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Abstract

Background Whether vertical transmission or placental pathology occurs after maternal infection during pregnancy remains
unknown. There is a clear need for studies on the impact of COVID-19 on pregnancy outcome. A systemic inflammatory or
hypercoagulable state may be the contributing factor for placental pathology.

Methods The pregnant women with COVID-19 who delivered between May 2020 and May 2021 were followed and data
were collected about pregnancy course and placentas were examined for macro- and microscopical changes and were com-
pared to controls with non-infected women.

Results Placenta of COVID-19-infected females had increased prevalence of decidual arteriopathy and placental injury
reflecting hypoxia and uteroplacental insufficiency within the intervillous space. Features of maternal vascular malperfusion
such as increased syncytial knots were present in 100% cases. Fibrinoid necrosis was seen in 100% cases and increased focal
perivillous fibrin depositions were presented in 37.7% cases. About one fourth infected placentas had evidence of villitis.
Even after matching for comorbidities like preeclampsia, these changes were present.

Conclusion The most common pathological findings of the placenta of COVID-19 infections are signs of maternal and fetal
malperfusion. Future studies should target infections in different stage of gestation, including first and second trimesters.

Keywords SARS-CoV 2 (severe acute respiratory syndrome coronavirus 2) - COVID-19 (coronavirus disease 2019) -
Histopathological changes - Placental changes - Pregnancy - Placenta - RT-PCR (reverse transcriptase polymerase chain
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Introduction

Placenta is a useful interface between mother and the
fetus. Whether vertical transmission or placental pathology
occurs after maternal COVID-19 infection during pregnancy
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remains unknown. COVID-19 can increase inflammatory
and oxidative stress in the placenta. SARS-CoV-2 gains
access to human cells via angiotensin-converting enzyme
2 (ACE-2). ACE-2 receptors are present abundantly on the
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placental syncytiotrophoblasts. This might contribute to ver-
tical transplacental transmission to the fetus [1]. Till date,
very few neonates have tested positive for SARS-CoV-2.
Theoretically, placenta can be involved directly by SARS-
CoV2 infection. Virus can indirectly lead to inflammation
in placenta or hypoxia in placenta. There is a clear need for
studies on the impact of COVID-19 on pregnancy outcome.
A systemic inflammatory or hypercoagulable state may be
the contributing factor for placental pathology [2].

To the best of our knowledge, till date, this is the first
study from India, that studied placental histopathology in
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pregnant women matched with controls. Globally
also literature is sparse on histopathological changes in pla-
centas of COVID-19-infected women.

Aim

To study histopathologic changes in the placentas of
women with coronavirus disease 2019 (COVID-19) during
pregnancy.

Secondary Endpoints

1. To compare changes in placenta of SARS-Cov-2 positive
pregnant women with placenta of pregnant women with
no infection.

2. To determine correlation of placental changes with
maternal and perinatal outcome.

Material and Methods

Pregnant women with COVID-19 who delivered between
May 2020 and May 2021 were followed, and data were col-
lected about pregnancy course, maternal and fetal outcomes.
Placentas were examined for macro- and microscopical mor-
phology in both cases and controls and were compared to
controls who were not infected with COVID-19, matched by
age, body mass and comorbidities like preeclampsia because
they can act as confounders.

Inclusion Criteria
Group A
Pregnant women who are RT-PCR positive for SARS-CoV-2

and delivered at our institution between May 2020 and May
2021.

Group B

Pregnant women who had no COVID infection and delivered
between May 2020 and May 2021.

Exclusion Criteria

1. Pregnant women with unknown status of RT-PCR for
SARS-Cov-2.

2. Pregnant women with equivocal result of RT-PCR for
SARS-CoV-2.

3. Pregnant women with infection of syphilis and chorio-
amnionitis.

4. Pregnant women with known case of any other viral
infection like dengue, chickenpox.

5. Pregnant women in first and second trimester.

All the placentas were kept apart for 48 h to reduce infec-
tivity if any. Histopathological number was given to each
specimen. Placentas were looked for any missing lobe or
cotyledons and stored and fixation in 10% buffered formalin
was done. The specimen was carefully grossed as the size,
shape, weight thickness at center, number of cotyledons and
site of insertion of umbilical cord. Sectioning and repre-
sentative sampling of any lesion present was done. Sections
underwent routine processing, embedding, sectioning and
staining with H&E. Histologic examination was performed
by pathologists who were aware of the SARS-Cov-2 status.
After removing both the maternal decidua and all the fetal
membranes, the umbilical cord was trimmed from the pla-
cental disk. Then, histologic multiple samples were collected
as follows: Samples were trimmed from the membranes,
umbilical cord, umbilical cord insertion and from the placen-
tal cotyledons. Neonates were tested for SARS-CoV-2 using
PCR of nasopharyngeal swabs after 48 h of birth according
to our hospital protocol.

