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Abstract: The extent to which severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection at different points in the
pregnancy timeline may affect maternal and fetal outcomes re-
mains unknown. We sought to characterize the impact of SARS-
CoV-2 infection proximate and remote from delivery on
placental pathology. We performed a secondary analysis
of placental pathology from a prospective cohort of universally
tested SARS-CoV-2 positive women > 20 weeks gestation at 1
institution. Subjects were categorized as having acute or non-
acute SARS-CoV-2 based on infection <14 or ≥ 14 days from
delivery admission, respectively, determined by nasopharyngeal
swab, symptom history, and serologies, when available. A subset
of SARS-CoV-2 negative women represented negative controls.
Placental pathology was available for 90/97 (92.8%) of SARS-
CoV-2 positive women, of which 26 were from women with acute
SARS-CoV-2 infection and 64 were from women with nonacute
SARS-CoV-2. Fetal vascular malperfusion lesions were sig-
nificantly more frequent among the acute SARS-CoV-2 group
compared with the nonacute SARS-CoV-2 group (53.8% vs.
18.8%; P= 0.002), while frequency of maternal vascular mal-
perfusion lesions did not differ by timing of infection (30.8% vs.
29.7%; P> 0.99). When including 188 SARS-CoV-2 negative
placentas, significant differences in frequency of fetal vascular
malperfusion lesions remained between acute, nonacute and
control cases (53.8% vs. 18.8% vs. 13.2%, respectively;
P< 0.001). No differences were noted in obstetric or neonatal

outcomes between acutely and nonacutely infected women. Our
findings indicate timing of infection in relation to delivery may
alter placental pathology, with potential clinical implications for
risk of thromboembolic events and impact on fetal health.
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The global pandemic of coronavirus disease 2019
(COVID-19), caused by the novel severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2), has led to
concerns about the impact of this disease on pregnant
women and their neonates.1 Emerging data show
pregnancy is an independent risk factor for severity of
COVID-19.2–4 However, the full extent to which infection
may affect maternal and fetal outcomes, as well as the
impact of SARS-CoV-2 infection at different points in the
pregnancy timeline, remains unknown.

Placental pathology offers a unique window to eval-
uate pathophysiological changes that may result from
SARS-CoV-2 infection. Early studies on placental pathol-
ogy from SARS-CoV-2 positive women demonstrated evi-
dence of vascular lesions and thromboses, although reports
were conflicting whether such lesions occurred on the fetal
or maternal side of the placenta.5 In 1 early case series of 15
placentas from SARS-CoV-2 positive patients, there were
significantly more maternal vascular malperfusion (MVM)
lesions compared with historical controls.6 MVM lesions
are associated with adverse fetal outcomes including in-
trauterine growth restriction (IUGR), as well as maternal
comorbidities such as preeclampsia, chronic hypertension,
and maternal cardiovascular disease.7,8 In contrast, we and
others have noted fetal vascular malperfusion (FVM) as the
predominant lesion in placentas of SARS-CoV-2 positive
women during the peak of the first wave of the
pandemic.9–11 FVM lesions reflect obstruction of fetal
blood flow and are associated with neonatal central nervous
system abnormalities, IUGR, intrauterine fetal demise
(IUFD), and, in the setting of stillbirth, viral infection.12,13

In the course of our clinical care of women with
SARS-CoV-2 infection, we observed that differences in
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placental pathology appeared to be related to the timing of
SARS-CoV-2 infection relative to delivery timing. We
designed this study to test our hypothesis that placentas
from patients who delivered during acute SARS-CoV-2
infection would be more likely to demonstrate FVM le-
sions, while placentas from patients with a history of
SARS-CoV-2 infection remote from delivery would be
more likely to demonstrate MVM lesions.

MATERIALS AND METHODS
This is a secondary analysis of a prospective cohort

study of SARS-CoV-2 positive women >20 weeks gestation
admitted for delivery at 1 institution in New York City
(NYC) from March 22, 2020 to June 23, 2020 (Institutional
Review Board approved, protocol 20-03021682).

