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Abstract
SARS-CoV-2 infection is considered as a multi-organ disease, and several studies highlighted the relevance of the virus 
infection in the induction of vascular injury and tissue morphological alterations, including placenta. In this study, immu-
nohistochemical analyses were carried out on placenta samples derived from women with COVID-19 infection at delivery 
(SARS-CoV-2 PCR+) or women healed from a COVID-19 infection (SARS-CoV-2 negative at delivery, SARS-CoV-2 
PCR-) or women who gave birth before 2019 (Control). Angiotensin Converting Enzyme 2 (ACE2) receptor, Cluster of 
differentiation	147	 (CD147),	 endothelial	CD34	marker,	Vascular	Endothelial	Growth	Factor	 (VEGF)	and	 total	Microtu-
bule-associated protein 1 Light Chain 3B marker (LC3B) were investigated in parallel with SPIKE protein by standard 
IHC. Multiplexed Immunohistochemical Consecutive Staining on Single Slide (MICSSS) was used to examine antigen 
co-expression in the same specimen. SPIKE protein was detected in villi and decidua from women with ongoing infec-
tion,	with	 no	 significant	 differences	 in	SPIKE	 staining	between	both	biopsy	 sites.	VEGF	was	 significantly	 increased	 in	
SARS-CoV-2 PCR + biopsies compared to control and SARS-CoV-2 PCR- samples, and MICSSS method showed the co-
localization of SPIKE with VEGF and CD34. The induction of autophagy, as suggested by the LC3B increase in SARS-
CoV-2 PCR +	biopsies	and	the	co-expression	of	LC3B	with	SPIKE	protein,	may	explain	one	of	the	different	mechanisms	
by which placenta may react to infection. These data could provide important information on the impact that SARS-CoV-2 
may have on the placenta and mother-to-fetus transmission.
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Introduction

The	 RNA	 virus	 SARS-CoV-2,	 not	 identified	 in	 humans	
before December 2019, represents a new strain of beta 
Coronavirus and is responsible for COrona VIrus Disease 
(COVID-19) (Chams et al. 2020).

SARS-CoV-2 infection is highly heterogeneous and of 
varying severity. The most common symptoms of SARS-
CoV-2 infection started from a common cold and fever to 
more serious respiratory syndromes such as pneumonia or 
bronchopneumonia, up to death (COVIDSurg Collabora-
tive and GlobalSurg Collaborative 2022; Mohamadian et 
al. 2021; Sauter et al. 2020). Giving further evidence that 
SARS-CoV-2 infection has been interpreted as a multi-
organ disease, this coronavirus could infect various tissues 
and organs, including gut, heart, kidneys and liver, or the 
vascular structures and male and female organs, including 
the placenta (Adil et al. 2021; Rakheja et al. 2022; Rizzo et 
al. 2021; Robba et al. 2020; Wastnedge et al. 2021; Zamboni 
et al. 2022).

Specifically,	human	placenta	can	be	infected	with	SARS-
CoV-2 and the virus can proliferate in placental cells (Argu-
eta et al. 2022).

Angiotensin Converting Enzyme 2 (ACE2) receptor is 
widespread in tissues, is crucial for the entrance of SARS-
CoV-2 in cells (Harky et al. 2023; Zaim et al. 2020) and 
it is expressed in the placenta (Azinheira Nobrega Cruz et 
al. 2021). Therefore, further attention has been paid to the 
study of susceptibility from SARS-CoV-2 during pregnancy 
(Kyle et al. 2022).

Cluster	 of	 differentiation	 147	 (CD147)	 is	 a	 transmem-
brane protein involved in tissue remodeling and appears to 
mediate macrophage activation leading to the expression of 
matrix	metallopeptidase-9	and	pro-inflammatory	cytokines	
and chemokines (Agostinis et al. 2022; Bortolotti et al. 2021; 
Fenizia et al. 2021). In the placenta, CD147 is involved in 
the	regulation	of	implantation,	invasion	and	differentiation	
of human trophoblasts, and is reported to be involved in 
virus entry and considered in some literature manuscripts as 
a putative alternative receptor (Behl et al. 2022; Bortolotti et 
al. 2021). In addition, it is involved in HIV-1 infection and 
other viral infections (Pushkarsky et al. 2001).

