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Summary eClinicalMedicine
Background Little is known about post-acute sequelae of SARS-CoV-2 infection (PASC) after acquiring SARS-CoV-2 2024;73: 102654
infection during pregnancy. We aimed to evaluate the association between acquiring SARS-CoV-2 during pregnancy
compared with acquiring SARS-CoV-2 outside of pregnancy and the development of PASC.
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Methods This retrospective cohort study from the Researching COVID to Enhance Recovery (RECOVER) Initiative

Patient-Centred Clinical Research Network (PCORnet) used electronic health record (EHR) data from 19 U.S. health
systems. Females aged 18—49 years with lab-confirmed SARS-CoV-2 infection from March 2020 through June 2022
were included. Validated algorithms were used to identify pregnancies with a delivery at >20 weeks’ gestation. The
primary outcome was PASC, as previously defined by computable phenotype in the adult non-pregnant PCORnet
EHR dataset, identified 30-180 days post-SARS-CoV-2 infection. Secondary outcomes were the 24 component
diagnoses contributing to the PASC phenotype definition. Univariable comparisons were made for baseline
characteristics between individuals with SARS-CoV-2 infection acquired during pregnancy compared with outside
of pregnancy. Using inverse probability of treatment weighting to adjust for baseline differences, the association
between SARS-CoV-2 infection acquired during pregnancy and the selected outcomes was modelled. The incident
risk is reported as the adjusted hazard ratio (aHR) with 95% confidence intervals.

Findings In total, 83,915 females with SARS-CoV-2 infection acquired outside of pregnancy and 5397 females
with SARS-CoV-2 infection acquired during pregnancy were included in analysis. Non-pregnant females with
SARS-CoV-2 infection were more likely to be older and have comorbid health conditions. SARS-CoV-2 infection
acquired in pregnancy as compared with acquired outside of pregnancy was associated with a lower incidence of
PASC (25.5% vs 33.9%; aHR 0.85, 95% CI 0.80-0.91). SARS-CoV-2 infection acquired in pregnant females was
associated with increased risk for some PASC component diagnoses including abnormal heartbeat (aHR 1.67,
95% CI 1.43-1.94), abdominal pain (aHR 1.34, 95% CI 1.16-1.55), and thromboembolism (aHR 1.88, 95% CI
1.17-3.04), but decreased risk for other diagnoses including malaise (aHR 0.35, 95% CI 0.27-0.47), pharyngitis
(aHR 0.36, 95% CI 0.26-0.48) and cognitive problems (aHR 0.39, 95% CI 0.27-0.56).

Interpretation SARS-CoV-2 infection acquired during pregnancy was associated with lower risk of development of
PASC at 30-180 days after incident SARS-CoV-2 infection in this nationally representative sample. These findings
may be used to counsel pregnant and pregnant capable individuals, and direct future prospective study.
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Articles

Research in context

Evidence before this study

The COVID-19 pandemic has revealed extensive knowledge
about the short-term effects and complications of Severe
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)
infection. Attention is now increasingly turning to long-term
health after infection, termed post-acute sequelae of SARS-
CoV-2 infection (PASC) or Long COVID. There is limited
knowledge about PASC after SARS-CoV-2 infection during
pregnancy, which represents a time of significant physiologic
changes and altered immune adaptations. We searched
PubMed with terms “PASC”, “COVID”, “long COVID",
“pregnancy”, and “pregnant” from database inception
through September 26, 2023. We did not apply language
restrictions. The PRIORITY study was identified, which
identified 26% of individuals with persistent symptoms eight
weeks post-SARS-CoV-2 infection among a cohort with
COVID-19 during pregnancy or up to 6 weeks postpartum. No
other studies were identified that described PASC following
SARS-CoV-2 infection in pregnancy. The RECOVER Pregnancy
Cohort is enrolling and plans to characterize the incidence and
phenotype of PASC after SARS-CoV-2 infection in pregnancy
but these results are not yet available.

