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1 | INTRODUCTION

On 30 January 2020 the Director-General of the World
Health Organization announced an international public
health emergency, as the novel coronavirus disease 2019
(COVID-19) outbreak was declared. Subsequently, the se-
vere acute respiratory syndrome coronavirus2 virus (SARS-
CoV-2), which causes COVID-19 infection, has spread
worldwide, accounting for over 756 million cases and over
6 million deaths." Pregnant women with COVID-19 are at
increased risk of maternal morbidity and mortality, com-
pared with the non-pregnant population.

Host infection with the SARS-CoV-2 virus acts through
the angiotensin-converting enzyme2 (ACE2) receptor, ex-
pressed by many but predominantly by alveolar epithelial
cells. The spike glycoprotein on SARS-CoV-2 binds to sub-
domain1 of ACE2, fusing the membranes and allowing the
release of viral RNA into the host cell. Entry also requires
S protein priming by the cellular transmembrane protease,
serine2 (TMPRSS2).*® ACE2 expression has been found in
the placental syncytiotrophoblast, cytotrophoblast, vascular
smooth muscle and endothelium, suggesting that these can
be infected by SARS-CoV-2."""' Additionally, COVID-19 is
associated with a hypercoagulable state through endothelial
activation and dysfunction.'>"?

COVID-19 during pregnancy has been reported as more
severe, with increased rates of admission to intensive care,
need for invasive ventilation and need for extracorporeal
membrane oxygenation.'™"” Therefore, pregnant women
are considered to be at high risk, especially women with
pre-existing medical conditions, advanced maternal age
(>35years), raised body mass index (>30 kg/mz), non-white
ethnic background and from deprived socio-economic
areas.™® An increased risk of preterm delivery and
fetal growth restriction has been reported with maternal
COVID-19 infection.'*™® However, a meta-analysis includ-
ing over 1100 cases shows significant heterogeneity be-
tween reported outcomes, although preterm birth remains
significant."’

Robust evidence on the effect of COVID-19 on placen-
tal pathology is limited, with a possible reported increased
frequency of maternal vascular malperfusion (MVM),
intervillous thrombus and fetal vascular malperfusion
(FVM).'®29722 COVID-19 placentitis is now recognised as
a rare complication associated with adverse outcomes such
as placental insufficiency and stillbirth, with characteristic
positive trophoblast staining for SARS-CoV-2 and concomi-
tant necrotising histiocytic intervillositis.>> >’ Other studies,
however, have reported no relationship between most placen-
tal pathologies and COVID-19, compared with controls.?*?

Initial studies during the pandemic were often based
on severe or highly preselected cases presented as case re-
ports and small case series. The objective of this study
was to evaluate, using published and routine standard ap-
proaches to clinical placental examination, whether histo-
logical abnormalities are present in the placentas of women
with COVID-19, irrespective of their clinical presentation

or outcome. We hypothesised that there is no effect of
COVID-19 on the placenta.

2 | METHODS

This was a retrospective observational study involving a re-
view of routine placental histological findings from women
with COVID-19 in pregnancy, from March 2020 to February
2022, compared with historical published control data relat-
ing to placental pathological findings in unselected pregnan-
cies delivering at or near term.*® Therefore, the time period
studied covered patients with COVID-19 in both the Alpha
and Delta waves of the pandemic. Data were collected under
the direction of the hospital trust-supported mandate from
the Department of Health and Social Care, allowing the di-
rect processing and presentation of patient information to
expedite our understanding of the impact of COVID-19. No
patient-identifiable features link any of the data presented.

All women at University College Hospital London who
tested positive for COVID-19 antenatally (including those
testing positive on admission in early labour, prior to in-
duction or caesarean section) were included in this study.
The cohort included patients who tested positive during in-
patient hospital stays and during periods of antenatal care,
as well as patients identified in the community and from
self-reports of confirmed infection. Patients were included
if they tested positive at home; however, this must have been
reported to their midwife or obstetrician and documented in
their electronic notes at the time of diagnosis. From March
2020, placentas were routinely submitted for clinical histo-
pathological examination from patients with COVID-19
in pregnancy. Relevant maternal and neonatal clinical data
were extracted from the hospital electronic records system
(EPIC); data were reported as mean (standard deviation, SD)
unless otherwise stated.

