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Many underlying medical conditions have been linked to worse COVID-19 prognosis. Based on reports
on SARS-CoV-1 and Middle East respiratory syndrome infections, pregnancy has been considered a
predisposing factor to severe COVID-19, with pregnant women being a high-risk group for several
physiological reasons. Specifically, pregnant women undergo physiological adaptations that predispose
them to severe respiratory viral diseases, including SARS-CoV-2. However, a significant amount of evidence
suggests that the clinical outcome of COVID-19 among pregnant women is not different from the general
population. In view of this, this report discusses the physiological conditions in pregnant women that
adversely affect their immunity, cardiovascular homeostasis, and their endothelial and coagulopathic
functions, thereby making them more prone to severe viral infections. We also discuss how these
physiological adaptations appear to paradoxically offer protection against severe COVID-19 among
pregnant women.
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COVID-19 is a respiratory pneumonia caused by SARS-CoV-2. The severity of COVID-19 differs from person to
person and is generally influenced by old age, gender, comorbidity with chronic diseases, obesity and pregnancy [1].
Although women are less affected by SARS-CoV-2 compared with men, pregnant women are considered a high-
risk group due to their increased susceptibility to viral infections [2]. Notably, during the influenza pandemics of
1918, 1957 and 2009, high numbers of deaths among reproductive-age women occurred in pregnant women [3–5].
Moreover, pregnancy is associated with anxiety leading to adverse outcomes such as hypertensive disorder [6], which
is a risk factor for severe COVID-19.

Against this background, it was expected that pregnant women will be relatively worse affected by COVID-19
compared with nonpregnant women of comparative age [7]. However, to date, studies on severity of COVID-19
among pregnant women have provided conflicting outcomes; it is not clear whether pregnancy is a blessing or a
curse among COVID-19 patients. In this special report, we provide a balanced discussion on the current knowledge
of the effects of COVID-19 on pregnancy and discuss physiological conditions in pregnancy that are expected to
worsen COVID-19 outcomes and how these conditions paradoxically tend to lessen the outcomes of COVID-19
among pregnant women.

Pregnancy-related risk factors of COVID-19
Generally, pregnancy predisposes women to more severe disease outcomes compared with nonpregnant women. In
view of this, pregnant women have been considered a high-risk group for severe COVID-19. Due to physiological
and immunological adaptations during pregnancy, pregnant women were expected to be more susceptible to severe
respiratory illness [8,9] compared with their nonpregnant counterparts. Indeed, some reports have shown that
pregnant women with COVID-19 have an increased risk of requiring admission to an intensive care unit, invasive
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ventilation, extracorporeal membrane oxygenation and preterm delivery compared with COVID-19-negative
pregnant women [10].

In pregnancy, factors such as increased maternal age, high body mass index and pre-existing comorbidities tend
to influence COVID-19 prognosis [10]. Considering that SARS-CoV-2 infection presents serious pulmonary
manifestations including pneumonia (the most prevalent nonobstetric condition in pregnancy [11]), acute respiratory
distress syndrome, pervasive microemboli and coagulation perturbations [12], a higher morbidity and mortality
was expected among pregnant women. In addition, pregnancy is associated with normal maternal physiological
changes such as hypercoagulability, altered cell-mediated immunity [13] and alterations in pulmonary function,
which cause reduced total lung capacity and an inability to clear pulmonary secretions effectively [14]. These
changes are expected to predispose pregnant women to clinically severe pneumonia upon contracting COVID-19.

Pregnancy is associated with altered functioning of the immune system, which is likely to elevate the risk of
developing severe COVID-19. The release of proinflammatory cytokines is inhibited by hormonal cues in pregnancy,
particularly increased levels of progesterone [15]. A Th2 polarization phenomenon, which involves the suppression
of dominant cell-mediated proinflammatory Th1 immunity in favor of a physiological shift to humoral Th2-
dominant immunity, has the potential of increasing the susceptibility to intracellular pathogens including viruses,
bacteria and parasites [16]. This likely explains why pregnant women are relatively more susceptible to viral infections
compared with nonpregnant women [17].

