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A B S T R A C T

SARS-CoV-2 is a new virus, to which herd immunity has not yet developed and both molecular and
serological testing are not without flaws. The virus evokes a state of severe and widespread
inflammation, and stimulates both innate and adaptive immune response. The angiotensin-converting
enzyme 2 (ACE2), which acts as the SARS-CoV-2 receptor, is present in endothelial cells and has been
noted within the human placenta. There are questions about whether pregnancy would increase the
susceptibility of pregnant women to COVID-19 and disease severity within this population. In this
report, we highlight physiological and immune/inflammatory considerations that may explain the
susceptibility and disease pathology in response to SARS CoV-2 during pregnancy, explore testing
considerations in asymptomatic individuals, discuss the potential role and of placental ACE2 receptor
in the pathogenesis of COVID-19 in pregnancy and in pregnancy outcomes, and finally share our
perspective with respect to an urgently needed change concerning involvement of pregnant women in
research addressing COVID-19.
© 2020 Published by Elsevier B.V. on behalf of Society for Biology of Reproduction & the Institute of

Animal Reproduction and Food Research of Polish Academy of Sciences in Olsztyn.
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1. Introduction

According to the Centers for Disease Control and Prevention
(CDC), 26,364 pregnant women with COVID-19 were identified in
the United States from January 22 to October 13 2020. The majority
18,872/26,364 (72 %) were 25–44 years old. Of women for whom
data for these specific parameters were available, 6011/22,658 (27
%) were hospitalized, 219/6155 (4 %) were admitted to the Intensive
Care Unit (ICU), and 81/5362 (2 %) required mechanical ventilation,
with mortality recorded in 45 cases (0.17 %) [1]. Similarly, data
from a recent systematic review and meta-analysis of outcomes
from 2567 pregnancies affected by SARS-CoV-2, demonstrated that
ICU admission is required in 7 % and intubation in 3.4 %; with
maternal mortality observed �1 % and perinatal mortality of <1 %
[2].

The pregnant state is a formidable challenge to maternal
immunity. Physiological alterations take place in order to adapt to a
semi-allogeneic fetus, while maintaining the ability to fight against
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microbial infections [3]. Local and systemic immune adaptations
during pregnancy occur to suit the fetal growth at different phases
of gestation. Overall, this involves a switch from a pro-inflamma-
tory state in the first (implantation and placentation) and third
(preparation for parturition) trimester, to an anti-inflammatory
state (progressive fetal growth) in the second trimester [4].
Alongside these immune changes, physiologic pregnancy adapta-
tions affect multiple other organ systems [5], with the respiratory
tract in particular demonstrating significant modifications, influ-
enced by high levels of estrogen and progesterone (alongside
altered levels of other steroid hormones), as well as by restricted
lung expansion, rendering pregnant women more susceptible to
respiratory pathogens as well as to the development of a more
severe disease course if infected [6].

Interestingly, expression of the angiotensin-converting enzyme
2 (ACE2), the SARS-CoV-2 receptor, which has also been shown to
have an anti-inflammatory function [8], has been noted within the
human placenta. These factors raise questions around susceptibil-
ity of pregnant women to COVID-19 and of disease severity in this
population. In this report, we highlight immune/inflammatory
considerations in the response to SARS CoV-2 during pregnancy,
explore testing considerations in asymptomatic individuals,
discuss the potential role of placental ACE2 receptor in the
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pathogenesis and implications of COVID-19 in pregnancy, and
finally share our perspectives on research involving the pregnant
population affected with COVID-19.