Placentas were submitted, following delivery, for routine
histopathological examination to a single specialist centre
as part of the pathway for routine clinical care. The histo-
pathology request form was marked with the information
‘COVID-19 in pregnancy’ as the reason for referral. Placentas
underwent routine macroscopic examination and histolog-
ical sampling according to standard guidelines from the
Royal College of Pathologists, including the standard histo-
logical sampling,” and were reported by perinatal pathology
specialists. Placental pathological findings were classified
according to the Amsterdam criteria, which includes FVM,
MVM, delayed villous maturation, ascending intrauterine
infection and villitis of unknown aetiology (VUE).*

Frequency of histological findings in our case group were
compared with the frequency of histological findings in a
previously published cohort of unselected third-trimester
deliveries,” including 1153 women who delivered at 34-
43 weeks of gestation, preceding the pandemic. The compare
proportions test was used to compare frequencies between
cohorts, with p<0.05 considered significant. There was no
patient involvement in the study because of the pandemic.
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3 | RESULTS

Of 369 patients identified as having COVID-19 during
pregnancy, the data set comprised placentas from 244
women that were available for histopathological evalua-
tion. Unfortunately, placenta pathology was not available
for 125 patients, as three patients miscarried, 19 patients
were delivered at another unit and placentas were not sent
for analysis in the remaining 103 patients. The maternal
demographics and outcomes for this group are displayed
in Table S1.

3.1 | Maternal characteristics

Mean maternal age was 33.5years (SD 5.6years) and the
mean body mass index was 25.5kg/m® at booking (SD
5.27 kg/m?). Details of maternal demographics and neonatal
outcomes are provided in Table 1, divided by trimester of
pregnancy in which COVID-19 was diagnosed. There were
eight cases with a hypertensive disorder of pregnancy, one
case with pre-existing diabetes and 36 cases with gestational
diabetes. COVID-19 was reported in 27 cases (11.1%) in the
first trimester, 50 cases (20.5%) in the second trimester (12—
24 weeks of gestation) and 167 cases (68.4%) in the third tri-
mester up to delivery.

2 0 An International Journal of
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Of the 244-case cohort, five patients (2%) were admit-
ted to the intensive care unit (ICU) during their pregnancy
for the management of worsening COVID-19 infection,
and these data are summarised in Table 2. One patient, at
32 weeks of gestation at the time of infection, required con-
tinuous positive airway pressure (CPAP) support, steroids
and antibiotics in the ICU. She recovered, was discharged
home and delivered a normally grown baby by elective cae-
sarean section (for obstetric indications) at term. Risk factors
for this patient having severe COVID-19 were a maternal age
of >35years and a body mass index of 35kg/m®. Placental
pathology for this case was normal.

Placenta pathology showed non-specific ascending ma-
ternal genital tract infection in all four of the other cases
and an additional diagnosis of FVM in one case, but none of
these cases showed COVID-19 placentitis.

One patient was admitted with a superimposed chest
infection after testing positive for COVID-19 in the third
trimester. She was admitted to the ICU for CPAP and was
treated with antibiotics, steroids and tocilizumab. This
patient had gestational diabetes mellitus (GDM), which
was controlled with metformin. She delivered a normally
grown baby by emergency caesarean section at term for fail-
ure to progress and pyrexia in labour. Risk factors (for se-
vere COVID-19) in this patient included a maternal age of
>35years and non-white ethnic background, contributing to

TABLE 1 Maternal demographics and neonatal outcomes in our case group and controls.

Case group Controls
Trimester became COVID19 positive (n=244)
1 2 3
n=27 (11.1%) n=>50 (20.5%) n=167 (68.4%) n=1153
Age (mean, SD) 34.4 (5.8) 34.4 (5.6) 33.0 (5.6) 30.9 (5.7)
BMI (mean, SD) 26.4 (4.7) 24.5 (4.4) 25.6 (5.6) -
Ethnic background (n, %)
Asian 3 (11.5%) 7 (15.2%) 29 (18.1%) -
Black 1 (3.85%) 4 (8.7%) 16 (10.0%)
White 19 (73.1%) 26 (56.5%) 97 (60.6%)
Other mixed background 2 (7.7%) 2 (4.4%) 7 (4.4%)
Other 1 (3.85%) 4 (8.7%) 4(2.5%)
Not given 0 (0.0%) 3 (6.5%) 7 (4.4%)
Pregnancy induced hypertension/pre- 1 (3.7%) 1(2.0%) 6 (3.6%) 57 (4.9%)
eclampsia (1, %)
Gestational diabetes mellitus (1, %) 2 (7.4%) 7 (14.0%) 27 (16.1%) 46 (4%)
Maternal admission to intensive care 0 (0.0%) 2 (4.0%) 3 (1.8%)
unit (1, %)
Admission to neonatal unit* (1, %) 0 (0.0%) 3 (6.0%) 9 (5.4%) 66 (5.7%)
Birthweight (grams) (mean, SD) 3231 (443.6) 3217 (600.9) 3297 (547.1) 3489 (495)
Delivery <37 weeks of gestation** (1, %) 3 (11.0%) 6 (12.0%) 12 (7.2%)