Another risk factor to severe COVID-19 is altered functioning of the respiratory system during pregnancy. An
important respiratory change that occurs in pregnancy is an increased oxygen consumption, which is characterized
by an elevation of the physiologic diaphragm that prompts a restriction in lung expansion, and hormone-induced
edema of upper respiratory tract mucosa [18]. This makes pregnant women more sensitive to hypoxia and generally
more susceptible to respiratory pathogens. As pregnancy progresses, a series of changes result in closure of small
airways and subsequent reduction of functional residual capacity (FRC) and expiratory reserve volume (ERV) [19].
The respiratory changes include an upward elevation of the diaphragm due to distension of the uterus, and
alteration in thoracic and chest wall configuration and lung volume [20]. There is also lengthening and reduced
thickening of the muscle fiber of the diaphragm, which increases the capability of the diaphragm to generate
tension. The alterations in pulmonary volumes such as FRC and ERV decrease steadily from early pregnancy due
to diaphragmatic splinting by the gravid uterus, resulting in reduced total lung capacity at term as well as poor
clearance of pulmonary secretions [20].

Is pregnancy protective against severe COVID-19?
Despite pregnant women having a higher likelihood of developing severe COVID-19 complications, accumulating
evidence points to the contrary, with several studies pointing to favorable COVID-19 outcomes among pregnant
women [21–26]. Based on recent findings, we highlight reports that favor a worse or better COVID-19 outcome among
pregnant women. Table 1 summarizes the key findings of studies on COVID-19 in the context of pregnancies.

To begin with, a retrospective cohort study in Wuhan, China, reported an infection rate of SARS-CoV-2 among
pregnant women (0.57%) to be comparable to that in the general population (0.50%) in Wuhan with no deaths
among 11,078 confirmed COVID-19 cases that were used in the study [31]. Similarly, a study carried out in the
Italian city of Genoa reported that six out of 325 screened asymptomatic pregnant women reporting for delivery
tested positive for SARS-CoV-2. None of the SARS-CoV-2-positive women developed clinical symptoms, and no
infection was reported in the newborns either [23]. Altogether, these findings suggest that pregnant women may not
be at a higher risk of developing more severe COVID-19 complications compared with nonpregnant women.

Studies have reported severe COVID-19 outcomes among pregnant women, but these adverse outcomes appear
to be associated with underlying conditions and not pregnancy per se. In support of this view, Allotey and colleagues
found maternal risk factors associated with severe COVID-19 in pregnancy to include advanced age, high body
mass index, chronic hypertension and pre-existing diabetes [10]. Pre-existing maternal comorbidity was found to
be associated with admission to an intensive care unit and the need for invasive ventilation. Higher percentages
of pregnancy obesity and gestational diabetes were also identified among pregnant women in eight US healthcare
centers who were hospitalized for COVID-19 illness without an obstetric reason compared with those admitted
for obstetric reasons [32]. Likewise, a national prospective cohort study among pregnant women in the UK reported
that hospitalized pregnant women with symptomatic SARS-CoV-2 were more likely to be overweight or obese and
to have a relevant medical comorbidity including asthma and hypertension compared with asymptomatic pregnant
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Table 1. A summary of reports on COVID-19 outcomes among pregnant women.
Title of article Study design Key findings Remarks Ref.

Pregnancy outcomes in COVID-19: a prospective cohort
study in Singapore

Prospective observational
study

The majority (87.5%) of
SARS-CoV-2-infected pregnant women
had mild disease

Better COVID-19 outcome
with pregnancy

[26]

Pregnancy outcomes during the COVID-19 pandemic in
Canada, March–August 2020

Review of clinical data and
computed tomography
examination

All women in the study achieved good
recovery from COVID-19 pneumonia

Good COVID-19 outcome
with pregnancy

[27]

Clinical profile, viral load, maternal-fetal outcomes of
pregnancy with COVID-19: 4-week retrospective, tertiary
care single-centre descriptive study

