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Abstract: Adverse perinatal outcomes, such as increased risks of pre-eclampsia, miscarriage, prema-
ture birth, and stillbirth have been reported in SARS-CoV-2 infection. For a better understanding
of COVID-19 complications in pregnancy, histopathological changes in the placenta, which is the
interface between mother and foetus, could be the place to look at. The aim of this study was to
determine placental histopathological changes and their role in preterm birth in pregnant women
with SARS-CoV-2 infection. We performed a prospective, observational study in a COVID-only
hospital, which included 39 pregnant women with SARS-CoV-2 infection and preterm birth com-
pared with a control group of 39 women COVID-19 negative with preterm birth and a placental
pathology exam available. The microscopic examination of all placentas revealed placental infarction
(64.1% vs. 30.8%), decidual arteriopathy (66.7% vs. 23.1%), intervillous thrombi (53.8% vs. 38.5%),
perivillous fibrin deposits (59% vs. 46.2%), inflammatory infiltrate (69.2% vs. 46.2%), chorangiosis
(17.9% vs. 10.3%), and accelerated maturation of the villi (23.1% vs. 28.2%).
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1. Introduction

The World Health Organization (WHO) declared in March 2020 a global pandemic of
coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2.

Until August 2021, the total number of cases had surpassed 500 million and led to
more than 6 million deaths. There is an ongoing effort to understand the transmission,
disease pathogenesis and the short and long-term impact following infection.

It is estimated that pregnant women infected with SARS-CoV-2 have a 40% higher risk
of experiencing pregnancy complications and adverse newborn outcomes [1].

Hormonal and immunological adaptations during pregnancy, as well as physiological
and anatomical changes in the respiratory system, make pregnant women more vulnerable
to several infections, including SARS-CoV-2 [2,3].

SARS-CoV-2 has surprised us, because although it is a severe respiratory virus, it seems
to cause extrapulmonary manifestations, such as heart, liver, digestive tract, neurological
disorders, and, last but not least, placental lesions [4].

Diagnostics 2022, 12, 2323. https:/ /doi.org/10.3390/diagnostics12102323

https:/ /www.mdpi.com/journal /diagnostics


https://doi.org/10.3390/diagnostics12102323
https://doi.org/10.3390/diagnostics12102323
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0002-6662-7354
https://orcid.org/0000-0002-7778-0477
https://doi.org/10.3390/diagnostics12102323
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics12102323?type=check_update&version=2

Diagnostics 2022, 12, 2323

2 0f 10

The placenta acts like a physiological barrier between foetal and maternal blood flow,
formed by the fusion of embryonic and maternal components attached to the uterine
wall [5].

SARS-CoV-2 has been shown to bind via angiotensin II-converting enzyme (ACE2)
to the cell membrane of target host cells, facilitated by the transmembrane serine protease
type II transmembrane protease type S (TMPRSS2) initiation protease. ACE2 is expressed
in most organs, including the placenta, in syncytiotrophoblast, cytotrophoblast, decidual
stromal cells, endothelial smooth muscle cells, vascular cells, and decidual perivascular
cells [6]. The coexpression of ACE2 and TMPRSS2 receptors in the placenta may increase
the vulnerability of the placenta and foetus to SARS-CoV-2 infection [7].

The aim of this study was to identify the placental histopathological changes and their
preterm birth impact in SARS-CoV-2-associated pregnancies.

2. Materials and Methods

A prospective cohort observational study (according to the STROBE Statement) was
conducted, in which were included pregnant women with SARS-CoV-2 infection. Patients
were recruited from the Bucur Maternity Hospital, a tertiary centre exclusively for COVID-
19-positive patients. Recruitment was performed from March 2020 to June 2021. The
patients were included after obtaining written informed consent and ethical committee
approval for the study.

The inclusion criteria were: spontaneous pregnancy, gestational age at birth between
24 and 36 weeks, RT-PCR test positive for SARS-CoV-2, live foetus (echographic foetal
activity), and placental pathology exam available.

The exclusion criteria were: in vitro fertilisation (IVF), foetal intrauterine, previous
premature birth, cervical incompetence, presence of pessary or cerclage, congenital malfor-
mations and the denial of different investigations or treatment.