Abbreviation: SD, standard deviation.

*Two sets of twins admitted to neonatal intensive care unit; **Three set of twins born preterm.
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TABLE 2 Risk factors, treatment given and outcome for patients admitted to the intensive care unit (ICU) with severe COVID-19 infection.

Patient and risk factors for severe Trimester tested posi-

COVID-19 tive for COVID-19 ICU treatment Delivery gestation Birthweight (g) Placental pathology

Patient 1 3 Antibiotics, CPAP, 39" weeks 3785 Normal histology

Age: 40years steroids

BMLI: 35kg/m?

Ethnicity: white

Medical background: nil

Patient2 3 Antibiotics, CPAP, 39" weeks 3080 1. Ascending maternal
Age: 45years steroids, genital tract infection
BMI: 24kg/m’ tocilizumab 2.FVM

Ethnicity: asian

Medical background: GDM on metformin

Patient 3 3 Antibiotics, CPAP, 37"%weeks 2140* Ascending maternal genital
Age: 35years steroids, tract infection

BMI: 20kg/m? tocilizumab

Ethnicity: asian

Medical background: nil

Patient4 2 ECMO 38" weeks 3100 Ascending maternal genital
Age: 35years tract infection

BML: 35.3kg/m”

Ethnicity: black

Medical background: GDM on insulin

Patient5 2 Intubated, 38" weeks 3360 Ascending maternal genital
Age: 39years considered tract infection

BMI: 27 kg/m® for ECMO but

Ethnicity: white responded to

Medical background: GDM on insulin proning

Abbreviations: CPAP, continuous positive airway pressure; ECMO, extracorporeal membrane oxygenation; FVM, fetal vascular malperfusion; ICU, intensive care unit.

*Birthweight on third centile.

her development of severe COVID-19. In addition to ascend-
ing maternal genital tract infection, this case showed FVM.

Similarly, another patient was admitted for CPAP and
treated with steroids and tocilizumab after acquiring
COVID-19 in the third trimester. She delivered an infant on
the third centile by vaginal delivery at term. The only risk
factor for this patient developing severe COVID-19 was hav-
ing a non-white ethnic background.

The fourth patient was admitted to ICU for in-
creasing oxygen requirements in the second trimester.
Extracorporeal membrane oxygenation (ECMO) was re-
quired to treat respiratory deterioration. She recovered,
was discharged in her third trimester and underwent an
elective caesarean section for a normally grown baby, at
term, for obstetric indications. This patient had GDM
during the pregnancy that required insulin for blood glu-
cose control. Risk factors for this patient included a ma-
ternal age of >35 years, a body mass index of 35kg/m* and
non-white ethnic background contributing to her devel-
opment of severe COVID-19.

The final case of severe COVID-19 was admitted to the
ICU in the second trimester for increasing oxygen require-
ments, but responded well to proning. This patient's only
risk factor was a maternal age of >35years. She developed
insulin-dependent diabetes in the pregnancy and then had a
vaginal delivery at term of a normally grown baby.

These cases had a variety of risk factors for severe
COVID-19. In the five patients admitted to ICU, three had
GDM, three were of non-white ethnic background, two had

increased BMI, two were aged 35years and three were over
35years of age. There was one baby with severe fetal growth
restriction, but the histopathology only showed ascending
maternal genital tract infection.