Full details of the prospective cohort study have been
previously published.11 Briefly, all pregnant women admitted
for delivery were tested for SARS-CoV-2 beginning on
March 22, 2020 using a nasopharyngeal swab. SARS-CoV-2
reverse transcriptase polymerase chain reaction (RT-PCR)
clinical testing platforms included: Altona (internally devel-
oped, Food and Drug Administration [FDA] emergency use
authorization approved assay), Roche Cobas 6800 (FDA
approved), and Cepheid Xpert Xpress (FDA approved).
Serologic testing for SARS-CoV-2 IgG was performed using
serum or plasma from peripheral blood in a subset of women
with sample capture. Placental pathology was recommended
for all women who were SARS-CoV-2 positive. A team of
abstractors reviewed the electronic medical record for each
subject and recorded demographic, clinical, obstetric, labo-
ratory, and pathologic data.

Preparation and examination of placentas, including
gross examination and sectioning, was performed using
standard procedures.14 At our institution, 5 slides per case
are reviewed by a pathologist. A single senior perinatal
pathologist (R.N.B.) examined the hematoxylin and eosin-
stained slides from the placentas of women with a positive
RT-PCR result for SARS-CoV-2. This investigator was
not blinded to clinical information. Control cases were
reviewed by > 1 perinatal pathologist. Lesions were di-
agnosed based on the Amsterdam criteria8 and evaluated
for the presence or absence of the following histologic
lesion categories: FVM (representative images shown in
Fig. 1), MVM (representative images shown in Fig. 2),
acute chorioamnionitis, chronic villitis, meconium
staining, umbilical cord abnormalities, chorangiosis, and
intervillous thrombi. The histologic findings within each
category are defined in Appendix Table 1 (Supplemental
Digital Content 1, http://links.lww.com/PAS/B210).

For this analysis, all patients with SARS-CoV-2 or a
clinical history of COVID-19 who had placental pathol-
ogy performed during the study period were considered.
Placentas from IUFD specimens were excluded due to
disrupted specimens with surgical removal, as well as
significant gestational age differences versus the vast ma-
jority of placentas available from SARS-CoV-2 positive
women. To determine background prevalence of placental
lesions in our patient population, control placentas from

SARS-CoV-2 negative women during the study period
were identified and included. At our institution, placental
pathology for SARS-CoV-2 negative women is performed
only if clinically indicated, at the discretion of the deliv-
ering provider.

SARS-CoV-2 positive cases were categorized based on
timing of infection relative to timing of delivery to define the
primary exposure (Table 1). Acute SARS-CoV-2 was

FIGURE 1. Representative FVM lesions. A, Intramural fibrin
deposition: large chorionic plate vessel showing deposition of
fibrin in the wall of the vessel. Hematoxylin and eosin (H&E). B,
Villous stromal-vascular karyorrhexis: distal villi showing kar-
yorrhectic debris in the villous stroma and beginning of loss of
vasculature. H&E. C, Avascular villi (arrows): villi devoid of ca-
pillaries (avascular villi) with hyalinized stroma and a few re-
maining stromal cells present. H&E.

Glynn et al Am J Surg Pathol � Volume 46, Number 1, January 2022

52 | www.ajsp.com Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2021 Wolters Kluwer Health, Inc. All rights reserved.

http://links.lww.com/PAS/B210


defined as women with a positive RT-PCR on admission for
delivery who were (1) asymptomatic with no prior history of
clinical symptoms of COVID-19, (2) had COVID-19
symptoms on admission, or (3) had a symptom history or
laboratory-confirmed history of SARS-CoV-2 infection
<14 days from admission. All patients with acute SARS-
CoV-2 had negative IgG serologies, if available. Nonacute
SARS-CoV-2 was defined as women with a positive or

negative RT-PCR on admission for delivery who had (1) a
positive RT-PCR ≥14 days before delivery admission date,
(2) a history of COVID-19 symptoms ≥14 days before
delivery admission date and positive IgG serologies (if
available), or (3) no history of COVID-19 symptoms and
IgG positive serologies (if available). The 14-day cutoff was
chosen given the increased probability of antibody detection
for SARS-CoV-2 infection in both the symptomatic and
asymptomatic infected patients.15,16

The primary outcomes were incidence of FVM and
MVM lesions. Secondary outcomes were incidence of
chorioamnionitis, chronic villitis, meconium staining, um-
bilical cord abnormalities, chorangiosis, and intervillous
thrombi.