The normal vascular pattern of placenta includes vas-
culogenesis and angiogenesis with the development of 
syncytial knots at the level of the villi and has been associ-
ated with the physiological expression of Vascular Endo-
thelial Growth Factor (VEGF) but also with pathological 
conditions (Ahmad and Nawaz 2022; Alfaidy et al. 2020; 
Carmeliet 2005; Huang et al. 2021; Melincovici et al. 2018; 
Shchegolev et al. 2021).

It has been reported that SARS-CoV-2 infection sig-
nificantly	alters	the	vascular	pattern	of	the	placental	tissue,	

inducing on the one hand impaired maternal vascular per-
fusion,	 and	 thus	 insufficient	 blood	 flow	 to	 the	 fetus	 (Di	
Girolamo et al. 2021), and on the other hand ‘intervillous 
thrombi’ and coagulation alterations, with increased throm-
bin	 production	 and	 increased	 intravascular	 inflammation	
(Schwartz et al. 2022; Wastnedge et al. 2021).

In the placenta, the autophagic process plays a key role 
in the early embryonic stages and promotes the develop-
ment and remodeling of the endometrium (Mizushima and 
Levine 2010; Tsukamoto et al. 2008). Although the entire 
mechanism is not yet well understood, autophagy contrib-
utes to maintain the correct balance of the maternal-fetal 
components during normal placental development (Gong 
and Kim 2014). LC3, or microtubule-associated protein 1 
Light Chain 3, is ubiquitously distributed in the body (Run-
wal et al. 2019), is expressed in the autophagosome mem-
brane during the autophagic process and could elicit rapid 
degradation of mRNAs (Hwang et al. 2022), especially if 
it contains the sequence AAUAAA. The protein autopha-
gosomal splice variant LC3B is involved in the autophagic 
response to SARS-CoV-2 infection, and it has also attracted 
considerable interest in in vitro studies with antiviral drug 
treatments (Chen and Zhang 2022; Gorshkov et al. 2020; 
Ivanova et al. 2023). Autophagy may have a dual role in the 
interaction between SARS-CoV-2 and host cells (Shan et al. 
2023): on one hand, it could act as a defense mechanism, 
targeting and degrading viral components to limit viral rep-
lication, on the other hand, the virus may drive the autopha-
gic process to its advantage, promoting its own survival and 
replication (Mao et al. 2019). During SARS-CoV-2 infec-
tion, autophagy is induced by both the innate and adaptive 
immune response and by Toll-like receptors (TLRs) (Car-
mona-Gutierrez et al. 2020). Recently, SARS-CoV-2, but 
not SARS-CoV, has been reported to induce autophagy and 
accumulation of autophagosomes. Autophagosomes appear 
to be central to both viral replication and virion release (Iva-
nova et al. 2023).

We characterized 15 tissue samples derived from pla-
centa	 of	 women	 included	 in	 one	 of	 the	 following	 differ-
ent conditions: (1) Pregnancy in the pre-pandemic period 
(Control); (2) SARS-CoV-2 positive subjects at the time of 
delivery (SARS-CoV-2 PCR+); (3) Subjects with infection 
during pregnancy but subsequent negativization at the time 
of delivery (SARS-CoV-2 PCR-).

Our	results	showed	a	clear	influence	of	the	viral	infection	
on the molecules and processes studied.
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Materials and methods

Study population

The project was designed as a case-control study with 15 
pregnant women admitted at the time of delivery to the 
Azienda Ospedaliero-Universitaria Sant’Anna of Ferrara 
(Italy): 10 during 2020, 3 control pregnant women during 
2019 and 2 control pregnant women during 2018.

The women were divided into 3 groups: 5 control preg-
nant women gave birth in the pre-pandemic period, 5 
women were SARS-CoV-2 positive at the time of delivery 
(SARS-CoV-2 PCR+), 5 women contracted the infection 
during pregnancy but were negative at the time of delivery 
(SARS-CoV-2 PCR-). The infection was tested by molec-
ular RT-PCR after nasal swab for the presence of SARS-
CoV-2 RNA. Of note, none of the pregnant women were 
vaccinated against SARS-CoV-2. Clinical data were col-
lected for each of the three cohorts.

