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ARTICLE INFO ABSTRACT

Keywords: Introduction: Recent studies reported a differential expression of both ACE2 and CD147 in pregnant women
SARS-Cov-2 associated to SARS-CoV-2 placental infection. The aim of this study is to further investigate the placental SARS-
ilg;;ntal infection CoV-2 infection and the potential effect on protein expression (ACE2, CD147, HLA-G and CD56).

Methods: The study was on three subgroups: i) 18 subjects positive for SARS-CoV-2 swab at delivery; ii) 9 subjects
that had a positive SARS-CoV-2 swab during pregnancy but resulted negative at delivery; iii) 11 control subjects
with physiological pregnancy and with no previous or concomitant SARS-CoV-2 swab positivity. None of the
subjects were vaccinated for SARS-CoV-2 infection. The placenta samples were analyzed for SARS-CoV-2 NP
(Nucleocapsid protein) positivity and the expression of ACE2, CD147, HLA-G and CD56.

Results: We observed a higher percentage of SARS-CoV-2 NP positive placenta samples in the group of SARS-CoV-
2 PCR positive at delivery in comparison with SARS-CoV-2 PCR negative at delivery. The localization of SARS-
CoV-2 NP positivity in placenta samples was mainly in syncytiotrophoblast (ST) of SARS-CoV-2 PCR positive at
delivery group and in extra-villous trophoblast (EVT) of SARS-CoV-2 PCR negative at delivery group. CD147,
HLA-G positivity was higher in ST of SARS-CoV-2 PCR positive at delivery group, while CD56-expressing immune
cells were decreased in comparison with control subjects.

Discussion: We confirmed the ability of SARS-CoV-2 to infect placenta tissues. The simultaneous SARS-CoV-2
swab positivity at delivery and the positivity of the placenta tissue for SARS-CoV-2 NP seems to create an
environment that modifies the expression of specific molecules, as CD147 and HLA-G. These data suggest a
possible impact of SARS-CoV-2 infection during pregnancy, that might be worthy to be monitored also in
vaccinated subjects.

CD147
HLA-G

1. Introduction (COVID-19) severe respiratory disease, highlighting as main cellular
receptor for viral entry the Angiotensin Converting Enzyme (ACE) 2 [1].

After severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Then, several studies also investigated the possible multi-tissue
pandemic outbreak in December 2019, most of studies concerning tropism of SARS-CoV-2, basing on the wide expression of ACE2 in
SARS-CoV-2 infection have been focused on coronavirus disease 2019 sites other than lungs [2]. It is known that SARS-CoV-2 cell entry via
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protease 2; COVID-19, Coronavirus disease 2019; HLA, Human Leukocyte Antigen; NK, Natural killer; KIR, Killer-cell immunoglobulin-like receptor; ILT, Ig-like
transcript.
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ACE2 engagement by the viral Spike protein also involved the proteases
TMPRRS2 [3]. Placenta tissues are characterized by a lower TMPRSS2
expression compared to other tissues, like lungs, with a preferential
expression at trophoblasts [4]. A few placental cells and chorioamniotic
membranes co-express ACE2 and TMPRSS2 throughout gestation [5,6],
suggesting a possible effect on SARS-CoV-2 placental and transplacental
infection, as the co-presence of both these receptors, facilitating SAR-
S-CoV-2 cell entry. For this reason, the presence of alternative receptors
for SARS-CoV-2 entry into syncytiotrophoblast cells has been suggested
[7] such as DPP4 (CD26) and CD147 [8,9]. CD147 is characterized by a
diffuse tissue expression [10], in concomitance with the emerging data
reporting SARS-CoV-2 infection in different body sites [11]. A recent
work of Dong et al. reported a differential expression of both ACE2 and
CD147 in a small cohort of pregnant women associated to SARS-CoV-2
placental infection compared to non-COVID19 infected pregnant
women, with no direct evidence of viral transmission to the newborns
[12].