The study was approved by Ethics Committee, and
informed consent was obtained from all the patients.

Statistics

Chi-square test was applied to compare among groups. Con-
tinuous variables were studied as mean + standard deviation.
Statistical analyses were performed using SPSS software.

Results

e Both groups were comparable with respect to parity, and
pregnancy complications like pregnancy-induced hyper-
tension, gestational diabetes and hypothyroidism. All the
women included in study were in third trimester. There
were no statistically significant differences between his-
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topathological changes (maternal vascular malperfusion)
in placentas of patients with preeclampsia (as all had
late onset preclampsia only) and gestational diabetes
in COVID-19 positive patients and those who had no
COVID-19 infection. Fetal distress was significant in
COVID-19-infected women versus non-infected women.

All the patients we studied were term pregnancies. They
had history of acquiring COVID-19 only few days back. As
soon as they were diagnosed with COVID-19, they were
admitted. Patients who had no labor signs were managed
conservatively. So we could not comment on placental
changes at other gestational ages. Majority of patients had
mild infection (Table 1). Only 8/45 had moderate infection
defined as oxygen saturation less than 94 percent. Majority
of patients were delivered by cesarean section done mostly
for previous cesarean section and other obstetric indications.
Preterm labor was reported in 7/45, and difference was not
significant in cases and controls. Complications like post-
partum hemorrhage were not significantly different between
the groups. Fetal distress and meconium-stained liquor were
reported in 7/45 and were more in COVID cases compared
to non-infected controls (2/45). Mean 5 min Apgar score
of babies was 8/10. There was no neonatal death, and all

neonates were timely discharged (Table 1). Our neonatal
outcome was good except for fetal distress and asphyxia in
newborns which were managed by NICU admission. One
Intrauterine fetal death (IUFD) was because of obstructed
labor in first wave, we have not included this case as till
then we had not started the study. In second wave, IUFDs
were there but despite clinical suspicion in many patients
SARS-CoV-2 RT-PCR and rapid antigen test turned out to
be negative, they could not be added in the study sample. All
neonates with coronavirus disease 2019 infection in mother
tested negative for severe acute respiratory syndrome coro-
navirus-2 by RT-PCR. Vertical transmission from mother
to fetus was not seen in our study. There were no maternal
deaths in both cases and controls.

Features of maternal vascular malperfusion (MVM) such
as increased syncytial knots and fibrinoid necrosis were seen
in 100% cases. Increased focal perivillous fibrin depositions
were presented in 37.7% cases. About one fourth infected
placentas had evidence of villitis. Evidence of fetal vascular
malperfusion was identified; with placentas from COVID-19
positive women being significantly more likely to show vil-
lous agglutination, fetal thrombovasculitis, microcalcifica-
tions and chorioamnionitis. Figures 1 and 2 are compared to

Table 1 Clinical characteristics

of cases and controls Features Cases N=45 Controls N=45 P value

Mean age in years 25.4 24.6 0.74
Mean BMI kg/m? 22 21.8 0.82
Primigravida 16 23 0.72
Multigravida 29 22 0.75
Gestational age at delivery

> 37 weeks 35 37 0.74

34-37 weeks 10 8 0.71
Preexisting medical conditions

Gestational diabetes 1 0.72

Thyroid 2 2 0.76
Pregnancy complications

Preeclampsia 6 7 0.82

IUGR 3 5 0.77

Oligohydramnios 5 5 0.74

Preterm labor 7 6 0.73

Postpartum hemorrhage 6 1 0.06
Mode of delivery

Vaginal 10 (22.2%) 29 (64.4%) <0.05

Cesarean 35 (77%) 16 (35.5%) <0.05
Neonatal outcome

Fetal distress and meconium stained 7 2 <0.05

liquor
Apgar score 8/10 9/10 0.06
NICU admission 5 3 0.06

Neonatal COVID-19 status

Negative in 100% -
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Fig. 1 Comparison of placental
changes in cases and controls
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Fig.2 Placental tissue showing focus of fibrinoid necrosis, stromal
fibrosis, focus of microcalcification & hemorrhage (100X, H&E)

controls. Maternal vascular malperfusion was significantly
increased in cases compared to matched controls.