Ethical statement

The study was conducted in accordance with the ethical 
principles for medical research involving human subjects as 
required by the 2013 revision of the Helsinki Declaration—
WMA Declaration of Helsinki—The Ethical Principles for 
Medical Research Involving Human Subjects. The present 
study was approved by the Local Ethics Committee (Comi-
tato Etico di Area Vasta Emilia Centro della Regione Emilia-
Romagna, CE-AVEC) with the reference number 122/2021/
Oss/AOUFe. All participants have signed informed consent 
to be included in the study.

Placenta sample collection and 
immunohistochemical analysis

The placenta samples were collected and sent to the Pathol-
ogy	 Lab	 for	 optimal	 formalin	 fixation	 and	 histological	
analysis.	 One	 formalin-fixed	 paraffin-embedded	 block	 of	
placental parenchyma was selected from each case to per-
form immunohistochemical analyses. After macroscopic 
examination of the cut surfaces, multiple representative sec-
tions of the parenchyma were sampled for histology.

Placenta	slides	were	deparaffined	with	xylene	and	rehy-
drated at decreasing ethanol concentrations. Heat antigen 
retrieval	 in	Citrate	Buffer	Ph6	and	Ph9,	depending	on	 the	
marker datasheet information, was performed. Slides were 
stained with the following antibodies, purchased from 
Abcam: SARS-CoV-2 SPIKE glycoprotein (Cat# ab272504, 
polyclonal, dilution 1:100), ACE2 (Cat# ab108252, clone 
EPR4435-2, dilution 1:250), CD147 (Cat# ab666, clone 
MEM-M6/1, dilution 1:100), CD34 (Cat# ab110643, clone 

EPR2999, dilution 1:250), and VEGF-A (Cat# ab1316, 
clone VG-1, 5 µg/ml concentration). LC3B antibody was 
purchased from Novus Biologicals (Cat# NB100-2220, 
polyclonal, dilution 1:250). Slides were counterstained 
with hematoxylin-eosin (H-E) and were imaged with Nikon 
Eclipse	E100	microscope	at	different	magnifications	(10	or	
20x). The tissues were scored based on number of positively 
stained cells/mm2 and the staining on selected areas was 
detected using ImageJ (64-bit Java 8) software.

Multiplexed immunohistochemical consecutive 
staining on single slide (MICSSS)

MICSSS method represents a multiplex immunohistochem-
istry (IHC) platform based on multiple cycles of staining 
and scanning a single slide with an antibody panel that can 
include up to 10 markers (Remark et al. 2016). Each MIC-
SSS staining cycle is identical to single IHC staining. To 
remove the previous antibody and staining, coverslips were 
removed from the slides at 56 degrees and were immersed 
at 50% of ethanol, subsequently in 70% ethanol + 1% 
hydrochloric acid (12 N) for 2 min and in 100% ethanol 
for 5 min. Slides were then bathed at higher percentages 
of ethanol. Heat-induced Epitope Retrieval for re-marking 
was then performed following the standard protocol. After 
each staining cycle, slides were scanned by the slide scan-
ner ScanScope (Leica Biosystems), and the images were 
observed and saved with ScanScope Console (v9.0.0.1516) 
program. Consequently, the staining was reproduced in a 
single image, initially with QuPath v0.2.3 software and in 
a subsequent step with ImageJ (64-bit Java 8) software for 
the superposition of the individual staining. With MICSSS, 
in addition to the SPIKE protein, CD34, VEGF and LC3B 
staining was acquired.

Staining quantification

After staining, tissue slides were observed under a light 
microscope in 20x, 1600 × 1200 pixel resolution at high 
contrast. For each slide, 4 representative areas of the villi 
and 4 of the decidua section were acquired using the NIS-
Elements program by digitizing the images in TIFF format.

Imaging analysis was done by the ImageJ program (ver-
sion	bundled	with	64-bit	Java	8)	using	the	IHC	Profiler	Plu-
gin that allows to obtain the percentage of stained area at 
different	intensities:	very	intense,	moderate,	mild,	unmarked	
staining.	The	 different	 percentages	were	 used	 to	 calculate	
the H-score of each individual image.
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the infection during pregnancy but were RT-PCR negative 
at the time of delivery (SARS-CoV-2 PCR-). The period of 
negativity ranged from 199 to 41 days before delivery with 
a mean of 88.4 ± 71.0 days.

No	 significant	 differences	 were	 reported	 between	 sub-
jects for age, body mass index (BMI) and gestational age 
at delivery, as shown in the clinical data table (Table 1). 
The group of SARS-CoV-2 PCR- parturients included one 
woman	with	pre-pregnancy	obesity.	Two	women,	 the	first	
in SARS-CoV-2 PCR- group and the second in the control 
group, had type 2 diabetes.