We used descriptive statistics to describe differences
in demographic characteristics between women with and
without acute SARS-CoV-2, using parametric and non-
parametric tests as appropriate. For the primary outcome
analysis, we compared the incidence of FVM and MVM
lesions, stratified by acute versus nonacute SARS-CoV-2,
using descriptive statistics. We then included the SARS-
CoV-2 negative controls and evaluated differences in
demographics and histologic lesions across the 3 groups
(acute, nonacute, and SARS-CoV-2 negative) using
parametric and nonparametric tests.

We performed 2 sensitivity analyses to assess the val-
idity of our findings. First, given that there is currently no
accepted definition of acute or nonacute SARS-CoV-2 in-
fection, we performed a sensitivity analysis to assess whether
the relationship between the exposure and the outcomes of
interest varied based on how the exposure was defined. We
redefined acute SARS-CoV-2 as women with SARS-CoV-2
infection within 21 days of delivery, while nonacute SARS-
CoV-2 was redefined as women with SARS-CoV-2 infection
≥21 days from delivery (Table 1). Women who could not
clearly be reclassified based on the available data were
excluded. We then repeated the comparison of placental
histologic lesions by the newly defined exposure groups.
Second, to account for lack of universal placental pathology
among women without SARS-CoV-2, which may result in the
selection of patients with greater degrees of clinical illness and
consequently higher rates of abnormal placental pathology,
we performed another sensitivity analysis to account for the
inherent differences in the populations studied between SARS-
CoV-2 positive patients, many of whom may otherwise be
healthy, and SARS-CoV-2 negative patients. Two inverse
probability of treatment weight analyses were undertaken for
the outcomes of FVM and MVM. A propensity score was
first estimated to predict SARS-CoV-2 status using the
following covariates: gestational age < 37 weeks, asthma,
diabetes, and hypertension. Once the propensity score was
estimated, the inverse probability of treatment weight models
were run separately to predict each outcome (FVM and
MVM) using a binary exposure of SARS-CoV-2 status,
positive versus negative.

No a priori sample size calculation was performed
for this study. All analyses were performed in R Version
3.6.1 (R Foundation for Statistical Computing, Vienna,
Austria).

FIGURE 2. Representative MVM lesions. A, Villous infarct:
complete infarction of villi (top of the image) with
remaining viable villi below. Hematoxylin and eosin (H&E). B,
Accelerated villous maturation: small chorionic villi and in-
creased syncytial knots in a 37 weeks gestation. H&E. C, De-
cidual vasculopathy: abnormal decidual vessels demonstrating
MVM. There is thickened vascular walls with deposition of
fibrinoid and surround inflammation. H&E.
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Of note, the pathology of 29 placentas from the
SARS-CoV-2 positive cohort were previously reported and
compared with 106 placentas from SARS-CoV-2 negative
women from this institution.11,17 Here, we are presenting
the placental pathology from a total of 90 placentas from
SARS-CoV-2 positive pregnant women compared with 188
controls, stratified by SARS-CoV-2 acuity.

RESULTS
A total of 97 women who were SARS-CoV-2 pos-

itive were admitted for delivery during the study period, of
whom 90 (92.8%) had placental pathology sent. Of these
90 placentas, 26 were from women with acute SARS-
CoV-2 infection at delivery and 64 were from women with
nonacute SARS-CoV-2.

