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Introduction

The perinatal health consequences of a global pandemic
arise from numerous sources, including social and structural
impacts (such as barriers in the access to care, stress, and
financial burdens); the direct impact of viral illness on
maternal, fetal, and neonatal outcomes; and the use of new
therapeutics in pregnant individuals. The COVID-19 global
pandemic has broad implications for obstetrical care and
perinatal outcomes. However, the systems stressors created
by the COVID-19 pandemic have also affected the rapid
development and synthesis of research, which could guide
healthcare policy, clinical decision-making, and basic and
translational research regarding pregnancy and COVID-19.
As we approach the 2-year mark into an unprecedented in-
ternational pandemic, this review presents the progress and
opportunities for research related to COVID-19 and preg-
nancy. Research is the basis for evidence-based clinical
guidelines, and we aim to provide the structure and guidance
for framing COVID-19-related obstetrical research. This
structure will pertain not only to this pandemic but future
ones as well.

Social-Structural Impacts of the COVID-19
Pandemic on Perinatal Outcomes and
Research

Social, Environmental, and Economic

Impacts

The tectonic social and economic shifts accompanying
the global waves of the SARS-CoV-2/COVID-19

Corresponding author: Research Committee, The Society for Maternal-
Fetal Medicine; smfm@smfm.org

outbreaks created social fragility as a result of isolation,
the illness or death of loved ones, stress of caring for
dependents, and need for homeschooling, as well as
financial instability caused by job loss and generalized
economic recession. Additionally, stay-at-home orders
and work-from-home arrangements diminished environ-
mental pollutant production and may have changed the
physical stress related to certain jobs. Notably, the
impact of these stressors is distributed unequally by race
and class in the United States because of the existing
institutional and structural racism and classism that
perpetuates the disparate access to resources for health
and opportunity. It will take years to understand the full
impact of the social, environmental, and economic
changes created by stay-at-home orders, physical and
social isolation, and job loss. Understanding the social
structural changes related to the pandemic and their
perinatal impacts is paramount for understanding the
current pandemic, preparing for future events, and
improving perinatal outcomes in normal circumstances
(Figure 1).

Psychosocial and community stress and
pregnancy outcomes

The relationship between acute and chronic stress and
pregnancy outcomes is a subject of decades-long study;
stress during pregnancy is associated with preterm birth,
low birthweight, and other adverse pregnancy outcomes. '
Similarly, researchers have linked chronic stress and an
increased allostatic load to persistent racial inequities in
adverse perinatal outcomes.®>° Although data are limited,
the additional stress and isolation because of the COVID-19
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pandemic are likely to impact perinatal outcomes, including
exacerbating racial, ethnic, and economic inequities.
Exposure to disasters—whether natural or human-made—
impacts maternal mental health, and the severity of the
exposure predicts more severe mental health outcomes.®

Intimate partner violence (IPV) increases in frequency
during pregnancy and is associated with adverse perinatal
outcomes.” The complex layers of instability during the
pandemic have contributed to an increase in IPV across the
globe.® Stay-at-home mandates in many countries were
associated with increased calls to authorities for assistance
with IPV.° In other regions, reports of IPV decreased, which
some have attributed to the inability of those experiencing
violence to discreetly and safely connect with the services.®
Economic independence is a key element in separating from
an abusive partner, which is more difficult to achieve during
a pandemic.

Like others working during the COVID-19 pandemic,
pregnant individuals have experienced various changes in
their work environments. Stressful working conditions
(whether physical or emotional) have been implicated in
adverse perinatal outcomes.'® Work environment changes
caused by COVID-19 may have both positive and negative
impacts on work stress. A large survey of workplace changes
related to COVID-19 and employee stress conducted at a
large academic medical center revealed that workplace
stress was higher than anticipated for most individuals."
However, some of this stress was mitigated by flexible
work-from-home policies and transparent scheduling.

From a community perspective, COVID-19 hardships
such as job loss, the proportion of COVID-19 infections and
deaths, and business and school closures are not distrib-
uted evenly among neighborhoods or communities.
Because of structural inequities, the impacts of the
pandemic are concentrated in marginalized communities,
which may, in turn, affect pregnancy outcomes. Economic
and racial segregation are associated with low birthweight,
small-for-gestational-age neonates, and preterm birth,>*
and these associations are most often attributed to
chronic stress. These relationships may be further height-
ened because of the concentration of COVID-19 hardships
in these same communities. For instance, in middle- and
working-class Black communities, men are dying of COVID-
19 at younger ages compared with White individuals.'*'®
The disproportionate loss of wage-earning, middle-aged
Black individuals exacerbates the economic impact of the
pandemic in these communities and may strain neighbor-
hood recovery efforts.

Environmental exposures

As road and air travel decreased during the pandemic, air
quality—measured by the amount of fine and coarse par-
ticulates and nitrous compounds present in the air—
improved in some areas of the world."® The changes in air
quality in the United States during the COVID-19 pandemic
have been variable and appear related to population density
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FIGURE 1
Understanding the impacts of the COVID-19
pandemic on perinatal outcomes
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and the timing and intensity of shelter-in-place mandates or
business closures.'”'® Fine particulates and other ambient
pollutants have been implicated in an increased risk of
preterm birth and other adverse outcomes.'® However, as of
the writing of this paper, there are no studies assessing the
relationship between environmental pollution changes and
adverse pregnancy outcomes during the COVID-19
pandemic.

Current areas of research

Given the complexity and interconnectedness of these
macrosocial determinants of pregnancy outcomes, under-
standing the breadth and depth of the COVID-19 pandemic
impact requires multidisciplinary efforts to bring the entire
picture into focus and inform both the ongoing policies
related to the pandemic and the preparation for future
pandemics. Acknowledging the importance of the com-
munity and social determinants, the Eunice Kennedy Shiver
National Institute of Child Health and Human De-
velopment’s (NICHD) Gestational Research Assessments
for COVID-19 (GRAVID) study’°—a prospective observa-
tional study of over 200,000 women in 12 Maternal-Fetal
Medicine Units (MFMU) Network centers—will include res-
idential information in addition to standard medical record
abstraction. This approach will permit researchers to un-
derstand the broader social and physical context of the
pregnant individuals’ experiences during the COVID-19
pandemic.

Areas for future research

Efforts to gather data about the psychosocial and macro-
social risk factors for poor pregnancy outcomes during the
pandemic were understandably scattered and only rarely
linked to adverse pregnancy outcomes because of low
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numbers or the expense of follow-up. For instance, a survey
on COVID-19—related anxiety in pregnancy did not collect
data on pregnancy outcomes.”’ The most important areas
of future inquiry in this arena include developing multi-
institutional, multidisciplinary teams to accomplish large
observational studies on the adverse pregnancy outcomes
that we hope to measure. The GRAVID study will accom-
plish this objective for a subset of patients across the
country and will be large enough to measure the maternal
morbidity in addition to pregnancy outcomes such as pre-
term birth, stillbirth, and low birthweight. Perinatal research
in this area would benefit greatly from partnerships with
experts in other disciplines, including mental health experts,
economists, sociologists, and geographers, to best repre-
sent and analyze complex macrosocial data.

Another opportunity for improved understanding is
through observational studies that oversample smaller, at-
risk populations. For example, Native and Indigenous peo-
ples, especially those living on reservations in the United
States, have been particularly devastated by the COVID-19
pandemic.?® Structural inequity and broken treaty obliga-
tions have led to poor healthcare access, limited water and
internet access, and transportation difficulties on Native
reservation lands that exacerbate COVID-19 spread and
worsen outcomes. Despite these difficulties, tribal leaders
have developed rapid and resourceful responses based on
the Native knowledge and community that may serve as
learning opportunities for other systems.?> However, large
data gaps remain that hamper efforts to understand the
scope of the problem or to disseminate knowledge. Devel-
oping partnerships with Tribal Epidemiology Centers and
sovereign Native nations to highlight tribal knowledge (while
preserving data sovereignty) around pregnancy and peri-
natal consequences of the pandemic among pregnant
Native and Indigenous individuals would prove beneficial.

Alterations in Healthcare Access and

Delivery

Current knowledge and ongoing research
Worldwide, changes of varying intensity occurred in
healthcare delivery and access associated with shelter-in-
place orders, including hospital capacity limitations and
changes in healthcare delivery to limit disease transmission.
Prenatal care, labor, and delivery occur over a relatively
short period of weeks; therefore, changes in healthcare
access may have a stronger impact during this compressed
period. Diminished and altered access to healthcare is
impacted by the macrosocial forces delineated in the prior
section. An early modeling study funded by the Bill &
Melinda Gates Foundation suggested that both maternal
and child mortality were expected to increase in low- and
middle-income countries with the COVID-19—related
worsening of access to healthcare and malnutrition.?* One
prospective study in Nepal found a 50% decrease in “in-
hospital births,” and the authors surmise that pregnant in-
dividuals stopped presenting for care because of a fear of

disease transmission in hospitals and a lack of public
transportation because of lockdowns.?® They also found an
increase in perinatal mortality and preterm birth during the
country’s COVID-19 pandemic lockdown.?® One study in
the United Kingdom identified a higher rate of stillbirth
during the pandemic period that was not associated with
maternal SARS-CoV-2 infection as compared with a historic
cohort,?® which the authors speculate is associated with
reduced prenatal care-seeking.’’ In contrast, other obser-
vational studies across Europe and the United States have
identified a decrease in the preterm birth rate during the
COVID-19 pandemic.?®?° These conflicting findings high-
light the need to assess not only access to healthcare but
also to include the macrosocial impacts on preterm birth
and perinatal mortality highlighted in the prior section.