Moreover, SARS-CoV-2 infection is associated to different clinical
outcomes, that ranges from severe to asymptomatic disease [8]. This
clinical heterogeneity may be correlated to a differential expression of
susceptibility factors, as ACE2 and CD147, but also to peculiar escape
mechanisms that the virus could exploit in some individuals, as for
example the induction of the immunotolerogenic molecule Human
Leukocyte Antigen (HLA)-G [13-15].

HLA-G is a non-classical HLA class I molecule firstly described in
pregnancy, where it allows the protection of the semi-allogenic fetus
from the maternal immune system through the interaction with specific
inhibitory receptors [16].

HLA-G placenta expression during pregnancy is characterized by
peculiar changes, with high levels of the molecules in the first trimester,
which are reducing as they approach the birth, in order to promote the
typical inflammatory environment needed to induce the delivery [17].
The presence of placental infections might affect HLA-G expression,
leading to placental and fetal disorders, as recently reported for HHV-6
infection in association with IUGR condition [18].

Recently, the ability of SARS-CoV-2 to induce HLA-G has been
described in bowel tissues [19-21], supporting the involvement of this
molecule in its immune escape process. In particular, Natural Killer (NK)
cells, that represent the first line of defense during viral infections, have
been reported to be anergic in COVID-19 patients [22]. NK cells are also
key players during pregnancy, representing the main immune cell type
in endometrial tissues where they act to allow a correct decidualization
and placentation process [23] and to kill target infected cells. Decidual
natural killer cells (ANK) are the predominant leukocyte population in
normal human endometrium [24]. Their content varies throughout the
normal menstrual cycle, likely due to recruitment of peripheral NK cells
(pNK) and/or in utero proliferation/differentiation of stem uNK cells.
They represent 40% of the total leukocyte population during the pro-
liferative phase which increases to 60% by mid-secretory phase and up
to 75% in early pregnancy. At the end of pregnancy, dNKs show a
different protein and gene expression profile which is associated to an
increase degranulation response, suggesting their key role in counteract
possible vertical transmission of infection to the fetus [25]. NK cell ac-
tivity is controlled by the interaction between specific receptors (KIR
(Killer immunoglobulin like receptor), ILT (Ig-like transcript)) with
surface proteins. HLA-G molecules interact with ILT2 and ILT4 re-
ceptors, inducing an inhibitory signal in NK cells [26].

The evaluation of the effect of SARS-CoV-2 infection during preg-
nancy has raised interest. Even if virus vertical transmission is still
controversial [27], several researches have evaluated the possible
different susceptibility to SARS-CoV-2 infection, analyzing the placenta
tissues. It has been demonstrated that SARS-CoV-2 can infect the
placenta [28], documenting congenital SARS-CoV-2 infection during the
first trimester of pregnancy with fetal organs, such as lung and kidney, as
targets for coronavirus [29].

The aim of this study is to further investigate the placental SARS-
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CoV-2 infection and the potential effect on protein expression as
ACE2, CD147, HLA-G and CD56, as a marker of CD56 positive immune
cells (NK cells, T cells), in placental tissues from subjects positive or
negative for SARS-CoV-2 infection at delivery.

2. Materials and methods
2.1. Study population

The study was conducted on one prospective cohort of 38 patients
enrolled at the time of childbirth at the Gynecology and Obstetrics
Department of the Sant’Anna University Hospital in Ferrara, during the
period from March to December 2020. Three subgroups were identified,
namely, a cohort made up of 18 subjects positive for SARS-CoV-2
infection at delivery and 9 subjects that were positive for SARS-CoV-2
infection during pregnancy but resulted negative for SARS-CoV-2
infection at delivery and a control group made up of 11 subjects with
physiological pregnancy and with no previous or concomitant SARS-
CoV-2 infection, that will be referred as control group. None of the
subjects were vaccinated for SARS-CoV-2 infection. SARS-CoV-2 infec-
tion was tested with a molecular swab (RT-PCR) test for the presence of
SARS-CoV-2 RNA and identified to be sustained by wild type Wuhan Hu-
1 isolates. Clinical data were collected for the cohort. All subjects gave
their informed consent for inclusion in the study. The study was con-
ducted in accordance with the Declaration of Helsinki, and the protocol
was approved by the local Ethics Committee (Comitato Etico di Area
Vasta Emilia Centro della Regione Emilia-Romagna, CE-AVEC). All the
data were anonymized and no connection with the patient identity was
possible.

