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Abstract: COVID-19 is a disease caused by the novel coronavirus (CoV) that can result in a severe acute
respiratory syndrome. Pregnant women have a complex modification of the immune system that varies
through pregnancy and extends to the postpartum period. Change in the balance toward anti-
inflammatory pathways occurs, although some cellular mechanisms of immunity could be enhanced.
Overall, pregnant women tend to have more severe viral illnesses as compared with the general
population as reported in influenza, varicella, herpes simplex, and Ebola infections. Previous outbreaks
of coronavirus diseases, SARS-CoV, and MERS-CoV demonstrated rather a small number of reported
cases, mixed outcomes for mothers and neonates, and the absence of vertical transmission. COVID-19
appears to follow a similar pattern; however, it is more contagious, and additional data will likely
emerge soon. Due to immunological and physiological changes in pregnancy, more severe outcomes for
other viral infections, and presently scarce data on COVID-19, the reasonable approach is to consider

pregnant women an at-risk population.
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INTRODUCTION COVID-19 is a disease caused by the
novel coronavirus that can result in a severe acute
respiratory syndrome. First identified in December, 2019,
in Wuhan, China, the virus spread around the world and is
characterized as a pandemic by the World Health
Organization [1,2]. According to Johns Hopkins
Coronavirus Resource Center, on March 17, 2020,
confirmed cases surpassed 189,160 with a total of 7,497
deaths around the world, among them 5068 cases in the
US and 85 deaths [3]. This article summarizes what is
presently known about COVID-19 in pregnant women and
reviews the unique risk factors for severity of viral
illnesses among pregnant women.

IMMUNE SYSTEM AND PREGNANCY Women’s bodies
undergo immunological changes during pregnancy to
avoid rejection of the fetus and placenta. The historical
paradigm presents pregnancy as an immunocompromised
state, but more recent data suggest that it is a modified
immune state that might increase the severity of some
infections without increasing susceptibility for acquisition
[4,5]. A woman’s immune response might change at
different trimesters and during the postpartum period,
shifting from a pro-inflammatory to an anti-inflammatory

state. An increase in progesterone and estrogens
significantly contributes to immune system modifications
[4,5]. Some of the hormonal effects on immunity are
summarized below:

HORMONES IN PREGNANCY Progesterone. Progesterone
receptors are present on immune cells, such as
macrophages, dendritic cells, and lymphocytes, and can
bind to glucocorticoid receptors on these cells. An
increased level of progesterone is associated with several
anti-inflammatory effects [6].

e Progesterone reduces the production of pro-
inflammatory interleukin (IL) -6 and IL-12 cytokines in a
murine model [7].

e During the second trimester of pregnancy,
progesterone induces the reduction of regulatory T-
cells, while preserving their activity [8].

e Contraception with medroxyprogesterone acetate is
associated with suppression of CD8" T-cell effector
functions and reactivation of herpes simplex virus type
1 (HSV-1) [9].

e Elevated progesterone favors T helper type (Th)-2-
immune responses over Th-1-responses. The latter is
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associated with the production of pro-inflammatory
cytokines. The Th2-response counteractions to Th-1
appear to play an important role in sustaining
pregnancy [10,11].

e Progesterone is associated with reduced macrophage
activity in the murine model [6,12].

Estrogens. Estrogen receptors are present on lympho-
cytes, macrophages, and dendritic cells. The impact of
estrogens on the immune system is described as
paradoxical. Studies show an association of estrogens with
suppression of inflammation, as well as pro-inflammatory
effects [13].

e Estrogen can enhance tumor necrotic factor-alpha
expression, while also suppressing pro-inflammatory
cytokines at estrogen concentrations observed during
pregnancy and is able to stimulate anti-inflammatory
Th-2-associated pathways [6,13].

e Estradiol elevates lipopolysaccharide-binding protein
levels and expression of Toll-like receptors that play a
role in antigen recognition. Inflammatory cytokine
levels were much higher in vivo after a lipopoly-
saccharide challenge with increased endo-toxin-
associated morbidity [14].

e Estradiol enhances interferon-gamma production in a
mouse model [15].

e Estriol, the hormone absents in non-pregnant women
and accounting for 90% of all estrogens in pregnancy
[6], and estradiol can enhance bacteria-specific
immunoglobulin (Ig) M antibody. However, estriol,
unlike estradiol, does not affect the response against
the soluble protein in the murine model. It was
proposed that such a difference might be used to
reduce antibody-mediated immune damage during
pregnancy [6,16].

