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Introduction
At the end of 2019, a cluster of atypical pneumonia
cases in Wuhan, China was reported to the World
Health Organization (WHO)1. These cases were associated with severe respiratory failure and were
quickly found to be caused by a novel coronavirus,
likely originated in bats2. Coronavirus belongs to
the coronaviridae family and is a single stranded RNA-enveloped virus. The new virus would
be named the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Coronavirus disease 2019 (COVID-19), as the syndrome became
known, spread quickly with lethal results, and was
declared a Public Health Emergency of International Concern on 30 January 2020 by the WHO.
SARS-CoV-2 gains entry into cells via the same
angiotension-converting enzyme 2 (ACE2) receptor as other coronaviruses3 (Figure 1). ACE2 is expressed in type II alveolar cells in the respiratory
tract, as well as multiple other sites including the
GI tract, and has cross species reactivity likely explaining the jump from bat to human4.
COVID-19 manifests as mild fever with or without cough, myalgia, headache, diarrhea, respiratory
decompensation, and death. The majority of cases are
mild, however severe disease is reported in 5-10%,
with a case fatality rate much higher than for previously described similar viruses5. It appears that the
most severe cases are related to delayed and excessive
inflammatory reaction related to a “cytokine storm”

and leading to acute respiratory distress syndrome
(ARDS) and multi-organ failure6. The initial response
in the obstetric community was heightened concern,
given that previous coronavirus outbreaks were associated with severe adverse maternal and fetal outcomes, including a high risk of death7, 8. However the
initial reports suggested that outcomes in COVID-19
were similar in pregnant and nonpregnant individuals9. While this is reassuring, COVID-19 can manifest
as a severe disease, which is associated with significant morbidity and mortality.
This editorial summarizes the available information regarding COVID-19 from a maternal and
fetal perspective, with emphasis on underlying
mechanisms of disease, and thus exploring future
directions for evaluation and management.
Maternal Perspective
Pregnancy is a hyperdynamic state with profound
changes from baseline non-pregnant physiology,
necessary to accommodate metabolic and other
needs of the mother and growing fetus10. Respiratory drive increases resulting in hyperventilation
and mild respiratory alkalosis (pH 7.44 vs. 7.40 in
non-pregnant state) 11. Tidal volume, peak expiratory flow rates and airway conductance increase,
while total lung capacity (TLC) decreases 10,11. The
carbon-dioxide (CO2) partial pressure decreases to
ensure maximum oxygen delivery to maternal lungs
and optimal CO2 transfer/exchange from fetus to
mother. As gestation progresses, the gravid uterus
expands cephalad beyond the umbilicus, resulting in
upward displacement of the diaphragm by approxi-
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Figure 1. A, In type II pneumocytes, Angiotensin II (Ang II) is converted to Angiotensin-(1-7) [(Ang-(1-7)] via the angiotensinconverting enzyme 2 receptor (ACE2). Ang-(1-7) can bind to other receptors leading to vasodilation and attenuation of an
inflammatory response. Ang II can also bind to Angiotensin II Type 1 Receptor (AT1R) resulting in vasoconstriction and
increased oxidative stress thus promoting a pro-inflammatory response and fibrosis. B, SARS-CoV-2 binds to ACE2 gaining
entry to type II pneumocytes. After endocytosis of the viral complex, ACE2 expression on the host cell is down-regulated,
resulting in unopposed accumulation of Ang II, which bind AT1R and potentially leads to acute lung injury.

mately 4 cm10.
The physiological adaptions of the immune system which balance maternal protection from the
environment with fetal protection from the mother,
involve complex interaction with maternal and fetal components: microbiome, uterine decidua and
trophoblast 10,12. Proposed mechanisms of immune
suppression include placental mechanical barrier,
systemic immune suppression, absence of major
histocompatibilty complex (MHC) class 1 molecules on trophoblasts, cytokine shifts from Th1
to Th2 depending on trimester, and local immune
suppresion mediated by Fas/FasL ligand system. A
relative proinflammatory state (Th1 dominance) in
the first trimester of pregnancy promotes decidual trophoblast invasion with neovascularization
and development of the maternal fetal intervillous
area needed for exchange of gases and nutrients.
Second trimester converts to an anti-inflammatory
state (Th2 dominance), allowing for fetal growth
and development. The third trimester partially reverts to a pro-inflammatory (Th1) state secondary
to influx of immune cells into the myometrium in
preparation for parturition. Expression of MHC on
trophoblast also allows immune tolerance and fetal
protection, with the placenta expressing a non-classic MHC form HLA-E, F, G, recognized by natural killer cells (NK cells) in decidua and inhibiting
their activity 12.
The sum changes during pregnancy place the