2. Immunologic and physiologic perspectives on pregnancy and
COVID-19

SARS-CoV-2 is a novel virus, to which herd immunity has not
yet developed, thus all populations are susceptible to infection
[10]. However, pregnant women in general, are more vulnerable to
infection with respiratory pathogens [11], and were feared to be
more susceptible to development of clinical complications of
SARS-CoV-2 infection than the general population [10]. This
susceptibility to more severe morbidity is likely predicated on the
basis of anatomic and physiologic pregnancy adaptations, such as
hormone-mediated respiratory tract edema [10], escalation in
oxygen demand based on a 15 % surge in metabolic rate and 20 %
more oxygen consumption [5], as well as restricted lung expansion
[10], and lung volume changes in late pregnancy, partly influenced
by diaphragmatic elevation secondary to the gravid uterus [5].
These variables, also likely contribute to the rapid deterioration in
respiratory condition observed in those pregnant women who
progress to severe disease [11]. Furthermore, in pregnant women
who do experience the severe spectrum of infection critical care
interventions (e.g. airway management, ventilation, proning) can
be much more challenging [11].

Susceptibility to viral infection in pregnancy is likely also
influenced by the unique immunologic state, the development of
which is vital to a successful gestation [10]. This adaptation
includes a shift from the typically predominant T-helper 1 (Th1)
system (characterized by the presence of microbicidal and pro-
inflammatory cytokines including Interferon-g, Tumor Necrosis
Factor-α, and Interleukin (IL)-2), toward Th2 system dominance
(characterized by presence of anti-inflammatory cytokines includ-
ing IL-4, IL-5, IL-10, and IL-13) [3,12]. While this shift occurs in the
interest of fetal protection, it does so at the expense of maternal
vulnerability to viral infection, which is better contained by the
Th1 system [3].

Yet, while previously encountered corona viruses were marked
by high rates of maternal morbidity and mortality, the majority of
pregnant women with COVID-19 thus far seem to experience a
mild course, comparable to the general population [13,14].
Specifically, while ICU admission rates for pregnant women with
Severe Acute Respiratory Syndrome (SARS) and Middle East
Respiratory Syndrome (MERS) reached 60 % and 64 % respectively;
a living systematic review documents ICU admissions for pregnant
women with COVID-19 at 4% of cases [15]. Similarly, while the case
fatality rate for pregnant women with SARS and MERS was 15 % and
27 % respectively, it has thus far been documented at 0.1 % for
COVID-19 [15].

These differences in susceptibility between SARS-CoV, MERS-
CoV and SARS-CoV-2 in pregnancy, may be explained in part on the
basis of their respective cytokine profiles [3,16]. While SARS-CoV
and MERS-CoV preferentially activates the Th1 immune system,
with documentation of proliferation of pro-inflammatory cyto-
kines, SARS-CoV-2 has been shown to activate both the Th1 and
Th2 components of the immune system, resulting in the relative
propagation of IL-4 and IL-10 [3,16]. Expression of anti-inflamma-
tory cytokines, alongside the physiologic shift to Th2 immunity in
pregnancy may underlie the generally milder course of COVID-19
in comparison to SARS [3]. Thus, the course of COVID-19 in
pregnancy has been found to be severe in 13 %, with 3 % requiring
mechanical ventilation and 0.4 % needing extra-corporeal mem-
brane oxygenation [15]. Fever and cough are the most common
presenting symptoms, noted in 40 % and 39 % of infected pregnant
women respectively, and risk factors for severe disease include
maternal age over 39 years, BMI over 30 kg/m2, chroni
hypertension, pre-eclampsia, and pre-existing diabetes [15
Additionally, 28 % of infected pregnant women experience
pneumonia, with abnormalities on computed tomography in 3
% of those for whom imaging findings were reported [15].

3. Testing considerations during pregnancy

The laboratory diagnosis of SARS COV-2 is based either o
detection of the virus via RT-PCR or on evidence of an immun
response to the virus derived via serological methods identifyin
IgG or IgM (IgA; mucosal immunity) in patients’ serum; neither o
which are without flaws [23,24]. While RT-PCR detects virus
specific RNA molecules, it is not useful in distinguishing betwee
highly-infectious viruses and those neutralized by the host, ma
detect lingering residual RNA from a no longer infectious virus, an
cannot asses immunity status [24]. It has also been demonstrate
that RT-PCR can have low sensitivity, low stability, and can b
affected by external factors, including specimen source (upper
lower respiratory tract) and sampling timing (before or afte
symptom onset) [24]. Conversely, serological tests are less effectiv
in the early stages of COVID-19 infection, as seroconversion ma
take place days after viral load has peaked or up to 1 week from
symptom onset. Additionally, a relationship between the severit
of symptoms and IgG/IgM/IgA levels has been noted, suggestin
that serological tests may not be effective in detecting lower level
of antibodies in mild cases. Thus, serologic investigations are bette
suited for later stages of infection and/or identification of mor
severe cases [23].

