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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a viral infection caused by a new strain of coronavirus
belonging to the severe acute respiratory syndrome (SARS) family, known as SARS-CoV-2. The vi-
rus was previously unreported in humans and genetically similar to the strain responsible for caus-
ing the SARS outbreak in 2003 (1). Patients infected with COVID-19 may present with a wide range
of symptoms from fever, fatigue, and cough to severe complications such as shortness of breath and
chest pain or even acute respiratory distress syndrome, septic shock, multiorgan failure, coagulopa-
thy, and death (2). Transmission occurs by inhaling contaminated droplets and close contact with
infected persons and contaminated surfaces (3).

The initial outbreak of COVID-19 was first reported in Wuhan, China, in December 2019, and has
since spread rapidly over the last two years into a global pandemic with millions of confirmed cases
and deaths worldwide (1, 2). However, inconsistent findings have been reported in the literature
with regards to the possibility of transplacental transmission and placental changes as a result of
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COVID-19 infection during pregnancy. Several studies and case reports have suggested the possi-
bility of transplacental transmission, of which some have reported fetal deaths attributed to COVID-
19 (4-11). On the other hand, other researchers have suggested that transmission of the infection is
not possible during pregnancy due to the placental fetomaternal barrier (12-15).

Moreover, conflicting data and differing histological findings have been noted in placentas derived
from cases of positive COVID-19 infections (16-18). Some studies have demonstrated that COVID-
19 infection is associated with significant placental hypoperfusion, decidual vasculopathy, and
other features of maternal vascular malperfusion (19-23). Another study also described elements of
tibrin deposition, chronic intervillositis, and trophoblast necrosis (24). In general, there is limited
information available regarding the effect of SARS-CoV-2 infection on the placenta overall, and no
previous research has yet been conducted to assess this topic in Oman. Therefore, the objective of
the this study was to evaluate histopathological changes in the placentas of women in Oman who
had contracted COVID-19 during pregnancy.

METHODS

This prospective comparative cross-sectional study was conducted at the Department of Histo-
pathology of Khoula Hospital, a tertiary reference hospital that receives cases from all wilayats
(counties) of Muscat Governorate, Oman. All placentas submitted for histopathological evaluation
to the department were included in this study. Placentas in the case group were derived from
COVID-19-positive pregnant women who had delivered at the hospital between March 2020 and
March 2021, during the peak of the pandemic in Oman. Eligible cases included placentas derived
from pregnant women with laboratory-confirmed diagnoses of COVID-19 infection with polymer-
ase chain reaction (PCR) testing for SARS-CoV-2 using nasopharyngeal swabs collected during their
antenatal check-ups or at the time of delivery. Only the placentas of those who had delivered at 26—
40 gestational weeks were sent for gross and microscopic histopathological examination. Placentas
derived from women who had delivered at <25 gestational weeks were excluded from the analysis.
For comparison, an equal number of placentas were derived from asymptomatic women with no
significant close contact with COVID-19-positive cases and had not undergone PCR testing for
COVID-19 during pregnancy or at the time of delivery were included. As per the hospital’s institu-
tional policy, patients were tested for COVID-19 only if they were symptomatic or reported having
had close contact with positive cases. However, as placentas from healthy patients are not routinely
sent for histopathological examination, placentas in the control group included those submitted for
evaluation due to specific indications such as poor fetal outcome or concerning obstetric history,
including intrauterine growth restriction (IUGR), oligohydramnios, chronic hypertension, preg-
nancy-induced hypertension (i.e., gestational hypertension as well as pre- or postpartum pre-ec-
lampsia), pre-existing or gestational diabetes, and coagulopathy.

Placentas for both cases and controls underwent gross and microscopic histopathological examina-
tion. Placental lesions were identified according to the Amsterdam classification system (25). The
placentas were fixed in 10% buffered formalin for 72 hours or longer. The gross examination in-
cluded recording the placental weight, placental disc dimensions, and a description of the umbilical
cord, membranes, and any lesions. Sections submitted for analysis included 3-mm-thick tissue sec-
tioned at 5-mm intervals of various parts of the placenta, including the membrane rolls, two cross-
sections from the umbilical cord, two full-thickness sections of the placental disc, and representative
sections of any lesions. All sections underwent routine processing and were embedded in paraffin

LMR] Volume 4 Issue 03 921 Page



blocks; subsequently, the cut tissue (4-pm) was placed on glass slides and stained using hematoxy-
lin and eosin (H&E) before being submitted for microscopic examination. Two experienced
pathologists reviewed histologic findings using the Amsterdam classification system (25).
STATISTICAL METHODS

The COVID-19 infection status of the cases and controls was determined from information gathered
using the electronic medical record system and information regarding obstetric and fetal outcomes.
Data analysis was carried out using the Statistical Package for the Social Sciences (SPSS), version
23.0 IBM Corp., Armonk, New York). Descriptive statistics were used to describe the characteristics
of the sample. Frequencies and percentages were reported for categorical variables, whereas means
and standard deviations were used to present continuous variables. Pearson’s Chi-squared (x?) test
or Fisher’s exact test (for low cell frequencies) was used to assess significance as appropriate, with
a p-value of <0.05 considered statistically significant.

