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The current Coronavirus Disease (COVID-19) caused by the SARS-Cov-2
virus, has caused a global pandemic with over 77.5 million confirmed
cases and more than 1.7 million deaths as of late December 2020.!
An overarching question is whether pregnant women are susceptible
to COVID-19 infection and increased severity of disease. Physiological
and hormonal changes during pregnancy have a significant impact on
the immune system, respiratory system, cardiovascular function, and
coagulation. These may have positive or negative effects on COVID-19
disease progression. Pregnancy provides a complex challenge for the
maternal immune system as it needs to protect the mother against
infections while creating immune tolerance of the semi-allogeneic
fetus.?* During the previous coronavirus infections {Severe Acute
Respiratory Syndrome (SARS) and Middle Eastern Respiratory Syndrome
(MERS)}, pregnant women were found at greater risk of complications
and endured severe disease status. In these epidemics, MERS and SARS
infections caused a mortality pooled proportion in pregnant women
ranging from 25% to 30%.>°® Though systemic immunological changes
and placental-fetal immune interaction are robustly investigated in this
context,” little is known about the changes in the respiratory immune
system despite epidemiological evidence for increased susceptibility
and severity of respiratory viral infections in pregnant women.'*'* For
example, during the 2009 H1N1 pandemic, approximately 5% of all
deaths were pregnant women despite accounting for only 1% of all
infections.?® Few studies have raised concerns that pregnant women
may be more susceptible to COVID-19 pandemic,® but early reports
from China and US suggest that a majority of pregnant women are
asymptomatic carriers and not at increased risk for severe disease.’?°

The data relevant to the COVID-19 pandemic has been rapidly
evolving and the true maternal mortality rate is yet to be determined,
particularly in the higher risk pregnant population, and will only be
evident over time. In a recent review by Wastnedge et al, include
studies from widespread global cohort (data collected from January
to September 2020) encompassing 12,260 pregnant women (mostly
3rd trimester) with confirmed SARS-CoV-2 infection had mostly mild
to moderate symptoms and minority of women required critical care
admission.?! The majority of studies (from USA, UK, EU; high-income
countries) reassured the earlier observation and the risk of COVID-19
in pregnancy similar to the general population. However, total maternal
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death reported was 146, the vast majority of these (124)
are from 2 Brazilian studies (middle-income country).
Authors raised concern that only 22.6% of the women
who died were admitted to the ICU and only 64% of
these women were ventilated, raising the possibility that
much of the excess mortality is due to inability to access
critical care support. More recent data are suggesting
that pregnant women with symptoms, have a higher risk
of ICU admission.???* In this cohort authors report that
a vast majority are asymptomatic, and if they become
symptomatic, they do develop severe disease just like
any other respiratory viral infection. Another report from
Mexico (considered as low-income country), data (between
1tand 32" week of 2020) accessed from the Mexican
Ministry of Health also reported higher mortality among
pregnant women during the COVID-19 pandemic.? In this
report they found the proportion of SARS-CoV-2 positive
maternal deaths from respiratory causes went up by 32%
higher in 2020 compared to previous years death. It is
plausible that other low- and middle-income countries
have experienced a disproportionate burden of maternal
mortality related to COVID-19. Renewed focus on improving
the structural competency of health care systems in other
under-resourced countries is urgently needed to mitigate
the adverse effects of COVID-19 on maternal health.

The possibility of immune protection against SARS-Cov-2
via pregnancy-specific biological mechanisms remains
unexplored. Considering that a majority of vaccine trials