Besides the aforementioned conditions, the enrolled 
women had no comorbidities or preexisting diseases such 
as hypertension or heart problems, nor did they have preg-
nancy-related diseases such as preeclampsia.

The hospitalization period for mothers with previous 
infection was 2.6 ± 0.9 days, shorter than that of the posi-
tive mothers at delivery who were hospitalized for 6.4 ± 1.5 
days. Regarding COVID-19 complications, one woman of 
SARS-CoV-2 PCR- group reported fever (2 months before 
delivery) and respiratory symptoms; in the SARS-CoV-2 
PCR + group, a patient with diabetes developed fever and 
dyspnea that necessitated the use of oxygen therapy.

Biochemical	 data	 showed	 no	 significant	 differences	 in	
D-Dimer (indicator of clotting risk) and aPTT (prothrombin 
partial time indicating coagulation rate) values between the 
groups and these parameters were within the normal range. 
In	contrast,	 regarding	hemoglobin	and	fibrinogen	parame-
ters, the two groups with previous or ongoing SARS-CoV-2 
infection	showed	statistically	significant	higher	levels	when	
compared with the control group.

Expression of SPIKE, ACE2 and CD147

SPIKE protein expression was detected in decidua and cho-
rionic villi of all samples of the SARS-CoV-2 PCR + women 
group, whereas it was absent in the placenta of control and 
previously infected group (Fig. 1).

The SPIKE staining was well outlined between the villi, 
especially at the level of the syncytiotrophoblast (Fig. 1a). 
Furthermore,	 different	 areas	 with	 a	 more	 relevant	 or,	 at	
variance, a weaker staining were observable, therefore sug-
gesting a staining that follows viral protein quantity. The 
decidua was characterized by SPIKE islets of staining, 
mainly located toward its external surface (Fig. 1b).

Analysis of H-score calculated from IHC images did not 
report	differences	in	SPIKE	staining	intensity	between	villi	
and decidua in corresponding samples (Fig. 1c).

ACE2 protein was expressed in the chorionic villi, along 
the surface of syncytiotrophoblast for all the samples, but 
the expression was increased in the SARS-CoV-2 PCR + as 
shown in Fig. 1d.

Statistical analysis

The Shapiro-Wilk test was used to identify variables with 
normal distribution. Variables such as demographic, clini-
cal and hematochemical data with normal distribution were 
expressed as mean ± standard deviation and compared with 
ANOVA for independent samples. As for H-score data of 
markers with non-normal distribution were compared by the 
Mann-Whitney or Kruskal-Wallis tests to assess the statisti-
cally	significant	differences	of	the	examined	markers	among	
two or three groups, respectively.

The Rho Spearman correlation test was used to analyze 
the	correlations	between	the	different	markers	by	consider-
ing all biopsies together, independent of group or biopsy site 
(N = 30). Statistical analysis was performed using GraphPad 
software (version GraphPad.Prism.8.0.1.244.2b), and statis-
tical	significance	was	set	to	a	p-value	< 0.05.

Results

Clinical data

Study participants were divided into three groups: women 
negative for SARS-CoV-2 since their samples derived 
from pregnancy occurred before the virus spread (Con-
trols); pregnant women declared positive at the molecular 
swab (RT-PCR) for SARS-CoV-2 at the time of delivery 
(SARS-CoV-2 PCR+); pregnant women who contracted 

Table 1 Demographics and clinical data. Controls, samples were col-
lected from pregnancies in pre-COVID-19 era; SARS-CoV-2 PCR+, 
samples collected from subjects with SARS-CoV-2 infection and 
PCR positive at delivery; SARS-CoV-2 PCR-, samples collected 
from subjects with SARS-CoV-2 infection during pregnancy but with 
negative PCR at delivery. BMI, body Mass Index; aPTT, activated 
partial Thromboplastin Time. Data are expressed as mean ± stan-
dard	deviation.	Values	 in	bold	are	 those	statistically	 significant	with	
p-value < 0.05

Control SARS-
CoV-2 
PCR+

SARS-
CoV-2
PCR-

ANOVA
p-value

Age (years) 28 ± 5 29 ± 2 29 ± 4 0.779
Pregravid 
BMI (kg/m2)

