM). This study shows SARS-CoV-2 has an impact on
coagulation, demonstrated by fetal thrombotic vasculopathy (p = 0.01) and fibrin deposition (p = 0.01).
Other observed features included infarction (17%), perivillous fibrin deposition (29%), intervillous
fibrin (25%), delayed placental maturation (8.3%), chorangiosis (13%), chorioamnionitis (8.3%), and
meconium (21%). The negative control group revealed only one case of placental infarction (5%),
intervillous fibrin (5%), delayed placental maturation (5%), and chorioamnionitis (5%) and two
cases of meconium (19%). Our study sheds light on the changes and differences that occurred in
placentas from SARS-CoV-2-infected mothers and the control group. Further research is necessary to
definitively establish whether SARS-CoV-2 is the primary culprit behind these intricate complications.

Keywords: placenta; SARS-CoV-2 infection; pregnancy; vertical transmission; fetal; pathology;
immunohistochemistry; vascular complications; COVID-19

1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by SARS-CoV-2, also known as severe
acute respiratory syndrome coronavirus 2 [1]. When the new SARS-CoV-2 was first discov-
ered in pregnant Chinese women, there was hope that, unlike other RNA respiratory viruses
and previous coronavirus infections such as severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV), vertical
transmission would not happen [2]. Recent research indicates that multiple case reports
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and series have provided compelling evidence of congenital transmission of SARS-CoV-2;
as a result, placental pathology is of great interest [3].

The maintenance and sustenance of fetal growth depend on the placenta, a special
tissue that only forms during pregnancy. It acts as the primary barrier between the mother
and her fetus during pregnancy and facilitates the exchange of gases, nutrients, waste
products, and hormones [4]. Compared to the cytotrophoblast and other cells within the
chorionic villus core, which are extremely prone to infections, the syncytiotrophoblast
layer, which comes into direct contact with maternal blood, is fairly resistant to most
pathogens [5]. The extravillous trophoblast cell layer of the membranous chorion comprises
the outer wall which surrounds approximately 60–70% of the surface. Apart from the
membranes’ structural barrier, trophoblasts use the Toll-like receptor TLR4 to identify
bacterial products and signals nearby immune cells to preserve tolerance. Their role is to
support innate immunity alongside the amnion by generating antimicrobial peptides to
ward off infection [6].

Cell entry and the spread of SARS-CoV-2 are widely thought to depend on the
angiotensin-converting enzyme 2 (ACE2) receptor and the serine protease TMPRSS2 [7]. In
both the first and second trimesters of pregnancy, placentas exhibit a notable expression of
each entry receptor. Lower levels of entry cofactor expression are seen in the placenta and
chorioamniotic membranes at the maternal–fetal interface at term [8].

Often referred to as “SARS-CoV-2 placentitis”, the most common histopathological
triad is represented by chronic histiocytic intervillositis (CHI), villous trophoblast necrosis,
and intervillous fibrin deposition (IFD) [9]. Other studies show that more frequent features
in the placentas of infected women are represented by maternal and deciduous thrombosis,
increased intervillous fibrin, and, in rare cases, fetal thrombosis [10].

The paramount objective of this study is to meticulously compare both histopathologi-
cal and immunohistochemical observations of placentas from mothers who have tested
positive for SARS-CoV-2 during their pregnancy with those who tested negative for infec-
tion throughout the gestational period. By undertaking this comprehensive analysis, we
aim to shed light on any potential disparities or unique characteristics that may emerge
from such a comparison, thus contributing significantly to our understanding of the impact
of this relentless virus on maternal health and fetal development.

2. Results

The positive group consisted of 24 patients aged 21–38 years (mean 31.37 years). The
SARS-CoV-2 patients gave birth between 37 and 41 weeks gestational age (mean 38.91 weeks).
Their newborns had birth weights ranging from 2950 to 3800 g (mean 3333.75 g) and no
associated comorbidities.

Maternal symptoms and treatment from the positive group were divided into several
categories, as described in Table 1. All 24 mothers received vitamin therapy (vitamin D and C),
ensuring appropriate supplementation during the infection period. An impressive percentage
of these mothers also received antipyretics, with 19 out of 24 (79.1%) benefitting from this
effective method of reducing fever and alleviating discomfort.

Interestingly, while anticoagulant medication was not as widely administered, it played
a crucial role in the treatment of a select few patients. Only four patients (16.6%) required
such medication to manage their condition effectively. When it came to identifying the most
prevalent signs of the disease, flu-like symptoms were dominant among the affected mothers.
A staggering 14 out of 24 (58.3%) experienced symptoms such as fatigue, chills, pharyngitis,
headaches, rhinorrhea, and myalgia.