2.2. Placenta sample collection

The placenta samples were collected after delivery and sent to the
Pathology Lab for examination as previously described [18]. They were
initially examined in the unfixed state then the membranes were
removed by trimming them along the placental margin and the umbil-
ical cord was removed after recording the length and site of insertion.
The placental disk weights and three-dimensional measures were
recorded, and the parenchyma was sectioned at 1-2 cm intervals on the
maternal surface; after formalin fixation, a full-thickness section from
the central portion of the placenta was sampled for histology.

2.3. Immunohistochemical analysis

Placenta slides were deparaffined by using Toluene, rehydrated in
decreasing ethanol concentration [19-21]. Heat antigen retrieval in
Citrate Buffer pH6.1 with 0,05% Tween20 was performed. Slides were
stained using the Ultratek kit (Histoline) with the following antibody:
SARS-CoV-2 NP (Nucleocapsid protein) (NB100-56576, Novus Bi-
ologicals, Centennial, 1:250 dilution), Human Leukocyte Antigen-G
(HLA-G) antibody (MEM-G2, Exbio, dilution 1:400), CD147 (clone
MEM-M6/1, dilution 1:100, Novus Biologicals), CD56 (clone 123C3.D5,
dilution 1:100, Novus Biologicals), ACE2 (clone EPR4435-2, 1:250
dilution, Abcam).

After immunohistochemical staining, the slides were scanned using
the Philips Ultra Fast Scanner version 1.6, digitalized slides were con-
verted in BigTIFF format and were then imported into QuPath software
for further image analysis. First, the Simple tissue detection tool was
used to create annotation of the tissue region to be analyzed. The Cell
detection tool was used to detect every cell in the tissue by using a built-
in cell segmentation algorithm. To enable distinction between positively
and negatively stained cells, the Intensity feature in the Detection
classifier was used. The tissues were scored based on number of posi-
tively stained cells/mm2. An H-score between 0 and 300 was obtained
where 300 was equal to 100% of cells strongly stained (3+) [19-21].
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2.4. Statistical analysis

Frequencies were analyzed by Fisher’s exact test, biological variables
and H-Score comparisons were evaluated by Mann-Whitney U test. The
statistical analysis was performed by GraphPad Software version 6.

3. Results
3.1. SARS-CoV-2 gestational infection is associated to clinical alterations

The prospective cohort was subdivided into three groups, charac-
terized by a positive swab test for SARS-CoV-2 infection at the delivery
(SARS-CoV-2 PCR positive at delivery) by a positive swab test for SARS-
CoV-2 infection during pregnancy but negativized at the delivery (SARS-
CoV-2 PCR negative at delivery) or without any positive swab test for
SARS-CoV-2 during pregnancy and at delivery (controls). The subjects
were matched for age, BMI and gestational period at delivery, to avoid
confounding variables (Table 1). No subjects presented comorbidities,
both pregnancy related, such as preeclampsia and gestational diabetes
mellitus, and preexisting, such as chronic hypertension, pregestational
diabetes, and heart disease (Table 1). The SARS-CoV-2 PCR positive at
delivery group were all affected by the SARS-CoV-2 wild type Wuhan
Hu-1 isolate, which includes most of the Italian sequences during the
enrollment period. The SARS-CoV-2 PCR positive at delivery group
presented hyperpyrexia (body temperature above 38°Celsius) and/or
dyspnea (subjective difficulty in breathing) that needed oxygen therapy
(p = 2.1 x 10-7; Fisher exact test). Two subjects with a positive SARS-
CoV-2 swab at delivery needed to be transferred to intensive care
units for supportive cares. None of the newborns from the SARS-CoV-2
PCR positive at delivery groups resulted positive for SARS-CoV-2 swab