Introduction

As the coronavirus disease 2019 (COVID-19) pandemic
has evolved, the short-term course and complications
from Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) infection are now well described.’
Increasingly, attention has turned to understanding
the lingering and long-term health implications, known
as post-acute sequelae of SARS-CoV-2 infection (PASC),
or Long COVID. The World Health Organisation rec-
ognises PASC as symptoms occurring by three months
post-SARS-CoV-2 infection, lasting for at least two
months, and not explained by an alternative diagnosis.”
PASC has widespread effects with symptoms described
in nearly every organ system, and studies suggest
one-third of those with COVID-19 will go on to develop
PASC.* Ongoing research efforts are focused on
describing the natural course of PASC, identifying risk
factors for its development and understanding its
incidence in varying populations.*

Little is known about PASC after SARS-CoV-2
infection acquired during pregnancy.® Pregnancy-
related COVID-19 is associated with worse perinatal
outcomes and maternal morbidity, such as higher rates
of preterm birth, hypertensive disorders of pregnancy,
and thromboembolic events.®” It is unclear whether
acquiring SARS-CoV-2 infection during pregnancy
influences the likelihood of developing PASC. As
pregnancy results in significant physiologic changes and
differences in immune response, the risk for develop-
ment of PASC may differ from the general population.

Added value of this study

To our knowledge, this is the first study to describe the
incidence of PASC following acquisition of SARS-CoV-2
infection during pregnancy, and to assess the association
between acquisition of SARS-CoV-2 infection during
pregnancy compared with acquired outside of pregnancy. In
those with SARS-CoV-2 infection acquired during pregnancy,
the incidence of PASC in the subsequent 30-180 days was
25.5%. The incidence of PASC was lower in those acquiring
SARS-CoV-2 infection during pregnancy compared with
acquiring SARS-CoV-2 infection outside of pregnancy (25.5%
vs 33.9%; aHR 0.85, 95% Cl 0.80-0.91).

Implications of all the available evidence

The results of this retrospective cohort demonstrate acquiring
SARS-CoV-2 infection in pregnancy as compared with
acquiring SARS-CoV-2 infection outside of pregnancy was
associated with a lower incidence of PASC in the interval
30-180 days. These findings may be used to inform clinic
counseling and care. Future prospective study is necessary to
confirm and expand these findings.

The National Institutes of Health (NIH) Researching
COVID to Enhance Recovery (RECOVER) Initiative is
dedicated to studying the long-term effects of COVID-
19. Using electronic health record (EHR) datasets
through the RECOVER Initiative, a machine learning
computable phenotype definition of PASC was previ-
ously developed in the non-pregnant adult population.®
The objective of this study was to evaluate the associa-
tion between acquiring SARS-CoV-2 infection during
pregnancy and the development of PASC compared
with acquiring SARS-CoV-2 infection outside of preg-
nancy in the RECOVER Initiative EHR dataset. We
hypothesised the physiologic changes of pregnancy
would have a protective effect resulting in a lower inci-
dence of PASC in the 30-180 days following SARS-CoV-
2 infection acquired in pregnancy.

Methods

Study design and participants

This was a retrospective cohort study using data avail-
able through the RECOVER Initiative Patient-Centred
Clinical Research Network (PCORnet) EHR dataset.
The RECOVER infrastructure leveraged PCORnet to
develop a single, unified EHR repository to study PASC
across health systems nationwide who continue to
refresh their data at least quarterly. The PCORnet EHR
dataset is comprised of data from inpatient and outpa-
tient health care encounters for approximately 10
million patients across 19 U.S. health systems.’ Avail-
able data include demographics, diagnoses as defined by
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International Classification of Diseases Tenth Revision
(ICD-10) codes, Current Procedural Terminology (CPT)
codes, medications, and laboratory results.

For this analysis, females aged 18-49 years with a lab-
confirmed SARS-CoV-2 infection between March 1, 2020
and June 1, 2022 were included. A laboratory-confirmed
infection was defined by a positive nucleic acid or anti-
gen test for SARS-CoV-2. If there were multiple
laboratory-confirmed SARS-CoV-2 infections identified
in the study period for an individual, the first positive test
was considered as the incident date for SARS-CoV-2
infection in analysis. An acute SARS-CoV-2 infection
period was defined from the date of a positive SARS-CoV-
2 result through 30 days post-infection (Box 1A).