Evidence of maternal and fetal vascular malperfusion
and placental inflammation were increased in SARS-CoV2-
infected placentas in our study. In univariable analyses,
SARS-CoV-2-infected were more likely to have evidence
of fetal vascular malperfusion and fibrin deposition (Figs. 1,
2,3)(37.7% vs 8.8% [4/45] P <0.05) and villitis of unknown
etiology (26.6% vs 11% [5/45] P <0.05) (Table 2).

These findings persisted in a subgroup analysis of cases
of coronavirus disease 2019 cases compared with controls
who were negative for coronavirus disease 2019. In a multi-
variable model adjusting for maternal age, mode of delivery,
preeclampsia, fetal growth restriction, and oligohydramnios,

B CASES N=45

B CONTROLS N=45

Fig.3 Placental tissue showing hypo vascularity & stromal fibrosis
(100X, H&E)

the frequency of fetal vascular malperfusion abnormalities
remained significantly higher in infected group (odds ratio,
10.6). Chorioangiosis is found in maternal hypoxia. Chorio-
angiosis, acute and chronic inflammation are not increased
relative to controls in our study. Villous edema and congestion
were significantly higher in infected patients versus controls.
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Table2 Placental pathology in Placental pathology Cases N=45 Controls P value

cases and controls N=45
Fibrinoid necrosis 45 100% 6 13.3% <0.05
Synctial knots 45 100% 3 6.6% <0.05
Villitis 12 26.6% 5 11.1% <0.05
Vasculitis 8 17.7% 2 4.4% <0.05
Stromal fibrosis 17 37.7% 4 8.8% <0.05
Thrombi and infarction 8 17.7% 4 11.11% <0.05
Microcalcification 12 26.6% 9 2% 0.06
Chorioamnionitis 20 44.4% 7 15.6% 0.06
Hypercoiled umblical cord 2 1 0.06
Chorioangiosis 1 1 0.06
Chronic inflammation 4 2 0.06
Villous edema 6 3 <0.05
Fetal inflammatory response 2 1 0.06

Discussion

It is important to differentiate the effect of COVID-19
from causes of maternal and fetal malperfusion, like pre-
existing pregnancy induced hypertension and disseminated
intravascular coagulation during pregnancy [2-5].

A preeclampsia-like syndrome has been observed in
patients with severe COVID-19 infection, but this preec-
lamptic state recovered without delivery, once the respira-
tory condition was improved [6].

The angiotensin-converting enzyme 2 (ACE2) receptor
that causes vasoconstriction resulting from renin-angioten-
sin system dysfunction mediates the SARS-CoV-2 action
[7]. Extra copies of ACE2 in women would continue to
carry on protection [6].

Presence of SARS-CoV-2 spike protein’s mRNA in pla-
cental syncytiotrophoblasts has been reported in placentas
of COVID-19 patients. Acute and chronic inflammatory
changes in the placenta can be a result of maternal and fetal
inflammatory response to coronavirus infection.

Histiocytic intervillositis, villous edema and retropla-
cental hematoma have been found in syntiotrophoblats of
SARS-CoV-2 placenta. In a study published in American
Journal of Clinical Pathology by Shanes et al. [2], it has
been reported that patients with SARS-CoV-2 infection have
placental decidual arteriopathy and poor maternal vascu-
lar perfusion. Fibrinoid necrosis and mural hypertrophy of
membrane arterioles suggestive of placental hypoxia have
also been found reflecting a systemic inflammation and
hypercoagulability similar to changes in preeclampsia and
placental insufficiency [8, 9]. Perivillous fibrin deposition
was also noted like our study. Placental calcification may
be the result of exposures to infection, hypoxia or systemic
stress [10].

@ Springer

Fibrinoid necrosis and infarcted villi can cause uteropla-
cental insufficiency and fetal demise as found in pregnancies
with preeclampsia and diabetes [11].

Stromal fibrosis of terminal villi is a consequence of
regression after intrauterine fetal death or may be due to
impaired placental circulation [12].

Ischemia and hypoxia precipitate fibrosis in villous
stroma [13].

Hypoxia induced by SARS-CoV-2 infection may lead to
MVM. Results of 20 studies who applied Amsterdam Con-
sensus criteria to categorise the histopathology reported evi-
dence of both fetal vascular malperfusion (FVM) (35.3% of
cases) and maternal vascular malperfusion (MVM) (46%
cases). Villitis 8.7% cases and intervillositis 6% suggestive
of placental inflammation were reported. In 6% cases, evi-
dence of chorioamnionitis was also seen.

