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Introduction

Abstract

Background: The pandemic caused by the novel coronavirus named SARS-CoV-2
(COVID-19) has affected millions. As of June 2024, the number of deaths has reached
more than 7.1 million across the globe. The clinical spectrum ranges from mild respiratory
tract infection to life-threatening complications and death. Pregnant women are a particular
group, and pathological changes in the placentas of SARS-CoV-2 positive patients are
needed to understand the effects and outcomes of pregnancy. This study was conducted to
assess any specific placental histopathology related to COVID-19.

Materials and Methods: We conducted a cross-sectional study on all placentas from
women who were COVID-19 positive during the second and third trimesters of pregnancy
in the Department of Pathology of a tertiary care center in Northeast India.

Results: We encountered twelve (12) placentas from COVID-19 positive mothers. There
were nine (75%) live births and three (25%) intrauterine fetal deaths. Features of maternal
vascular malperfusion, such as increased perivillous and intervillous fibrin, were the most
common findings. Chorangiosis and avascular villi were the most common features of fetal
vascular malperfusion. Also observed were marked macrophage infiltration (CD 68
positive), chorioamnionitis, and calcification.

Conclusion: Infection with COVID-19 has adverse clinical outcomes and significant
placental histopathological and immunohistochemistry findings.
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The pandemic caused by the novel coronavirus SARS-CoV-2 (COVID-19) has affected millions. As of June 2024, the number of
deaths has reached more than 6.8 million across the globe [1]. The clinical spectrum ranges from mild respiratory tract infection

to life-threatening complications like respiratory failure, heart failure, septic shock, coagulopathy, etc. [2].

Pregnant women are a particular group, and because of the characteristic immune response, they are at risk of severe morbidity
and even mortality. Severe adverse pregnhancy outcomes are associated with coronaviruses causing Severe Acute Respiratory
Syndrome (SARS), Middle-East Respiratory Syndrome (MERS), and SARS-CoV-2 (COVID-19) [3, 4, 5, 6]. Many studies report
unfavorable pregnancy outcomes such as maternal hypertension, preeclampsia, HELLP syndrome, intrauterine growth retardation
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(IUGR), premature birth, intrauterine death (IUD), stillbirth, etc., which are associated with certain placental pathologies like
maternal vascular malperfusion (MVM) [7, 8, 9]. The exact pathophysiological mechanisms are not fully recognized. However,
errors in the remodeling of the uterine vasculature appear to be a critical step leading to malperfusion. Absence of remodeling of
spiral arterioles and sequential luminal occlusions result in hypoxic-ischemic injury, causing infarction of the placental
parenchyma [8]. The abnormality of placental development can be detected by serial sonography as abnormal uterine artery

Doppler waveforms, low levels of pregnancy-associated placental protein A (PAPP-A), and placental growth factors (PIGF) [9].

Low serum maternal PIGF levels (<100 pg/mL) are associated with early-onset preeclampsia, IUGR, premature birth, and
stillbirth. Features of MVVM are found in the placentas of these cases following delivery [8]. Hence, the level of maternal PIGF
can be used to identify patients with chronic placental ischemia, which will help in timely intervention. Further studies on
pathological changes and inflammatory responses using immunohistochemistry (IHC) in the placentas of COVID-19 positive
patients are needed to understand the effects and outcomes of pregnancy. If MVM features are detected in these placentas, serial
ultrasound observations of placental formation and uterine artery Doppler, along with serial maternal circulating angiogenic

growth factor levels, may be recommended in pregnancies with COVID-19 infection to reduce adverse outcomes.

In this study, we aim to assess any specific placental histopathological findings in mothers who were COVID-19 positive during
the second or third trimester and correlate these with pregnancy outcomes. We also plan to evaluate the pattern of reaction in the
placenta using immunohistochemical markers CD3, CD20, CD68, CD138, CD10, and CD34.

Materials and Methods

Clinical Data Collection: This is a cross-sectional study conducted in the Department of Pathology in collaboration with the
Department of Obstetrics and Gynaecology of a tertiary care center in North-East India. We included all consecutive cases of
placentas from COVID-19 positive mothers received in the histopathology section during the six-month study period from July
2021 to December 2021. We obtained ethical clearance from the institutional Research Ethics Board. The study included placentas
from pregnant women positive in the second and third trimesters of pregnancy (13-42 weeks). We excluded placentas from
pregnant women who were negative for SARS-CoV-2 infection during pregnancy, had complications like severe pregnancy-

induced hypertension, and infections such as TORCH. We collected all the required clinical data.