Demographic and clinical characteristics are outlined
in Table 2. Women with acute SARS-CoV-2 were, on
average, 4 years younger than women with nonacute
SARS-CoV-2 (31.5 vs. 35.5 y, P= 0.024). All other

characteristics were similar between the acute and
nonacute groups, including gestational age at delivery,
mode of delivery, maternal comorbidities, birthweight, and
small for gestational age. Of note, all neonates tested
negative for SARS-CoV-2. When including the 188 women
with placentas sent from the SARS-CoV-2 negative control
group, differences across groups were noted for mode of
delivery (P= 0.010) and parity (P< 0.001) (Table 2).

The primary outcome analysis demonstrated that
placentas from women with acute SARS-CoV-2 had a
significantly higher frequency of FVM lesions compared
with placentas from women with nonacute SARS-CoV-2
(53.8% vs. 18.8%; P= 0.002), while frequency of MVM
lesions did not differ by exposure group (30.8% vs. 29.7%;
P> 0.99) (Table 3). Placental weight was significantly
lower in the nonacute group compared with the acute
group (436 vs. 484 g; P= 0.044). There were no differences
in frequency of other histologic lesions between placentas
from acute and nonacute SARS-CoV-2 cases.

TABLE 1. Definitions Stratifying Women With Acute Versus Nonacute SARS-CoV-2 Infection at Admission for Delivery
Primary Analysis Sensitivity Analysis

Acute SARS-CoV-2 Women with positive SARS-CoV-2 RT-PCR test on delivery
admission and 1 or more of the following:

Women with positive SARS-CoV-2 RT-PCR test on delivery
admission and 1 or more of the following:

Asymptomatic on admission and no history of symptoms
during pregnancy

Asymptomatic on admission and no history of symptoms
during pregnancy

Symptoms present on admission* Symptoms present on admission*
History of symptoms or laboratory confirmed SARS-CoV-2

<14 d from admission date*
History of symptoms or laboratory confirmed SARS-CoV-2

<21 d of admission date*
Negative IgG serologies, if available Negative IgG serologies, if available

Nonacute
SARS-CoV-2

Women with positive or negative SARS-CoV-2 RT-PCR test
on delivery admission and 1 or more of the following:

Women with positive or negative RT-PCR SARS-CoV-2 test
on delivery admission and 1 or more of the following:

Positive RT-PCR ≥ 14 d before admission date Positive RT-PCR ≥ 21 d before admission date
History of symptoms ≥ 14 d before admission date and IgG

positive serologies*
History of symptoms ≥ 21 d before admission date and IgG

positive serologies*
No history of symptoms and IgG positive serologies* No history of symptoms and IgG positive serologies*

*Patient-reported symptoms of COVID-19 included fever, cough, sore throat, rhinorrhea, shortness of breath, diarrhea, other gastrointestinal symptoms, or myalgias.

TABLE 2. Clinical and Demographic Characteristics of the Study Population, Stratified by Acute Versus Nonacute SARS-CoV-2
Infection

Nonacute SARS-CoV-2
(N= 64)

Acute SARS-CoV-2
(N= 26) P

SARS-CoV-2 Negative
(N= 188) P*

Age, mean±SD 35.5± 5.11 31.5± 1.06 0.024 35.4± 5.32 0.562
Parity, median (IQR) 1.00 (0.00-2.00) 1.00 (1.00-2.00) 0.198 0.00 (0.00-1.00) < 0.001
Gestational age at delivery, median (IQR)
(wk)

39.1 (38.0-39.9) 39.0 (37.9-39.6) 0.548 39.0 (37.2-39.6) 0.336

Mode of delivery, n (%) > 0.99 0.010
Vaginal delivery 44 (68.8) 18 (69.2) 93 (49.5)
Cesarean delivery 20 (31.2) 8 (30.8) 95 (50.5)