Maternal age, an obstetrical history of abortion, parity, the rupture of membranes,
pregnancy-associated pathologies, birth gestational age, days of infection, birth delivery
mode, COVID-19 symptoms, maternal and newborn evolution, CRP level, lymphocytes
count, placental weight, and placental histopathological changes were the studied variables.
All variables were obtained from the patient’s observation file.

After applying the inclusion and exclusion criteria, 39 pregnancies were selected.

The results of the patients with SARS-CoV-2 infection and premature birth were
compared with one control group that included pregnant patients with premature birth
without SARS-CoV-2 infection hospitalized between March 2018 and March 2020, so we
could establish a connection between placental SARS-CoV-2-induced changes and the
premature birth increased rate in SARS-CoV-2 infection. The placentas were examined
routinely macroscopically and microscopically.

The statistical analysis was performed using Statistical Package for Social Sciences
(SPSS) v. 19.0 (IBM Corp., Armonk, NY, USA). p-value < 0.05 (Pearson correlation) was
considered statistically significant.

3. Results

The study included 39 parturients positive for SARS-CoV-2 infection with preterm
delivery, and a control group formed by 39 non-COVID-19 parturients with placental
pathology exam available.

The general and obstetrical characteristics of the studied groups were similar, but
we can see there was a significant difference between the rates of premature rupture of
membranes with a higher percentage in the non-COVID group (Table 1).
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Table 1. General and obstetrical characteristics in COVID-19 positive vs. non-COVID-19 patients
with premature birth.

MATERNAL

CHARACTERISTICS COVID-19 PATIENTS (%) NON-COVID-19 PATIENTS (%) p-Value
material age (years-percentage) 18-30 y.o. 41 18-30 y.o. 53.8 0.164
3140 y.o. 46.2 31-40 y.o. 41
41-45 y.o. 12.8 41-45 y.o. 5.1
BMI (percentage) <185 7.7 <18.5 7.7 0.749
18.5-24.9 69.2 18.5-24.9 69.2
25-30 12.8 25-30 17.9
>30 10.3 >30 5.1
gesta (number-percentage) 1 33.3 1 43.6 0.581
2 23.1 2 17.9
>3 43.6 >3 38.5
para (number-percentage) 1 51.3 1 59 0.696
2 28.2 2 28.2
>3 20.5 >3 12.8
monitored pregnancy Yes 69.2 Yes 41 0.012
(percentage)
No 30.8 No 59
gestational age of distribution <28 w 77 <28 w 17.9 0112
(weeks-percentage)
28-31w 12.8 28-31w 17.9
32-36 w 79.5 32-36w 64.1
premature rupture of membranes YES 231 YES 513 0.010
(percentage)
No 76.9 No 48.7
birth type (vaginal vs. Vaginal birth 23.1 Vaginal birth 94.9 <0.001
caesarean-percentage)
Caesarean birth 76.9 Caesarean birth 5.1

The percentage of caesarean delivery was higher in the COVID-19 period due to foetal
distress (33.3%) and severe maternal clinical conditions (25.6%).
The maternal respiratory status was mild to severe: 53.8% were symptomatic, 23.1% re-
quired oxygen, 17.9% of patients were intubated, and there were no maternal deaths in our
centre, although we had no information about the eight patients who were transferred for
clinical degradation to ICU hospitals. Apgar scores of liveborn infants at 1 min were under

5 (10.3%) between 5 and 8 (61.6%), 9 and 10 (28.2%)—Table 2.

Table 2. Characteristics of COVID-19-positive patients and newborns.

p-Value

symptomatic (percentage) Yes 53.8 0.000
No 46.2

oxygen therapy (percentage) Yes 23.1 0.002
No 76.9

intubation (percentage) Yes 17.9 0.006
No 82.1

associated pathologies (percentage) Yes 30.8 0.001
No 69.2

apgar scores (percentage) <5 10.3 0.000
5-8 61.6
9 23.1
10 5.1

All newborns tested negative for SARS-CoV-2 at 24 h and 48 h by nasopharyngeal and

throat swab.
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A microscopic examination of all placentas revealed placental infarcts, decidual arteri-
opathy, intervillous thrombi, perivillous fibrin deposits, inflammatory infiltrate, chorangio-
sis, and accelerated maturation of the villi.