Even as hospital systems struggled to respond to varying
access challenges while diminishing disease transmission,
alternative prenatal care models including telehealth, home
blood pressure monitoring, and changes in antenatal visit
timing, expanded rapidly.*° Randomized trials of inter-
spersing in-person antenatal visits with telehealth or remote
services show equal rates of safety and similar or improved
patient satisfaction for low-risk prenatal care compared with
standard care.®' *® However, the safety, efficacy, and pa-
tient tolerance of reduced-visit schedules and home moni-
toring using blood pressure cuffs and fetal Doppler monitors
on a large scale are unknown.

Areas for future research
Because alterations in the availability or the delivery method
of prenatal care may have benefits or risks both during and
after the pandemic, research is necessary to determine the
positive and negative effects of healthcare delivery changes
including: (1) the differential impact of healthcare availability
vs macrosocial changes (employment, environment, and
psychosocial stress); (2) the equitable distribution of access
to “COVID-safe” remote perinatal care access; (3) whether
flexible and remote prenatal care options assuage psy-
chosocial stress associated with the pandemic; and (4) the
utility of interspersing remote monitoring and virtual prenatal
care more widely even after the conclusion of the pandemic
to increase prenatal care access more broadly.
Additionally, there is a need to survey access to and uti-
lization of in-person and remote healthcare resources
throughout the country in both urban and rural areas.
Evaluation of payer databases (such as private health in-
surance, Kaiser, state Medicaid) linked to birth outcomes
provides an avenue to investigate the differential utilization
of telehealth vs in-person antenatal care visits and the
relationship between patient demographics and perinatal
outcomes. Concerns have been raised about inequitable
access to telehealth care for patients without internet ac-
cess, including rural, financially disadvantaged, homeless,
and migrant patient populations.>* A recent retrospective
study of over 1000 rural US counties found that the loss of
hospital-based obstetrical care was associated with
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increases in both preterm births and out-of-hospital births.*°
Even before this pandemic, telemedicine has been studied as
a means to improve healthcare access in rural areas. How-
ever, despite the potential benefits of telehealth, barriers
continue to exist, including the cost of implementing such
systems and technical issues such as broadband ac-
cess.®>*” Barriers to telehealth access and utilization are
compounded by a general decline in access to obstetrical
services in rural counties over the past decade® and high-
lights the importance of studying the impact of pandemic-
related alternative healthcare models not just at a national
level but also at regional levels in rural communities, migrant
populations, and other vulnerable groups.

Clinical Studies on COVID-19 in Pregnancy
Susceptibility and Severity of COVID-19
Emerging novel strains of influenza and coronaviruses that
cause severe respiratory disease®® *' typically affect
pregnant people disproportionately, in part because of the
adaptive immunology and cardiopulmonary physiology of
pregnancy.*?*’ Of note, the risks of morbidity with severe
lower respiratory infections are not limited to maternal out-
comes. Neonatal morbidity, including increased risks of
preterm birth, fetal demise, and delivery of low birthweight
infants, is associated with nearly all maternal severe lower
respiratory viral infections.*®*>*” Evaluating morbidity and
mortality in pregnant vs nonpregnant adults is difficult
because of inherent biases in reporting and publication.
Data on whether pregnant women are more or less sus-
ceptible to severe COVID-19 disease remain mixed.*® ®’
COVID-19 disease in pregnancy is associated with an
increased risk of severe maternal and neonatal morbidity,
including increased rates of preeclampsia, preterm birth,
cesarean delivery, and low birthweight infants.*®?°" As
the pandemic progresses, further data on the perinatal
complications related to the trimester of infection should be
evaluated. As we reach the midpoint of 2021, it is incumbent
to understand horizontal (person-to-person) and vertical
(mother-to-child) transmissibility and disease severity with
the emerging SARS-CoV-2 variants and variant strains
affecting individuals during pregnancy and the postpartum
interval, especially among those who are not vaccinated.
The COVID-19 pandemic has laid bare the impact of
structural and systemic racism on health outcomes. As in
the nonpregnant population, COVID-19 has differentially
affected Black and Hispanic pregnant individuals.*®°° Data
from the MFMU Network GRAVID study demonstrate that
although the disease severity in pregnant individuals may
not differ across racial groups, racial and ethnic minority
groups are overrepresented among pregnant individuals
who have tested positive for COVID-19.%° This observation
suggests that structural differences in access to healthcare
resources and opportunities may drive increased infection
rates among minority populations, leading to an increased
burden of COVID-19 in these communities. Other socio-
economic factors contributing to an increased risk of
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perinatal COVID-19 disease were elucidated by a study
conducted in New York City and include living with a higher
number of individuals in the household, higher community
unemployment rates, and living in larger residential units.®"

The specter of implicit bias in healthcare delivery may also
increase the likelihood of disparities in mortality or severe
outcomes from COVID-19 infection. In addition, Black,
Hispanic, and other individuals of color have dispropor-
tionately higher rates of hypertension, asthma, diabetes,
obesity, and other chronic diseases at younger ages, which
many attribute to the long-term health impacts of structural
racism.>%? These increased rates of comorbidity are asso-
ciated with increased COVID-19 severity and mortality at
younger ages among Black and Hispanic individuals
compared with Whites.'*® Mechanisms driving unex-
pectedly severe disease among healthier individuals are not
yet elucidated; however, there is no biologically plausible
reason why individuals of Black, Hispanic, or other minority
racial or ethnic identities would develop more severe dis-
ease based solely on their race or ethnicity, as these are
socially determined categories. A small number of studies in
pregnant and nonpregnant individuals affected by the
pandemic have highlighted the social construction of racial
disparities,®’** but further work is needed to understand
and dismantle the impacts of racism.

The NICHD is participating in the National Institutes of
Health Rapid Acceleration of Diagnostics (RADx-UP) pro-
gram, which will employ a perinatal health lens to this
ongoing work.%° The RADx-UP program seeks to understand
the factors associated with disproportionate rates in
COVID-19 morbidity and mortality and reduce disparities for
underserved and vulnerable populations that are dispropor-
tionately affected by, have the highest infection rates of, and
are most at risk of complications or poor outcomes from
COVID-19. In addition, the NICHD GRAVID study will collect
information about the perinatal outcomes of pregnant
women infected with SARS-CoV-2.°° Internationally, the
NICHD-funded Global Network is examining maternal and
neonatal outcomes in women with and without perinatal
SARS-CoV-2 infection across multiple sites in South Asia
and Africa.®” Each of these ongoing studies will contribute to
our understanding of COVID-19 in pregnancy, both from the
standpoint of individual responses to the disease and the
social determinants of COVID-19 outcomes in pregnancy.

Perinatal Morbidity and Mortality Reporting

Although initial reports from China suggested a possible
protective effect of pregnancy against COVID-19 morbidity
and mortality, more recently published articles from other
continents report equally or more severe disease and
mortality in pregnant individuals than in nonpregnant
individuals,®*°>¢®~ 79 similar to past pandemics. Although
the reason for the differences between the initial reports
from China and subsequent reports from elsewhere in the
world is currently unknown, several possible explanations
have been proposed. First, it is anticipated that during any
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pandemic, initial reporting via case series will be incom-
plete and subject to nonrandom selection bias. The
assessment of epidemiologic characteristics including
case-fatality ratios during a pandemic may be affected by
right (Type 1) censoring and ascertainment bias. Right
censoring reflects poor outcomes that may occur outside
the time to reporting interval and tends to underestimate
morbidity or mortality; in contrast, ascertainment bias of
poor outcomes tends to overestimate mortality. Mizumoto
and Chowell’" report that when an emerging pandemic
overwhelms a healthcare system, an underestimation of
the true disease burden and ascertainment bias occurs. In
addition, large upper limit confidence intervals will always
accompany small case series with zero mortality, leading
to a false reassurance regarding the risk of death in early
reporting. Because of this censoring bias (which is exac-
erbated in pregnancy and postpartum periods because of
their inherently prolonged intervals), future research in
subsequent pandemics should not quantify the risk or
estimate mortality rates based on case reports or small
series.

Addressing this issue will involve developing adequate
global reporting mechanisms to rapidly collect, analyze,
and disseminate information in the setting of emerging
viral pandemics. Notably, every pandemic of the last 20
years has disproportionately affected pregnant people
and fetuses. In the last 10 years, delays in recognizing the
high fetal morbidity and mortality during the Zika virus
infection outbreak and maternal morbidity and potentially
the mortality during the H1N1 and SARS-CoV-2 pan-
demics have occurred. Moreover, given the dispropor-
tionate burden borne by vulnerable populations, early and
rapid data collection is critically important to reduce the
global impact. Highlighting this point is the recent inter-
national collaboration that has provided one of the largest
perinatal morbidity and mortality evaluations of COVID-19
in pregnancy thus far.>*

Therapeutic Trials

Current knowledge and ongoing research
General therapeutic approaches to the treatment of COVID-
19 infection include immune modulators, antibody thera-
pies, antiviral medications, steroids, and other immune
suppressants. As in many disease states, randomized
clinical trials that enroll pregnant subjects are severely
lacking. A recently completed trial on dexamethasone to
treat COVID-19 did not exclude pregnant subjects’® but
treated them with prednisolone instead of dexamethasone.
However, the number of pregnant subjects included was too
small to draw relevant pregnancy-specific conclusions. The
ongoing RECOVERY trial in the United Kingdom, which is
evaluating several therapeutics for COVID-19, does not
exclude pregnant women. Two clinical trials (ClinicalTrials.
gov Identifier: NCT04365231 and NCT04410562) are
investigating hydroxycholoroquine interventions specif-
ically for COVID-19 in pregnancy, but most of the hundreds

of registered clinical trials for COVID-19 explicitly exclude
pregnant subjects.