The primary exposure was acquiring SARS-CoV-2
during pregnancy compared with outside of preg-
nancy. Pregnancy was identified using a previously
published algorithm of ICD-10 codes.”® In brief, this
hierarchical approach excludes abortions (<20 weeks’
gestation) and abnormal gestations (e.g., ectopic

pregnancy, molar pregnancy), and then identifies preg-
nancies with an outcome of delivery at >20 weeks’
gestation. Using this approach, individuals with a
pregnancy were identified and an end of pregnancy, or
delivery, date assigned. The gestational age at delivery
was assigned using a validated algorithm developed by
Leonard aet al."" A pregnancy period was defined for
each pregnant female in the cohort calculated from the
end of pregnancy (delivery) date minus the gestational
age (in weeks) at delivery. A 6-week postpartum period
was also defined for each pregnant female in the cohort
calculated as 42 days from the end of pregnancy date
(Box 1B). If multiple pregnancies were identified for an
individual during the study period, the pregnancy
occurring with a concurrent SARS-CoV-2 infection was
included. If multiple pregnancies with a concurrent
SARS-CoV-2 infection were identified, only the first
pregnancy was included. Individuals with a pregnancy
and non-concurrent SARS-CoV-2 infection were
excluded from analysis (Box 2).

Box 1.
SARS-CoV-2 infection and pregnancy periods.

Baseline period
(Confounder collection)

(A) Baseline, acute SARS-CoV-2 infection, and post-acute SARS-CoV-2 infection (PASC) periods.
COVID onset

*

PASC

Acute
Period

Post-acute period

_3y

30d +180 d

The baseline period was defined as the three years (y) prior to the date of laboratory-confirmed positive SARS-CoV-2 result (COVID-19
onset). The acute SARS-CoV-2 infection period was defined from the date of laboratory-confirmed positive SARS-CoV-2 result (COVID-19
onset) plus 30 days. The post-acute SARS-CoV-2 (PASC) period was defined from 30 to 180 days after the acute SARS-CoV-2 infection
period.

(B) Pregnancy and postpartum period.

Delivery

™

Postpartum
(42 d)

Gestation
(20 — 42 weeks)

Pregnancy Period

Postpartum Period

The pregnancy period, in weeks, is defined by the end of pregnancy (delivery date) minus the gestational age at the time of delivery. The
postpartum period is defined from the delivery date through 6 weeks postpartum.
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Box 2.

Baseline period
(Confounder collection)

Individuals included with SARS-CoV-2 infection and pregnancy.

COVID period

COVID onset

»

PASC

Acute

Post-acute period
Period

Pregnancy period

Individuals with SARS-CoV-2 infection during pregnancy (green) were included in analysis. Individuals with a SARS-CoV-2 infection and a
pregnancy during the study period but not occurring concurrently (gray) were excluded from analysis.

30d +180d

Outcomes

The primary outcome was PASC identified from 30 to
180 days after laboratory-confirmed SARS-CoV-2 infec-
tion among COVID-19 survivors. PASC was defined
based on a previously established computable pheno-
type among non-pregnant adults in the RECOVER EHR
dataset.® In brief, the PASC phenotype was developed
using data-driven computational analysis assessing for
PASC signs, symptoms, or medications in a cohort of
35,275 adults (aged >20 years) with SARS-CoV-2 infec-
tion.* Through this analysis, 25 conditions were identi-
fied as the key contributors to the PASC computable
phenotype. For this analysis, PASC was defined as the
presence of any of 24 conditions with anaemia excluded
a priori based on the known high prevalence of anaemia
in pregnant and postpartum individuals."”” Secondary
outcomes were the 24 component conditions contrib-
uting to the PASC computable phenotype definition,
including: diabetes mellitus, pressure ulcers, headache,
thromboembolism, joint pain, abdominal pain, sleep
disorders, cognitive problems, dyspnoea, oedema, en-
cephalopathy, pulmonary fibrosis, hair loss, con-
stipation, dementia, acute pharyngitis, pulmonary
embolism, abnormal heartbeat, malnutrition, malaise

and fatigue, chest pain, fever, fluid disorders, or PASC
ICD code U099/B948. Each contributing condition was
defined using ICD-10 codes (Appendix 1).