Histopathological Examination: Placentas were brought to the Department of Pathology from the Department of Obstetrics and
Gynaecology under strict COVID-19 protocol. We fixed the placentas in 10% buffered formalin and grossed the specimen 48
hours later. We took one block from the umbilical cord, three from the placenta, and one from the membranes. We also sampled
from areas of significant gross changes like infarction, hemorrhage, and calcification. All the tissue sections were stained with
Haematoxylin and Eosin to look for histopathological findings. We recorded the pathological findings using the Amsterdam

Placental Workshop Group Consensus statement [10]. Two pathologists examined all the slides to validate the findings.

Immunohistochemical Studies: We selected six primary antibodies, namely anti-B cell (CD20), anti-T cell (CD3), anti-Hofbauer
cell (CD10), anti-macrophage (CD68), anti-plasma cell (CD138), and anti-endothelial cell (CD34). The first five antibodies helped
in identifying the infiltrating cells, and CD34 helped in the identification of blood vessels and their pathology. The antibodies for

IHC are from Master Diagnostica, Spain.

Statistical Analysis: We entered the data into Microsoft Excel and analyzed it using SPSS 26.0 for relevant statistical comparisons.

We presented the results in the form of tables and images. Descriptive statistics were performed by calculating means and standard
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deviations for the continuous variables, and frequencies and percentages for the categorical variables.

Results

Clinical profile of the 12 cases: We had twelve placentas during the study period. The maternal age ranged from 19 to 35 years,
and the gestational age at the time of delivery varied from 23 to 40 weeks, with a mean of 35.5 weeks. The neonatal outcomes in

this study included nine live births, two with Intrauterine Growth Retardation (IUGR), and three Intrauterine Fetal Deaths (IUFD).

Pathological details in the placenta of the women with SARS-CoV-2 positivity: Features of maternal vascular malperfusion were
present in all 12 cases. Characteristic observations included infarction (3/12), increased perivillous fibrin deposition (9/12) [Fig.
1A], increased intervillous fibrin (9/12) [Fig. 1B], retroplacental hemorrhage (5/12), accelerated villous maturation, decidual
vasculopathy, and intervillous thrombosis (1/12 each) [Table 1].

Figure 1: H&E stained (200x) sections showing increased perivillous fibrin deposition (A) and increased intervillous fibrin

deposition (B).

We also observed fetal vascular malperfusion in all 12 cases. Features included thrombi in the fetal circulation (2/12), avascular
villi (7/12), karyorrhexis (2/12), delayed villous maturation (2/12), and chorangiosis (8/12) [Fig. 2A, Table 1].

Figure 2: H&E stained (200x) sections showing villi with chorangiosis (A) and CD34immunohistochemistry highlighting the
endothelial linings (B).

Inflammatory changes like chorioamnionitis were observed in 7 of the 12 cases, with the predominant cells being macrophages
[Table 1, Fig. 3A]. All three IUFD cases displayed standard maternal vascular malperfusion features such as infarction, increased

perivillous fibrin, chorangiosis, and chorioamnionitis [Table 2]. The IUGR cases also manifested similar histopathological
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features, including increased perivillous and intervillous fibrin deposition, chorangiosis, and chorioamnionitis.

Table 1: Histopathological findings in the placenta (n=12)

Category Characteristics Present | Absent

Category 1: Maternal Vascular
Malperfusion (MVM)

i. | Infarction 3 9
ii. | Increased perivillous fibrin deposition 9 3
iii. | Accelerated villous maturation 1 11
iv. | Decidual vasculopathy 1 11
v. | Increased intervillous fibrin 9 3
vi. | Retroplacental haemorrhage 5 7
vii. | Intervillous thrombosis 1 11
Category 2: Fetal Vascular
Malperfusion (FVM)
i. | Thrombi in the fetal circulation 2 10
ii. | Avascular villi 7 5
iii. | Karyorrhexis 2 10
iv. | Delayed villous maturation 2 10
v. | Chorangiosis 8 4
Category 3: Inflammatory
Changes
i. | Chorioamnionitis 7 5

ii. | Chronic villitis 1 11
iii. | Chronic deciduitis - -
iv. | Subchorionitis - -
v. | Chorio vasculitis - -
vi. | Fetal vasculitis - -

Category 4: Other Placental
Findings

i. | Accreta - -
ii. | Villous edema - -
iii. | Hofbauer cell hyperplasia - -
iv. | Calcification 8 4