mother and fetus at varying risk from COVID-19
and similar illnesses based on gestational age. The
added increased oxygen demand and decreased
TLC in pregnancy can result in subsequent decrease
in alveolar-capillary exchange and rapid respiratory
compromise13. The pro-inflammatory first and third
trimester stages can be triggered by viral pathogens,
and this is reflected in the current literature, with
most reports of severe COVID-19 during pregnancy
presenting in the third trimester14. Early pregnancy
loss (miscarriage) has been reported with the coronaviruses, but is not well studied and represents a
target for more research (see below)7, 8.
In the largest US series of COVID-19 in pregnancy, 86% of women had mild disease, 9.3% had
severe disease and 4.7% had critical disease15. This
series was the first to report on a universal screening protocol and included both asymptomatic and
symptomatic patients. All women recovered. A
recent systematic review summarized the global
available literature on COVID-19 in pregnancy14.
They reported 108 pregnancies until April 4, 2020.
Most women presented with fever and cough in the
third trimester; those presenting in early pregnancy had mild disease and were discharged without
delivery. ICU admission was reported in 3 patients
(3%). Lymphocytopenia and elevated C-reactive
protein (a marker of inflammation) were noted in
the majority of patients. All patients recovered. The
finding of generally benign disease in pregnancy
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has surprised the community and may be related to
the relatively anti-inflammatory state assocciated
with Th2 predominance of the immune system.
Fetal Perspective
Fetal effects in pregnancy occur through two main
mechanisms. The first involves transmission of the
virus to the fetus, either through ascending organisms
from the genital tract, direct inoculation from the
abdominal cavity, or transplacental infection via the
maternal blood stream; transmission may also occur
through breastmilk. Transmission may result in congenital anomalies, or chronic infection in the child,
known as vertical transmission, or mother-to-child
transmission (MTCT). The risk of congenital anomalies is classically reported to be highest with teratogen
exposure in the first trimester during the period of organogenesis, however viruses may act through a destructive pathway, whereby a normally formed organ
is damaged by subsequent viral infection. The second
avenue by which the fetus is affected is through maternal disease: severe illness in the mother may cause
uteroplacental compromise or preterm labor, or maternal disease may lead to early delivery putting the
fetus at risk of prematurity and its complications.
Most maternal viral infections are not transmitted to the fetus, likely due to the immune changes
described above16. As an example, influenza, caused
by an RNA virus, is known to cause severe maternal
disease, with a high risk of life-threatening pneumonia, however it has not been associated with congenital anomalies or vertical transmission. In contrast,
viruses such as varicella-zoster virus (VZV), rubella, parvovirus, cytomegalovirus (CMV) and Zika
virus have the potential to cause devastating fetal
infection, especially when contracted in the first
trimester, leading to severe congenital anomalies17
and pregnancy loss18. As an example, first trimester VZV infection is associated with chorioretinitis,
microphthalmia, cerebral cortical atrophy, growth
restriction, limb hypoplasia and skin lesions19. Primary CMV in pregnancy has profound fetal effects
including growth restriction, microcephaly, intracranial calcifications, hematologic abnormalities
and neurologic deficits. Zika virus is associated with
a mainly destructive process, leading to microcephaly and severe neurologic abnormalities. Multiple
viruses are associated with vertical transmission,
including hepatitis B virus and HIV. Maternal and
neonatal therapies have been shown to reduce the
transmission of these viruses20, 21.
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To date, none of the coronaviruses have been associated with congenital anomalies. Vertical transmission has not been definitively demonstrated. In
COVID-19 viremia is rare, therefore transmission
through this mechanism is doubtful22. In the series
mentioned above, 1 case (out of 75) of suspected
transmission was described, however the infant testing was performed at 36 hours of life, thus a postnatal infection cannot be excluded14. Subsequently 3
cases were reported of SARS-CoV-2 positive mothers, whose newborns had elevated IgG and IgM levels for COVID-19 hours after birth23, 24. While IgG
antibodies cross the placenta and may be of maternal origin, IgM antibodies are not known to pass the
placental barrier and therefore are presumed to be a
fetal reaction. The neonates reported in these studies all tested negative for SARS-CoV-2, and there
was no cord blood or placenta collection for analysis.
Given that IgM antibodies are known to cross-react,
these reports cannot be used to conclude that vertical
transmission occurred. There is limited information
regarding transmission in breastmilk. In a study of 9
women with COVID-19, all breastmilk samples tested negative for the virus25. This is an active area of
interest and is one of our focuses in particular.
It appears that one of the main issues thus far
with COVID-19 in pregnancy is that severe maternal disease is associated with relative fetal decompensation, resulting in fetal heart rate decelerations
which prompt urgent delivery. The largest series
to date of pregnancies with COVID-19 reported a
92% cesarean delivery rate, most commonly due to
“fetal distress”14. In many reports these deliveries
are preterm and are associated with neonatal intensive care unit (NICU) admissions. Thus neonatal
morbidity seems to be more related to prematurity
rather than the COVID-19 diagnosis per se.
Future Directions
The approach to containment of the COVID-19 pandemic has focused on a global, coordinated public
health effort to mitigate active spread of disease.
Much remains to be learned about COVID-19, both
in pregnancy and outside of pregnancy. We and others are gathering data in order to more accurately
describe the epidemiology and seroprevalence of
the disease. It is important to note that the majority
of cases reported thus far are largely cases of infection in the third trimester. We have yet to see the
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effects of this virus on the fetus when it affects the
mother in the first trimester. As discussed earlier,
many viruses capable of causing fetal malformation,
spontaneous abortion or stillbirth do so when they
are contracted in the first trimester. Whether or not
vertical transmission, and/or transmission through
breastmilk, occurs also remains an open question.
Until an effective vaccine can be developed,
emphasis going forward will be placed on optimizing treatment. A recent review summarizes the
pharmacologic approach to COVID-19 including
‘repurposed’ agents and investigational agents,
including a discussion on the limited data regarding chloroquine and hydrochloroquine, two agents
used successfully in pregnancy for other conditions26. Antiviral agents have been administered in
other viral diseases in pregnancy, such as HIV, and
antibiotics, such as azithromycin, are other agents
under consideration for treatment in pregnancy.
Two other areas deserve mention here.
ACE2 mechanisms and signaling pathways
ACE2 counter regulates the renin-angiotensin system (RAS) by converting angiotensin II (Ang II)
into Ang-(1-7), which leads to vasodilation and in-