Furthermore, it is worth noting that a considerable number of patients developed a fever
during their battle against this infection. Approximately 29.1% (seven patients) experienced
this symptom as part of their illness progression. Intriguingly enough, only a small fraction
of patients presented with anosmia which affected merely three individuals (12.5%). This
distinctive COVID-19 symptom, together with the ageusia observed in five patients (20.8%),
highlights the diverse range in how this infection manifested itself among different individuals.
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Table 1. Characteristics of mothers from the SARS-CoV-2 infection group (n = 24).

Characteristics Variables n %

Gestational age

37 1 4.1%
38 7 29.1%
39 11 45.8%
40 3 12.5%
41 2 8.3%

Gravidity and parity *
G I P I 14 58.3%

G II P II 9 37.5%
G IV P III 1 4.1%

COVID-19 disease during
pregnancy

First trimester 2 8.3%
Second trimester 6 25%
Third trimester 16 66.6%

Type of birth Cesarean section 15 62.5%
Vaginal birth 9 37.5%

Maternal symptoms

Flu-like symptoms ** 14 58.3%
Anosmia 3 12.5%
Ageusia 5 20.8%

Fever 7 29.1%

Treatment

Vitamin therapy 24 100%
Anticoagulant 4 16.6%
Antipyretics 19 79.1%
Antibiotics 2 8.3%

Associated pathology Hypothyroidism 1 4.1%
Thrombophilia 1 4.1%

* G = gravida, P = para, ** fatigue, chills, pharyngitis, headaches, rhinorrhea, myalgia.

The majority of SARS-CoV-2 maternal infections occurred during the third trimester of
pregnancy, accounting for 66.6% (16 out of 24 cases). Additionally, 25% (six cases) occurred
during the second trimester and 8.3% (two cases) occurred during the first trimester. This period
of infection emphasizes the importance of continuous vigilance and appropriate precautions
throughout all stages of pregnancy in order to safeguard maternal and fetal health against this
highly infectious virus.

The main characteristics of the control group are described in Table 2. The negative group
consisted of 20 patients aged 20–40 years (mean 32.27), with a mean gestational age of 39.2 weeks
and a mean birth weight of 3250.56 g, with no associated comorbidities or complications dur-
ing pregnancy or birth. All pregnancies were followed-up by specialized obstetricians capable
of detecting any minor change or alterations in the fetal status. No infections were detected
during the gestational period, and no associated pathologies that could alter the placental circu-
lation occurred, such as pregnancy-induced hypertension, gestational diabetes, and cardiac or
pulmonary disfunctions.

Table 2. Characteristics of mothers from the control group (n = 20).

Characteristics Variables n %

Gestational age

37 2 10%
38 6 30%
39 5 25%
40 5 25%
41 2 10%

Gravidity and parity *
G I P I 12 60%

G II P II 6 30%
G III P III 2 10%

Type of birth Cesarean section 9 45%
Vaginal birth 11 55%

Associated pathology

Hypothyroidism 2 10%
Thrombophilia 1 5%

Anemia 3 15%
Depression 1 5%

* G = gravida, P = para.
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2.1. Macroscopic Observations

We conducted a meticulous macroscopic examination of the placentas of both groups.
Initially, the placentas from the disease group were assessed and striking observations
were made that shed light on the underlying factors contributing to the fetal vascular
malperfusion (FVM) phenomenon. A macroscopic evaluation revealed distinct regions
characterized by avascular villi (AV), a clear indication of a compromised blood flow within
these vital structures. Additionally, thrombi were observed in both the chorionic vessels
and the umbilical cord, as seen in Figure 1, further affirming the presence of FVM.

In the positive group, a remarkable finding was observed where fetal thrombotic
vasculopathy was detected in an astounding 29% of cases, in stark contrast to the placentas
from the control group. The statistical significance of this discrepancy was confirmed with
a p-value of 0.01. This compelling evidence strongly suggests that SARS-CoV-2 infection
during pregnancy exerts a significant impact on coagulation disorders.

Intervillous thrombosis, as illustrated in Figure 2, was noted to be present in a signifi-
cant proportion, accounting for approximately 21% of the cases. This finding is particularly
noteworthy when compared to the control group. However, the difference was not statisti-
cally significant (p = 0.053). Thrombi exhibit a distinctive feature known as lines of Zahn,
which can be observed in Figure 2. These lines consist of lighter layers of platelets and
fibrin, as well as darker layers of red blood cells.