3.2 | Neonatal characteristics

We reviewed the notes of 248 neonates from the 244 preg-
nancies; there were four sets of twins. There was one intrau-
terine death secondary to trisomy 18 and one termination of
pregnancy for a chromosomal abnormality (the birthweight
was not provided in these cases). The mean birthweight was
3273 g (SD 548 g). The smallest infant was born at 27 weeks
of gestation, weighing 1079g, and was delivered by emer-
gency caesarean section for suspected chorioamnionitis and
previous caesarean sections.

Within the cohort studied, one neonate tested positive
for SARS-CoV-2 after being delivered in the second tri-
mester for placental abruption. The infant was born with
a normal weight for their gestation. Magnetic resonance
imaging (MRI) of the brain suggested changes in keeping
with prematurity and hypoxic-ischaemic encephalopathy
(HIE) with an overt infectious component. All infection
screening tests were negative except for three consecu-
tive positive swabs for the SARS-CoV-2 virus on days3,
5 and 9 of life. Placental pathology showed acute ascend-
ing maternal genital tract infection. The only maternal
risk factor in pregnancy was pre-eclampsia and current
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TABLE 4 Placental pathology by trimester of pregnancy the patient
tested positive for COVID-19.

Trimester testing positive

for COVID19
Histological diagnosis 1 2 3
Ascending maternal genital tract 8 18 54
infection
Chorangioma 0 0 2
Chorangiosis 0 1 3
COVID placentitis 0 0 4
FVM 0 2 9
MVM 2 2 6
Normal histology 16 23 88
Other lesion (not in control 2 1 5
categories)
VUE 0 7 10

Abbreviations: FVM, fetal vascular malperfusion; MVM, maternal vascular
malperfusion; VUE, villitis of unknown aetiology.

4 | DISCUSSION

4.1 | Main findings
The findings of this study, which routinely examined placentas
from women with COVID-19 in pregnancy, regardless of the se-
verity of infection or pregnancy outcome, have demonstrated that
most women with COVID-19 during pregnancy show no signifi-
cantly increased rates of most placental histopathological find-
ings, compared with historical controls, and the majority of cases
result in normal live births. There was an increased rate of ascend-
ing genital tract infection compared with controls. However, this
may be linked to initial selection bias, as placentas will have also
been sent for histopathological examination for other indications
(such as preterm delivery or chorioamnionitis), in addition to the
mother having COVID-19 in pregnancy. Therefore, the increased
rate of ascending genital tract infection is likely to be incidental.
In this study, most women with COVID-19 represented
cases of infection identified from community testing,
and hence these patients were likely to be symptomatic of
COVID-19 to varying degrees. Patients were not selected
based on other pregnancy complications. This contrasts
with other studies that have largely assessed asymptomatic
cases, such as those tested at delivery, or a small case series
of highly preselected severely symptomatic hospital patients
or those with adverse outcomes. This study also included
placental pathology findings for patients with COVID-19
affecting all trimesters of pregnancy, giving us a broader in-
terpretation of the effect of COVID-19 on the placenta.

4.2 | Interpretation (in light of other
evidence)

In pregnancy, some diseases have a greater morbidity and mor-
tality rate, such as influenza and varicella, with COVID-19

showing a similar pattern, given the changes seen in the im-
mune system during pregnancy.’* Furthermore, given that
there is increased placental ACE2 expression with severe
compared with asymptomatic or mild COVID-19,” this sug-
gests that maternal disease severity may correlate with risk of
vertical transmission. There were five cases of severe maternal
COVID-19 infection in this series: one with normal placental
pathology and four showing features of ascending maternal
genital tract infection, of which one had additional FVM. None
of these infants were infected with SARS-CoV-2. This is con-
sistent with the opinion that the placenta acts as an immuno-
logical barrier to attempt to prevent the transmission of viruses
to the fetus from the mother.*® Additionally, recently published
studies have suggested that transmembrane serine protease2
(TMPRSS2), which is key for SARS-CoV-2 entry into the cell, is
expressed by the placenta in varying levels during pregnancy.
The placenta has been shown to not co-express TMPRSS2 with
ACE2 at term or not express TMPRSS2 at term, which further
supports the view that the placenta acts to prevent vertical
transmission.””*® All evidence to date has indicated that there
is a low chance of vertical transmission of SARS-CoV-2 from
mother to fetus, and in support of this hypothesis, we had only
one neonate test positive immediately after delivery.