Areas for future clinical research

There is an abundant opportunity and need for clinical
trials investigating therapeutics for COVID-19 in preg-
nancy. Figure 2 illustrates a framework for the needed
clinical research efforts on COVID-19 in pregnancy.
Although awaiting the inclusion of pregnant subjects in
these trials, it should be noted that the absence of data is
not equivalent to the presence of harm. Unless there is a
known physiologic basis for an increased risk of harm (eg,
a known teratogen), an intervention should not automati-
cally be assumed to confer an increased risk because of
pregnancy alone. Although the adaptive physiology of
pregnancy increases the risk of morbidity and mortality
from COVID-19 infection, these changes do not neces-
sarily translate into disproportionate or unique risks of
harm from therapies or vaccines for pregnant individuals
or fetuses. The following discussion explores some
unique considerations for the clinical trials of COVID-19
therapeutics and vaccines in pregnant individuals.

Phase 1/2 studies. In addition to safety and efficacy, phase
1/2 studies of COVID-19 therapeutics should include
pregnancy-specific pharmacokinetics to understand how a
drug’s pharmacology could be altered during pregnancy.
Pregnancy can substantially impact the pharmacokinetics
of medications that are cleared renally or metabolized by
certain hepatic cytochrome P450 enzymes that have
increased activity in pregnancy.”® Because pharmacoki-
netic studies can be time-intensive and expensive, other
considerations include identifying intermediate biomarkers
for therapeutic response to assess whether a similar
response is achieved in pregnant compared with nonpreg-
nant individuals. Additional safety considerations include
studying placental transfer in animal or in vitro models and
in vivo studies of cord blood and the neonate, whenever
possible. For example, dexamethasone or betamethasone
exhibits greater placental transfer and thus, greater fetal
impact than prednisolone.

Phase 3/4 studies. The RECOVERY trial in the United
Kingdom set a precedent by not excluding pregnant
women, but few other studies have followed that lead.
Clinical trials targeting pregnancy are severely lacking, and
the inclusion of a small number of pregnant subjects in
larger trials limits the pregnancy-specific interpretation of
the risks, benefits, and adequate dosage. Pregnancy-
specific studies are critical considering pregnancy-related
disease modifications, including changes in immune activ-
ity, cardiovascular and respiratory physiology, coagulability,
and inflammatory pathway activation. The lack of
pregnancy-specific data could be easily rectified given that
the therapies under study, such as the anticoagulants
aspirin, heparin, or enoxaparin; anti-inflammatory drugs;
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FIGURE 2

Suggested framework for categorizing required clinical research on COVID-19 in pregnancy
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and immunomodulators are already used frequently in
pregnancy and have a reassuring safety profile.”*"®
Multiple therapeutic areas should be studied specifically
in pregnancy. The ideal regimen for anticoagulation in the
setting of COVID-19 remains controversial.”® This issue has
not been studied in pregnancy,’’ a critical oversight given
that the risks for thrombosis are inherently higher during
pregnancy and the postpartum period. Furthermore,
placental macro- or microthrombosis may be associated
with preeclampsia and fetal growth restriction, which are
additional outcomes that should be considered when
studying the indications for and the timing of anti-
coagulation in the setting of COVID-19 in pregnancy.
Another key area of interest is the management of critically ill
pregnant patients. Maternal cardiopulmonary physiology
and hematologic changes predispose pregnant people to
hypoxemic respiratory failure and cardiopulmonary
collapse. The COVID-19 pandemic highlights the uncer-
tainty about the fetal effects of prolonged intubation, in-
dications for delivery, and the applicability of therapies used
to treat acute respiratory distress syndrome (ARDS) in
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nonpregnant people. For example, the feasibility, safety,
and efficacy of prone positioning in pregnancy remain un-
certain, although cases have been reported,’®’® and the
fetal effects and safe limits of permissive hypercapnia for
ARDS management remain unclear.

Finally, the rapidly emerging SARS-CoV-2 vaccines must
be addressed. Vaccine trials in pregnancy have begun
(ClinicalTrials.gov Identifier: NCT04765384 and
NCT04754594), and initial vaccination reports in pregnancy
are emerging.?° ®* The ethics of a placebo-controlled
vaccine trial in pregnancy when vaccines are available
widely albeit still under an emergency authorization for a
condition that has pregnancy-specific morbidity and mor-
tality are questionable. However, pregnancy-specific
studies are key, as shown by the studies of other vaccines
(influenza, pertussis) in pregnancy that have yielded infor-
mation about the timing of administration to optimize both
maternal and neonatal immunity.®>%° The specific areas of
interest include: (1) strength and durability of immune
response in pregnant people; (2) strength and durability of
passive immunity in neonates via placental transfer and
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breastmilk; (3) reduction in maternal and neonatal COVID-19
disease burden with vaccination; and (4) use of registries to
evaluate the safety of vaccines during pregnancy and
breastfeeding. Additionally, future trials to examine variant
strain protection with vaccine “boosters” should be
designed to include gravidae.

When including pregnant subjects in future clinical
research, the following approaches may yield more rapid
results while addressing ethical concerns. Rather than
stagger placebo-controlled vaccine trials (or other thera-
peutic trials) in nonpregnant adults and then in pregnant in-
dividuals, we suggest including pregnant patients in the
studies of therapies without evidence of maternal or fetal
harm in preclinical studies. This approach allows rapidly
emerging, novel, life-saving therapies to be approved with
data available on pregnancy. For therapies already approved
in nonpregnant adults, focused studies in pregnancy are also
important; however, single-arm or dual active-arm studies
are preferable to avoid withholding potentially life-saving
therapy. Finally, the US Food and Drug Administration
(FDA) has recognized the harm of excluding pregnant pa-
tients from research, acknowledging that “the frequent lack
of information based on clinical data often leaves the
healthcare provider and patient reluctant to treat the under-
lying condition, which in some cases may result in more harm
to the woman and the fetus than if she had been treated.” In
addition to declaring that “development of accessible treat-
ment options for the pregnant population is a significant
public health issue,”®” the FDA also provides basic guidance
for the inclusion of pregnant patients in research.

Translational Research

Current Knowledge

SARS-CoV-2 pathophysiology

One reason that the severity of COVID-19 disease was
initially underestimated in pregnancy is likely related to the
challenges in classifying the distinct pathophysiology of the
disease. The general effects of symptomatic SARS-CoV-2
infection (which functionally defines COVID-19 disease)
are now appreciated to fall into 3 key categories: respira-
tory,® cardiopulmonary,®® and systemic inflammation with
or without sepsis or vasculitis (including the so-called
“cytokine storm”).%%9"

Maternal immune response
Although it is frequently stated that pregnant women are
“immunosuppressed,” such assumptions are incorrect.*?
Rather, human pregnancy represents highly adaptive im-
munity, including the competency of B-cell-mediated hu-
moral, innate, and T-cell-mediated immune responses that
allow the pregnant person to become tolerant to the fetus
yet remain immunocompetent to ward off pathogens.*®
There are emerging studies on both the maternal immune
response and the vertical transmission of immunity.®?~9°
A profound cytokine storm leading to sepsis or a
vasculitis-like response, which is the systemic inflammatory

response identified with SARS-CoV-2, has now been well-
documented.’®°" In general, the most consistent pattern of
this cytokine storm involves the upregulation of 3 general
classes of cytokines and chemokines: (1) interferon-
gamma—induced proteins (eg, interferon-gamma—induced
protein-10); (2) monocyte chemotactic proteins (MCPs)
and macrophage inflammatory proteins (MIPs; eg, MCP-3
and MIP1); and (3) interleukins (ILs) and interleukin recep-
tor antagonists or agonists (eg, IL-1Ra, IL-1, and IL-10).

Placental pathology and vertical transmission
To date, it remains unclear how often the true vertical trans-
mission of a live virus from a pregnant person to a fetus oc-
curs. There are consistent reports of adverse perinatal and
neonatal outcomes reported among pregnant women with
SARS-CoV-2 infection and COVID-19 moderate and severe
disease including preterm birth, stillbirth, intrauterine fetal
demise (IUFD), neonatal death,”®°° °° and placental patho-
logic findings related to SARS-CoV-2 exposure.'% 102
These outcomes are consistent with reports of adverse
perinatal outcomes of stillbirth, IUFD, fetal growth restriction,
and placental abruption seen with SARS-CoV-1 in 2003 and
MERS-CoV in 2012. Understanding the mechanisms by
which these viruses gain entry into cells may help elucidate
how they could be vertically transmitted.

SARS-CoV-1 (the viral pathogen responsible for the SARS
epidemic in 2003) and SARS-CoV-2 are both enveloped
virions containing a single positive-strand RNA genome
belonging to the Betacoronavirus genus of the Coronavir-
idae family. SARS-CoV-2 uses the same angiotensin-
converting enzyme 2 (ACE2) as its putative cell entry host
receptor as SARS-CoV-1 and bears 80% to 85% nucleotide
homology to SARS-CoV-1."%® Although both SARS-CoV-1
and CoV-2 bind ACE2 via the viral surface spike glycopro-
tein (S protein, 76 % protein identity), potential differences in
the role of specific serine and cysteine proteases in the
cleavage of the S protein for priming for enhanced cell entry
may exist between these 2 viruses. % %°

When considering the potential for vertical transmission,
both the placenta and the stool or meconium may be of
importance, because a less-lethal common Coronaviridae
(229E) genus is known to be transplacentally transmitted.
However, whether it uses the same or different cell entry
receptors as SARS-CoV-2 (eg, ACE2) is unknown.'%%%7
Moreover, although ACE2 mRNA is more highly expressed
in human placental syncytiotrophoblasts early in gestation
and the ACE protein localizes to fetal endothelium, the
placental expression of the host proteases (such as trans-
membrane protease serine 2 [TMPRSS2] and others)
necessary for the cleavage of the S protein and receptor
priming is unknown and has generally only been described
in lung and airway cells or their progenitors.'*® As a result,
whether the necessary and sufficient host molecular ma-
chinery to enable the efficient transplacental vertical trans-
mission and subsequent fetal infection is present or absent
in the second- or third-trimester human placenta remains
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FIGURE 3

Areas of franslational research on SARS-CoV-2 in pregnancy and clinical implications
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controversial."®>""® However, most high-quality studies
consistently report the placental detection of SARS-CoV-2
virus, which may or may not portend clinically meaningful
fetal infections detectable in the liveborn
neonate.100,101,1107122

Regarding fecal-oral transmission, SARS-CoV-2 RNA has
been found in the stool samples of people infected with the
virus, some of whom tested negative from respiratory
samples. Additionally, immunofluorescence visualization of
biopsy specimens is consistent with viral uptake in the
glandular cells of the gastric, duodenal, and rectal
epithelia.’*> '?° These findings raise concern for the pos-
sibility of fecal-oral transmission, which would have poten-
tial implications in obstetrical practice and risk of vertical
transmission in pregnant patients who were known to har-
bor infectious virions in their stool or vagina at the time of
vaginal delivery. However, infectious SARS-CoV-2 virion
load in the stool or vagina is not known, and the demon-
stration of fecal-oral transmission remains purely specula-
tive at this juncture.