Statistics

Univariable comparisons of individual characteristics
between females with SARS-CoV-2 infection acquired
during pregnancy and females with SARS-CoV-2
infection acquired outside of pregnancy were per-
formed with the standardised mean differences (SMD)
reported. Baseline population characteristics assessed
included self-reported race and ethnicity, age, body
mass index (BMI), area deprivation index (ADI), and
tobacco use. Prior studies have identified a higher risk
for PASC among individuals with comorbid health
conditions and severe COVID-19 disease.*" To assess
for the presence of pre-existing health conditions (e.g.,
diabetes mellitus, hypertension), the Elixhauser
Comorbidities Index was applied to the cohort for the
baseline period of three years prior to the incident
SARS-CoV-2 infection date.” Among the pregnant
population, gestational age at SARS-CoV-2 infection
and delivery were summarised as median and inter-
quartile range (IQR).
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COVID-19 vaccination status was assessed, as prior
vaccination has been found to be protective against se-
vere COVID-19 and PASC."'* COVID-19 vaccine status
was defined as documentation of full vaccination, partial
vaccination, or no vaccination prior to the incident
SARS-CoV-2 infection date. COVID-19 severity was
assessed by location of care as outpatient or inpatient
hospitalisation. Inpatient care was defined by hospital-
isation in the time interval of one day prior to COVID-19
diagnosis through 16 days post-COVID-19 diagnosis. To
reflect severe disease, inpatient care was further classi-
fied by intensive care unit (ICU) admission. Finally, the
timepoint of SARS-CoV-2 infection within the
pandemic timeline was considered. This timepoint
functioned as a surrogate for SARS-CoV-2 variant and
was included in the models as the Delta variant has been
associated with higher COVID-19 complications in, and
outside, of pregnancy.”

Using stabilised inverse probability of treatment
weighting (IPTW) to adjust for baseline differences, the
association between acquiring SARS-CoV-2 infection
during pregnancy and PASC was modelled. The inci-
dent risk of PASC was reported as adjusted hazard ratio
and 95% confidence interval calculated using a Cox
proportional hazard model and Walk Chi-Square test.
The same approach was used to consider each of the
component diagnoses contributing to the PASC
computable phenotype. Additionally, the cumulative
incidence (CIF) and the difference of cumulative inci-
dence per 100 persons was estimated at 180 days after
the infection index date by pregnancy status.

As pregnancy is associated with a higher risk for
venous thromboembolism, a sensitivity analysis was
performed with the PASC phenotype re-defined
excluding thromboembolism and pulmonary embo-
lism as contributory conditions.”® A second sensitivity
analysis was performed repeating the primary analyses
using a propensity match approach.

Adjustment for multiple comparisons was made
using a Bonferroni correction.” Adjusted p values < 0.05
were considered statistically significant. All analyses
were completed using Python 3.9.

Ethics

The RECOVER EHR initiative received Biomedical
Research Alliance of New York (BRANY) institutional
review board (IRB) approval #21-08-508. This retro-
spective analysis used deidentified data with a waiver of
consent. The Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines
were followed for reporting.”

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.
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Results

Overall, 83,915 females with SARS-CoV-2 infection ac-
quired outside of pregnancy and 5397 females with
SARS-CoV-2 infection acquired during pregnancy were
identified within the RECOVER Initiative PCORnet
EHR dataset from March 1, 2020 to June 1, 2022 and
were included in the analysis (Fig. 1). Females with
SARS-CoV-2 infection acquired outside of pregnancy
compared with females with SARS-CoV-2 infection ac-
quired during pregnancy were more likely to be older,
non-Hispanic White, have documented full COVID-19
vaccination, and have comorbid conditions including
chronic hypertension, chronic kidney disease, and class
III obesity (Table 1). Females with SARS-CoV-2 infec-
tion acquired during pregnancy were more likely to be
admitted to the hospital for inpatient management of
COVID-19. Among those with SARS-CoV-2 infection
acquired during pregnancy, the median gestational age
at infection was 34 weeks (IQR 25-38) and the median
gestational age at delivery was 39 weeks (IQR 37-39).