Figure 3: H&E stained (200x) sections showing chorioamnionitis (A) and CD68 immunohistochemistry highlighting the

macrophages (B).
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Table 2: Histopathological findings in the placenta in IUFD cases(n=3).
Findings Case 1 Case 2 Case 7
Maternal Age (years) 30 35 20
Gestational Age (weeks) 35 23 33
CS/NVD* NVD NVD NVD
MVM Features
Infarction ++ + ++
Increased perivillous fibrin deposition + + +
Increased intervillous fibrin + + +
Retroplacental hemorrhage - + +
FVM Features
Thrombi in the fetal circulation - + -
Avascular villi - ++ ++
Chorangiosis + ++ ++
Inflammatory Changes
Chorioamnionitis ++ ++ +
*JUFD= Intra-uterine fetal death, CS = Caesarean section, NVD = Normal vaginal delivery.
Table 3: Histopathological findings in placenta in IUGR* cases (n=2).
Findings Case 9 Case 12
Maternal Age (years) 36 23
Gestational Age (weeks) 38 37 + 2 days
Comorbid Events - -
CS/NVD* CS NVD
Birth Weight (kg) 2.1 2.2
MVM Features
Increased perivillous fibrin deposition + +
Increased intervillous fibrin + +
FVM Features
Chorangiosis + +
**|UGR = Intra-uterine growth retardation, CS = Caesarean section, NVD = Normal vaginal delivery.
Table 4: Comparison of outcomes of pregnancies in COVID-19 positive patients.
Outcomes | Present Richtman et Corn et Chen et Liu et al | Baergen et Baral et Gao et al
Study al (n=36) al(n=4)  al(m=9) | (n=3) al (n=20) al (n=20) | (n=8)
(n=12)
IUFD 3 (25%) 5 (14%) 3 (75%) 1 (11%) - - 1 (11%) 0
IUGR 2 (17%) - - - - - 0 0
Favourable | 7 (58%) 31 (86%) 1(25%) | 8(89%) | 3(100%) | 20 (100%) 19 (89%) | 8(100%)

www.pacificejournals.com/apalm elSSN: 2349-6983; pISSN: 2394-6466



A-300 Placental Pathology in SARS-CoV-2 Positive Mother
Table 5: Histopathological findings in the placentas in different studies.
Category Characteristics Present | Singh N | Hetch Menter | Baergen | Gaoet | Zhang
Study et al et al Tetal et al al (n=8) | Petal
(n=12) (n=50) | (n=19) (n=5) (n=20) (n=74)
Category 1:
Maternal
Vascular
Malperfusion
(MVM)
Infarction 3(12%) | 13 - 2 (40%) | 1(5%) 2 (25%) | 9.5%
(26%)
Increased 9 (75%) | 26 - 2 (40%) | 1(5%) 8 -
perivillous fibrin (52%) (100%)
deposition
Accelerated villous | 1(8.3%) | 20 - 0 4 (20%) 1 -
maturation (40%) (12.5%)
Decidual 1(8.3%) | - 2 (10%) | 3(60%) | 1 (5%) 0 33.8%
vasculopathy
Increased 9 (75%) | 26 - 4 (80%) | 1(5%) - 97.3%
intervillous fibrin (52%)
Retroplacental 5(42%) | - - 0 1 (5%) - -
haemorrhage
Intervillous 1(8.3%) | - - 0 1 (5%) 0 -
thrombosis
Category 2: Fetal
Vascular
Malperfusion
(FVM)
Thrombi in the 2(17%) | - - 2 (40%) | 3 (15%) 0 24.3%
fetal circulation
Avascular villi 7(58%) | 14 - 0 1 (5%) 0 93.2%
(28%)
Karyorrhexis 2(17%) | - - 0 3 (15%) 0 -
Delayed villous 2(17%) | - - 1(20%) | - - -
maturation
Chorangiosis 8(67%) | 7(14%) | - 2 (40%) | - - -
Category 3:
Inflammatory
Changes
Chorioamnionitis 7 (58%) | 3(6%) - 1(20%) | 1 (5%) 0 -
Chronic villitis 1(8.3%) | - - 2 (40%) | 4 (20%) 0 23%
Chronic deciduitis | - - - 2 (40%) | - 2 (25%) | -
Subchorionitis - - - 2 (40%) | - - -
Chorio vasculitis - - - 1(20%) | - - -
Fetal vasculitis - - - 1(20%) | - - -
Category 4: Other
Placental Findings
Accreta - - - - - - -
Villous edema - - - - - - -
Hofbauer cell - - - - - - -
hyperplasia
Calcification 8(67%) | 30 - - - - -
(60%)
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Placental findings like calcification were observed in 66% (8/12) of the cases, whereas other placental findings, such as placenta

accreta, villous edema, and Hofbauer cell hyperplasia, were not observed.