Ongoing Research
Several studies are ongoing in this arena. Figure 3 provides

a conceptual framework for both current studies and those
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that are needed in the future. Pregnancy CoRonavlrus
Outcomes ReglsTrY study (PRIORITY), an observational
cohort study of pregnant patients who were tested for
COVID-19 and had a positive test result, has ancillary
studies examining the vertical transmission of immunity and
disease processes by collecting samples at delivery,
including placenta and cord blood. The intramural branch of
the NICHD (Perinatology Research Branch) is investing in
translational studies of COVID-19 in pregnancy, which
include understanding the biology of SARS-CoV-2, its ef-
fects on the placenta and lung tissue, and the mechanisms
that lead to severe symptoms and death among older
people and those with underlying health conditions (https://
www.nichd.nih.gov/research/supported/COVID).

The NICHD is also participating in the RADx-UP initiative
that aims to identify the biomarkers and tools to improve the
diagnostic strategies for COVID-19 and predict the severity
of COVID-19 disease in pregnant people and children.

Areas for Future Research

Prognostic biomarkers

Another specific area of need in COVID-19—related
research is the identification of prognostic markers in
pregnancy. Cellular and cytokine studies in COVID-19 have


https://www.nichd.nih.gov/research/supported/COVID
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shown rapid induction of antibody-producing cells and
follicular T-helper cells during infection,'?® and SARS-CoV-
2—specific cluster of diffentiation (CD), CD4+ and CD8+ T
cells have been identified in convalescent patients.'?’
Lymphocytopenia has been observed,’*® especially a
reduction in CD4+ and CD8+ T cells, and it is predictive of
COVID-19 progression.'?? In systemic cytokine responses,
studies report that high levels of several cytokines associ-
ated with COVID-19, including IL-6 and IL-8, are associated
with COVID-19,'?*'%%suggesting that proinflammatory
mediators contribute to disease severity. Notably, both the
mild and severe forms of the disease result in changes in the
levels of circulating cytokines and chemokines. '’

To date, the effects of COVID-19—related cytokine re-
sponses (including the association with disease severity
and the latency to delivery) on pregnancy are unknown. A
maternal inflammatory response can lead to a fetal inflam-
matory response syndrome. Prior research suggests that
increased levels of IL-6 are associated with preterm birth,'*?
fetal growth restriction,'®® and fetal inflammatory response
syndrome,'** all of which are associated with adverse short-
and long-term neonatal outcomes. These associations
highlight the link between cellular/innate immunity and
maternal and perinatal (fetal or neonatal) health.

Other biomarkers of interest identified in nonpregnant
populations should be studied specifically in pregnancy
because many of these markers are altered during preg-
nancy and labor. These biomarkers include inflammatory
markers such as IL-6, C-reactive protein, erythrocyte sedi-
mentation rate, lactate dehydrogenase'®>''*%; hematologic
parameters including platelet count and activity and d-dimer

levels'®’; and immunologic markers such as T-cell
129

cytology.

Characterization of the COVID-19 disease
process

Although there have been many publications on the clinical
course of COVID-19 in pregnancy, there are limited data on
the immunological disease process. Research is needed to
compare the variability in the viral burden and shedding in
pregnant vs nonpregnant individuals; to determine whether
the natural shift in immunity in pregnancy impacts the im-
mune response in pregnant vs nonpregnant people; and
track the time course of development and durability of an-
tibodies during pregnancy, including transmission in cord
blood and breast milk.

Placental pathology and disease transmission

A significant need remains for research into the incidence
and mechanism of maternal-fetal disease transmission,
especially in light of maternal vaccination and monoclonal
antibody therapies. There are additional considerations
about the role of the placenta in mediating or modulating
both the viral burden and maternal disease. It is known that
the placenta plays a role in the timing of onset and the
severity of preeclampsia. Hosier and colleagues recently

published a case of second-trimester symptomatic COVID-
19 complicated by severe preeclampsia and placental
abruption.’®® These investigators showed that SARS-CoV-
2 localized predominantly to syncytiotrophoblasts at the
maternal-fetal interface. However, distinct from the pre-
eclampsia placental histopathology in the absence of
COVID-19 disease, a dense macrophage infiltrate without
vasculopathy was also identified. Other investigators also
have shown an association between SARS-CoV-2 infection
and both preeclampsia and fetal growth restriction.*®'=?
Future research delineating the role of placental pathology
independent of ACE2-receptor—mediated effects is an op-
portunity to interrogate novel mechanisms.

Impact of maternal disease on the fetus and
neonate

Although vertical transmission appears to be rare, there are
limited data on the impact of maternal disease on the fetus
and the neonate, including the effects of a potentially pro-
longed inflammatory state, hypoxia, and thrombotic dis-
ease. These maternal conditions can impact fetal
developmental pathways with long-term outcomes that
have not yet been elucidated, including alterations in stress
pathways, fetal inflammatory response syndrome, and
epigenetic changes.

Conclusion

The COVID-19 pandemic has created a need for research
into several key areas that pertain to pregnancy and
maternal/fetal health from a population health level to a
basic science level. The pandemic has highlighted how
personal, social, environmental, and workplace changes
may impact pregnancy, healthcare provision, and perinatal
outcomes. The rapid advance of therapeutics for the treat-
ment and prevention of COVID-19 has been admirable, but
there remains a lag in the inclusion of pregnant populations
and studies specifically on treatment and prevention of
pregnancy-related complications. We have yet to fully un-
derstand the impact of SARS-CoV-2 on the maternal/fetal
unit, including the immune and inflammatory response in
pregnancy and the role of the placenta and placental pa-
thology in perinatal outcomes and vertical transmission. We
applaud the projects that are underway to explore these
areas and highlight the gaps in current knowledge for future
work. Such research is critical if we are to appreciate the
current pandemic and prepare for future pandemics.

REFERENCES

1. Hobel CJ, Goldstein A, Barrett ES. Psychosocial stress and pregnancy
outcome. Clin Obstet Gynecol 2008;51:333-48.

2. Shannon M, King TL, Kennedy HP. Allostasis: a theoretical framework
for understanding and evaluating perinatal health outcomes. J Obstet
Gynecol Neonatal Nurs 2007;36:125-34.

3. Geronimus AT. Black/white differences in the relationship of maternal
age to birthweight: a population-based test of the weathering hypothesis.
Soc Sci Med 1996;42:589-97.

DECEMBER 2021 B27


http://refhub.elsevier.com/S0002-9378(21)00976-5/sref1
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref1
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref2
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref2
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref2
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref3
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref3
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref3
www.smfm.org

SMFM Consult Series

smfm.org

4. Lu MC, Halfon N. Racial and ethnic disparities in birth outcomes: a life-
course perspective. Matern Child Health J 2003;7:13-30.

5. Riggan KA, Gilbert A, Allyse MA. Acknowledging and addressing allo-
static load in pregnancy care. J Racial Ethn Health Disparities 2021;8:
69-79.

6. Harville E, Xiong X, Buekens P. Disasters and perinatal health:a sys-
tematic review. Obstet Gynecol Surv 2010;65:713-28.

7. Currie J, Mueller-Smith M, Rossin-Slater M. Violence while in utero:
the impact of assaults during pregnancy on birth outcomes. 2018. Avail-
able at: https://inequality.hks.harvard.edu/files/inequality/files/currie18.
pdf. Accessed September 26, 2021.

8. Evans ML, Lindauer M, Farrell ME. A pandemic within a pandemic -
intimate partner violence during Covid-19. N Engl J Med 2020;383:
2302-4.

9. Taub A. A new Covid-19 crisis: domestic abuse rises worldwide. The
New York Times; 2020. April 6, 2020. Available at: https://www.nytimes.
com/2020/04/06/world/coronavirus-domestic-violence.html.  Accessed
September 26, 2021.

10. Katz VL. Work and work-related stress in pregnancy. Clin Obstet
Gynecol 2012;55:765-73.

11. Delaney RK, Locke A, Pershing ML, et al. Experiences of a health
system’s faculty, staff, and trainees’ career development, work culture,
and childcare needs during the COVID-19 pandemic. JAMA Netw Open
2021;4:e213997.

12. Mehra R, Boyd LM, Ickovics JR. Racial residential segregation and
adverse birth outcomes: a systematic review and meta-analysis. Soc Sci
Med 2017;191:237-50.

13. Debbink MP, Bader MDM. Racial residential segregation and low birth
weight in Michigan’s metropolitan areas. Am J Public Health 2011;101:
1714-20.

14. Centers for Disease Control and Prevention. Health equity consider-
ations and racial and ethnic minority groups. 2021. Available at: https://
www.cdc.gov/coronavirus/2019-ncov/community/health-equity/race-
ethnicity.html. Accessed July 15, 2021.