RESULTS

A total of 96 placentas submitted for evaluation to the histopathology department were included in
the study, out of which 48 were cases (i.e. COVID-19-positive), and there was an equal number
controls (i.e. COVID-19-negative) (n =48 each). The mean gestational age of the infected and control
groups was 37.5 £ 2.5 weeks (range: 26-40 weeks) and 35.25 + 5.2 weeks (range: 15-41 weeks), re-
spectively. In the case group, the timing of COVID-19 testing varied, with 16 cases (33%) testing
positive on the day of delivery, 16 (33%) within the week prior to delivery, 12 (25%) two weeks
before delivery, and four (8%) more than two weeks before delivery.

H Infected group Control group

80%
72.9%

60%

0,
40% 35.4%

16.7% 18.8%

20% 16.7%
. (]
14.6%,
4.2% 4.2% 4.2% 4.2%
0% I 21%  2.1%
0) 0, 0, 0, 0, 0,
o W mo Mo mo @ o
Fibrin thrombi at Chorioamnionitis Funisitis Intervillositis ~ Perivillous fibrin Decidual Villous Chronic Villous
the terminal villi deposition vasculopathy  hypoperfusion deciduitis dysmaturity

Microscopic histopathologic features
Figure. 1. Bar chart comparing the frequency of microscopic histopathological findings be-

tween control placentas and those derived from mothers with a history of COVID-19 infection
in pregnancy
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The H&E-stained slides of placentas in both the control and case groups were examined. Figure 1
illustrates the frequency of microscopic findings recorded in both groups, including fibrin thrombi
at the terminal villi, perivillous fibrin deposition, decidual vasculopathy, chorioamnionitis, villous
hypoperfusion, funisitis, and intervillositis. Two statistically significant differences between the
groups were observed. First, there was a significantly higher frequency of fibrin thrombi at the ter-
minal villi in placentas derived from COVID-19-positive cases compared to controls (72.9% versus
0%; p-value = 0.001) (Figure 2a). Second, villous hypoperfusion was significantly more common in
positive placentas compar
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Figure. 2. (a) H&E-stained slide of placental tissue derived from a CO
woman showing fibrin thrombi at the terminal villi. (b) H&E-stained slide of placental tissue
derived from a COVID-19-positive pregnant woman showing villous hypoperfusion

In contrast, no significant differences were noted between cases and controls with regards to the
frequency of other histopathological features, including decidual vasculopathy, chorioamnionitis,
funisitis, intervillositis, perivillous fibrin deposition, and infarction (Figure 3a-d). With regards to
neonatal outcomes, there was a higher frequency of intrauterine fetal death (IUFD) (31.3% versus
10.4%; p-value = 0.023) and prematurity (22.9% versus 6.3%; p-value = 0.023) in the control group
compared to the case group (Table 1). However, no significant association was found between
COVID-19 infection status and low-birth-weight (<2.5 kg) infants (6.3% versus 4.2%; p-value = 0.87).
Table 1. Comparison of Pregnancy Outcomes in Mothers with and without a History of COVID-19
Infection in Pregnancy (N = 96).

Outcome, n (%) Total
Healthy Intrauter- | Anomaly | Premature
ine Fetal birth
Death
Group Infected | 40 (83.3) 5(10.4) 0(0) 3(6.3) 48
Control | 20 (41.6) 15 (31.3) 2(4.2) 11 (22.9) 48
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Figure. 3. Hematoxyline and Eosin slides of placental tissue derived from COVID-19-positive
pregnanct woman (a) Showing thrombi within decidual blood vessels in a case of maternal
vasculopathy. (b) Showing chronic intervillositis. (c¢) Showing intervillous fibrin deposition.
(d) Showing infarction of villi
DISCUSSION
To date, limited information is known regarding the effect of COVID-19 on the human placenta and
whether vertical transmission of the infection from mother to infant is possible. Several studies have
sought to assess the pathology of the placenta in COVID-19-positive mothers, with varying results
(16-24). In the current study, a statistically significant relationship was observed between COVID-
19 infection status and the presence of fibrin thrombi within the terminal villi blood vessels (72.9%
versus 0%; p-value = 0.001). This finding may represent underlying pregnancy-specific sequelae of
COVID-19-associated coagulopathy. Similar findings have been reported by Menter et al. (21).
Our study further demonstrated a significant relationship between COVID-19 infection status and
the frequency of villous hypoperfusion (16.7% versus 0%; p-value = 0.006). Villous hypoperfusion is
primarily caused by the narrowing and reduction of the number of terminal villi blood vessels;
specifically, 25% of cases of villous hypoperfusion in the present study demonstrated terminal vil-
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lous thrombi. Fetal vascular narrowing is usually diagnosed via the morphometric analysis of pla-
cental material in the clinical context of marked IUGR and abnormal pulsed flow Doppler results.
However, in our study, information regarding history of IUGR was not available and Doppler stud-
ies were not performed. Nevertheless, several previous studies have shown significant findings of
fetal vascular malperfusion. Glynn et al. found that fetal vascular malperfusion lesions were signif-
icantly more frequent among pregnant patients with a history of acute SARS-CoV-2 infection (26).
Similarly, Baergen and Heller demonstrated that 50% of COVID-19-positive mothers in their study
showed some evidence of fetal vascular malperfusion, including intramural vascular thrombosis,
villous stromal-vascular karyorrhexis, and intramural non-occlusive thrombi (27).