22 ± 05 25 ± 02 24 ± 05 0.470

Gestational 
age at delivery 
(weeks)

40 ± 02 40 ± 01 39 ± 02 0.783

Hemoglobin 
(g/dl)

10.0 ± 0.1 12.0 ± 0.1 12.0 ± 0.1 0.005

Fibrinogen 
(mg/dl)

330.3 ± 109.0 501.2 ± 63.1 502.4 ± 93.0 0.039

D-Dimer (mg/
dl)

2.9 ± 2.5 3.0 ± 0.9 2.3 ± 1.3 0.788

aPTT 
(seconds)

0.9 ± 0.1 1.0 ± 0.1 0.9 ± 0.1 0.736
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SARS-CoV-2 PCR- placentas (Fig. 1a, b and e). In the villi, 
the labeling is shown tagging along the outer edge of the 
syncytiotrophoblast laye; while in the decidua, the staining 
appeared distributed inside the tissue (Fig. 1a, b).

Rho	 Spearman	 correlation	 coefficient	 was	 assessed	 by	
considering all the three clinical groups and the scores were 
obtained for each protein (SPIKE and ACE2 or CD147) at 

On the contrary in the decidua, ACE2 expression was 
slightly higher in SARS-CoV-2 PCR + versus control and 
SARS-CoV-2	 PCR-	 while	 no	 differences	 were	 detected	
between control and SARS-CoV-2 PCR- groups (Fig. 1b 
and d; Table 2).

The transmembrane protein CD147 was present at 
basal levels in controls and was increased in SARS-
CoV-2 PCR + samples, while its expression was lower in 

Marker Biopsy site Kruskal-Wallis
p-value

Mann-Whitney
p-value
Control
vs.
SARS-CoV-2 PCR+

Control
vs.
SARS-CoV-2 PCR-

SARS-CoV-2 PCR-
vs.
SARS-CoV-2 PCR+

SPIKE villi 0.009 0.008 1.000 0.008
decidua 0.004 0.008 0.056 0.008

ACE2 villi 0.080 0.095 0.690 0.056
decidua 0.008 0.008 0.421 0.008

CD147 villi 0.009 0.008 0.032 0.151
decidua 0.147 0.095 1.000 0.151

CD34 villi 0.080 0.056 0.548 0.095
decidua 0.112 0.095 0.841 0.095

VEGF villi 0.006 0.008 0.222 0.008
decidua 0.026 0.032 0.841 0.016

LC3B villi 0.002 0.008 0.008 0.008
decidua 0.007 0.008 0.310 0.008

Table 2 Analysis of the expres-
sion of the markers in the villi 
or decidua between control, 
SARS-CoV-2 PCR + and SARS-
CoV-2 PCR- groups. p-value was 
calculated using Kruskal-Wallis 
or Mann-Whitney test to compare 
marker expression, estimated as 
H-score, between all the three or 
the	two	specified	groups,	respec-
tively. vs.: versus. Values in bold 
are	those	statistically	significant	
with p-value < 0.05

 

Fig. 1 Detection of SPIKE, ACE2, and CD147 in control, SARS-
CoV-2 PCR + and SARS-CoV-2 PCR- placenta. a: IHC images of the 
chorionic villi; b:	IHC	staining	of	the	decidua.	Magnifications	are	20x.	

c, d, e: H-score values of SPIKE, ACE2, and CD147, respectively. 
p-values were obtained by Mann-Whitney test. *0.05 < p-value < 0.01; 
** 0.01 < p-value < 0.001
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A	statistically	significant	difference	was	observed	for	the	
distribution of this marker between decidua and villi with 
high levels in the last one (Supplementary Table 1).

Regarding VEGF, its expression was lower in control 
samples and SARS-CoV-2 PCR- groups when compared 
with SARS-CoV-2 PCR + samples, both in the villi and 
decidua (Fig. 2d; Table 2). In the villi, VEGF was expressed 
at the level of syncytiotrophoblast and in the vascular endo-
thelium (Fig. 2a) while in the decidua the expression was 
most detectable in the vascular endothelium lining the blood 
vessels (Fig. 2b).

Rho	Spearman	test	revealed	a	significant	positive	corre-
lation between CD34 and VEGF (Supplementary Fig. 2a) 
and between SPIKE and VEGF (Supplementary Fig. 2b).