In stabilised inverse probability of treatment
weighting for baseline covariate adjusted analysis,
acquiring SARS-CoV-2 infection during pregnancy was
associated with a lower incidence of PASC in the sub-
sequent 30-180 days compared with acquiring SARS-
CoV-2 infection outside of pregnancy (25.5% vs 33.9%;
aHR 0.85, 95% CI 0.80-0.91; p < 0.001). The cumulative
incidence of PASC in the 180 days following the inci-
dent infection date was 30.8 per 100 persons among
those with SARS-CoV-2 infection acquired during
pregnancy compared with 35.8 per 100 persons among
those with SARS-CoV-2 infection acquired outside of
pregnancy (Appendix 2).

When considering the 24 component diagnoses
contributing to the overall PASC computable phenotype,
SARS-CoV-2 infection acquired during pregnancy was
associated with a lower incidence of joint pain, sleep
disorders, cognitive problems, dyspnoea, encephalopa-
thy, hair loss, acute pharyngitis, malnutrition, malaise
and fatigue, chest pain, and ICD-10 code defined-PASC.
SARS-CoV-2 infection acquired during pregnancy
compared with acquired outside of pregnancy was
associated with a higher incidence of abnormal heart-
beat, abdominal pain, and thromboembolism (Table 2).

In sensitivity analysis with thromboembolism and
pulmonary embolism removed as conditions contrib-
uting to the PASC computable phenotype definition,
SARS-CoV-2 infection acquired during pregnancy was
still associated with a lower incidence of PASC (25.2%
vs 33.7%; aHR 0.84, 95% CI 0.79-0.90; corrected
p < 0.001). In the second sensitivity analysis, SARS-CoV-
2 infection acquired during pregnancy compared with
propensity score matched females acquiring SARS-CoV-
2 infection outside of pregnancy remained associated
with a lower incidence of PASC (aHR 0.76, 95% CI
0.71-0.82; Appendix 3).
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N=1,537,825

Individuals with data available in PCORNet
from 3/1/2020 - 6/1/2022

Aged 18-50
n=636,399

Female
n=431,468

v

Pregnant
n=73,454

SARS-CoV-2 test during
pregnancy
n=56,542

A

SARS-CoV-2 Positive
Pregnant Female
n=5,397

SARS-CoV-2 Positive
Non-Pregnant Female
n=83,915

Fig. 1: Study cohort.

Discussion

In this population-based retrospective cohort study of
COVID-19 survivors, SARS-CoV-2 infection acquired
during pregnancy was associated with a lower risk of
developing PASC at 30-180 days after infection
compared with SARS-CoV-2 infection acquired outside
of pregnancy. Similarly, multiple components of the
computable PASC phenotype were seen at lower fre-
quencies among those who acquired SARS-CoV-2
infection during pregnancy compared with acquired
outside of pregnancy.

Early in the pandemic, clinical care and research
efforts focused on prevention of the acute morbidity and
mortality caused by SARS-CoV-2 infection. Over time,
the lasting health implications of COVID-19 have
become increasingly pressing with an ongoing need for
further evidence to inform clinical care. Studies have
consistently identified a host of symptoms described in

nearly every organ system in the months following
SARS-CoV-2 infection.”” Huang aet al described the 6-
month follow-up of 1733 individuals hospitalised in
Wuhan, China in 2020 for COVID-19 and surviving to
hospital discharge with fatigue and muscle weakness
(63%), sleep abnormalities (26%), and anxiety or
depression (23%) being common.”