Figure 1. (A) Macroscopic image of placentas, serially sectioned, showing pale areas consistent with
avascular villi; (B) thrombi in the chorionic plate vessels and stem villous vessels; (C) umbilical vein
containing a thrombus.

2.2. Microscopic Observations

Through our comprehensive study, we have uncovered an abundance of microscopic
involvement that exhibits a strong correlation with the visible placental appearances.
The examination of these microscopic details has provided us with invaluable insights,
enabling us to better understand the underlying mechanisms at play within this vital organ.
Microscopic observations were correlated between groups and can be seen in Table 3.
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Table 3. Histopathological examination of the placentas, group comparison.

Characteristic COVID-19 Placentas, n = 24 1 Control Group, n = 20 1 p-Value 2

Placental infarction 4 (17%) 1 (5%) 0.4

Perivillous fibrin deposition 7 (29%) 0 (0%) 0.011

Intervillous fibrin 6 (25%) 1 (5%) 0.11

Intervillous thrombosis 5 (21%) 0 (0%) 0.053

Delayed placental maturation 2 (8.3%) 1 (5%) >0.9

Placental chorangiosis 3 (13%) 0 (0%) 0.2

Chorioamnionitis 2 (8.3%) 1 (5%) >0.9

Meconium 5 (21%) 2 (10%) 0.4

Fetal thrombotic vasculopathy 7 (29%) 0 (0%) 0.011

1 n (%); 2 Fisher’s exact test.

Figure 2. (A) Macroscopic image of an old intervillous thrombus and (B) a recent intervillous
thrombus showing angular contours and lines of Zahn.

All placentas from the positive group exhibited strong positivity for SARS-CoV-2 in
the placental membranes, trophoblast, and fetal villous macrophages, demonstrated in
Figure 3.
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Figure 3. (A) Immunohistochemistry for the SARS-CoV-2 protein showing strong positivity of the
placental membranes (×10) and (B) of the trophoblast and fetal villous macrophages (×20).

The COVID-19 placentas exhibited a multitude of significant features that shed light
on the impact of the virus on placental health. These features, such as placental infarction,
perivillous fibrin deposition, intervillous fibrin, delayed placental maturation, chorangio-
sis, chorioamnionitis, and meconium presence, provide crucial insights into the intricate
complexities of this condition and can be observed in Figures 4 and 5.

Figure 4. (A) Massive perivillous fibrin deposition; (B) A representative field of a placenta with
chorangiosis; (C) recent infarct showing collapsed villi with loss of nuclear basophilia; (D) old infarct
showing pale ghosts of necrotic villi (×20, hematoxylin and eosin).
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Figure 5. (A) Microscopic image of a nonocclusive thrombus showing a fibrin thrombus cap; (B) A
field of avascular in the center of the image showing villi with eosinophilic and paucicellular stroma
without capillaries (×20, hematoxylin and eosin).

Among these features, placental infarction was observed in 17% of cases in the COVID-
19 group compared to only 5% in the negative control group (p = 0.4). This notable
difference underscores the potential influence of COVID-19 on vascular complications
within the placenta. Furthermore, perivillous fibrin deposition was found in approximately
29% of COVID-19 placentas. This observation suggests that COVID-19 may trigger an
abnormal thrombotic response within the maternal–fetal interface. In stark contrast, no
such findings were documented in the comparative group, highlighting a statistically
significant difference (p = 0.01).

Intervillous fibrin was also present in about 25% of COVID-19 placentas. This finding
indicates potential disruptions to blood flow and nutrient exchange between mother and
fetus due to SARS-CoV-2 infection. Delayed placental maturation was observed in a small
percentage (8.3%) of COVID-19 placentas. This delay may have implications for fetal
development and overall pregnancy outcomes; however, the small percentage of this type
of lesion is a good indicator of good neonatal outcomes.

Chorangiosis, characterized by an increased number and dilation of fetal vessels
within chorionic villi, was seen in approximately 13% of cases affected by COVID-19. This
finding points towards possible alterations in normal vascular development within the
placenta due to viral infection. Additionally, chorioamnionitis—inflammation of both the
chorion and amnion—occurred at a rate of 8.3% among placentas affected by COVID-19
and not at all in the control group (8.3% vs. 0%, p = 0.2). The presence of this inflammatory
response suggests possible maternal immune system activation triggered by viral infection.