Chronic HTN, n (%) 1 (1.56) 1 (3.85) 0.497 8 (4.26) 0.586
Preeclampsia/gestational HTN, n (%) 5 (7.81) 3 (11.5) 0.686 33 (17.6) 0.132
Small for gestational age, n (%) 11 (17.2) 2 (7.69) 0.333 37 (19.7) 0.328
Pregestational DM, n (%) 2 (3.12) 0 (0.00) > 0.99 8 (4.26) 0.880
Gestational DM, n (%) 3 (4.69) 0 (0.00) 0.554 16 (8.51) 0.260
Chorioamnionitis, n (%) 2 (3.12) 1 (3.85) > 0.99 13 (6.91) 0.650
Birthweight, mean±SD (g) 3082± 627 3190± 631 0.457 3048± 680 0.595

Boldface indicates significant values.
*P-value compares across all 3 groups.
DM indicates diabetes mellitus; HTN, hypertension; IQR, interquartile range.
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When the placentas from the SARS-CoV-2 negative
control group were included, FVM lesions appeared more
frequent among acute SARS-CoV-2 than either nonacute
SARS-CoV-2 or control cases (53.8% vs. 18.8% vs. 13.2%
for acute, nonacute and controls, respectively; P< 0.001)
(Table 3). The frequency of MVM lesions between acute,
nonacute and control placentas were not significantly
different (30.8% vs. 29.7% vs. 24.1%; P= 0.587). In
addition, distribution of the frequency of meconium
staining of the placenta was different across the 3 groups
(65.4% vs. 40.6% vs. 36.2% for acute, nonacute and
controls, respectively; P= 0.018). All other outcomes were
not significantly different between groups.

In the first sensitivity analysis, when infection acuity
was redefined so that acute SARS-CoV-2 encompassed
women with SARS-CoV-2 < 21 days from admission for
delivery, there were 30 placentas from women with acute
SARS-CoV-2 and 48 placentas from women with non-
acute SARS-CoV-2. Twelve women could not be recate-
gorized and were excluded. Demographic characteristics
of the population were similar to the original catego-
rizations (Appendix Table 2, Supplemental Digital Con-
tent 2, http://links.lww.com/PAS/B211). Consistent with
the primary analysis, placentas from women with acute
SARS-CoV-2 had a significantly higher frequency of
FVM lesions compared with placentas from women with
nonacute SARS-CoV-2 (53.3% vs. 18.8%; P= 0.003)
(Appendix Table 3, Supplemental Digital Content 3,
http://links.lww.com/PAS/B212). Apart from a shift to
significance for frequency of meconium staining between
the SARS-CoV-2 groups (P= 0.003), all other placental
findings remained consistent with the primary analysis,
including no differences in MVM by exposure group.

In the second sensitivity analysis, in which we tested
whether the difference in histologic lesions across SARS-
CoV-2 positive versus negative patients was driven by

comorbidities among SARS-CoV-2 negative patients,
the odds of FVM remained significantly higher in the
placentas from women who were SARS-CoV-2 positive
(odds ratio= 2.87, 95% confidence interval: 1.49-5.53,
P= 0.002) as against SARS-CoV-2 negative women, while
the odds of MVM in the placenta were not different be-
tween exposure groups (odds ratio= 1.53, 95% confidence
interval: 0.84-2.79, P= 0.165) (Appendix Table 4, Sup-
plemental Digital Content 4, http://links.lww.com/PAS/
B213).

DISCUSSION
We found a significantly higher frequency of FVM

lesions in the placentas from women infected with SARS-
CoV-2 within 14 days of delivery admission compared
with women infected with SARS-CoV-2 > 14 days before
delivery admission; however, the frequency of MVM le-
sions did not differ based on timing of SARS-CoV-2 in-
fection in relation to delivery. These findings were
consistent in our sensitivity analyses, suggesting that they
are not contingent on the exposure definitions. Collec-
tively, our findings suggest that histologic lesions in the
placenta may differ based on timing of SARS-CoV-2 in-
fection during pregnancy.