In the RECOVER adult cohort of 9764 adults with
and without SARS-CoV-2 infection, 37 symptoms were
identified with increased odds ratios among those
infected (aOR >1.5) compared with those uninfected at
6-month follow-up. A symptom-based score was devel-
oped from these results to define PASC and application
of this score identified 23% of SARS-CoV-2 infected
individuals developed PASC at 6 months in the same
cohort.”” Some symptoms varied by sub-populations in
this analysis, which is consistent with other literature
describing variable PASC phenotypes, as well as varying
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Baseline characteristic Pregnant females Non-pregnant females SMD?* SMD (weighted)
N = 5397 N = 83,915
Race
Asian 225 (4.2) 3368 (4.0) 0.01 0.01
Black 1187 (22.0) 17,834 (21.3) 0.02 0.03
Other” 969 (18.0) 8091 (9.6) 0.24 0.01
White 2377 (44.0) 41,813 (49.8) -0.12 0.03
Ethnicity
Hispanic 1500 (27.8) 12,005 (14.3) 0.34 0.04
Missing 180 (3.3) 8507 (10.1) -0.27 -0.14
Non-Hispanic 3717 (68.9) 64,403 (75.6) -0.15 0.05
Age (26 34) 35 (28-42) -0.62 0.03
Body mass index (kg/m?) 1 (27-36) 29 (24-36) -0.07 0.03
Area deprivation index (16 71) 38 (15-67) 0.05 0.09
Tobacco use (current) 157 (2.9 4866 (5.8) -0.14 0.02
Comorbid health conditions
Asthma 535 (9.9) 8913 (10.6) -0.02 0.04
Chronic hypertension 222 (4.1) 10,815 (12.9) -0.32 -0.02
Chronic kidney disease 4 (0.6) 2214 (2.6) -0.16 -0.05
Chronic pulmonary disorders 560 (10.4) 10,347 (12.3) -0.06 0.04
Diabetes mellitus, type 1 or 2 148 (2.7) 5425 (6.5) -0.18 -0.02
Class Il obesity 360 (6.7) 8255 (9.8) -0.12 -0.01
Inflammatory bowel disorder 7 (0.5) 1080 (1.3) -0.08 -0.03
Seizure disorder 45 (0.8) 1301 (1.6) -0.07 0.02
Mental health condition 529 (9.8) 13,389 (16.0) -0.18 0.0
Substance use 273 (5.1) 5527 (6.6) -0.07 0.06
Anemia 542 (10.0) 7574 (9.0) 0.03 0.03
Systemic lupus erythematosus 3 (0.4) 997 (1.2) -0.09 0.01
ICU admission for COVID-19 0 (1.5) 911 (1.1) 112 0.02
COVID-19 vaccine status
Fully vaccinated 188 (3.5) 10,270 (12.2) -0.33 -0.08
Partially vaccinated 130 (2.4) 4681 (5.6) -0.16 0.0
Not vaccinated 5082 (94.2) 69,031 (82.3) 0.38 0.07
SARS-CoV-2 infection period
3/2020-6/2020 668 (12.4) 5399 (6.4) 0.20 -0.02
7/2020-10/2020 721 (13.4) 8777 (10.5) 0.09 0.01
11/2020-2/2021 1321 (24.5) 18,501 (22.0) 0.06 0.01
3/2021-6/2021 554 (10.3) 4873 (5.8) 0.16 0.02
7/2021-10/2021 799 (14.8) 9872 (11.8) 0.09 0.02
11/2021-2/2022 1333 (24.7) 31,160 (37.1) -0.27 -0.04
3/2022-6/2022 1 (0) 5333 (6.4) -0.37 0.0
Data are n (%) or median (interquartile range). SMD, standardized mean difference; ICU, intensive care unit. *A standardized mean difference of >0.10 or <-0.10 indicates a
meaningful effect size difference between the two samples. bOther includes American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, or identify as
multiple races.
Table 1: Baseline characteristics of pregnant and non-pregnant females with SARS-CoV-2 infection.

incidence of PASC dependant on population risk
factors.**

In a population-level study in the United Kingdom,
Subramaniam aet al evaluated symptoms of, and risk
factors for, PASC among non-hospitalised adults with
SARS-CoV-2 infection.”” Among those with at least 12
weeks of follow up after index date, SARS-CoV-2 infec-
tion compared with no infection was associated with
increased likelihood of experiencing at least one of the