Table 1
Demographic and clinical characteristics.
Clinical data SARS-CoV-2 SARS-CoV-2 Control p-value
PCR positiveat ~ PCR negative (N=11)
delivery” (N = at delivery®
18) N=9)
Age; years (mean 299 +6.9 31.8+28 349 &+
+ SD) 5.5
BMI (mean + SD) 23.4+3.5 27.2+73 21.7 +
2.1
Comorbidities (N) 0 0 0
Gestational period 39.2+1.6 222+ 3.5 - 0.012°
of infection;
weeks (mean +
SD)
Severity of Severe”: 2 Severe”: 0 - 0.54¢
infection (N) Mild: 16 Mild: 9
Gestational period 39.2+1.8 389 +21 39.5 +
of delivery; 2.7
weeks (mean +
SD)
Hyperpyrexia and/ 18 0 - 2.1 x
or dyspnea (N) 1077
Weight of fetusat ~ 3353.6 £ 3192.2 £ 33436+  'vs?0.35°
birth; g (mean +  445.3 423.8 230.4 1vs® 0.56¢
SD) 2vs%0.36°
Apgar 5 min (mean 9.9 + 0.2 10.0 + 0.0 9.9+1.3  lvs20.95°
+ SD) lvs® 0.98°
2y530.96°
Newborn gender Male:6 Male:2% Male:5° 1ys?
(Male; Female) 0.68¢
Female:6 Lys®
0.69"
Female:12 Female:7 2y5%0.37¢
Newborn swab Positive: 0 Positive: 0 - 14
result (N) Negative: 18 Negative: 9

@ Swab results at delivery.

b intensive care units for supportive cares.
¢ Mann-Whitney U test.

4 Fisher exact test.
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testing at childbirth. The SARS-CoV-2 PCR positive and negative at de-
livery groups differed for the gestational period of infection, that was
39.2 + 1.6 weeks for SARS-CoV-2 PCR positive at delivery group and
22.2 + 3.5 weeks for SARS-CoV-2 PCR negative at delivery group (p =
0.012; Mann-Whitney U test).

3.2. SARS-CoV-2 PCR positive at delivery group showed a ST positivity
for SARS-CoV-2 NP

Placenta samples obtained from the three groups were analyzed for
SARS-CoV-2 NP presence by IHC. The 78% of the placenta samples from
the SARS-CoV-2 PCR positive at delivery group were positive for SARS-
CoV-2 NP expression in comparison with the 39% of the SARS-CoV-2
PCR negative at delivery group (p < 0.0001, Fisher’s exact test). The
control group placenta samples were all negative for SARS-CoV-2 NP
staining.

SARS-CoV-2 NP positivity showed a different localization between
syncytiotrophoblast (ST) and extra-villous trophoblast (EVT). SARS-
CoV-2 NP positivity was preferentially found in the ST of SARS-CoV-2
PCR positive at delivery group samples (100% vs 57%, p < 0.01,
Fisher exact test), while the infection was at EVT level in SARS-CoV-2
PCR negative at delivery group (86% vs 71%, p < 0.01, Fisher exact
test) (Fig. 1a). The analysis of the staining for SARS-CoV-2 NP revealed a
higher intensity in the ST of SARS-CoV-2 PCR positive at delivery group
compared to the SARS-CoV-2 PCR negative at delivery group (Fig. 1b, p
= 0.0316, Mann-Whitney U test).

3.3. ACE2, CD147 and HLA-G are differentially expressed in placental
samples

We investigated the expression and localization of these three mol-
ecules to identify a possible implication in placental SARS-CoV-2
infection susceptibility.

Both receptors were expressed in all the placental samples. CD147
diffuse expression and higher H score were found in the ST (Fig. 2a and
b) of all the placenta samples, with the strongest staining (H score) in
SARS-CoV-2 PCR positive at delivery group, independently to placental
SARS-CoV-2 NP positivity (p < 0.001; Mann-Whitney U test). CD147
membrane staining was present in EVT, with no significant differences
between the placenta samples (Fig. 2a and b).