Placental examination showing fetal thrombotic vas-
culopathy or FVM has been reported in association with
other maternal viral infections, such as cytomegalovirus
(CMV) infection.* FVM is also associated with mater-
nal hypertensive disorders, diabetes and some coagula-
tion abnormalities, and has been reported in association
with fetal complications, including poor neurological out-
come.* In this series there was an increased rate of FVM
compared with controls, with only one of these patients
having a hypertensive disorder of pregnancy. It is therefore
possible that in a minority of cases maternal COVID-19
infection may predispose the pregnancy to FVM. The op-
posite might also be true: that women with FVM are more
predisposed to testing positive for COVID-19. There has
been recent evidence that women with FVM might have
glucose dysmetabolism, similar to women with distal vil-
lous immaturity, yet never receive the diagnosis of GDM.*!
As GDM has been associated with a higher incidence of
severe COVID-19,* including possibly in our cohort, the
implications are potentially significant.*> More study is
needed into the association between FVM, undiagnosed
GDM and the risk of severe infections.

4.3 | Clinical implications

Cases of possible vertical transmission of SARS-CoV-2 have
been reported in association with chronic intervillositis.**
In this larger case series of more unselected women with
COVID-19, placentitis was rare. There were four cases of pla-
centitis in the cohort of 244 women with COVID-19 during
pregnancy, and one neonate tested positive for COVID-19.
These data suggest that the prevalence of COVID-19 placen-
titis in a fairly unselected population is likely to be 1.52%
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(4/263 pathologies; 95% CI 0.04%-3%). Of those with COVID
placentitis, there was one premature neonate of birthweight
on the tenth centile; however, there were no other significant
maternal or neonatal outcomes. This is reassuring, compared
with previously reported studies based on selected popula-
tions reporting poor perinatal outcomes.”>* Our findings
suggest that in most women with COVID-19 in pregnancy
there are no major differences in categories or frequency of
placental pathology when cases are compared with a control,
non-COVID-19 exposed population.

4.4 | Research implications

These results support observational data that the risk to
the pregnant woman and neonate, although increased from
baseline, remains low. The one case of neonatal SARS-CoV-2
infection where vertical transmission may have occurred
emphasises the importance of a risk assessment of each in-
dividual case. Overall, this study has demonstrated that the
routine pathological examination of placentas from women
with COVID-19 does not add significant clinical value in
the absence of other specific pregnancy complications that
would indicate placental examination. It would be interest-
ing to further our work by acquiring a cohort with severe
COVID-19, as we had only five cases and therefore our inter-
pretation of these results may be underpowered.

4.5 | Strengths and limitations

A limitation to this study was that it may not be an entirely
unselected group of cases. Placentas undergoing histopatho-
logical examination were often sent for other reasons, such
as clinical suspicion of infection or intrauterine growth re-
striction, in addition to the maternal history of COVID-19
in pregnancy. As healthcare professionals commonly sent
placentas for these reasons, they were less likely to overlook
sending it for examination for COVID-19 alone. By March
2021 it became routine practice, as part of our guidelines, to
send placentas of all women affected by COVID-19 in preg-
nancy, therefore hopefully reducing selection bias. However,
from our case group of 369 patients with COVID-19 in preg-
nancy, histopathological examination was not performed in
103 cases, of which 44% were from deliveries after our guide-
line was published. The COVID-19 pandemic was an evolv-
ing area, the patients often required high levels of care and
we relied on clinical staff rather than research staff to send
the placentas. Therefore, although we aimed for all placentas
from women testing positive for COVID-19 to be examined,
a minority were not.

Additionally, pathology examinations were not blinded
to the background history of maternal COVID-19 infec-
tion. Similarly, as this was a retrospective observational
study, we used controls from a published cohort (which
included placental pathology from cases of >34 weeks of
gestation, as opposed to those sent from any gestation)
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examined concurrently with the COVID-19 cohort.
This was because contemporaneous placentas were only
submitted for histopathological examination based on
pregnancy complications, whereas the more appropriate
control group were completely unselected pregnancies un-
dergoing placental examination to represent baseline rates
of histological findings.

5 | CONCLUSION

Overall, this review of 244 placentas from women with
COVID-19 during pregnancy provides evidence of both
the low risk of vertical transmission to the neonate and the
lack of increased rates of most placental pathologies. There
is need for further study into the associations among FVM,
undiagnosed diabetes, and the risk and severity of infections.
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