Some guidelines now recommend molecular testing in a
pregnant women upon hospital admission at least once, and mor
often if symptomatic, or with concern over exposure. Some cautio
would be prudent with respect to interpretation of suc
evaluation. For instance, positive RT-PCR testing of asymptomati
women presenting for delivery may in fact identify a subset o
women who have been infected in an earlier time-frame and wh
have recovered (or never experienced symptoms), but in whom
lingering RNA viral remnants are identified. It is likewise importan
to appreciate that viral RNA detection is not synonymous wit
infectiousness; specifically, while the time-frame for viral shed
ding varies, with potential for isolation of the virus and thu
positive RT-PCR testing even months after diagnosis, the vira
concentration in such context is typically well-below the threshol
of infectivity or transmissibility of the virus [25]. While th
literature suggests that COVID-19 infection in pregnancy mos
often occurs in the third trimester, at times close to deliver
[3,13,14,17], this conclusion may be misleading, as it may reflec
the fact that women in the third trimester of pregnancy are likel
tested more frequently (for instance, some centers test all pregnan
women presenting for delivery, regardless of symptoms), whil
women in the first and second trimester, who are asymptomatic o
have mild illness, may not undergo testing, and thus will not b
counted and reported. On the other hand, testing would b
completed for significant illness leading to hospitalization, ye
most reported cases requiring hospitalization were found to be i
the third trimester of pregnancy [13].

Serologic testing on the other hand is likely sub-optimal fo
identification of affected women, as testing in this setting may b
too early for detection of relevant antibodies. Similarly, considerin
current knowledge limitations, presence of antibodies from a
earlier infection does not guarantee immunity on re-exposure
Furthermore, a positive RT-PCR or other serological test may in fac
indicate a false-positive result, following exposure not to SARS
COV-2, but to another virus from the coronavirus family [23,27]
for instance, those who have been exposed to MERS or SARS-CoV-
may have already developed antibodies to fight this family o
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viruses, leading to cross-reactivity with SARS-CoV-2 testing. This
indeed may have implication for the diagnosis and management of
CVID-19 in pregnancy. We hope as the pandemic evolves; further
pregnancy specific studies will help elucidate the crucial
considerations for serological testing in pregnancy.

4. SARs-CoV-2 induced inflammation and pregnancy
implications

The origins of SARS-CoV-2 induced inflammation have been
linked to varying degrees of cytokine release, the most severe
form of which is referred to as a cytokine-storm and characterized
by increased plasma levels of interleukins (IL-2, IL-7, IL-10),
granulocyte colony stimulating factor, interferon-g-inducible
protein 10, monocyte-chemoattractant-protein-1, macrophage-
inflammatory-protein-1-alpha and tumour necrosis factor α
(TNF- α) [7]. Pregnant women diagnosed with COVID-19, have
been shown in one study to have significantly higher inflamma-
tion indices (including white blood cell and neutrophil count, C-
reactive protein, procalcitonin and D-dimers), yet significantly
lower lymphocyte counts in comparison to non-pregnant women
with COVID-19. Interestingly, the pregnant women again on
average presented milder symptoms and shorter hospital stays,
though they displayed higher rates of asymptomatic infection
[28]. Further data exploring these parameters will be helpful to
allow extrapolation to the general obstetric population with
COVID-19.