Lastly, meconium staining was observed in five cases in the positive group (21%) and
two in the negative group (10%) (p = 0.4). The presence of meconium, which is a sign of
fetal distress, may indicate potential adverse effects on the fetus due to COVID-19 infection.

Together, these findings provide compelling evidence regarding the impact of COVID-
19 on placental health and pregnancy outcomes. They highlight the need for further
research and understanding of the virus’s influence on maternal–fetal health to ensure
optimal care and management for affected individuals.
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3. Discussion

The intriguing correlation between placental pathology and maternal SARS-CoV-2
infection has sparked great interest among obstetricians, histopathologists, and dedicated
scientists who are committed to studying the profound impact of SARS-CoV-2 infection on
pregnancy outcomes [11]. Understanding the intricate relationship between these factors
holds immense potential for enhancing our knowledge and guiding clinical management
in this ever-evolving field of research.

The objective of our study was to meticulously compare the histopathological and
immunohistochemical findings in placentas from pregnant mothers who tested positive for
SARS-CoV-2 during pregnancy with those who tested negative for infection throughout
the entire pregnancy.

The infection primarily manifested during the third trimester of pregnancy (66.6%),
with the majority of cases presenting flu-like symptoms followed by fever. Treatment
involved administering vitamin therapy and antipyretics, and a small percentage of pa-
tients received anticoagulants. Sessa et al. describes in a study that out of the 68 women
who tested positive for SARS-CoV-2, 35.29% were symptomatic while 64.71% were asymp-
tomatic [12].

In the positive group, fetal thrombotic vasculopathy was seen in 29% of cases compared
to the placentas from the control group, suggesting SARS-CoV-2 infection during pregnancy
has a great impact on coagulation disorders, although coagulation can already be altered
by pregnancy itself [13]. One study found thrombo-hemorrhagic alterations, with decidual
microvascular thrombi being present in three cases, a significantly different frequency
compared to the control cohort (p = 0.003) [14]. Glynn et al. describes that FVM lesions
appeared more frequently among acute SARS-CoV-2 than either nonacute SARS-CoV-2 or
control cases (53.8% vs. 18.8% vs. 13.2% for acute, nonacute, and controls, respectively;
p < 0.001) [15]. Furthermore, FVM was observed in 27.08% of cases (95% CI, 19.2−35.6) in
another study conducted by Di Girolamo et al. [16].

Intervillous thrombosis (Figure 2) was also noted during the evaluation of the placentas
of SARS-CoV-2-infected patients, consisting of 21% of cases compared to the control group.
Bouachba et al. described large intervillous thrombi that were disseminated throughout all
the placental parenchyma and were not only confined to the basal plate [17].

Our study revealed extensive microscopic involvement correlating with the gross
placental appearances, similarly to the ones described by Fitzgerald et al. [18].

Histopathological examination of the placentas revealed a spectrum of pathologically
increased perivillous fibrinoid deposition counting for seven of the positive group (29%),
versus none in the comparative group (p = 0.01). Zaigham et al. found massive perivillous
fibrinoid deposition (MPFD) in 13 of the 14 placentas (93%) [3]. Argueta et al. observed that
the intervillous spaces showed extensive infiltration of maternal immune cells, perivillous
fibrin deposition, and clots with erythrocytes, mononuclear cells, and fibrin deposition,
while none of the negative samples or negative controls displayed massive chronic intervil-
lositis (MCI), chronic histiocytic intervillositis (CHI), or infiltration of maternal immune
cells [8].

Chronic placental hypoperfusion or low-grade tissue hypoxia was also a concern
among pregnant patients with COVID-19 disease during pregnancy. Our study revealed
three cases of chorangiosis (13%) in the positive group with none in the negative group,
with similar data in the literature. Ferraiolo et al. also observed that the terminal villi of
the placentas collected from SARS-CoV-2-infected mothers were characterized by capillary
congestion and focal microchorangiosis [19]. Chorangiosis was also described by Levitan
et al., but was not among the most prevalent characteristics for this group of patients [1].
Hsu et al. describes an overall histology consistent with acute uterine hypoxia (subchorionic
laminar necrosis) superimposed on chronic uterine hypoxia (extra-villous trophoblasts and
focal chronic villitis), of which hypertrophic arteriolopathy may be partly responsible [20].