creased sodium excretion thereby lowering blood
pressure27. ACE2 also acts via nitric oxide pathway
to decrease inflammation28. SARS-Co-V is thought
to bind ACE2 and suppress its expression, which
could lead to lung damage/inflammation via Ang
II accumulation29 and a similar mechanism can be
proposed for SARS-CoV-2 (which binds to ACE2
via its spike protein)27. What effect ACE inhibitors
and/or angiotensin receptor blockers (ARBs) have
on COVID-19, if any, is unclear and is actively being studied30. In fact “competing hypothetical mechanisms” have been proposed, whereby on the one
side, RAS inhibition leads to worse COVID-19 disease, and on the other it could theoretically improve
it27, 30. While ACE inhibitors and ARBs are not used
during pregnancy because of adverse fetal effects,
many women who become ill with COVID-19 are
diagnosed in the peripartum period when their use
is permissible. A therapeutic targeting this pathway
could certainly be used in the peripartum period
(with awareness of lactation status).
Anti-inflammatory and
immunomodulatory agents

Given the evidence of a cytokine storm playing a

Figure 2. SARS-CoV-2 has bound to the cell via the ACE2 receptor. The mechanism of action of IL-6 or IL-6 receptor
blocking antibodies is demonstrated as possible target to combat the “cytokine storm” associated with COVID-19.
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key role in the pathogenesis of severe COVID-19,
immunomodulatory treatment could be beneficial.
Empiric evidence from other respiratory viral disease outbreaks has demonstrated worse outcomes
with immunosuppressive agents and anecdotal reports suggest the same could be true with
COVID-19. A systematic review demonstrated a
lack of adequate studies examining these therapies
in COVID-1931. Fortunately a number of clinical
trials are underway examining monoclonal antibodies such as tocilizumab, sarilumab, and siltuximab against IL-6 as adjunctive therapies (Figure
2)26, 32. Finally, convalescent plasma of people who
have recovered from COVID-19 is a possible therapy, having been used in previous coronavirus outbreaks with some success33.
At the time of this writing, in the US there
were 1,477,516 total COVID-19 cases and 89,272
total deaths, while worldwide the numbers were
4,735,622 confirmed cases, and 316,289 total
deaths1. The true extent of the epidemic remains
to be seen.
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