Pregnancy is marked by pro-inflammatory periods. Specifi-
cally, the stages of implantation and placentation (first trimes-
ter) involve the active breakdown and re-structuring of the
maternal decidua resembling the process of tissue injury and
repair accomplished in the setting of a pro-inflammatory
environment. This is followed by fetal growth (second trimes-
ter), whereby a symbiotic maternal-fetal relationship is facili-
tated by a shift to Th2 immunity and an anti-inflammatory
environment. With completion of fetal development, a return to
a pro-inflammatory environment occurs in preparation for
labour and parturition, again marked by tissue injury and repair
[4]. Given the pro-inflammatory state characterizing a notable
part of the pregnancy, specifically the first and third trimester,
the cytokine storm invoked by SARS-CoV-2 may induce even
more severe inflammation, which can have deleterious impli-
cations for the fetus. Of concern are the potential effects of this
inflammatory state on fetal brain development, possibly
influencing neuronal or behavioural dysfunction later in life
[4]. For instance, an autism spectrum-like phenotype in
offspring has previously been linked to increased levels of IL-
17 [29]. Further elucidation of these potentially concerning
observations as they relate to COVID-19 infection in pregnancy
awaits long-term follow-up studies.

Activation of the complement cascade has also been described
in COVID-19, with evidence that it mediates microvascular injury
syndrome [30]. This is concerning, as a significant increase of
complement activation is known to be associated with pregnancy-
related pathologies, such as pre-eclampsia, recurrent pregnancy
loss, intra-uterine growth restriction, and antiphospholipid
syndrome [31].

5. ACE2 and the placenta

ACE2 converts Angiotensin (Ang) II into Ang-(1-7), and Ang I
into Ang-(1-9), thereafter transforming it to Ang-(1-7),
exerting control over blood pressure [32]. ACE2 in syncytio-
trophoblasts is thought to potentially regulate the liberation of
Ang 1-7 into the maternal circulation, assisting in vasodilation
of the maternal vasculature [32]. In one study, the placentas,
uterus, and kidneys were found to be a significant source of
ACE2 activity, supporting the hypothesis that transient ACE2
overexpression and enhanced activity during pregnancy may
modulate hemodynamics within the uteroplacental unit [33].
Reduction in placental expression of ACE2 and Ang-(1-7)
following dexamethasone treatment has been linked with
intrauterine growth restriction and potentially disease-pro-
gramming in adulthood [34]. During pregnancy, ACE2 and Ang-
(1-7) may function in the role of an autocrine/paracrine
regulator for early pregnancy angiogenesis, apoptosis, and
growth, as well as for late pregnancy uteroplacental blood flow
events; with late pregnancy models demonstrating elevated
ACE2 and reduced uterine perfusion pressure models showing
significant ACE2 depletion [35].

Abundant angiotensin-converting enzyme 2 (ACE2); the SARS-
CoV-2 receptor expression has been noted within the human
placenta; mainly within the syncytiotrophoblast, cytotrophoblast,
endothelium, and vascular smooth muscle of the villi [36]. This
marked expression of ACE2 in maternal-fetal interface cells,
including stromal cells and perivascular cells of decidua, as well
as the cytotrophoblast and syncytiotrophoblast within the placenta
has been confirmed by Li et al. [37]. The authors suggested that the
SARS-CoV-2 receptor was abundant within the maternal-fetal
interface and certain fetal organs (including the heart, liver, and
lung), underscoring the need for further study of potential vertical
transmission and placental dysfunction in affected pregnancies [37].

In contrast, a recently published paper found that co-transcrip-
tion of ACE2 and TMPRSS2 (transmembrane proteases) in the
placenta were negligible, and chorio-amniotic membranes lacked
expression of SARS-CoV-2 receptors in the third trimester, surmising
that the placenta was an unlikely pathway for vertical transmission
[38]. Yet, the authors did not exclude the possibility that SARS-CoV-2
could infect the placenta in using an alternative path and through
interaction with other proteins, such as Basigin (also referred to as
CD147 or EMMPRIN), a transmembrane glycoprotein that belongs to
the immunoglobulin superfamily, with high expression in the
placenta and chori-amniotic membranes [38–41].