Placental infarction, resulting from the interruption of blood supply, was seen in four
of the positive group placentas (17%) and in only one case of the control group (5%). In
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an article written by Salvatore et al., placental infarcts in different stages of organization
were observed in 192 samples (19.8%) [9]. This observation is different from that of Levitan
et al., who found that villous infarction was more common in the SARS-CoV-2-negative
group (16% of the cases), indicating that this feature is occasionally seen in pregnancies
with COVID-19 disease [1]. However, the authors included patients with diabetes mellitus,
preeclampsia, and pregnancy-induced hypertension in the control group, which was not
the case in our study.

Intervillous fibrin occurred in 6 of the 24 studied placentas in the positive group
(25%), compared to one case in the negative control group (5%). Reagan-Steiner et al.
noted increased villous fibrinoid necrosis as a feature of villous trophoblastic injury in the
placentas of SARS-CoV-2-infected mothers [21].

Meconium staining of the placenta was seen in five cases in the positive group (21%)
and two in the negative group (10%). Glynn et al. describe different distributions of the
frequency of meconium staining of the placenta across three studied groups (65.4% vs.
40.6% vs. 36.2% for acute, nonacute, and controls, respectively; p = 0.018) [15].

Examination of placentas collected from SARS-CoV-2-positive mothers during preg-
nancy revealed that, while the features on the slides varied, they shared a common pattern, in
accordance with findings described in the literature, such as perivillous fibrin deposition, ag-
gregation of villi with obliteration of the intervillous space, and fetal thrombotic vasculopathy.

Despite the mild to moderate symptoms and favorable outcome of our study group
of positive patients, there is no question about the importance of SARS-CoV-2 vaccination
and the subsequent immunity it provides [22,23].

One of the key challenges we faced in our study was the limited sample size, largely
due to the time constraints we encountered when collecting, preparing, and analyzing
placental data. This constraint ultimately impacted the overall scope of our research.
However, despite this limitation, we were able to gather valuable insights and draw
meaningful conclusions from the data that were available to us. Due to the limited testing
methods used, which only included PCR and rapid SARS-CoV-2 testing, the assessment
of COVID-19 infection in the control group did not include the evaluation of SARS-CoV-2
antibodies. This omission may introduce potential bias into the results.

4. Materials and Methods

We examined 44 placentas from patients who delivered between November 2021
and August 2022, collected from mothers who were not vaccinated against SARS-CoV-
2 infection before/during pregnancy. All patients were investigated and gave birth in
our clinic, the Premiere Hospital of the Regina Maria Private Health Network, Timis, oara,
Romania. We divided them into two groups: The first was the positive one, consisting
of 24 placentas which were collected and inspected from SARS-CoV-2 positive patients
(confirmed using the polymerase chain reaction (PCR) technique). In these cases, the
infection was acquired during pregnancy or at birth. Inclusion criteria were represented
by COVID-19 confirmation using the PCR technique. Individuals vaccinated prior to or
during pregnancy with a SARS-CoV-2 vaccine were excluded from the study, along with
those suffering from pathologies that could impact placental blood circulation, such as
pregnancy-induced hypertension, diabetes mellitus, and signs of impaired fetal growth.
Furthermore, we excluded preterm births from the study. Mothers who tested negative
for COVID-19 during their pregnancy and did not have any other associated infectious
pathologies made up the control group. For this group, the inclusion criteria were defined
based on negative SARS-CoV-2 symptoms and tests during pregnancy. The same exclusion
criteria were applied for the second group as a way to rule out bias; vaccination against
SARS-CoV-2 before or during pregnancy and other pathologies that could interfere with
placental blood flow were an argument for exclusion.

Clinicopathological data and macroscopy pictures were obtained from the database
of the Premiere Hospital of the Regina Maria Private Health Network, according to the
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protocols approved by the ethics committee (No. 330/18.11.2021) that met the standards of
the World Medical Association Declaration of Helsinki.

Tissue samples were fixed in 10% buffered formalin for a minimum of 48 h and then
embedded in paraffin. Placentas were weighed after formalin fixation and after removal
of amniotic membranes and the umbilical cord. The sections required for histological
evaluation were obtained from the umbilical cord and amniotic membranes, and some
included the entire thickness of the placental parenchyma. Subsequently, segments were
made from 5 µm-thick paraffin blocks and slides were stained using standard hematoxylin–
eosin stain.