www.thelancet.com Vol 73 July, 2024

WHO long COVID symptoms (5.4% vs 4.3%; aHR 1.26,
95% CI 1.25-1.28). Risk factors most associated with
development of PASC symptoms included female sex
(aHR 1.52, 95% CI 1.48-1.56), socio-economic depri-
vation (aHR 1.11, 95% CI 1.07-1.16) and obesity (aHR
1.10, 95% CI 1.07-11.14).> Consistently identified risk
factors for the development of PASC have included se-
vere COVID-19, middle age (40-69 years), female sex,
strong antibody response, and the presence of comorbid
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PASC diagnoses Rate (%) among  Rate (%) among aHR (95% Cl) Corrected
pregnant females non-pregnant p value
n = 5397 females n = 83,915
Diabetes mellitus 0.48 0.71 0.76 (0.47-1.21) 0.22
Pressures ulcers 0 0.08 0 (0-0) 0.07
Headache 4.63 5.57 1.07 (0.89-1.27) 0.41
Thromboembolism 0.50 0.35 1.88 (1.17-3.04) 0.003
Joint pain 5.57 8.42 0.74 (0.63-0.87)  <0.001
Abdominal pain 9.41 8.96 134 (1.16-1.55)  <0.001
Sleep disorders 1.00 2.47 0.53 (0.39-0.74) <0.001
Cognitive problems 0.80 2.46 0.39 (0.27-0.56)  <0.001
Dyspnea 4.15 8.80 0.55 (0.45-0.66)  <0.001
Edema 3.26 5.04 0.82 (0.67-1.0) 0.022
Encephalopathy 0.21 0.71 0.41 (0.20-0.85)  0.002
Pulmonary fibrosis 0.66 0.82 0.80 (0.53-1.20) 0.25
Hair loss 0.49 1.54 0.35 (0.22-0.58)  <0.001
Constipation 2.41 2.36 1.04 (0.82-1.31) 0.73
Dementia 0 0.06 0 (0-0) 0.13
Acute pharyngitis 1.46 5.06 0.36 (0.26-0.48)  <0.001
Pulmonary embolism  0.28 0.28 1.09 (0.57-2.11) 0.76
Abnormal heartbeat ~ 6.16 4.40 1.67 (1.43-1.94) <0.001
Malnutrition 0.04 0.31 0.12 (0.03-0.42) 0.002
Malaise and fatigue 1.41 4.68 0.35 (0.27-0.47)  <0.001
Chest pain 2.62 421 0.69 (0.56-0.86) <0.001
Fever 1.0 1.65 0.77 (0.54-1.08)  0.08
Fluid disorders 1.07 1.04 1.23 (0.88-1.72) 0.16
ICD codes 0.26 0.86 0.37 (0.19-0.72)  <0.001
(U099/B948)
PASC, post-acute sequelae of SARS-CoV-2 infection; aHR, adjusted hazard ratio; Cl, confidence interval.
Table 2: Association between SARS-CoV-2 infection in pregnant females compared with
non-pregnant females and PASC component diagnoses.

health conditions including obesity, diabetes, obstruc-
tive sleep apnoea, and chronic lung disease.***”” Pro-
tective factors have also been identified, including
COVID-19 vaccination.”

Prior work has limitedly described differences in
PASC following SARS-CoV-2 infection acquired during
pregnancy. An interim report from the Pregnancy
CoRonavlrus Outcomes ReglIsTrY (PRIORITY) study, a
prospective cohort study of pregnant and up to 6-week
postpartum individuals with SARS-CoV-2 infection,
described 26% of SARS-CoV-2 infected participants
(n = 155/594) enrolled in 2020 having persistent symp-
toms eight weeks post-infection.” Neither data from a
non-pregnant comparison group nor follow-up beyond 8
weeks were reported. In a 2022 cross sectional study of
pregnant and non-pregnant females in Ecuador, an
anonymous 37-item online questionnaire assessed self-
reported long COVID symptoms.* Thirty three of 457
respondents were pregnant; 16 pregnant responders
(48.5%) self-reported long COVID symptoms including
fatigue (10.6%), hair loss (9.6%), and difficulty concen-
trating (6.2%). There were no differences in symptoms
reported between pregnant and non-pregnant in-
dividuals.”® The RECOVER Pregnancy Cohort is currently
enrolling pregnant individuals exposed and unexposed to

SARS-CoV-2 infection during pregnancy and aims to
characterise the incidence and phenotype of PASC
following SARS-CoV-2 infection in pregnancy.’ These
results will be informative for clinical care, counselling of
pregnant individuals with SARS-CoV-2 infection, and
public health policy, but are not yet available. To our
knowledge, the current study is the first to describe a
lower incidence of PASC following acquisition of SARS-
CoV-2 infection in pregnancy (PubMed search on 9/26/
2023 with search terms PASC, COVID, long COVID,
pregnancy, pregnant).