A recent systematic review has noted pre-eclampsia in 16 % and
fetal growth restriction in 12 % of pregnancies affected by
coronavirus [43]. On the other hand, another study found that
COVID-19 affected pregnancies can be characterized by a
‘preeclampsia-like syndrome,’ that could be differentiated from
true preeclampsia by assessment of sFlt-1/PlGF, LDH and uterine
artery flow [44]. This observation is in keeping with yet another
report, featuring COVID-19-related coagulopathy with mildly
elevated transaminases, ostensibly masquerading as HELLP syn-
drome [45].

A study of 16 placentas from SARS-Cov-2 infected pregnancies
demonstrated increased rates of decidual arteriopathy and other
features of maternal vascular malperfusion, placental damage
reflective of sub-optimal oxygenation within the intervillous space
and associated with adverse pregnancy outcomes [46]. Interest-
ingly, only a single woman in this study was hypertensive [46]. In
another study, SARS-CoV-2 RNA was noted in 3/11 placental and
membrane samples [47]. Similarly, SARS-CoV-2 was identified in
three placenta from two reports in which the infants also tested
positive for SARS-CoV-2 infection [26,48]. Both these reports
demonstrated similar placental features; the first consistent with
chronic histiocytic intervillositis (CHI) confined to the intervillous
space (differing from classic CHI by early infarction and the
clustering of the inflammatory cells around the chorionic villi)
[26], while the second consistent with chronic intervillositis, with
presence of macrophages, in the intervillous and the villous space
[48]. These disparate findings confirm the need for continued
evaluation of the rate of vertical transmission associated with
COVID-19.
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6. Evidence for vertical transmission

There has been significant debate regarding evidence of
vertical/congenital transmission in the setting of maternal
COVID-19 infection. Reassuringly, a recent systematic review of
49 studies with 666 neonates from 655 women determined that 8/
292 (3 %) of neonates born vaginally and 20/374 (5 %) neonates
born by Caesarean section were positive for SARS-CoV-2. The study
concluded that congenital infection is rare and often asymptom-
atic, and that the incidence of infection is similar with vaginal or
Caesarean delivery, maintenance of breastfeeding, or preservation
of maternal-newborn contact [49].

7. Research involving the pregnant population affected with
COVID-19

It must be underscored that the approach to management of
pregnant women with COVID-19 is extrapolated from the literature
involving the non-pregnant population. Pregnant women remain
barred from participation in most trials. A search of ClinicalTrials.
gov demonstrates that less than 1% of COVID-19-related interven-
tion studies are open to pregnant women.

The Global Forum on Bioethics in Research (GFBR) produced
guidance for scientific investigation during states of public health
emergency, a context applicable to the current COVID-19
pandemic [50]. Emergency situations often underscore the
difficulties inherent in research involvement of pregnant individ-
uals, and the GFBR proposed that, once vetted by a research ethics
board, the option to participate should be extended to this group.
The GFBR’s recommendations were spurred by lessons from the
Ebola outbreak, which restricted pregnant individuals from trials
with any degree of reproductive toxicity, and outright barred
them from vaccine trials (GFBR). At the time of the Ebola
outbreak, facing the moral dilemma of potentially delaying trials
that may benefit the population as a whole, by the necessity of
securing appropriate approvals, “speed won over justice” and
pregnant individuals were excluded (GFBR). Following these
events the GFBR emphasized the imperative need for a plan to
include pregnancy data ahead of the next epidemic (GFBR). Sadly,
we find ourselves repeating our errors [51]. Our instinct to protect
pregnant women from harm may paradoxically impose more
harm by shifting experimentation into the clinical arena [50,51],
and robbing pregnant women of the choice to participate in the
rigorous, gold-standard approach to establish evidence-based
treatment standards, available to the remainder of the population
[44]. We must do better!
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