15. Johnson A, Martin N. How COVID-19 hollowed out a generation of
young Black men — ProPublica. 2020. Available at: https://www.
propublica.org/article/how-covid-19-hollowed-out-a-generation-of-
young-black-men. Accessed July 15, 2021.

16. Rodriguez-Urrego D, Rodriguez-Urrego L. Air quality during the
COVID-19: PM 2.5 analysis in the 50 most polluted capital cities in the
world. Environ Pollut 2020;266:115042.

17. Berman JD, Ebisu K. Changes in U.S. air pollution during the COVID-
19 pandemic. Sci Total Environ 2020;739:139864.

18. Chen LA, Chien LC, Li Y, Lin G. Nonuniform impacts of COVID-19
lockdown on air quality over the United States. Sci Total Environ
2020;745:141105.

19. Bekkar B, Pacheco S, Basu R, DeNicola N. Association of air pollution
and heat exposure with preterm birth, low birth weight, and stillbirth in the
US: a systematic review. JAMA Netw Open 2020;3:6208243.

20. Eunice Kennedy Shriver National Institute of Child Health and Human
Development. Media Advisory: NIH-funded study to investigate pregnancy
outcomes resulting from the COVID-19 pandemic. 2020. Available at:
https://www.nichd.nih.gov/newsroom/news/051920-MFMU-COVID-19.

Accessed August 1, 2021.

21. Moyer CA, Compton SD, Kaselitz E, Muzik M. Pregnancy-related
anxiety during COVID-19: a nationwide survey of 2740 pregnant women.
Arch Womens Ment Health 2020;23:757-65.

22, Hatcher SM, Agnew-Brune C, Anderson M, et al. COVID-19 among
American Indian and Alaska native persons - 23 States, January 31-July 3,
2020. MMWR Morb Mortal WKly Rep 2020;69:1166-9.

23. Hostetter M, Klein S. Learning from pandemic responses across Indian
country | Commonwealth Fund. 2020. Available at: https://www.
commonwealthfund.org/publications/2020/sep/learning-pandemic-res
ponses-across-indian-country?redirect_source=/publications/news

letter-article/2020/sep/learning-pandemic-responses-across-indian-

country. Accessed September 26, 2020.

B28 DECEMBER 2021

24, Roberton T, Carter ED, Chou VB, et al. Early estimates of the indirect
effects of the COVID-19 pandemic on maternal and child mortality in low-
income and middle-income countries: a modelling study. Lancet Glob
Health 2020;8:€901-8.

25. Kc A, Gurung R, Kinney MV, et al. Effect of the COVID-19 pandemic
response on intrapartum care, stillbirth, and neonatal mortality outcomes in
Nepal: a prospective observational study. Lancet Glob Health 2020;8:
e1273-81.

26. Khalil A, von Dadelszen P, Draycott T, Ugwumadu A, O’Brien P,
Magee L. Change in the incidence of stillbirth and preterm delivery during
the COVID-19 pandemic. JAMA 2020;324:705-6.

27. Khalil A, von Dadelszen P, Kalafat E, et al. Change in obstetric atten-
dance and activities during the COVID-19 pandemic. Lancet Infect Dis
2021;21:e115.

28. Arun Babu T, Sharmila V, Vishnu Bhat B. Curious scenario of changes
in incidence of preterm births during COVID-19 pandemic. Pointers for
future research? Eur J Obstet Gynecol Reprod Biol 2020;253:333-4.
29. Philip RK, Purtill H, Reidy E, et al. Unprecedented reduction in births of
very low birthweight (VLBW) and extremely low birthweight (ELBW) infants
during the COVID-19 lockdown in Ireland: a ‘natural experiment’ allowing
analysis of data from the prior two decades. BMJ Glob Health 2020;5:
e003075.

30. Fryer K, Delgado A, Foti T, Reid CN, Marshall J. Implementation of
obstetric telehealth during COVID-19 and beyond. Matern Child Health J
2020;24:1104-10.

31. DeNicola N, Grossman D, Marko K, et al. Telehealth interventions to
improve obstetric and gynecologic health outcomes: a systematic review.
Obstet Gynecol 2020;135:371-82.

32. Butler Tobah YS, LeBlanc A, Branda ME, et al. Randomized com-
parison of a reduced-visit prenatal care model enhanced with remote
monitoring. Am J Obstet Gynecol 2019;221:638.e1-8.

33. Dowswell T, Carroli G, Duley L, et al. Alternative versus standard
packages of antenatal care for low-risk pregnancy. Cochrane Database
Syst Rev 2015;2015:CD000934.

34. Society for Maternal-Fetal Medicine. Telehealth: opportunities to in-
crease access to quality health care and advance equitable maternal
health. 2020. Available at: https://s38.amazonaws.com/cdn.smfm.org/
media/2633/December_2020_Issue_Brief__Telehealth.pdf.  Accessed
July 15, 2021.

35. Kozhimannil KB, Hung P, Henning-Smith C, Casey MM, Prasad S.
Association between loss of hospital-based obstetric services and birth
outcomes in rural counties in the United States. JAMA 2018;319:
1239-47.

36. Zachrison KS, Boggs KM, Hayden EM, Espinola JA, Camargo CA Jr.
Understanding barriers to telemedicine implementation in rural emergency
departments. Ann Emerg Med 2020;75:392-9.

37. Lin CCC, Dievler A, Robbins C, Sripipatana A, Quinn M, Nair S. Tele-
health in health centers: key adoption factors, barriers, and opportunities.
Health Aff (Millwood) 2018;37:1967-74.

38. Hung P, Henning-Smith CE, Casey MM, Kozhimannil KB. Access to
obstetric services in rural counties still declining, with 9 percent losing
services, 2004-14. Health Aff (Millwood) 2017;36:1663-71.

39. Wong SF, Chow KM, Leung TN, et al. Pregnancy and perinatal out-
comes of women with severe acute respiratory syndrome. Am J Obstet
Gynecol 2004;191:292-7.

40. Alfaraj SH, Al-Tawfig JA, Memish ZA. Middle East Respiratory
Syndrome coronavirus (MERS-CoV) infection during pregnancy: report
of two cases & review of the literature. J Microbiol Immunol Infect
2019;52:501-3.

41, Alserehi H, Wali G, Alshukairi A, Alraddadi B. Impact of Middle East
Respiratory Syndrome coronavirus (MERS-CoV) on pregnancy and peri-
natal outcome. BMC Infect Dis 2016;16:105.

42. Rasmussen SA, Jamieson DJ, Uyeki TM. Effects of influenza
on pregnant women and infants. Am J Obstet Gynecol 2012;207:S3-8.
43. Aagaard-Tillery KM, Silver R, Dalton J. Immunology of normal preg-
nancy. Semin Fetal Neonatal Med 2006;11:279-95.


http://refhub.elsevier.com/S0002-9378(21)00976-5/sref4
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref4
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref5
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref5
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref5
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref6
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref6
https://inequality.hks.harvard.edu/files/inequality/files/currie18.pdf
https://inequality.hks.harvard.edu/files/inequality/files/currie18.pdf
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref8
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref8
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref8
https://www.nytimes.com/2020/04/06/world/coronavirus-domestic-violence.html
https://www.nytimes.com/2020/04/06/world/coronavirus-domestic-violence.html
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref10
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref10
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref11
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref11
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref11
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref11
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref12
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref12
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref12
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref13
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref13
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref13
https://www.cdc.gov/coronavirus/2019-ncov/community/health-equity/race-ethnicity.html
https://www.cdc.gov/coronavirus/2019-ncov/community/health-equity/race-ethnicity.html
https://www.cdc.gov/coronavirus/2019-ncov/community/health-equity/race-ethnicity.html
https://www.propublica.org/article/how-covid-19-hollowed-out-a-generation-of-young-black-men
https://www.propublica.org/article/how-covid-19-hollowed-out-a-generation-of-young-black-men
https://www.propublica.org/article/how-covid-19-hollowed-out-a-generation-of-young-black-men
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref16
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref16
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref16
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref17
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref17
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref18
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref18
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref18
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref19
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref19
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref19
https://www.nichd.nih.gov/newsroom/news/051920-MFMU-COVID-19
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref21
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref21
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref21
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref22
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref22
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref22
https://www.commonwealthfund.org/publications/2020/sep/learning-pandemic-responses-across-indian-country?redirect_source=/publications/newsletter-article/2020/sep/learning-pandemic-responses-across-indian-country
https://www.commonwealthfund.org/publications/2020/sep/learning-pandemic-responses-across-indian-country?redirect_source=/publications/newsletter-article/2020/sep/learning-pandemic-responses-across-indian-country
https://www.commonwealthfund.org/publications/2020/sep/learning-pandemic-responses-across-indian-country?redirect_source=/publications/newsletter-article/2020/sep/learning-pandemic-responses-across-indian-country
https://www.commonwealthfund.org/publications/2020/sep/learning-pandemic-responses-across-indian-country?redirect_source=/publications/newsletter-article/2020/sep/learning-pandemic-responses-across-indian-country
https://www.commonwealthfund.org/publications/2020/sep/learning-pandemic-responses-across-indian-country?redirect_source=/publications/newsletter-article/2020/sep/learning-pandemic-responses-across-indian-country
https://www.commonwealthfund.org/publications/2020/sep/learning-pandemic-responses-across-indian-country?redirect_source=/publications/newsletter-article/2020/sep/learning-pandemic-responses-across-indian-country
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref24
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref24
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref24
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref24
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref25
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref25
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref25
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref25
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref26
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref26
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref26
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref27
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref27
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref27
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref28
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref28
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref28
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref29
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref29
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref29
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref29
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref29
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref30
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref30
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref30
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref31
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref31
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref31
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref32
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref32
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref32
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref33
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref33
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref33
https://s3.amazonaws.com/cdn.smfm.org/media/2633/December_2020_Issue_Brief__Telehealth.pdf
https://s3.amazonaws.com/cdn.smfm.org/media/2633/December_2020_Issue_Brief__Telehealth.pdf
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref35
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref35
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref35
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref35
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref36
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref36
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref36
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref37
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref37
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref37
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref38
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref38
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref38
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref39
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref39
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref39
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref40
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref40
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref40
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref40
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref41
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref41
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref41
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref42
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref42
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref43
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref43
www.smfm.org

smfm.org

SMFM Consult Series

44, Littauer EQ, Skountzou |. Hormonal regulation of physiology, innate
immunity and antibody response to H1N1 influenza virus infection during
pregnancy. Front Immunol 2018;9:2455.