In the immunohistochemical study, we confirmed chorangiosis using CD34 [Fig. 2B]. Marked macrophage infiltration indicated
by CD68 positivity [Fig. 3] was seen in 7 out of 12 cases. However, lymphocytic infiltration by B-cells (CD20+) and T-cells

(CD3+) was seen in one case each. Hofbauer cells (CD10+) and plasma cells (CD138+) were not increased.
Discussion

Several epidemics and pandemics in the world have been caused by coronaviruses, with the latest being COVID-19 [11]. Prenatal
transmission from COVID-19 positive mothers has been documented in some studies [12]. SARS-CoV-2 RNA was present in the
placenta, focally in the syncytiotrophoblast and cytotrophoblast, in very few cases in a study done by Hecht JL et al. [13]. However,
vertical transmission was confirmed by the demonstration of SARS-CoV-2 spike S1 subunit protein in two of the deceased fetuses
born to COVID-19 positive mothers [14].

The placenta is vital for the development of the fetus to its full potential. Any changes in placental function can modify the course
of pregnancy and impact the child’s health from birth to childhood. During the COVID-19 pandemic, the role of the placenta as
a barrier against SARS-CoV-2 infection remains unsolved. Here, we evaluated 12 placentas retrieved from COVID-19 positive
mothers and their pregnancy outcomes. The mean maternal age at the time of delivery was 35.5 weeks, which was identical to the
studies done by Singh et al. [11], Hecht JL et al. [13], Menter T et al. [15], and Sinaci et al. [16].

Our study had three IUFD and two IUGR cases out of 12, indicating a poor pregnancy outcome, similar to the studies done by
Richtman et al. [17] (5 IUD/20 live births) and Corn M et al. [14] (3 IUD/4 live births). However, pregnancies with favorable
outcomes were observed in other studies done by Chen et al. [18] (1 IUGR/9 live births), Liu et al. [19] (0 IUGR/3 live births),
Baergen RN et al. [20] (2 IUGR/20 live births), and others [21, 22] (Table 4).

Among the histopathological evidence of MVM, perivillous and intervillous fibrin were the most common findings in the present
study and in the studies done by Menter T et al. [15], Lu-Culligan A et al. [19], Baral G et al. [21], and many others [25] (Table
5). Infarction, which was a common feature among IUFD cases in the present study, was also reported in other similar studies [14,
25]. Though these features are commonly seen in placentas of COVID-19 positive mothers in various studies, these MVM features

are consistently found associated with adverse outcomes in our study as well as others [14, 17].

Chorangiosis, a FVM feature which was a prominent observation in the current study, was also documented by Facchetti et al. [4]
in a study of 101 cases. Evidence of increased avascular villi, which was also a noticeable component in the present research, was
widely documented in many studies [24-27]. We noted fetal thrombotic vasculopathy in two (12%) cases, which was as high as

24.3% in a study done by Zhang P et al. [24]. Jak B et al. [23] also noticed similar pathology in his report of one case.

Various forms of inflammatory changes like chorioamnionitis, chronic villitis, and subchorionitis were seen in many research
studies, as documented in a review by Gesaka SR et al. [25]. The present study exhibited chorioamnionitis in seven of the cases.
Inflammatory changes like chorioamnionitis, intervillitis, and villitis/histiocytic intervillitis are associated with IUFD in our study
as well as others [14, 17]. Prior to the SARS-CoV-2 pandemic, chronic histiocytic intervillositis was uncommon. On the other

hand, a few studies observed minimal inflammatory changes [22, 28].

Examination using IHC revealed an interesting pattern where most of the infiltrating cells were CD68 positive, indicating a
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histiocytic lineage. The present and many different studies also noticed this observation [14, 17, 25]. Sparse T cell (CD3+) and B

cell (CD20+) infiltrations were observed in the current research as well as in other studies [25].
Conclusion

We conclude that COVID-19 can cause several placental lesions. Though no specific features pinpoint a characteristic diagnostic
feature, there are increased rates of certain maternal and fetal vascular malperfusion features like increased perivillous and
intervillous fibrin along with infarction. This suggests an increased propensity for thrombotic events leading to poor pregnancy
outcomes. Inflammation predominantly by CD68 positive macrophages is also a dominant feature. Collectively, these findings
indicate that increased antenatal surveillance for women diagnosed with SARS-CoV-2 is warranted to avoid adverse pregnancy
outcomes. In any patient with confirmed coronavirus infection, antenatal surveillance like serial ultrasound with Doppler to assess
placental development and arterial blood flow, serum levels of PAPP-A, PIGF, and D-dimer levels may help early detection of

MVM and guide timely intervention and management of the pregnancy. These steps may help avoid adverse pregnancy outcomes.
Abbreviations:

SARS - Severe Acute Respiratory Syndrome

MERS - Middle-East Respiratory Syndrome

IUGR - Intrauterine Growth Retardation

IUFD - Intrauterine Fetal Death

IHC - Immunohistochemistry

MVM - Maternal Vascular Malperfusion

FVM - Fetal Vascular Malperfusion

TORCH - Toxoplasma, Other, Rubella, Cytomegalovirus, Herpes Simplex Virus
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