The reported prevalence of FVM in the context of
SARS-CoV-2 infection differs across cohorts universally
tested for SARS-CoV-2. While 1 study demonstrated that
only 8% of placentas from 50 SARS-CoV-2 positive
women were found to have FVM lesions, another dem-
onstrated that up to a third of placentas from 77 SARS-
CoV-2 positive women had FVM lesions.9,18 Our study
demonstrates that the timing of infection, a factor not
included in prior analyses, could account for the varia-
bility in the literature, as shown by the divergent rate of
FVM lesions between our acute and nonacute cohorts.

TABLE 3. Placental Histologic Findings Among Women With and Without SARS-CoV-2 Infection, Stratified by Acute Versus
Nonacute SARS-CoV-2

Nonacute SARS-CoV-2
(N= 64)

Acute SARS-CoV-2
(N= 26) P

SARS-CoV-2 Negative
(N= 188) P*

FVM, n (%) 12 (18.8%) 14 (53.8%) 0.002 23 (13.2%) < 0.001
MVM, n (%) 19 (29.7) 8 (30.8) > 0.99 42 (24.1) 0.587
Histologic evidence of chorioamnionitis, n (%)
None 58 (90.6) 22 (84.6) 0.466 148 (78.7) 0.094
Maternal response 6 (9.38) 4 (15.4) 0.466 25 (13.3) 0.625
Fetal response 4 (6.25) 2 (7.69) > 0.99 13 (6.91) > 0.99
Maternal and fetal response 4 (6.25) 2 (7.69) > 0.99 12 (6.38) 0.927

Chronic villitis, n (%) 0.564 0.258
Absent 49 (76.6) 22 (84.6) 150 (86.2)
Low-grade 11 (17.2) 2 (7.69) 13 (7.47)
High-grade 4 (6.25) 2 (7.69) 11 (6.32)

Meconium staining of placenta,
n (%)

26 (40.6) 17 (65.4) 0.058 63 (36.2) 0.018

Umbilical cord abnormalities, n (%) 3 (4.69) 2 (7.69) 0.624 21 (12.1) 0.271
Chorangiosis, n (%) 1 (1.56) 1 (3.85) 0.497 8 (4.60) 0.597
Intervillous thrombi, n (%) 7 (13.5) 2 (8.00) 0.710 25 (14.4) 0.801
Placental weight, mean±SD (g) 436± 93.1 484±101 0.044 453± 113 0.162

Boldface indicates significant values.
*P-value compares across all 3 groups.
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Because our data suggest that placental lesions may evolve
over the course of SARS-CoV-2 infection, the clinical in-
terpretation of that lesion should take into account patient
infection status at the time of delivery.

FVM encompasses multiple histologic findings of
thrombosis that indicate obstruction of fetal blood flow,
usually secondary to cord obstruction or a hypercoagulable
state, and risk factors are similar to other coagulopathic
processes.8,12 Our findings may represent pregnancy-specific
sequelae of COVID-19-associated coagulopathy, which may
result from a combination of an inflammatory response to
SARS-CoV-2 and microvascular injury through direct viral
infection of endothelial cells.19 The presence of FVM lesions
may hint at increased risk of adverse fetal outcomes in-
cluding IUGR and stillbirth.20 Although we did not find
differences in birthweight or small for gestational age be-
tween acute and nonacute groups, or when compared with
the control group, we were limited by the small size of our
cohort, short timeline between acute infection and delivery,
and women with stillbirth were excluded. However, we did
find a significantly lower placental weight among the non-
acute cohort, perhaps suggesting long-term sequelae in re-
sponse to SARS-CoV-2 infection, which could have clinical
implications for the fetus. Although ultrasound screening for
fetal growth, and consideration for antenatal testing, have
been part of obstetric practice at many centers caring for
women with SARS-CoV-2 in pregnancy, our findings may
represent the placental basis for this practice. Given that
FVM encompasses multiple histologic findings, further re-
search is needed to understand the impact of SARS-CoV-2
infection during pregnancy on the development of the spe-
cific lesions that comprise FVM.