POSTPARTUM Interferon-gamma, IL-2, and tumor
necrosis factor-alpha are low during the postpartum
period and take up to 3 months to return to normal [17].

The rebound of immune response postpartum has been
linked to reactivation of dormant chronic diseases, or
immune reconstitution syndrome, previously described
concerning human immunodeficiency virus infection and
organ transplant. Exacerbation of chronic hepatitis C and
hepatitis B, worsening cryptococcal infection, and a high
incidence of extra-pulmonary tuberculosis have been
reported in postpartum women [18].

RESPONSE TO VACCINATION Immunogenicity of non-live
vaccines in pregnant women appears to be comparable
with the general population.

e In a randomized trial, pregnant women vaccinated
with Tdap (tetanus, diphtheria, and pertussis) or Td
(tetanus and diphtheria booster) had a significant
antibody response that peaked by the time of delivery
or by two months postpartum [19].

e Pregnant women obtain an effective response to
influenza vaccination, although the cellular response is
not fully understood [20,21].

On the other hand, as a precautionary measure, the
administration of live vaccines during pregnancy is
generally contraindicated, due to theoretical risk to the
fetus [22,23]. In one study, pregnant women inadequately
vaccinated with live yellow fever vaccine had a much
lower level of protective antibody than a control group. In
contrast, another study reported 98.2% of women were
positive for 1gG six weeks post-vaccination [23]. Overall,
data on the immunogenicity of live vaccines and durations
of protective immunity during pregnancy are insufficient.

NON-IMMUNOLOGICAL CHANGES Maternal adaptation in
pregnancy can contribute to the severity of infectious
diseases. Cardiac output increases by 40% during
pregnancy and systemic vascular resistance drops due to
peripheral vasodilation. Stroke volume and heart rate
increase, and transition from lateral to a supine position
may lead to a 25% decrease in cardiac output. Oxygen
demand rises due to an increase in metabolic rate and
oxygen consumption increases by up to 20%. A rapid
increase in cardiac output by 60-80% follows delivery; at
that time venous return is increased, which puts a patient
with cardiovascular issues at risk for pulmonary edema
[24].

VIRAL INFECTION AND PREGNANCY Risk of increased
severity of viral infections among pregnant patients is well
documented.

Influenza During the 2009 influenza HIN1 pandemic,
pregnant women had a high risk of morbidity compared to
other groups. Approximately 23% of those hospitalized
required admission to intensive care. Five percent of all
reported influenza-related deaths were attributed to
pregnant women (with only 1% of the US population
being pregnant). Increased severity was likely due to
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changes in immune, cardiac, and respiratory systems
among pregnant women [25].

Herpes simplex virus (HSV) Pregnant women are at high
risk for disseminated primary HSV infection and HSV
hepatitis [4].

Varicella Primary varicella infection at the time of
pregnancy is more often associated with pneumonia with
a higher level of mortality than controls [4].

Ebola virus Pregnant women infected with the Ebola virus
appear to have a higher risk of complications and death
during all trimesters [26].

Severe acute respiratory syndrome (SARS) Only a small
number of pregnant women with SARS caused by a SARS-
CoV was reported during the outbreak in 2003. Among
twelve pregnant patients in Hong Kong, three women died
(mortality 25%) [27]. In two reports of SARS-CoV in
pregnant patients in the US, none had such a severe
outcome [28]. One patient had preterm labor with a
healthy child [28]. Five SARS infections reported from
China happened during the second and third trimesters.
One fetus in a twin-pregnancy died, and the rest had no
evidence of SARS-CoV infection [29].