Single-center retrospective
study

Most women with COVID-19 (78.9%)
had a mild infection with favorable
maternal–fetal outcomes

Better COVID-19 outcome
with pregnancy

[21]

Asymptomatic SARS-CoV-2 infections in pregnant patients in
an Italian city during the complete lockdown

Out of 325 asymptomatic pregnant
women, six (1.8%) were positive; out of
the six, none developed clinical
symptoms

Good COVID-19 outcome
with pregnancy

[23]

Clinical characteristics and intrauterine vertical transmission
potential of COVID-19 infection in nine pregnant women: a
retrospective review of medical records

Retrospective review of
medical records

Clinical characteristics of COVID-19
pneumonia in pregnant women were
like those reported for nonpregnant
women

Better COVID-19 outcome
with pregnancy

[28]

Routine screening for SARS CoV-2 in unselected pregnant
women at delivery

Cross-sectional study Nearly 50% of pregnant women were
asymptomatic

Better COVID-19 outcome
with pregnancy

[24]

Clinical findings and disease severity in hospitalized
pregnant women with COVID-19

Prospective multicenter
cohort study

Infection with COVID-19 caused
moderate to severe respiratory illness
among pregnant women

Worse COVID-19 outcome
with pregnancy

[29]

Maternal and neonatal morbidity and mortality among
pregnant women with and without COVID-19 infection: the
INTERCOVID Multinational Cohort Study

Multinational cohort study COVID-19 in pregnancy was associated
with consistent and substantial
increases in severe maternal morbidity
and mortality and neonatal
complications

Worse COVID-19 outcome
with pregnancy

[30]

women [33]. Similarly, a case series from Italy reported obesity as the most important risk factor related to a severe
form of COVID-19 in pregnant women [34].

Taken together, these reports seemingly demonstrate that pregnancy per se does not worsen COVID-19 outcome
among pregnant women but rather confounding factors in pregnancy. Perhaps, correcting for these factors could
provide a different outcome between COVID-19 pregnant and nonpregnant women, or the general population. It
is quite likely that pregnant women without these underlying conditions are not disproportionately impacted by
SARS-CoV-2.

Physiological changes in pregnancy: beneficial or harmful in the context of COVID-19?
Maternal physiological adaptations during pregnancy are known to negatively impact the susceptibility of pregnant
women to viral infections like SARS-CoV-2, as well as the clinical course of the infection [35]. The adaptations occur
as a result of altered hormonal and metabolic cues that impact the size, morphology, function and responsiveness of
tissues and organs, which manifest in alterations in the pulmonary, immune, cardiovascular and metabolic systems
of the pregnant woman [36].

Physiological changes of the cardiothoracic region such as diaphragm elevation, lung expansion, increased oxygen
consumption and hormone-induced edema of upper respiratory tract mucosa occur in pregnancy and result in
pulmonary events such as reduced total lung capacity at term and poor clearance of pulmonary secretions [37,38].
Such pulmonary alterations may generally contribute to compromised functional ability and are closely linked to
increased susceptibility and worsened morbidity of respiratory viral infections [18]. Thus, respiratory-related changes
should be pertinent to severe cases of COVID-19 where pneumonia rapidly progresses from focal to diffuse bilateral
consolidation of lung parenchyma [39], and thus is expected to readily predispose pregnant women to hypoxemic
respiratory failure. However, most COVID-19 pregnant women have been shown to have less severe COVID-19
outcomes [21–23,26]. A summary of how pregnancy might be protective against severe COVID-19 is provided in
Figure 1.