45. ACOG Practice Bulletin No. 211: critical care in pregnancy. Obstet
Gynecol 2019;133:E303-19.

46. Della Gatta AN, Rizzo R, Pilu G, Simonazzi G. Coronavirus disease
2019 during pregnancy: a systematic review of reported cases. Am J
Obstet Gynecol 2020;223:36-41.

47. Mosby LG, Rasmussen SA, Jamieson DJ. 2009 pandemic influenza A
(H1N1) in pregnancy: a systematic review of the literature. Am J Obstet
Gynecol 2011;205:10-8.

48. Zambrano LD, Ellington S, Strid P, et al. Update: characteristics
of symptomatic women of reproductive age with laboratory-
confirmed SARS-CoV-2 infection by pregnancy status - United
States, January 22-October 3, 2020. MMWR Morb Mortal Wkly Rep
2020;69:1641-7.

49. Woodworth KR, Olsen EO, Neelam V, et al. Birth and infant outcomes
following laboratory-confirmed SARS-CoV-2 infection in pregnancy - SET-
NET, 16 jurisdictions, March 29-October 14, 2020. MMWR Morb Mortal
WKly Rep 2020;69:1635-40.

50. Pineles BL, Goodman KE, Pineles L, et al. In-hospital mortality in a
cohort of hospitalized pregnant and nonpregnant patients with COVID-19.
Ann Intern Med 2021;174:1186-8.

51. Hantoushzadeh S, Shamshirsaz AA, Aleyasin A, et al. Maternal death
due to COVID-19. Am J Obstet Gynecol 2020;223:109.e1-16.

52. Allotey J, Stallings E, Bonet M, et al. Clinical manifestations, risk factors,
and maternal and perinatal outcomes of coronavirus disease 2019 in
pregnancy: living systematic review and meta-analysis. BMJ 2020;370:
m3320.

53. Panagiotakopoulos L, Myers TR, Gee J, et al. SARS-CoV-2
infection among hospitalized pregnant women: reasons for admission
and pregnancy characteristics - eight U.S. Health care centers,
March 1-May 30, 2020. MMWR Morb Mortal Wkly Rep 2020;69:
1355-9.

54. Villar J, Ariff S, Gunier RB, et al. Maternal and neonatal morbidity and
mortality among pregnant women with and without COVID-19 infection:
the INTERCOVID multinational cohort study. JAMA Pediatr 2021;175:
817-26.

55. WAPM (World Association of Perinatal Medicine) Working Group
on COVID-19. Maternal and perinatal outcomes of pregnant women
with SARS-CoV-2 infection. Ultrasound Obstet Gynecol 2021;57:
232-41.

56. Zaigham M, Andersson O. Maternal and perinatal outcomes with
COVID-19: a systematic review of 108 pregnancies. Acta Obstet Gynecol
Scand 2020;99:823-9.

57. Huntley BJF, Huntley ES, Di Mascio D, Chen T, Berghella V,
Chauhan SP. Rates of maternal and perinatal mortality and vertical
transmission in pregnancies complicated by severe acute respiratory
syndrome coronavirus 2 (SARS-Co-V-2) infection: a systematic review.
Obstet Gynecol 2020;136:303-12.

568. Prabhu M, Cagino K, Matthews KC, et al. Pregnancy and
postpartum outcomes in a universally tested population for SARS-CoV-
2 in New York City: a prospective cohort study. BJOG 2020;127:
1548-56.

59. Breslin N, Baptiste C, Gyamfi-Bannerman C, et al. Coronavirus
disease 2019 infection among asymptomatic and symptomatic preg-
nant women: two weeks of confirmed presentations to an affiliated pair
of New York City hospitals. Am J Obstet Gynecol MFM 2020;2:
100118.

60. Metz TD, Clifton RG, Hughes BL, et al. Disease severity and perinatal
outcomes of pregnant patients with coronavirus disease 2019 (COVID-
19). Obstet Gynecol 2021;137:571-80.

61. Emeruwa UN, Ona S, Shaman JL, et al. Associations between built
environment, neighborhood socioeconomic status, and SARS-CoV-2
infection among pregnant women in New York City. JAMA 2020;324:
390-2.

62. Williams DR, Lawrence JA, Davis BA. Racism and health: evidence and
needed research. Annu Rev Public Health 2019;40:105-25.

63. Bassett MT, Chen JT, Krieger N. Variation in racial/ethnic disparities in
COVID-19 mortality by age in the United States: a cross-sectional study.
PL0S Med 2020;17:e1003402.

64. Yehia BR, Winegar A, Fogel R, et al. Association of race with mortality
among patients hospitalized with coronavirus disease 2019 (COVID-19) at
92 US hospitals. JAMA Netw Open 2020;3:62018039.

65. Eunice Kennedy Shriver National Institute of Child Health and Human
Development. NIH one step closer to speeding delivery of COVID-19
testing technologies to those who need it most through RADx-UP.
2020. Available at: https://www.nichd.nih.gov/about/org/od/directors_
corner/prev_updates/RADx-UP. Accessed August 2, 2021.

66. National Institutes of Health. NIH-funded study to investigate pregnancy
outcomes resulting from COVID-19 pandemic. 2020. Available at: https://
www.nih.gov/news-events/news-releases/nih-funded-study-investigate-
pregnancy-outcomes-resulting-covid-19-pandemic. Accessed
September 26, 2020.

67. National Institutes of Health. NIH-supported study to track prevalence
and impact of SARS-CoV-2 among pregnant women in low- and middle-
income countries. 2020. Available at: https://www.nih.gov/news-events/
news-releases/nih-supported-study-track-prevalence-impact-sars-cov-
2-among-pregnant-women-low-middle-income-countries. Accessed
September 26, 2020.

68. Mullins E, Hudak ML, Banerjee J, et al. Pregnancy and neonatal out-
comes of COVID-19: coreporting of common outcomes from PAN-COVID
and AAP-SONPM registries. Ultrasound Obstet Gynecol 2021;57:
573-81.

69. DeBolt CA, Bianco A, Limaye MA, et al. Pregnant women with severe
or critical coronavirus disease 2019 have increased composite morbidity
compared with nonpregnant matched controls. Am J Obstet Gynecol
2021;224:510.e1-12.

70. Khan DSA, Pirzada AN, Ali A, Salam RA, Das JK, Lassi ZS. The differ-
ences in clinical presentation, management, and prognosis of laboratory-
confirmed COVID-19 between pregnant and non-pregnant women: a
systematic review and meta-analysis. Int J Environ Res Public Health
2021;18:5618.

71. Mizumoto K, Chowell G. Estimating risk for death from coronavirus
disease, China, January-February 2020. Emerg Infect Dis 2020;26:
1251-6.

72. RECOVERY Collaborative Group, Horby P, Lim WS, et al. Dexa-
methasone in hospitalized patients with Covid-19. N EnglJ Med 2021;384:
693-704.

73. Tasnif Y, Morado J, Hebert MF. Pregnancy-related pharmacokinetic
changes. Clin Pharmacol Ther 2016;100:53-62.

74. Brites L, Madeira N, Rodrigues J, et al. Biologic therapy use and
pregnancy outcomes in women with immune-mediated inflammatory
rheumatic diseases. Acta Reumatol Port 2019;44:266-72.

75. Laube R, Paramsothy S, Leong RW. Use of medications during
pregnancy and breastfeeding for Crohn’s disease and ulcerative colitis.
Expert Opin Drug Saf 2021;20:275-92.

76. Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and thrombotic
or thromboembolic disease: implications for prevention, antithrombotic
therapy, and follow-up: JACC state-of-the-art review. J Am Coll Cardiol
2020;75:2950-73.

77. Halscott T, Vaught J; SMFM COVID-19 Task Force. Management
considerations for pregnant patients with COVID-19. Society for Maternal-
Fetal Medicine. 2021. Available at: https://s3.amazonaws.com/cdn.smfm.
org/media/2734/SMFM_COVID_Management_of_COVID_pos_preg_
patients_2-2-21_(final).pdf. Accessed July 16, 2021.

78. Pierce-Wiliams RAM, Burd J, Felder L, et al. Clinical course of
severe and critical coronavirus disease 2019 in hospitalized pregnan-
cies: a United States cohort study. Am J Obstet Gynecol MFM 2020;2:
100134.