exclude pregnant subjects, it is critically important to
determine whether pregnancy confers increased risk or
resistance to SARS-Cov-2 infection. Recently, our lab took
interest to investigate the pregnancy-induced changes in
the cellular components essential for viral entry and related
immune modulation, using a pregnant rat model. Nasal
turbinate (epithelium) is a portal for initial infection and
possible reservoirs for dissemination and transmission,
within and between individual. Viral entry- associated genes
are co-expressed in nasal epithelial cells w/ genes involved
in innate immunity, highlighting the cells potential role in
initial viral infection/ spread/ clearance. The angiotensin
converting enzyme-2 (ACE-2) receptor has been identified
as the gateway to infection for the SARS-CoV-2 coronavirus.
The androgen-sensitive transmembrane protease serine 2
(TMPRSS2), a serine protease that primes the spike protein
of the SARS-Cov-2 virus. The binding of the SARS-CoV-2
spike (S) protein to ACE-2 receptors initiates the fusion
of the viral membrane to the host cell membrane and
TMPRSS2 facilitates the passage of the viral RNA which
then hijacks the host mechanisms of protein synthesis for
replication.? Intrigued by a recent report, demonstrated
that estradiol-mediated down-regulation of ACE2 in the
airway epithelium,® we posit that the elevated estradiol
during late pregnancy will downregulate the expression of
SARS-CoV-2 cell entry factors and the high asymptomatic
carrier rate in pregnancy is secondary to immune changes
that limit the cytokine response. The figure below represents
the outcomes of our study.
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Figure |.Assessment of viral cell entry factors and innate immune response genes in
the nasal epithelium during pregnancy
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A, Scatter plots showing markedly decreased expression
of ACE2 and TMPRSS2 in the nasal epithelium during
pregnancy. B, Representative immunoblots showing
markedly reduced ACE2 and TMPRSS2 protein expression
along with quantification as scatter plots. Rat small intestinal
lysate was used as positive control and B-actin as the
loading control. C, Scatter plot demonstrating a marked
reduction in enzymatic ACE2 activity in the nasal epithelium
of pregnant rats. D, Scatter plots showing substantial up-
regulation of innate immune genes highly coexpressed with
ACE2 (TNFSF10, MX1, NOS2). E, Scatter plots showing up-
regulation of genes involved with SARS-CoV-2 detection (RIG-
1, TLR7, MYDS88, IRF7) in pregnant nasal epithelial samples
suggesting the possibility of heightened innate immune
surveillance at baseline. Expression levels of genes of
interest were assayed in duplicate along with 2 endogenous
housekeeping control genes (EEF2 and ACTB). All TagMan
primers were acquired from Thermo Fisher Scientific, and
thermal cycling was performed in 7500 Fast Real-Time PCR
System (Applied Biosystems: Makro Giannis Phil, Foster
City, CA). Relative mRNA expression, normalized to the
geometric mean of EEF2 and ACTB, was calculated using
the 2-AACT method. Data outliers were eliminated using
robust regression and outlier analysis with Q set to 10% and
normality of residuals was assessed with D’Agostino-Pearson
omnibus test. Normally and nonnormally distributed data
were analyzed with Welch’s t test and Mann-Whitney U test,
respectively, with P<.05 accorded statistical significance.
Data were analyzed with Prism 8 for macOS (version 8.2.1;
GraphPad Software Inc, San Diego, CA) and presented as
mean+SEM; aP<.05; bP<.01; cP<.001; and dP<.0001 (n=9
each for all experiments except western blot where n=6

per group).

ACE2, angiotensin-converting enzyme 2; mRNA, messenger
RNA; MYD88, myeloid differentiation primary response
88; NOS2, nitric oxide synthase 2; RIG-1, retinoic acid-
inducible gene I; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; SEM, standard error of mean; TLR7,
toll-like receptor 7; TMPRSS2, transmembrane protease
serine 2; TNFSF10, tumor necrosis factor ligand superfamily
member 10.
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Preliminary preclinical data from our lab suggest that

pregnancy is associated with a decrease in the expression
of ACE2 receptors in the nasal epithelium and an increase
in the expression of genes mediating antiviral activity. We
hypothesize that pregnant women are relatively spared
from COVID-19 because of decreased viral tropism as a
result of pregnancy-induced changes in the cellular receptor
mechanisms essential for viral entry. We also posit that the
high asymptomatic carrier rate in pregnancy is secondary
to immune changes that limit the cytokine response. These
findings set the stage for comprehensive characterization
of respiratory mucosal immunology in pregnant women to
better understand host-pathogen interaction in this unique
demographic subset.
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