Analysis of H-score calculated from IHC images con-
firmed	that	CD34,	detectable	also	 in	control	samples,	was	
more appreciable during infection, while its expression was 
lower in SARS-CoV-2 PCR- samples. Similarly, VEGF 
expression was higher during infection, while it was less 
appreciable in control samples and past infection (Fig. 2c, 
d).

SARS-CoV-2 induced autophagy

With the aim of analyzing the possible modulation of autoph-
agy in our samples, the expression of LC3B protein was 
assessed. IHC analysis showed that in the normal placenta 
after delivery, LC3B was expressed either in the villi and 
in the decidua (Fig. 3a, b). In SARS-CoV-2 PCR + villi and 

the level of the villi and decidua for each woman (Supple-
mentary Fig. 1a, b).

The expression of SPIKE was positively associated to 
the presence of ACE2 in the placenta tissue (Supplementary 
Fig. 1a).	In	contrast,	there	was	a	less	significant	correlation	
between the expression of SPIKE and CD147 as shown by 
the Rho- and p-value (Supplementary Fig. 1b).

SARS-CoV-2 and the expression of CD34 and VEGF in 
the placenta

IHC analysis of placenta samples with anti-VEGF and anti-
CD34 antibodies was also performed. The purpose was to 
analyze	whether	SARS-CoV-2	could	influence	the	vascular	
organization of the tissue, using CD34 and VEGF as read-
outs. IHC analysis showed that CD34 staining was localized 
at the level of the endothelium, nearby the syncytiotropho-
blast (Fig. 2a). In the decidua, CD34 was also appreciable 
on the surface of vascular endothelium, near the vessels 
of maternal circulation (Fig. 2b). Moreover, the expres-
sion of this marker appeared more intense during SARS-
CoV-2 infection (SARS-CoV-2 PCR+), even if the increase 
did	not	 reach	 the	significatively	comparing	with	 the	other	
two groups (p = 0.056 versus control and p = 0.095 versus 
SARS-CoV-2 PCR- in villi and p = 0.095 versus control and 
p = 0.095 versus SARS-CoV-2 PCR- in decidua) (Fig. 2a, 
b; Table 2).

Fig. 2 Expression of CD34 and VEGF in control, SARS-CoV-2 
PCR + and SARS-CoV-2 PCR- placenta. a: IHC images of the cho-
rionic villi; b:	 IHC	staining	of	 the	decidua.	Magnifications	 are	20x.	
c, d: H-score values of CD34 and VEGF respectively. p-values were 

obtained by Mann-Whitney test. ** 0.01 < p-value < 0.001. The arrows 
indicate the staining localization of CD34 and VEGF nearby the syn-
cytiotrophoblast in the villi and on the surface of vascular endothelium 
in the decidua
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the surface of the vascular endothelial cells that constitute 
the chorionic villi. Notably, in control placenta, CD34 rep-
resented essentially the only visible staining, as there was 
no detection of SARS-CoV-2 and only a slight expression 
of VEGF. Likewise, SPIKE was not detected in the SARS-
CoV-2 PCR- condition, thus indicating the absence of the 
virus.

The appreciable aspect of multiple staining is the co-
expression, and in this case, it was most strongly expressed 
in the positive condition. Indeed, the strong presence of 
SPIKE was distributed in villi and decidua areas character-
ized by a high expression of VEGF and CD34 (Fig. 4).

To further investigate the correlation of SARS-CoV-2 
with the autophagic process, MICSSS with SPIKE protein 
and LC3B staining was also performed to detect whether 
the presence of the SPIKE protein was associated with 
increased autophagy (Fig. 5).

In both villi and decidua areas of SARS-CoV-2 
PCR + placenta samples, the infection appeared very exten-
sive as SPIKE staining was distributed throughout the tissue 
and LC3B is distributed in the proximity of the viral pro-
tein staining, both at the level of the endothelial cells that 

decidua, an increase in both the spread and staining inten-
sity was observed when compared with control and SARS-
CoV-2 PCR- samples (Fig. 3; Table 2). Indeed, the H-score 
analysis showed a relevant increase of the PCR + samples 
(H-score 17–18) in comparison with the levels of control 
and PCR- ones. Surprisingly, LC3B expression was higher 
in the control than in the SARS-CoV-2 PCR- group in villi 
(Fig. 3; Table 2). The activation of autophagy during ongo-
ing	infection	was	also	confirmed	by	the	positive	correlation	
between SPIKE and LC3B expression with the Rho Spear-
man correlation test (Supplementary Fig. 3).