79. Schnettler WT, Al Ahwel Y, Suhag A. Severe acute respiratory
distress syndrome in coronavirus disease 2019-infected pregnancy:

DECEMBER 2021 B29



http://refhub.elsevier.com/S0002-9378(21)00976-5/sref44
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref44
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref44
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref45
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref45
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref46
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref46
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref46
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref47
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref47
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref47
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref48
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref48
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref48
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref48
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref48
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref49
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref49
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref49
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref49
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref50
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref50
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref50
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref51
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref51
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref52
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref52
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref52
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref52
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref53
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref53
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref53
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref53
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref53
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref54
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref54
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref54
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref54
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref55
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref55
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref55
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref55
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref56
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref56
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref56
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref57
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref57
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref57
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref57
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref57
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref58
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref58
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref58
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref58
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref59
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref59
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref59
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref59
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref59
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref60
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref60
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref60
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref61
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref61
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref61
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref61
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref62
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref62
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref63
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref63
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref63
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref64
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref64
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref64
https://www.nichd.nih.gov/about/org/od/directors_corner/prev_updates/RADx-UP
https://www.nichd.nih.gov/about/org/od/directors_corner/prev_updates/RADx-UP
https://www.nih.gov/news-events/news-releases/nih-funded-study-investigate-pregnancy-outcomes-resulting-covid-19-pandemic
https://www.nih.gov/news-events/news-releases/nih-funded-study-investigate-pregnancy-outcomes-resulting-covid-19-pandemic
https://www.nih.gov/news-events/news-releases/nih-funded-study-investigate-pregnancy-outcomes-resulting-covid-19-pandemic
https://www.nih.gov/news-events/news-releases/nih-supported-study-track-prevalence-impact-sars-cov-2-among-pregnant-women-low-middle-income-countries
https://www.nih.gov/news-events/news-releases/nih-supported-study-track-prevalence-impact-sars-cov-2-among-pregnant-women-low-middle-income-countries
https://www.nih.gov/news-events/news-releases/nih-supported-study-track-prevalence-impact-sars-cov-2-among-pregnant-women-low-middle-income-countries
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref68
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref68
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref68
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref68
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref69
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref69
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref69
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref69
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref70
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref70
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref70
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref70
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref70
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref71
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref71
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref71
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref72
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref72
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref72
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref73
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref73
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref74
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref74
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref74
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref75
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref75
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref75
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref76
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref76
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref76
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref76
https://s3.amazonaws.com/cdn.smfm.org/media/2734/SMFM_COVID_Management_of_COVID_pos_preg_patients_2-2-21_(final).pdf
https://s3.amazonaws.com/cdn.smfm.org/media/2734/SMFM_COVID_Management_of_COVID_pos_preg_patients_2-2-21_(final).pdf
https://s3.amazonaws.com/cdn.smfm.org/media/2734/SMFM_COVID_Management_of_COVID_pos_preg_patients_2-2-21_(final).pdf
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref78
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref78
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref78
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref78
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref79
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref79
www.smfm.org

SMFM Consult Series

smfm.org

obstetric and intensive care considerations. Am J Obstet Gynecol MFM
2020;2:100120.

80. Shimabukuro TT, Kim SY, Myers TR, et al. Preliminary findings of
mRNA Covid-19 vaccine safety in pregnant persons. N Engl J Med
2021;384:2273-82.

81. Gray KJ, Bordt EA, Atyeo C, et al. Coronavirus disease 2019 vaccine
response in pregnant and lactating women: a cohort study. Am J Obstet
Gynecol 2021 [Epub ahead of print].

82. Kelly JC, Carter EB, Raghuraman N, et al. Anti-severe acute respiratory
syndrome coronavirus 2 antibodies induced in breast milk after Pfizer-
BioNTech/BNT162b2 vaccination. Am J Obstet Gynecol 2021;225:
101-3.

83. Mithal LB, Otero S, Shanes ED, Goldstein JA, Miller ES. Cord blood
antibodies following maternal coronavirus disease 2019 vaccination during
pregnancy. Am J Obstet Gynecol 2021;225:192-4.

84. Centers for Disease Control and Prevention. V-safe COVID-19 vaccine
pregnancy registry. 2021. Available at: https://www.cdc.gov/coronavirus/
2019-ncov/vaccines/safety/vsafepregnancyregistry.html. Accessed July
15, 2021.

85. Cuningham W, Geard N, Fielding JE, et al. Optimal timing of influenza
vaccine during pregnancy: a systematic review and meta-analysis. Influ-
enza Other Respir Viruses 2019;13:438-52.

86. Abu Raya B, Edwards KM, Scheifele DW, Halperin SA. Pertussis and
influenza immunisation during pregnancy: a landscape review. Lancet
Infect Dis 2017;17:6209-22.

87. US Food and Drug Administration. Pregnant women: scientific and
ethical considerations for inclusion in clinical trials guidance for industry.
2018. Available at: https://www.fda.gov/regulatory-information/search-
fda-guidance-documents/pregnant-women-scientific-and-ethical-
considerations-inclusion-clinical-trials. Accessed September 26, 2021.
88. Wu Z, McGoogan JM. Characteristics of and important lessons from
the coronavirus disease 2019 (COVID-19) outbreak in China: summary of a
report of 72 314 cases from the Chinese Center for Disease Control and
Prevention. JAMA 2020;323:1239-42.

89. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA 2020;323:1061-9.

90. Fara A, Mitrev Z, Rosalia RA, Assas BM. Cytokine storm and COVID-
19: a chronicle of pro-inflammatory cytokines. Open Biol 2020;10:200160.
91. Mangalmurti N, Hunter CA. Cytokine storms: understanding COVID-
19. Immunity 2020;53:19-25.

92. Kubiak JM, Murphy EA, Yee J, et al. Severe acute respiratory syn-
drome coronavirus 2 serology levels in pregnant women and their neo-
nates. Am J Obstet Gynecol 2021;225:73.e1-7.

93. Edlow AG, LiJZ, Collier AY, et al. Assessment of maternal and neonatal
SARS-CoV-2 viral load, transplacental antibody transfer, and placental
pathology in pregnancies during the COVID-19 pandemic. JAMA Netw
Open 2020;3:62030455.

94. Atyeo C, Pullen KM, Bordt EA, et al. Compromised SARS-CoV-2-
specific placental antibody transfer. Cell 2021;184:628-42.e10.

95. Flannery DD, Gouma S, Dhudasia MB, et al. Assessment of maternal
and neonatal cord blood SARS-CoV-2 antibodies and placental transfer
ratios. JAMA Pediatr 2021;175:594-600.

96. Richtmann R, Torloni MR, Oyamada Otani AR, et al. Fetal deaths in
pregnancies with SARS-CoV-2 infection in Brazil: a case series. Case Rep
Womens Health 2020;27:€00243.

97.Verma S, Bradshaw C, Freda Auyeung NS, et al. Outcomes of
maternal-newborn dyads after maternal SARS-CoV-2. Pediatrics
2020;146:62020005637.

98. Remaeus K, Savchenko J, Brismar Wendel S, et al. Characteristics
and short-term obstetric outcomes in a case series of 67 women test-
positive for SARS-CoV-2 in Stockholm, Sweden. Acta Obstet Gynecol
Scand 2020;99:1626-31.

99. McClure EM, Kinney MV, Leisher SH, et al. Impact of COVID-19 on
maternal and child health. Lancet Glob Health 2020;8:e1258.

B30 DECEMBER 2021

100. Menter T, Mertz KD, Jiang S, et al. Placental pathology findings during
and after SARS-CoV-2 infection: features of villitis and malperfusion.
Pathobiology 2021;88:69-77.

101. Sharps MC, Hayes DJL, Lee S, et al. A structured review of placental
morphology and histopathological lesions associated with SARS-CoV-2
infection. Placenta 2020;101:13-29.

102. Shanes ED, Mithal LB, Otero S, Azad HA, Miller ES, Goldstein JA.
Placental pathology in COVID-19. Am J Clin Pathol 2020;154:23-32.
103. Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature
2020;579:270-3.

104. Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell
entry depends on ACE2 and TMPRSS2 and is blocked by a clinically
proven protease inhibitor. Cell 2020;181:271-80.€8.

105. Jin Z, Du X, Xu Y, et al. Structure of MP™ from SARS-CoV-2 and
discovery of its inhibitors. Nature 2020;582:289-93.

106. Ng WF, Wong SF, Lam A, et al. The placentas of patients with severe
acute respiratory syndrome: a pathophysiological evaluation. Pathology
2006;38:210-8.

107. Gagneur A, Dirson E, Audebert S, et al. Materno-fetal transmission of
human coronaviruses: a prospective pilot study. Eur J Clin Microbiol Infect
Dis 2008;27:863-6.

108. Lukassen S, Chua RL, Trefzer T, et al. SARS-CoV-2 receptor ACE2
and TMPRSS2 are primarily expressed in bronchial transient secretory
cells. EMBO J 2020;39:e105114.

109. Weatherbee BAT, Glover DM, Zernicka-Goetz M. Expression of
SARS-CoV-2 receptor ACE2 and the protease TMPRSS2 suggests sus-
ceptibility of the human embryo in the first trimester. Open Biol 2020;10:
200162.

110. Vivanti AJ, Vauloup-Fellous C, Prevot S, et al. Transplacental trans-
mission of SARS-CoV-2 infection. Nat Commun 2020;11:3572.

111. Stonoga ETS, de Aimeida Lanzoni L, Rebutini PZ, et al. Intrauterine
transmission of SARS-CoV-2. Emerg Infect Dis 2021;27:638-41.

112. Zhang P, Salafia C, Heyman T, Salafia C, Lederman S, Dygulska B.
Detection of severe acute respiratory syndrome coronavirus 2 in placentas
with pathology and vertical transmission. Am J Obstet Gynecol MFM
2020;2:100197.

113. Zhou J, Wang Y, Zhao J, et al. The metabolic and immunological
characteristics of pregnant women with COVID-19 and their neonates. Eur
J Clin Microbiol Infect Dis 2021;40:565-74.

114. Zaconeta A, Gabriel Heinen B, Vilela Moreira Salles Y, Egidio da
Costa Matsunaga M. Letter to the editor “SARS-CoV-2: what prevents
this highly contagious virus from reaching the fetus?”. Placenta
2021;104:303.