Middle East respiratory syndrome (MERS) A case of the
MERS coronavirus infection in a pregnant woman
described in South Korea resulted in maternal recovery.
This patient had suspected placenta abruption prompting
a cesarean section. MERS-CoV tested negative in the
neonate [30]. A report from the Kingdom of Saudi Arabia
presented a 32-week pregnant woman with MERS-CoV
required ventilation support and intensive care, who
eventually recovered and delivered a healthy infant [31].
In a further case series of five pregnant women infected
with MERS-CoV, all required ICU care, and two women
died. One infant was stillborn, and another died shortly
after birth [32].

In addition to increased severity of viral infection among
pregnant women, some viruses are notoriously associated
with birth defects, including rubella, cytomegalovirus, and
Zika virus [33].

Maternal viral infection can activate inflammatory
responses in the fetus even without detectable organism
levels and result in fetal inflammatory response syndrome
(FIRS). With this syndrome, the placenta has high

concentrations of pro-inflammatory cytokines. In animals,
FIRS is associated with fetal abnormalities [5].

WHAT IS KNOWN ABOUT COVID 19 AND PREGNANCY?
Presently, very scarce data are available on the outcome
for pregnant women with COVID-19 and recommend-
dations remain fluid. In a retrospective review of nine
pregnant women in Wuhan, all had caesarian sections in
the third trimester. None of the women had severe
pneumonia or died, and all neonates had 5-minute Apgar
scores of 9-10. No COVID-19 was detected in tested
amniotic fluid, cord blood, breast milk, or neonatal throat
swabs. Maternal age ranged from 26 to 40 years old with
a median of 28 years. None of the patients received
corticosteroids [34].

In another review of 10 neonates born to nine mothers
with COVID-19, six infants were born premature, six had
intrauterine distress, one died with multiple organ failure
and disseminated intravascular coagulation (DIC), and four
remained in the hospital at the time of the report. Two
neonates had DIC and received transfusions. Nine
neonates were tested with throat swabs and all were
negative for COVID-19. The age of the pregnant women
ranged from 25 to 35 years old with a median of 30 years.
Seven women had cesarean section. Although similarly to
SARS-CoV or MERS-CoV no vertical transmission was
documented, it needs to be noted that SARS-CoV-2 is
more contagious than former viruses [35].

In both studies, reported pregnancies were at the third
trimester, data on the first and second trimesters are
presently lacking.

The World Health Organization-China Joint mission
reported on 147 pregnant patients with 64 confirmed, 82
suspected, and one asymptomatic case, among which 8%
had severe and 1% had critical disease [1].

A non-pregnancy associated risk factor in COVID-19
infection is increased age. Deaths among patients in the
age group of 20-49 years old range from 0.7-3.7% (case
fatality rate 0.2-0.4%). The risk of death increases
dramatically with every decade. The severity of disease is
expectedly associated with mortality (case fatality rate
49% for critical severity). Mortality among patients with
comorbidities, including cardiovascular disease, diabetes,
hypertension, chronic respiratory disease, and cancer are
also proportionally higher [36].
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The American College of Obstetricians and Gynecologists
(ACOG) developed an algorithm to aid in outpatient
management of pregnant women with suspected or
confirmed COVID-19. ACOG advises that based on the
inferred data from influenza and SARS-CoV, pregnant
women should be considered an at-risk population,
although very limited factual data on COVID-19 is
available. The primary concern for breastfeeding is the
risk of droplet transmission [37].

CONCLUSION In conclusion, pregnant women have a
complex modification of the immune system that varies
through pregnancy and extends to the postpartum period.
Change in the balance toward anti-inflammatory
pathways occurs, although some cellular mechanisms of
immunity could be enhanced. Overall, pregnant women
tend to have more severe viral illnesses compared with
the general population as reported in influenza, varicella,
HSV, and Ebola infections. Previous outbreaks of
coronavirus, SARS-CoV, and MERS-CoV demonstrated
rather a small number of reported cases, mixed outcomes
for mothers and neonates, and the absence of vertical
transmission. COVID-19 appears to follow a similar
pattern; however, it is more contagious, and additional
data will likely emerge soon. Due to immunological and
physiological changes in pregnancy, more severe
outcomes for other viral infections, and presently scarce
data on COVID-19, the reasonable approach is to consider
pregnant women an at-risk population.
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