Analysis of tissue vascular and autophagy readouts

To	 first	 analyze	 the	 co-distribution	 of	 SPIKE,	 CD34	 and	
VEGF, MICSSS was performed in placenta samples at the 
different	conditions	(Fig.	4).

Similar to previous results, CD34 characterized the 
areas of vascular endothelium in all the three conditions, 
with greater expression in villi than in decidua. In particu-
lar, CD34 demarcated the capillaries in the inner part, while 
the more intense and thicker marking precisely indicated 

Fig. 3 Expression of LC3B in control, SARS-CoV-2 PCR + and 
SARS-CoV-2 PCR- placenta. a: IHC images of chorionic villi; b: 
IHC	 staining	 of	 decidua.	Magnifications	 are	 20x.	 c: H-score values 

of LC3B. p-values were obtained by Mann-Whitney test. The arrows 
indicate the staining localization of LC3B in the villi, more widespread 
in the decidua
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Fig. 5 Analysis of co-expression of SPIKE and LC3B. Comparison 
of MICSSS of control, SARS-CoV-2 PCR + and SARS-CoV-2 PCR- 
conditions showing the co-localization of SPIKE and LC3B in the villi 
and decidua sections. With overlapping images, SPIKE protein was 

assigned	the	color	cyan	and	LC3B	the	color	magenta.	Magnifications	
are 20x. The arrows indicate points of co-localization of the two mark-
ers in the villi and in the decidua

 

Fig. 4 Analysis of co-expression of SPIKE, CD34 and VEGF in con-
trol, SARS-CoV-2 PCR + and SARS-CoV-2 PCR- groups in villi 
and decidua. The expression of the three markers SPIKE, CD34 and 
VEGF was co-localized. In detail, SPIKE protein was assigned the 

color cyan, VEGF the color red, and CD34 the color magenta. H-E: 
Hematoxilin	Eosin.	Magnifications	are	20x.	The	arrows	indicate	points	
of co-localization of the three markers in the villi
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(Shchegolev et al. 2021) and increased levels of circulating 
VEGF has been measured in patients with worse COVID-
19 prognosis (Josuttis et al. 2023; Smadja et al. 2021). 
Therefore, these data suggested that VEGF may represent a 
good predictor of adverse outcomes (Madureira and Soares 
2023).

Our data showed that during SARS-CoV-2 infection, 
VEGF expression was increased, suggesting that this 
increase might be correlated to the presence of consistent 
alterations, disarrangements or remodeling of normal vas-
culature, associated with vascular endothelial injury and 
inflammation,	presumably	endothelitis.	Moreover,	the	high	
expression of VEGF in SARS-CoV-2 PCR + samples was 
associated to the endothelial cell marker CD34, involved 
in various pathological conditions such as angiogenesis, or 
in pre-eclamptic placenta (Escudero et al. 2014). However, 
this aspect, which is of considerable importance, requires 
further investigation.

Another intriguing aspect that has been investigated was 
autophagy, that is a cytoplasmic process of degradation and 
is necessary to maintain the cellular homeostasis (Klionsky 
et al. 2021; Nakashima et al. 2017; Park et al. 2021; Zhao et 
al. 2020). Little has been studied on the role of autophagy 
during SARS-CoV-2 infection, especially at the placen-
tal level. Moreover, the modulation of this process in the 
post-infection phase is still being explored. Autophagy is a 
crucial process in the placenta to regulate trophoblast dif-
ferentiation, endometrial development and remodeling fol-
lowing blastocyst implantation. Our results reported that the 
autophagosomal marker LC3B was expressed in healthy 
gestations and increased in SARS-CoV-2 PCR + placenta at 
the trophoblasts level but was reduced when SARS-CoV-2 
infection was over (SARS-CoV-2 PCR- condition). The 
accumulation of LC3 in infected tissues or cells may be a 
mechanism exploited by SARS-CoV-2 through many cel-
lular	mechanisms	to	avoid	the	harmful	effect	of	autophagy,	
as reported elsewhere (Zhou et al. 2023) and several pub-
lications also report how SARS-CoV-2 could even utilize 
the autophagy machinery to promote the virion produc-
tion (Shan et al. 2023; Zhou et al. 2023). In our samples, 
an autophagic decrease in the post-infection phase could be 
related to the fact that the infection is overcome, and the 
tissue returned to a condition close to physiological. Con-
sequently, the absence of the virus in SARS-CoV-2 PCR- 
placenta may prevent its own autophagosome-mediated 
replication	with	a	significant	decrease	in	LC3B	marker.