ACE2 is expressed by EVT of all the placental samples, but with a
different cellular distribution (Fig. 2a, c¢). SARS-CoV-2 NP negative
placenta presented a diffused expression of ACE2, while SARS-CoV-2 NP
positive placenta, independently from the SARS-CoV-2 positivity or
negativity of swab at delivery, showed a membrane-associated staining
(Fig. 2a, c). Control placenta samples showed a slight intracellular ACE2
staining in comparison with SARS-CoV-2 PCR positive or negative at
delivery groups (Fig. 2a, ¢; p < 0.001; Mann-Whitney U test).

Since we have previously shown that HLA-G molecules are modu-
lated during SARS-CoV-2 infection in the intestinal villi during throm-
boembolic events [19-21], we evaluated HLA-G expression in placenta
samples taking into consideration the implication of HLA-G molecules
during viral infection in pregnancy [18].

HLA-G expression was evident in ST and EVT of all the placental
samples, with a significant increase in ST of SARS-CoV-2 PCR positive at
delivery group with SARS-CoV-2 NP positive placenta samples (Fig. 2a,
d). HLA-G expression was also evident in EVT, with an induced
expression in SARS-CoV-2 PCR positive at delivery group with SARS-
CoV-2 NP positive placenta samples and in SARS-CoV-2 PCR negative
at delivery group with SARS-CoV-2 NP positive placenta samples
(Fig. 2d; p < 0.01; Mann Whitney U test).

3.4. SARS-CoV-2 placental infection influences CD56 positive immune
cell presence

We analyzed placental tissues for the presence of CD56 positive
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Fig. 1. a) Immunohistochemical staining for SARS-CoV-2 Nucleocapsid protein (NP) of the placenta tissues from SARS-CoV-2 PCR positive at delivery group (SARS-
CoV-2 positive swab) or SARS-CoV-2 PCR negative at delivery group (SARS-CoV-2 negative swab). Magnifications are 10x. ST: syncytiotrophoblast; EVT: extra-
villous trophoblast. b) H-score values. p values were obtained by Mann-Whitney test.
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Fig. 2. a) Immunohistochemical staining for CD147, ACE2, HLA-G and CD56 of the placenta tissues from SARS-CoV-2 PCR positive at delivery group (SARS-CoV-2+
swab) or SARS-CoV-2 PCR negative at delivery group (SARS-CoV-2- swab), both with (NP + placenta) or without (NP - placenta) positive staining for SARS-CoV-2
Nucleocapsid protein (NP) in placenta tissues, and SARS-CoV-2 negative swab during pregnancy and at delivery group (control). Magnifications are 10x. ST:
syncytiotrophoblast; EVT: extra-villous trophoblast. b) H-score values. p values were obtained by Mann-Whitney test.

immune cells, that account mainly to decidual NK (dNK) cells. We
observed the presence of CD56 positive immune cells in the endometrial
tissues (Fig. 2a; e). All the placenta samples of SARS-CoV-2 PCR positive
and negative at delivery groups showed a significant decrease in CD56
positive cells compared to controls (Fig. 2e; p < 0.001; Mann Whitney U
test).

4. Discussion

The immune system is modified during pregnancy to protect the
growth of a semi-allogeneic fetus in the body of the pregnant woman,
resulting in a peculiar immune response to microbial infections during
pregnancy [24]. SARS-CoV-2 infection modifies the immune response of
the host, mainly in those subjects affected by a severe disease [22,30].
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The immune deregulation involves an increase in blood leukocytes
(leukocytosis), decrease in lymphocytes (lymphopenia) and an increase
in neutrophil-to-lymphocyte ratio (NLR).

Recent studies reported the presence of SARS-CoV-2 mRNA or vi-
rions in ST [29]. Whilst the possibility of vertical transmission of
SARS-CoV-2 from pregnant woman to fetus during pregnancy is sug-
gested, the role of the placenta in infection with the virus has not yet
been fully understood. We evaluated the placental SARS-CoV-2 infection
and the potential effect on protein expression as ACE2, CD147, HLA-G
and CD56, as a marker of CD56 expressing immune cells (mainly NK
cells, but also alpha beta T cells, gamma delta T cells, dendritic cells, and
monocytes) [31], in placental tissues from pregnant women, positive or
negative for SARS-CoV-2 infection at delivery.