115. Yang Z, Liu Y. Vertical transmission of severe acute respiratory syn-
drome coronavirus 2: a systematic review. Am J Perinatol 2020;37:
1055-60.

116. Taglauer E, Benarroch Y, Rop K, et al. Consistent localization of
SARS-CoV-2 spike glycoprotein and ACE2 over TMPRSS2 predominance
in placental villi of 15 COVID-19 positive maternal-fetal dyads. Placenta
2020;100:69-74.

117. Smithgall MC, Liu-Jarin X, Hamele-Bena D, et al. Third-
trimester placentas of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2)-positive women: histomorphology, including
viral immunohistochemistry and in-situ hybridization. Histopathology
2020;77:994-9.

118. Sisman J, Jaleel MA, Moreno W, et al. Intrauterine transmission of
SARS-COV-2 infection in a preterm infant. Pediatr Infect Dis J 2020;39:
e265-7.

119. Seethy AA, Singh S, Mukherjee |, et al. Potential SARS-CoV-2 in-
teractions with proteins involved in trophoblast functions - an in-silico
study. Placenta 2021;103:141-51.

120. Schwartz DA, Thomas KM. Characterizing COVID-19 maternal-fetal
transmission and placental infection using comprehensive molecular pa-
thology. EBioMedicine 2020;60:102983.


http://refhub.elsevier.com/S0002-9378(21)00976-5/sref79
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref79
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref80
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref80
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref80
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref81
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref81
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref81
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref82
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref82
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref82
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref82
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref83
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref83
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref83
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafepregnancyregistry.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafepregnancyregistry.html
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref85
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref85
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref85
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref86
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref86
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref86
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pregnant-women-scientific-and-ethical-considerations-inclusion-clinical-trials
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pregnant-women-scientific-and-ethical-considerations-inclusion-clinical-trials
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pregnant-women-scientific-and-ethical-considerations-inclusion-clinical-trials
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref88
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref88
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref88
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref88
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref89
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref89
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref89
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref90
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref90
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref91
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref91
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref92
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref92
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref92
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref93
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref93
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref93
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref93
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref94
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref94
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref95
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref95
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref95
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref96
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref96
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref96
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref97
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref97
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref97
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref98
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref98
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref98
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref98
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref99
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref99
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref100
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref100
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref100
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref101
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref101
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref101
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref102
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref102
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref103
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref103
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref103
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref104
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref104
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref104
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref105
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref105
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref105
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref106
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref106
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref106
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref107
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref107
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref107
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref108
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref108
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref108
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref109
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref109
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref109
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref109
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref110
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref110
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref111
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref111
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref112
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref112
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref112
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref112
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref113
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref113
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref113
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref114
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref114
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref114
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref114
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref115
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref115
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref115
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref116
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref116
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref116
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref116
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref117
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref117
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref117
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref117
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref117
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref118
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref118
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref118
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref119
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref119
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref119
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref120
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref120
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref120
www.smfm.org

smfm.org

SMFM Consult Series

121. Pomar L, Nielsen-Saines K, Baud D. Stability of severe acute respi-
ratory syndrome coronavirus 2 RNA in placenta and fetal cells. Am J Obstet
Gynecol 2021;224:126-7.

122, Patane L, Morotti D, Giunta MR, et al. Vertical transmission of coro-
navirus disease 2019: severe acute respiratory syndrome coronavirus 2
RNA on the fetal side of the placenta in pregnancies with coronavirus
disease 2019-positive mothers and neonates at birth. Am J Obstet
Gynecol MFM 2020;2:100145.

123. Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. Evidence for gastroin-
testinal infection of SARS-CoV-2. Gastroenterology 2020;158:1831-3.€3.
124. Zhang T, Cui X, Zhao X, et al. Detectable SARS-CoV-2 viral RNA in
feces of three children during recovery period of COVID-19 pneumonia.
J Med Virol 2020;92:909-14.

125. Zang R, Castro MFG, McCune BT, et al. TMPRSS2 and TMPRSS4
promote SARS-CoV-2 infection of human small intestinal enterocytes. Sci
Immunol 2020;5:eabc3582.

126. Whitman JD, Hiatt J, Mowery CT, et al. Test performance evaluation
of SARS-CoV-2 serological assays. medRxiv. Preprint posted online May
17, 2020. https://doi.org/10.1101/2020.04.25.20074856

127. Grifoni A, Weiskopf D, Ramirez SI, et al. Targets of T cell responses to
SARS-CoV-2 coronavirus in humans with COVID-19 disease and unex-
posed individuals. Cell 2020;181:1489-501.e15.

128. Thevarajan |, Nguyen THO, Koutsakos M, et al. Breadth of
concomitant immune responses prior to patient recovery: a case report of
non-severe COVID-19. Nat Med 2020;26:453-5.

129. Zhang X, Tan Y, Ling Y, et al. Viral and host factors related to the
clinical outcome of COVID-19. Nature 2020;583:437-40.

130. Blanco-Melo D, Nilsson-Payant BE, Liu WC, et al. Imbalanced host
response to SARS-CoV-2 drives development of COVID-19. Cell
2020;181:1036-45.€9.

131. Wang J, Jiang M, Chen X, Montaner LJ. Cytokine storm and leuko-
cyte changes in mild versus severe SARS-CoV-2 infection: review of 3939
COVID-19 patients in China and emerging pathogenesis and therapy
concepts. J Leukoc Biol 2020;108:17-41.

132. Wei S-QQ, Fraser W, Luo Z-CC. Inflammatory cytokines and spon-
taneous preterm birth in asymptomatic women: a systematic review.
Obstet Gynecol 2010;116:393-401.

133. Al-Azemi M, Raghupathy R, Azizieh F. Pro-inflammatory and anti-
inflammatory cytokine profiles in fetal growth restriction. Clin Exp Obstet
Gynecol 2017;44:98-103.

134. Gotsch F, Romero R, Kusanovic JP, et al. The fetal inflammatory
response syndrome. Clin Obstet Gynecol 2007;50:652-83.

135. Ponti G, Maccaferri M, Ruini C, Tomasi A, Ozben T. Biomarkers
associated with COVID-19 disease progression. Crit Rev Clin Lab Sci
2020;57:389-99.

136. Terpos E, Ntanasis-Stathopoulos |, Elalamy |, et al. Hematological
findings and complications of COVID-19. Am J Hematol 2020;95:834-47.

© 2021 Published by Elsevier Inc. https://doi.org/10.1016/j.8j09.2021.08.039 DECEMBER 2021

137. Salamanna F, Maglio M, Landini MP, Fini M. Platelet functions and
activities as potential hematologic parameters related to coronavirus dis-
ease 2019 (Covid-19). Platelets 2020;31:627-32.

138. Hosier H, Farhadian SF, Morotti RA, et al. SARS-CoV-2 infection of
the placenta. J Clin Invest 2020;130:4947-53.

139. Jing H, Ackerman WE 4th, Zhao G, El Helou Y, Buhimschi CS,
Buhimschi IA. Connecting the dots on vertical transmission of SARS-CoV-
2 using protein-protein interaction network analysis - potential roles of
placental ACE2 and ENDOU. Placenta 2021;104:16-9.

All'authors and Committee members have filed a disclosure of in-
terest delineating personal, professional, and/or business, or other
relevant financial or nonfinancial interests in relation to this publi-
cation. All conflicts have been resolved through a process approved
by the Society for Maternal-Fetal Medicine (SMFM) Board of Di-
rectors. SMFM has neither solicited nor accepted any commercial
involvement in the specific development of the content of this
publication.

There was no specific funding for this commentary. R.C.B. is sup-
ported by a PhRMA Foundation Faculty Development Award. M.P.D. is
supported by the March of Dimes and American Board of Obstetrics
and Gynecology as part of the Reproductive Scientist Development
Award.

This document has undergone an internal peer review through a
multilevel committee process within SMFM. This review involves
critique and feedback from the SMFM Research Committee Document
Review Committees and final approval by the SMFM Executive Com-
mittee. SMFM accepts sole responsibility for document content.
SMFM publications do not undergo editorial and peer review by the
American Journal of Obstetrics & Gynecology. Further details regarding
SMFM publications can be found at www.smfm.org/publications.

SMFM recognizes that obstetrical patients have diverse gender iden-
tities and is striving to use gender-inclusive language in all of its publi-
cations. SMFM will be using the terms “pregnant person or persons” or
“pregnant individual or individuals” instead of “pregnant woman or
women” and will be using the singular pronoun “they.” When describing
study populations used in research, SMFM will use the gender termi-
nology reported by the study investigators.

Reprints will not be available.

B31



http://refhub.elsevier.com/S0002-9378(21)00976-5/sref121
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref121
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref121
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref122
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref122
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref122
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref122
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref122
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref123
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref123
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref124
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref124
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref124
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref125
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref125
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref125
https://doi.org/10.1101/2020.04.25.20074856
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref127
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref127
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref127
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref128
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref128
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref128
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref129
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref129
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref130
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref130
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref130
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref131
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref131
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref131
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref131
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref132
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref132
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref132
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref133
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref133
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref133
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref134
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref134
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref135
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref135
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref135
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref136
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref136
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref137
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref137
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref137
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref138
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref138
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref139
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref139
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref139
http://refhub.elsevier.com/S0002-9378(21)00976-5/sref139
http://www.smfm.org/publications
https://doi.org/10.1016/j.ajog.2021.08.039
www.smfm.org