It is therefore possible that autophagy could be involved 
in the response of placental cells to SARS-CoV-2. How-
ever,	the	specific	implication	of	this	process	remains	largely	
unclear	 and	 still	 require	 an	 in-depth	 analysis	 for	 different	
tissues, and most notably for the placenta.

characterize the villi and in the extravillous trophoblast in 
the decidua (Fig. 5).

Discussion

Since the onset of the COVID-19 pandemic, pregnant 
women have been particularly under observation in case of 
contact with SARS-CoV-2 virus to monitor the impact that 
its infection might have on gestation and fetus growth.

Indeed, the placenta was also considered as a possible 
target	organ	for	the	virus,	and	the	scientific	community	has	
drawn attention to the possibility of vertical transmission of 
SARS-CoV-2 infection from mother to fetus (Moza et al. 
2023; Simbar et al. 2023).

In this study, we analyzed the impact of SARS-CoV-2 
infection in the modulation of markers involved in the vas-
cular damage and the autophagic process.

The presence or the absence of the virus was assessed by 
the expression of the viral protein SPIKE, its main receptor 
ACE2 and the transmembrane protein CD147. We also ana-
lyzed the expression of VEGF, CD34 for vascular impair-
ment and LC3B, considered as a discriminating factor in the 
presence or absence of autophagy.

IHC	analysis	confirmed	 the	presence	of	SPIKE	only	 in	
SARS-CoV-2 PCR + samples with staining concentrated 
at the level of syncytiotrophoblast and areas with staining 
islets in the decidua area.

ACE2 is expressed in placenta (Donoghue et al. 2000; Li 
et al. 2020; Valdes et al. 2006) and its expression could be 
increased by SARS-CoV-2 (Schiuma et al. 2023). Our data 
documented indeed a positive association between ACE2 
and SPIKE detection.

CD147 is also present at the placental level and is 
involved in the placental development (Lee et al. 2013, 
2022). In our samples, CD147 levels are higher in the two 
groups infected by SARS-CoV-2 (PCR- and PCR+) than in 
the control samples, suggesting that, at least in the villi, the 
expression is maintained even when infection is over.

SARS-CoV-2	 infection	 can	 cause	 significant	 hemato-
logical and immunological alterations in maternal blood 
circulation that can be transmitted to the placenta. In this 
line, González-Mesa et al. have detected IgG anti-SARS-
CoV-2	antibodies	and	the	proinflammatory	cytokines	IL-1,	
IL-6	and	IFN-γ	in	the	umbilical	cord	blood	of	79	pregnant	
women infected by SARS-CoV-2 during pregnancy (Gon-
zalez-Mesa et al. 2022).	Inflammation	is	a	powerful	inducer	
of the proangiogenic marker VEGF. In fact, our results 
show a positive association between virus SPIKE protein 
and VEGF detection. These data are corroborated by the 
results obtained by Shchegolev et al., which showed an 
increase in placenta VEGF with the severity of the infection 
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It should be noted that in this study SARS-CoV-2 infec-
tion was tested, as previously detailed, at the time of deliv-
ery by a molecular swab test (RT-PCR) for the presence of 
SARS-CoV-2 RNA, and the placenta samples were imme-
diately	collected,	fixed	and	subsequently	analysed	by	means	
of immunohistochemistry.

The detection of the SPIKE viral glycoprotein was 
assumed as presence of active virus. As reported elsewhere, 
SPIKE was assumed as representative of SARS-CoV-2 pres-
ence	in	several	different	tissues,	including	lung	(Bosmuller	
et al. 2021; Jeican et al. 2023), brain vessels (Zinserling et 
al. 2022), olfactory epithelium (Power Guerra et al. 2024) or 
liver (Swain et al. 2023).

Overall, these results resume and highlight some of the 
relevant	modifications	 induced	 by	 SARS-CoV-2	 infection	
at the placental level, that may be related with tissue and 
vascular	damage	and	have	effects	on	the	mother,	on	the	fetus	
and also on pregnancy.
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