No statistically significant differences in the frequency of other microscopic findings were observed
in the present study, including perivillous fibrin deposition, maternal vasculopathy, chorioamni-
onitis, funisitis, intervillositis, and villous dysmaturity. Similar histological findings were also ob-
served in other studies without statistical significance (9, 11, 28, 29). In particular, perivillous fibrin
deposition was apparent in 17 (35.4%) of the placentas derived from COVID-19-infected patients;
however, this feature was also present in 11 (22.9%) placentas in the control group. Singh et al. re-
ported that the main placental histopathologic findings in a series of COVID-19-infected patients
were increased fibrin in addition to microcalcifications, syncytial knotting, and villous agglutination
(30). Other case reports have found the main histological findings to be intervillositis (24, 31, 32) and
infarction (22). Such features were not observed in the present study. In addition, several research-
ers have indicated that the frequency of maternal vascular malperfusion is significantly higher in
placentas derived from SARS-CoV-2-positive pregnancies (13, 20-23, 33). However, this finding was
not statistically significant in our study, with only two COVID-19-positive cases (4.2%) showing
maternal vasculopathy.

Moreover, there was no statistical difference in terms of gestational age between cases and controls
in our study, with 40 (83.3%) patients in the COVID-19 positive group having full-term normal de-
liveries and only three (6.3%) going into premature labor at 26-36 gestational weeks. This finding
was also noted in other studies (6, 25). On the other hand, the control group showed a high propor-
tion of premature births (n = 11; 22.9%). Moreover, there was a significantly increased frequency of
IUFD among control cases (31.3% versus 10.4%; p =0.023). This was likely because only the placentas
of mothers with a concerning obstetric history are usually submitted for histopathological evalua-
tion.

Of the five cases of IUFD in COVID-19-positive mothers, three (60%) were born premature and one
was full term. The causes of both the prematurity and IUFD varied, including maternal hyperten-
sion, polyhydramnios, and severe symptomatic maternal COVID-19 infection. In the existing liter-
ature, cases of fetal death have been reported in women with confirmed COVID-19 infection, severe
clinical symptoms, and premature delivery (12), as well as those with confirmed COVID-19 infec-
tion without any significant clinical or obstetric disorders, thereby suggesting that fetal demise may
be a possible outcome of COVID-19 infection in pregnancy (6, 34). Two studies involving 106 and
50 cases of SARS-CoV-2 infection in pregnancy, respectively, did not show any IUFD (23, 26). In
addition, no statistically significant relationship between COVID-19 infection and low birth weight
was found in the current study (6.3% versus 4.2%; p = 0.87). Similar observations have been made
in other studies (22, 27).

While the findings of our study can be considered reliable, generalizability is limited due to the
sampling procedure, given that the samples were collected from a single center. In addition, it is
important to note that the placentas in the control group were derived from mothers with poor or
concerning obstetric histories since healthy placentas are not routinely sent for histopathological

LMR] Volume 4 Issue 03 9% | Page



examination. Moreover, women in the control group were not tested for COVID-19 infection and
were presumed to be COVID-19-negative because they were asymptomatic or had had no close
contact with COVID-19-positive cases, as per hospital protocol. Finally, since the duration of infec-
tion in some cases was short or the infection was only diagnosed on the day of delivery, some in-
fected cases might not yet have shown any histological changes at the time of analysis.

CONCLUSION

In summary, placentas derived from COVID-19-positive mothers showed a significantly increased
prevalence of terminal villous thrombi and fetal vascular malperfusion relative to the controls. The
findings of this research are important as COVID-19 is still an emerging disease, and such results
may help clinicians and obstetricians in their future decision-making.
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