Acquiring SARS-CoV-2 infection during pregnancy
as a protective factor against interval PASC differs from
the well-described association between COVID-19 in
pregnancy and worse perinatal outcomes and maternal
morbidity.””* In a retrospective cohort study of 14,104
individuals delivering across 17 U.S. hospitals in 2020,
those with SARS-CoV-2 infection were more likely to
experience maternal mortality or severe morbidity from
postpartum hemorrhage, infection, or hypertensive
disorders of pregnancy than those without SARS-CoV-2
infection (13.4% vs 9.2%; aRR 1.41, 95% CI 1.23-1.61).°
SARS-CoV-2 infection in pregnancy has also been asso-
ciated with increased risk for intensive care unit admis-
sion, need for mechanical ventilation, and cardiovascular
complications among other acute sequelae.’”** Despite
these apparent contradictions of SARS-CoV-2 infection in
pregnancy—worse immediate perinatal outcomes but
reduced risk for interval PASC—findings likely reflect
maternal immune adaptations of pregnancy.

Physiologic changes of pregnancy create a described
immune tolerant state. Alterations in cytokine, comple-
ment, and T cell regulation, as well as local changes at the
uterine—placenta interface, accommodate foetal protec-
tion.” Worse outcomes described with SARS-CoV-2
infection, as well as other viruses such as influenza, dur-
ing pregnancy may reflect this relatively tolerant immune
environment.** We postulate that these same adaptations
down-regulate the robust immune response, thereby
causing less inflammatory cellular damage, and may be
contributing to a lower incidence of interval PASC.*
These immunoregulatory changes require further eluci-
dation but are beyond the scope of the current study.

Acquiring SARS-CoV-2 infection in pregnancy was
associated with an increased likelihood of some PASC
phenotype contributing diagnoses, including thrombo-
embolism, abdominal pain, and abnormal heart beat in
this study. The risk for thromboembolism is known to
be higher during pregnancy and postpartum resulting
from a relative increase in prothrombotic factors and
venous stasis.® The association identified between
acquiring SARS-CoV-2 infection in pregnancy and
thromboembolism may reflect the physiologic effects of
pregnancy, rather than PASC itself. The association
between acquiring SARS-CoV-2 infection during preg-
nancy and increased abdominal pain and abnormal
heart beat, similarly, may reflect normal pregnancy
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physiology; however, these differences in physiology
(higher prevalence of some PASC symptoms in preg-
nancy) would move the aHR towards the null and we
found a significant association.

This study has limitations. The use of ICD-10 codes
in an EHR dataset risks misclassification and under
ascertainment. All individuals included underwent
SARS-CoV-2 testing but we cannot address indication
for testing in this analysis. Further, individuals with
SARS-CoV-2 infection that did not undergo testing or
only underwent home testing were not captured in this
analysis. While there was sufficient sample size to
evaluate the primary outcome of PASC, there was
insufficient sample size for sub-analyses by SARS-CoV-
2 variant (e.g., Delta, Omicron), gestational age at time
of SARS-CoV-2 infection, COVID-19 disease severity, or
COVID-19 vaccination status. However, these variables
were considered in the weighted modelling approach.
We excluded pregnancies at <20 weeks’ gestation and
therefore the findings are not generalisable to in-
dividuals with SARS-CoV-2 infection without an
ongoing pregnancy beyond 20 weeks’ gestation. There is
also a possibility of residual confounding.

This study also has strengths. We evaluated PASC
in individuals acquiring SARS-CoV-2 infection during
pregnancy, which has not previously been reported.
The selected PCORnet EHR-based study cohort re-
flects the geographic and racial diversity of the U.S.
increasing generalisability of the findings. A data
driven analysis approach using inverse probability of
treatment weighting allowed for robust modelling and
adjustment for confounders.”* Findings were stable in
a sensitivity analysis using a propensity score-matched
cohort.

In conclusion, we found that acquiring SARS-CoV-2
infection during pregnancy as compared with acquiring
SARS-CoV-2 infection outside of pregnancy was asso-
ciated with a lower incidence of PASC at 30-180 days
after infection. The current findings further our un-
derstanding of PASC after acquiring SARS-CoV-2
infection in pregnancy to inform patient counselling
and direct future research. Further prospective study is
necessary to confirm these findings.
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