To perform the immunohistochemistry technique, representative components were
taken from 3 µm-thick placentas. During the first phase, standard deparaffinization and
dehydration of the sections were performed, followed by heat-induced epitope retrieval for
20 min with citrate buffer at a pH of 6.0. Endogenous peroxidase blocking was performed
with 3% hydrogen peroxide for 5 min. Incubation with primary monoclonal antibody
specific for SARS-CoV-2 nucleocapsid, at a dilution of 1:50 (model STJ11101210, St John’s,
UK), lasted 30 min. A NovoLink Max Polymer Detection System was used for visualization.
Counterstaining was performed using modified Lillie’s Hematoxylin for 5 min. The entire
immunohistochemical procedure was performed using a Leica Bond-Max Autostainer
(Leica Biosystems, Buffalo Grove, IL, USA).

Microscopic evaluation was performed using a Nikon Eclipse E600 microscope (Nikon,
Tokyo, Japan) and images were acquired and analyzed using Lucia G software 4.7.

Placentas collected from patients confirmed to have SARS-CoV-2 using the PCR technique
during pregnancy were considered positive controls and placentas collected from patients
who did not contract the infection during pregnancy were considered negative controls.

Statistical Tests

Statistical analysis was performed using Fisher’s exact test to determine the rela-
tionship between SARS-CoV-2 and clinical parameters and histological changes. Values
less than 0.05 were considered statistically significant. Statistical tests were performed in
RStudio for Mac, version 2023.09.1 + 494. Categorical data are summarized as counts and
percentages. p-values were computed to evaluate the degree of correlation between the
variables for each individual predictor. A statistically significant p-value was defined as
one that was less than 0.05.

5. Conclusions

This paper explored the changes that occurred in placentas from SARS-CoV-2-infected
mothers during pregnancy compared to a control group. Our study sheds light on the stark
differences they exhibit. Through meticulous research, we have uncovered the impact of
SARS-CoV-2 on coagulation, which manifests through fetal thrombotic vasculopathy and
the deposition of fibrin. It is important to note that while pregnancy itself can influence
coagulation, our findings strongly suggest that SARS-CoV-2 plays a significant role in
inducing vascular and circulatory pathologies during this delicate stage of life. However,
it is vital to emphasize that further research is necessary to definitively establish whether
SARS-CoV-2 is the primary culprit behind these intricate complications. Only through such
investigations can we unlock invaluable insights that could pave the way for enhanced
medical interventions and ultimately safeguard the well-being of pregnant individuals.

Author Contributions: Conceptualization, D.E.P. and I.R.; methodology, D.E.P.; software, A.M.C.J.;
validation, D.E.P., I.R. and A.C.; formal analysis, O.P.; investigation, Z.-L.P. and A.R.; resources, N.L.;
data curation, D.E.P.; writing—original draft preparation, A.M.C.J.; writing—review and editing,
D.E.P., I.R. and A.C.; visualization, N.L.; supervision, M.B. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.



Int. J. Mol. Sci. 2024, 25, 1836 11 of 12

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee (No. 330/18.11.2021) of the Premiere Hospital of
the Regina Maria Private Health Network.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Levitan, D.; London, V.; McLaren, R.A., Jr.; Mann, J.D.; Cheng, K.; Silver, M.; Balhotra, K.S.; McCalla, S.; Loukeris, K. Histologic

and Immunohistochemical Evaluation of 65 Placentas From Women With Polymerase Chain Reaction–Proven Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection. Arch. Pathol. Lab. Med. 2021, 145, 648–656. [CrossRef]

2. Schwartz, D.A.; Bugatti, M.; Santoro, A.; Facchetti, F. Molecular Pathology Demonstration of SARS-CoV-2 in Cytotrophoblast
from Placental Tissue with Chronic Histiocytic Intervillositis, Trophoblast Necrosis and COVID-19. J. Dev. Biol. 2021, 9, 33.
Available online: https://www.mdpi.com/2221-3759/9/3/33 (accessed on 6 November 2023). [CrossRef]

3. Zaigham, M.; Gisselsson, D.; Sand, A.; Wikström, A.-K.; von Wowern, E.; Schwartz, D.A.; Iorizzo, L.; Nelander, M.; Blomberg, M.;
Papadogiannakis, N.; et al. Clinical-Pathological Features in Placentas of Pregnancies with SARS-CoV-2 Infection and Adverse
Outcome: Case Series with and without Congenital Transmission. BJOG Int. J. Obstet. Gynaecol. 2022, 129, 1361–1374. [CrossRef]
[PubMed]

4. Delorme-Axford, E.; Sadovsky, Y.; Coyne, C.B. The Placenta as a Barrier to Viral Infections. Annu. Rev. Virol. 2014, 1, 133–146.
[CrossRef]