These findings were all present in varying degrees but were consistently seen in
placentas. Comparatively, similar evidence of maternal malperfusion was also observed in
the control group, but in much lower, statistically significant percentages (Table 3). Other
microscopic findings in both populations included no histopathological abnormalities
(5.1% in the COVID-19 group, 10.3% in the control group, respectively).

Table 3. Comparison of microscopic features of COVID-19 patients vs. controls.

COVID-19 PATIENTS NON-COVID-19 PATIENTS  p-Value

placental infarct (percentage) 64.1 30.8 0.003
perivillous fibrin deposits (percentage) 59 46.2 0.263
decidual artheriopathy (percentage) 66.7 23.1 0.000
intervillous thrombi (percentage) 53.8 38.5 0.177
chorangiosis (percentage) 17.9 10.3 0.335
accelerated villous maturation 231 282 0.610
(percentage)

inflammatory infiltrate (percentage) 69.2 46.2 0.040
no histopathological abnormalities 51 103 0.384

(percentage)

However, the most common microscopic findings in placentas from patients with a
confirmed SARS-CoV-2 infection were of the maternal vascular malperfusion (MVM) type,
such as placental infarcts, decidual arteriopathy, perivillous fibrin deposits and chorangiosis
(Figures 1-5).

Figure 1. (Haematoxylin—eosin 10x). Presence of perivillous and intervillous fibrin with confluent aspects.
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Figure 2. (Haematoxylin—eosin 10x). Features of accelerated maturation of the distal villi with
numerous and prominent syncytial knots, fibrinoid deposits with incipient villous agglutination, and
erosion of the syncytiotrophoblastic contour.

Figure 3. (Haematoxylin—eosin 10x). Extensive decidual ischemic changes and infarction with
important fibrin deposition and inflammatory changes.
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Figure 4. (Haematoxylin—eosin 10x). Decidual marked dystrophic and ischemic changes secondary
to focal hypertrophic type arteriopathy; important perivillous noninflammatory fibrin deposits with
encasement of necrotic and ghostlike chorionic villi; intervillous extravasated maternal blood.

Figure 5. (Haematoxylin-eosin 10x). Chorangiosis shows excess numbers of villous capillaries
lacking a surrounding, continuous layer of pericytes in the terminal villi.

In the group of pregnant women with SARS-CoV-2 infection, a strong correlation was
established between the presence of decidual arteriopathy and intubation (p-value = 0.040)
and between the presence of intervillous thrombi and oxygen therapy (p-value = 0.016).
In the study group, an inverse relationship was found between gestational age and the
presence of MVM type changes (placental infarcts, p-value = 0.038; decidual arteriopathy,
p-value = 0.16), between gestational age and chorangiosis (p-value = 0.010), but also be-
tween the Apgar score at 1 min and chorangiosis (p-value = 0.001) or intervillous thrombi
(p-value = 0.010).

Unfortunately, we did not have the possibility in our centre to study the placentas by
electronic microscopy or perform SARS-CoV-2 PCR tests.

4. Discussion

According to the latest studies, pregnancy has a significant influence in the outcome
of SARS-CoV-2 infection, especially if associated with comorbidities such as pre-eclampsia
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or diabetes [8]. Pregnancy-specific physiological changes in the cardiorespiratory and
immunological systems may be responsible for the increased morbidity among pregnant
women, compared to the general population [9-12].

Still, the factors supporting the association between SARS-CoV-2 infection and ad-
verse pregnancy outcomes remain unclear, despite growing research on clinical situations
involving infected pregnant women [13].

Adverse perinatal outcomes have been reported, such as increased risks of pre-
eclampsia, miscarriage, premature birth, and stillbirth [7].

In our study, the rate of caesarean section in the COVID-19 group of preterm labour
increased (76.9%) in this period and two of the most frequent indications were the exac-
erbation of the symptoms, such as severe acute respiratory distress and foetal distress,
in comparison with only 5.1% in the non-COVID-19 group with previous C-section and
foetal distress as indications. As Bellos et al. found in their meta-analysis, SARS-CoV-2
pregnancies had a higher-than-expected rate of preterm and caesarean deliveries [14]. There
are multiple studies that describe a direct association between COVID-19 and premature
birth [15,16].