We observed a higher percentage of SARS-CoV-2 positive placenta
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samples in SARS-CoV-2 PCR positive at delivery group in comparison
with SARS-CoV-2 PCR negative at delivery group. The localization of
SARS-CoV-2 positivity in placenta samples was mainly in ST of SARS-
CoV-2 PCR positive at delivery group and in EVT of SARS-CoV-2 PCR
negative at delivery group. CD147 and HLA-G positivity was higher in
SARS-CoV-2 PCR positive at delivery group and mainly localized in ST.
These results support previous observations on the presence of CD147 as
protein complexes on the plasma membrane of primary human ST,
suggesting a role of CD147 in trophoblast function [32], and a role for
HLA-G molecules as immune escape mechanism of the virus. HLA-G
expression is normally reduced during delivery. The increase in
SARS-CoV-2 infected tissues sustains a possible induction by
SARS-CoV-2 infection, as reported in other tissues [19-21].

ACE2 staining was evidenced in EVT of all the placental samples,
with a diffused expression in SARS-CoV-2 negative placenta, and a
membrane-associated staining in SARS-CoV-2 positive placenta. These
results agree with previous data on the prevalent localization of ACE2 in
the physiologic interface between pregnant woman and fetus, rather
than in other placental villous cells [33]. The increased ACE2 membrane
expression suggests a possible re-localization of ACE2 at the cell mem-
brane after the internalization during SARS-CoV-2 infections via a
clathrin-mediated endocytosis [34], in which ACE2 is recycled back to
the cell surface and the virus is further replicated in the cell. However,
this study has several limitations: i) the cohort was enrolled two years
ago; ii) all the subjects were infected with wild type SARS-CoV-2 strain;
iii) no subjects were vaccinated. It would be important to analyze a
larger cohort, infected with different SARS-CoV-2 strains and with or
without a protocol of vaccination. The confirmation of our results would
clarify the effect of SARS-CoV-2 infection in placenta tissues. Interest-
ingly, placenta samples delivered from SARS-CoV-2 positive subjects
showed a decreased expression of two trophoblast genes (PSG3, with
immunoregulatory and angiogenic functions and CGB3, essential for
pregnancy maintenance) and increased expression of three immune
genes (CXCL10, pro-inflammatory chemokine secreted in response to
interferon gamma, TLR3 and DDX58, involved in recognizing
double-stranded RNA) [35]. These data support our data and the role of
SARS-CoV-2 infection in modifying immune and trophoblast gene
expression [35].

We observed a decrease in CD56 expressing immune cells. The
expression of CD56 is most stringently associated with, but certainly not
limited to, NK cells, where upon activation, CD56dim NK cells can adopt
a CD56bright-like immunophenotype or upregulate their CD56 expres-
sion in general [36]. Endometrial NK cells are CD56bright NK cells, that
act as cytokine producing cells, that control embryo implantation and
placentation. Numerical and functional deficiencies and phenotypic al-
terations of CD56 positive immune cells might modify the placental
homeostasis during SARS-CoV-2 infection, with possible clinical
implications.

In conclusion, these results confirm the ability of SARS-CoV-2 to
infect placenta tissues, as previously reported [37,38]. The simultaneous
swab SARS-CoV-2 positivity at delivery and the NP positivity of the
placenta tissue seems to create a peculiar environment that modifies the
expression of specific molecules, as SARS-CoV-2 infection related mol-
ecules (ACE2, CD147), immune regulators (HLA-G) and immune cells
(CD56). There is a clear modification in the immune environment, with
an increase in the immune-tolerogenic molecule HLA-G, that can act as
immune-escape mechanism for SARS-CoV-2, and a decrease in CD56
expressing immune cells, suggesting that SARS-CoV-2 infection might
influence the expression of CD56 and consequently cell behavior. The
decrease in CD56 expression induces a cytotoxic phenotype, that might
alter the immune tolerogenic status at the fetal-maternal interface.

These results sustain the need of further studies to determine
whether such changes in the immune system result in higher suscepti-
bility or are protective against SARS-CoV-2 infection during pregnancy.
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