5. Yong, H.E.J.; Chan, S.-Y.; Chakraborty, A.; Rajaraman, G.; Ricardo, S.; Benharouga, M.; Alfaidy, N.; Staud, F.; Murthi, P. Significance
of the Placental Barrier in Antenatal Viral Infections. Biochim. Biophys. Acta BBA-Mol. Basis Dis. 2021, 1867, 166244. [CrossRef]

6. Heerema-McKenney, A. Defense and Infection of the Human Placenta. Apmis 2018, 126, 570–588. [CrossRef]
7. Pique-Regi, R.; Romero, R.; Tarca, A.L.; Luca, F.; Xu, Y.; Alazizi, A.; Leng, Y.; Hsu, C.-D.; Gomez-Lopez, N. Does the Human

Placenta Express the Canonical Cell Entry Mediators for SARS-CoV-2? eLife 2020, 9, e58716. [CrossRef] [PubMed]
8. Argueta, L.B.; Lacko, L.A.; Bram, Y.; Tada, T.; Carrau, L.; Rendeiro, A.F.; Zhang, T.; Uhl, S.; Lubor, B.C.; Chandar, V.; et al.

Inflammatory Responses in the Placenta upon SARS-CoV-2 Infection Late in Pregnancy. iScience 2022, 25, 104223. [CrossRef]
9. Salvatore, M.A.; Corsi Decenti, E.; Bonasoni, M.P.; Botta, G.; Castiglione, F.; D’Armiento, M.; Fulcheri, E.; Nebuloni, M.; Donati,

S.; The ItOSS COVID-19 Working Group. Placental Characteristics of a Large Italian Cohort of SARS-CoV-2-Positive Pregnant
Women. Microorganisms 2022, 10, 1435. [CrossRef] [PubMed]

10. Resta, L.; Vimercati, A.; Cazzato, G.; Fanelli, M.; Scarcella, S.V.; Ingravallo, G.; Colagrande, A.; Sablone, S.; Stolfa, M.; Arezzo, F.;
et al. SARS-CoV-2, Placental Histopathology, Gravity of Infection and Immunopathology: Is There an Association? Viruses 2022,
14, 1330. Available online: https://www.mdpi.com/1999-4915/14/6/1330 (accessed on 6 November 2023). [CrossRef]

11. Sharps, M.C.; Garrod, A.; Aneni, E.; Jones, C.J.P.; Batra, G.; Heazell, A.E.P. Placental Macrophages Following Maternal SARS-CoV-2
Infection in Relation to Placental Pathology. Front. Virol. 2022, 2, 813312. [CrossRef]

12. Sessa, R.; Filardo, S.; Masciullo, L.; Pietro, M.D.; Angeloni, A.; Brandolino, G.; Brunelli, R.; D’Alisa, R.; Viscardi, M.F.; Anastasi, E.;
et al. SARS-CoV-2 Infection in Pregnancy: Clues and Proof of Adverse Outcomes. Int. J. Environ. Res. Public. Health 2023, 20, 2616.
[CrossRef]

13. Menter, T.; Mertz, K.D.; Jiang, S.; Chen, H.; Monod, C.; Tzankov, A.; Waldvogel, S.; Schulzke, S.M.; Hösli, I.; Bruder, E. Placental
Pathology Findings during and after SARS-CoV-2 Infection: Features of Villitis and Malperfusion. Pathobiology 2021, 88, 69–77.
Available online: https://karger.com/pat/article/88/1/69/329210 (accessed on 6 November 2023). [CrossRef]

14. Bertero, L.; Borella, F.; Botta, G.; Carosso, A.; Cosma, S.; Bovetti, M.; Carosso, M.; Abbona, G.; Collemi, G.; Papotti, M.; et al.
Placenta Histopathology in SARS-CoV-2 Infection: Analysis of a Consecutive Series and Comparison with Control Cohorts.
Virchows Archiv. 2021, 479, 715–728. Available online: https://link.springer.com/article/10.1007/s00428-021-03097-3 (accessed on
6 November 2023). [CrossRef]

15. Glynn, S.M.; Yang, Y.J.; Thomas, C.; Friedlander, R.L.; Cagino, K.A.; Matthews, K.C.; Riley, L.E.; Baergen, R.N.; Prabhu, M.
SARS-CoV-2 and Placental Pathology. Am. J. Surg. Pathol. 2022, 46, 51–57. [CrossRef]