The purpose of this study was to identify placental histopathological SARS-CoV-2
changes and their role in preterm birth.

It is well known that placental tissue plays a critical role as an interface between mother
and foetus, acting as a shield for the foetus against infection. Therefore, a deterioration
in the mother’s clinical condition and in the placental structure may affect her ability to
protect [17].

The most significant microscopic finding was an increase in the rate of MVM, especially
placental infarcts, decidual arteriopathy, perivillous fibrin deposits, and chorangiosis, as El-
ishewa D. Shanes et al. found in their study of 16 placentas from patients with SARS-CoV-2
infection [18]. MVM has been related to poor perinatal outcome, such as oligohydramnios,
IUGR (intrauterine growth restriction), premature birth, and stillbirth [19-22]. The major
risk factors for MVM are gestational hypertension and preeclampsia [23,24], and in our
study, only 30.8% of COVID-19 patients had associated pathologies, with 17.9% hyperten-
sive disorders.

Obstetric complications, such as preterm birth, placental abruption, and foetal death
in utero, can occur as a result of MVM lesions, with a higher prevalence rate in infected
pregnant women than in a control group [25]. MVM lesions develop in pregnant women at
variable degrees depending on the severity of infection, duration, and timing, which, in
turn, may result in preterm birth [26]. There is a recognizable pattern of placental lesions
associated with abnormal uterine perfusion. In addition, this can lead to many pathological
variations, such as infarction of the villi, decidual thrombosis, intervillous thrombosis,
vasculopathy, increased intervillous and perivillous fibrin, and accelerated maturation of
the villi [27,28]. As our study revealed, the incidence of MVM lesions increased with the
severity of SARS-COV-2 infection (oxygen therapy—p = 0.016, intubation—p = 0.040) and
increased with decreasing gestational age (p < 0.05).

The viral agent responsible for SARS-CoV-2 infection enters the host cells by interact-
ing with ACE2 (angiotensin-converting enzyme 2 receptor), expressed in the uterus and
pregnant placenta. This hypothesis was reinforced by the increased prevalence of signs of
decidual arteriopathy in pregnant women with SARS-CoV-2, suggesting a potential link
between infection and the functional impairment of the placenta [29-33].

The probability of transplacental transmission was based on limited evidence, as the
risk of vertical transmission is considered to be controversial [17]. The possible mechanisms
of virus passage into the placenta are direct infection and rupture of syncytiotrophoblasts
(STS), entry into trophoblasts or other placental cells through the endothelial microcircu-
lation mediated by ACE2, ascending vaginal infection, and entry through the placental
barrier of immune system cells of the infected pregnant woman [34]. In our study, no
newborn tested positive for SARS-CoV-2 infection and no placentas or amniotic fluid were
tested, as this rule was not included in the maternity protocol. Therefore, no mechanism of
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vertical transmission could be established, but considering the placental changes we can
hypothesise that the placenta act as a shield against foetal infection but in the same time,
those changes can impact the pregnancy and induce preterm birth, foetal distress, and poor
neonatal outcome.

The study has some limits: a small number of included patients and the impossibility
to perform electronic microscopy and RT PCR on the placentas. The pathologic examination
of the placentas for all SARS-CoV-2 associated pregnancies and the availability of the prema-
ture births’ placentas for noninfected patients conferred strengths to the results. We propose
to expand the study by comparing the placental changes also in term pregnancies with and
without SARS-CoV-2 infection during pregnancy and to follow postnatal outcomes.

5. Conclusions

There have been several studies that have reported lesions specific to maternal vascular
malperfusion occurring as histopathological changes induced by SARS-CoV-2 infection in
the placenta.

Our study represents a report of MVM lesions from SARS-CoV-2 infection as a possible
cause of preterm birth, especially in cases with severe infections. Since the SARS-CoV-2
virus continues to mutate and to infect millions of people including pregnant women,
further studies are required to identity how it can impact the pregnancy and the newborn,
and we believe that the placenta is the key witness in the process.
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