Similar inflammatory findings were reported by Richt-
mann R et al. 2020 [14] in study of five pregnant women.

In a case reported by Vivanti AJ et al. with no evidence of
pregnancy complications but still neonate was intubated and
tested positive in nasopharyngeal swab, placenta had acute
and chronic intervillositis (CD68 macrophages), diffuse
perivillous fibrin deposition and infarction. Smithgall et al.
reported MVM in 38/51cases, compared to 16/25 healthy
controls; though the results were not significant.

Features of MVM were reported in 46% (69/150)
COVID-19 positive cases in third trimester. Baergen and
Heller [20] reported that 3/21 placentas (14%) had features
of MVM [17]. Both villous agglutination and subchori-
onic thrombi were significantly increased in the placentas
of SARS-CoV-2 positive mothers. Prabhu et al. found one
third placentas had MVM in both cases and controls (not
significant) and (14/29) had a significant increase in FVM
versus 12/106 controls.
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FVM was reported in 53 cases, one third of placentas by
six studies [15—17]. Hsu et al. reported the presence of the
SARS-CoV-2 antigen throughout the placenta, in endothe-
lial cells, but not in the syncytium. SARS-CoV-2 has been
identified in the syncytiotrophoblast in two placentas from
stillborn twins. About forty percent placentas had FVM in
the study by Baergen and Heller. Smithgall et al. found 12/51
placentas had evidence of FMV versus 2/25 controls (non-
significant) [19].

By in situ hybridisation, Patane et al. reported strong
staining of the SARS-CoV-2 spike protein mRNA in the
syncytiotrophoblast [17], whereas Mulvey et al. [18-20]
reported contradictory finding that the level of staining was
not different in controls.

FVM is associated with reduced placental weight, still-
birth and fetal growth restriction (FGR)FVM might be the
reason for 7/45 cases of fetal distress.

Features of FVM were found in 80% (12/15 cases) by
Shanes et al. and in multiple other studies [21-24]

Similar to results of our study, Mulvey et al. reported
100% (5/5) of the placentas examined had FVM, which was
absent in controls. Syncytial nodules and syncytial nuclear
aggregates were increased and were noted in two placentas
[25].

SARS-Cov-2 protein was seen in the cytoplasm of troph-
oblast by Vivanti et al. [26]. Inflammatory changes were
reported in multiple studies. Presence of CD68 + mac-
rophages in the villi and intervillous space suggesting
chronic intervillositis was reported in term delivery [27-29].

In first wave, our 85% patients were asymptomatic and
rest 15% had mild infection only (fever, cough, etc.) [30].
In second wave, the severity of infection was more as many
patients had moderate infection requiring oxygen and few
had severe pneumonia and were admitted in ICU for BiPAP.
COVID-19 did not lead to more severe infection in pregnant
women compared to nonpregnant in the first wave. Pregnant
women are at higher risk of acquiring COVID-19 infection
but it did not lead to adverse pregnancy outcomes like oli-
gohydramnios, postpartum hemorrhage, etc.

Limitations of the Study

Comparatively, small sample size is the only limitation of
our study. Our study is unique in the sense that, we have
compared histopathological changes in COVID-19 placentas
with normal pregnant women. The duration of disease and
infection to delivery interval were very short in our study.
Had we were able to follow early third trimester pregnancies
who acquired COVID till term, we could have commented
on changes from infection to delivery interval but this fol-
low-up was not possible due to poor compliance. Being a
government institute, we performed IL-6 and D Dimer in
patients with severe diseases requiring Intensive Care Unit

(ICU) but not in study patients as they were all clinically
stable.

Conclusion

Relative to controls, COVID-19 placentas had increased
prevalence of decidual arteriopathy, maternal and fetal malp-
erfusion and placental hypoxia and uteroplacental insuf-
ficiency in the intervillous space even after matching for
comorbidities like preeclampsia. An inflammatory or hyper-
coagulable state induced by COVID-19 may be responsible.
The most common pathological findings of the placenta of
COVID-19 infections are signs of maternal and fetal malp-
erfusion but these changes did not lead to adverse maternal
outcomes in near delivery patients but fetal malperfusion led
to fetal distress in COVID-19 patients. Future studies should
target infections in different stage of gestation, including in
first and second trimesters.
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