16. Di Girolamo, R.; Khalil, A.; Alameddine, S.; D’Angelo, E.; Galliani, C.; Matarrelli, B.; Buca, D.; Liberati, M.; Rizzo, G.; D’Antonio,
F. Placental Histopathology after SARS-CoV-2 Infection in Pregnancy: A Systematic Review and Meta-Analysis. Am. J. Obstet.
Gynecol. MFM 2021, 3, 100468. [CrossRef] [PubMed]

17. Bouachba, A.; Allias, F.; Nadaud, B.; Massardier, J.; Mekki, Y.; Bouscambert Duchamp, M.; Fourniere, B.D.L.A.; Huissoud, C.;
Trecourt, A.; Collardeau-Frachon, S. Placental Lesions and SARS-Cov-2 Infection: Diffuse Placenta Damage Associated to Poor
Fetal Outcome. Placenta 2021, 112, 97–104. [CrossRef] [PubMed]

18. Fitzgerald, B.; O’Donoghue, K.; McEntagart, N.; Gillan, J.E.; Kelehan, P.; O’Leary, J.; Downey, P.; Dean, J.; De Gascun, C.F.;
Bermingham, J.; et al. Fetal Deaths in Ireland Due to SARS-CoV-2 Placentitis Caused by SARS-CoV-2 Alpha. Arch. Pathol. Lab.
Med. 2022, 146, 529–537. [CrossRef] [PubMed]

https://doi.org/10.5858/arpa.2020-0793-SA
https://www.mdpi.com/2221-3759/9/3/33
https://doi.org/10.3390/jdb9030033
https://doi.org/10.1111/1471-0528.17132
https://www.ncbi.nlm.nih.gov/pubmed/35243759
https://doi.org/10.1146/annurev-virology-031413-085524
https://doi.org/10.1016/j.bbadis.2021.166244
https://doi.org/10.1111/apm.12847
https://doi.org/10.7554/eLife.58716
https://www.ncbi.nlm.nih.gov/pubmed/32662421
https://doi.org/10.1016/j.isci.2022.104223
https://doi.org/10.3390/microorganisms10071435
https://www.ncbi.nlm.nih.gov/pubmed/35889153
https://www.mdpi.com/1999-4915/14/6/1330
https://doi.org/10.3390/v14061330
https://doi.org/10.3389/fviro.2022.813312
https://doi.org/10.3390/ijerph20032616
https://karger.com/pat/article/88/1/69/329210
https://doi.org/10.1159/000511324
https://link.springer.com/article/10.1007/s00428-021-03097-3
https://doi.org/10.1007/s00428-021-03097-3
https://doi.org/10.1097/PAS.0000000000001772
https://doi.org/10.1016/j.ajogmf.2021.100468
https://www.ncbi.nlm.nih.gov/pubmed/34425296
https://doi.org/10.1016/j.placenta.2021.07.288
https://www.ncbi.nlm.nih.gov/pubmed/34329973
https://doi.org/10.5858/arpa.2021-0586-SA
https://www.ncbi.nlm.nih.gov/pubmed/35020786


Int. J. Mol. Sci. 2024, 25, 1836 12 of 12

19. Ferraiolo, A.; Barra, F.; Kratochwila, C.; Paudice, M.; Vellone, V.G.; Godano, E.; Varesano, S.; Noberasco, G.; Ferrero, S.; Arioni, C.
Report of Positive Placental Swabs for SARS-CoV-2 in an Asymptomatic Pregnant Woman with COVID-19. Medicina 2020, 56, 306.
Available online: https://www.mdpi.com/1648-9144/56/6/306 (accessed on 6 November 2023). [CrossRef] [PubMed]

20. Hsu, A.L.; Guan, M.; Johannesen, E.; Stephens, A.J.; Khaleel, N.; Kagan, N.; Tuhlei, B.C.; Wan, X.-F. Placental SARS-CoV-2 in a
Pregnant Woman with Mild COVID-19 Disease. J. Med. Virol. 2021, 93, 1038–1044. [CrossRef] [PubMed]

21. Reagan-Steiner, S.; Bhatnagar, J.; Martines, R.B.; Milligan, N.S.; Gisondo, C.; Williams, F.B.; Lee, E.; Estetter, L.; Bullock, H.;
Goldsmith, C.S.; et al. Detection of SARS-CoV-2 in Neonatal Autopsy Tissues and Placenta. Emerg. Infect. Dis. 2022, 28, 510–517.
[CrossRef] [PubMed]
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