Our data did not support our hypothesis that MVM
lesions are more prevalent among placentas from women
with nonacute SARS-CoV-2 at delivery. Although a review
of placental pathology associated with SARS-CoV-2 found
46% of placentas from 12 studies demonstrated evidence of
MVM, only 1 study found the frequency of this lesion to be
significantly different from controls.5,6 Our rate of MVM
was ~30% for both acutely and nonacutely infected women
and was not different from controls. While MVM lesions
are associated with hypertensive disorders of pregnancy and
growth restriction, we similarly did not note an increased
frequency of these clinical conditions in our cohort.

Overall, the clinical implications of histopathologic
lesions in the context of the timing of SARS-CoV-2 in-
fection in pregnancy are not fully clear. Our cohort of
women with nonacute SARS-CoV-2 infection mostly re-
flects women with new infection during the third trimester.
SARS-CoV-2 infection during earlier stages of pregnancy
may influence both the fetal and maternal sides of the
placenta more significantly, perhaps resulting in an in-
creased frequency of adverse clinical outcomes. Although
the placenta is capable of withstanding significant levels of
insult, our findings warrant continued monitoring of
women infected early in pregnancy. However, it is clear
more data is needed to understand the spectrum of SARS-
CoV-2 infection on FVM and MVM development and
placental lesions more generally.

There are several strengths to our study. First, using
a combination of clinical data, RT-PCR data, and sero-
logic data allowed us to more closely time the true onset of
infection in our study cohort. Second, our findings in our
primary analysis remained valid in our sensitivity analysis
where we varied the definition of acute SARS-CoV-2 in-
fection, suggesting that the dichotomous exposure defi-
nition is not affecting our findings. Finally, we were able
to capture 93% of SARS-CoV-2 affected placentas during
our study period, resulting in a cohort of 90 placentas to
examine, which is among the highest number of studied
placentas reported in the literature to date.

Our study also has some limitations. First, lack of
sample capture prevented serologic testing from being per-
formed on all study participants. It is therefore possible that we
misclassified some individuals. For instance, subjects defined as
being SARS-CoV-2 negative based on a negative history and
RT-PCR test may have had positive serologies and thus were
actually nonacutely infected asymptomatic individuals. In ad-
dition, symptom history was obtained retrospectively at the
time of admission to Labor and Delivery, introducing poten-
tial symptom recall bias. We also did not control for severity of
COVID-19 or presence of symptoms in our analyses, which
may also be associated with histopathologic lesions. Fourth,
given that we excluded placentas from IUFD specimens, we
are unable correlate the implications of our histologic findings
of FVM to this clinical outcome. As with any study on pla-
cental pathology, histologic evaluation consists of representa-
tive sampling, rather than evaluation of the entire placenta,
which may lead to biases in the frequency of lesion detection,
although such a bias is likely at random. In addition, >1
pathologist reviewed the placentas from SARS-CoV-2 neg-
ative cases, which may introduce the possibility of interob-
server differences. All placentas from SARS-CoV-2 positive
women were reviewed by a single placental pathologist, to
minimize interobserver variability; however, our pathologist
was not blinded to the SARS-CoV-2 status, which introduces
the possibility of bias in interpretation of the pathology for
placentas from SARS-CoV-2 positive women. Nevertheless,
the distinction between acute and nonacute cases was blinded
to pathologic interpretation, limiting the potential bias of dif-
ferences in frequency of lesions observed in this study.

In sum, we found that the frequency of FVM lesions
is significantly higher among the placentas from women
with acute SARS-CoV-2 infection compared with women
with nonacute SARS-CoV-2 infection at delivery. These
findings raise new questions regarding the etiology, clinical
consequences, and potential downstream effects of FVM
lesions in the setting of acute SARS-CoV-2 infection.
Future studies with placentas from women infected across
all 3 trimesters are needed to further elucidate the rela-
tionship of timing of SARS-CoV-2 infection during
pregnancy and placental pathology.
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