Immunological adaptations of pregnancy & COVID-19
During pregnancy, there is a characteristic strong first-line response against viral pathogens that are mediated by
the activation of natural killer cells and monocytes [40]. As pregnancy advances, there is a shift from inflammatory

future science group 10.2217/fmb-2021-0233



Special Report Santa, Doku, Olwal, Brown, Tagoe & Quaye

SARS-CoV-2-infected
pregnant women

SARS-CoV-2-infected
nonpregnant women

Higher likelihood Lower likelihood

Severe COVID-19
complications

Pregnancy-associated changes: 
– Hormonal
– Immunological
– Cardiovascular

Figure 1. Illustration of the protective nature of pregnancy against severe COVID-19. Nonpregnant women have
normal physiological functions hence rarely develop any adaptive physiological changes that may protect them
against severe COVID-19. Pregnant women, however, tend to develop hormonal, immunological and cardiovascular
changes that protect against adverse COVID-19 symptoms.

macrophages (M1) and natural killer cells to anti-inflammatory macrophages (M2), which promote Th2 response.
The M2 secretes the anti-inflammatory cytokines TGF-β and IL-10, which remain elevated throughout the gestation
period [41] and promote the healing of damaged tissue [42]. Therefore, the second line of defense is rather relatively
defective due to the Th2 polarization phenomenon, a physiological shift from the dominant cell-mediated Th1
immunity to a dominant humoral Th2 immunity. The shift to the predominant Th2 immunity presents a high
level of anti-inflammatory cytokines such as IL-4, IL-10, IL-13 and TGF-β and allows for immune tolerance of the
developing semiallogeneic fetus while maintaining the ability to respond to pathogenic upset [43]. The function of
the immune system-regulating T cells (the Treg lymphocytes) is also enhanced in pregnancy to maintain maternal
immunological tolerance while further suppressing the proinflammatory Th1 and Th17 immune responses, and
thereby promoting the Th1 to Th2 shift [44]. Additionally, the secretion of IFN-γ, a cytokine that is essential to
both innate and adaptive immunity and functions in mediating antiviral immunity, has been shown to increase
gradually as pregnancy progresses [45].

The immunologic adaptations during pregnancy could induce an increased susceptibility to intracellular
pathogens including viruses, bacteria and parasites [46]. A study showed that pregnant women suffer greater viral
infection-associated morbidity and mortality compared with nonpregnant women [17]. Although respiratory viral
infections like SARS and MERS have had quite adverse outcomes among pregnant women, COVID-19 apparently
presents a relatively favorable outcome. Case fatalities reported for COVID-19 pregnant women is approximately
0% compared with 18% and 25% for SARS and MERS, respectively, by the same period after disease onset [47–50]. A
preferential activation of Th1 immunity at least 2 weeks after disease onset was observed among SARS patients [50],
but COVID-19 patients presented both Th1 and Th2 immunities about the same period [48].

Taken together, it is likely that progressive respiratory failure, which is among the two most significant risk factors
for fatality in SARS and MERS [47,50], is better regulated in SARS-CoV-2-infected pregnant women. The relatively
predominant Th2 immunity over Th1 immune response in pregnant women may be a restraining factor against
the cytokine storm and the fostering of immune protection against acute respiratory distress syndrome (ARDS)
and multiorgan failure in COVID-19 [48].

Hormonal changes in pregnancy & COVID-19
The leading driver of protective immunological adaptation in pregnancy is posited to be hormonal changes [45].
Alteration of hormonal patterns in pregnancy influences ventilatory changes and respiratory function [37]. Increased
levels of progesterone, among other hormones, in pregnancy is reported to inhibit the extensive release of proin-
flammatory cytokines such as IL-6, IL-12, and TNF, which are among the primary triggers of adverse COVID-19
complications such as pneumonia, extensive pulmonary damage and the development of ARDS [51].

The role of progesterone in suppressing the induction of proinflammatory cytokine secretion in pregnancy and
maintenance of the pregnancy by increasing Th2 cell cytokines production to predominate Th1 cell cytokine
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production within the decidua during early pregnancy is well documented [51,52]. Thus, the anti-inflammatory
function of progesterone may be critical in preventing the adverse event of a cytokine storm, which is a key feature
of severe COVID-19. Progesterone has also been reported to promote the healing of respiratory virus-induced lung
damage [53].

Elevated estradiol levels are also reported to promote Th2 responses, whereas reduced levels of the hormone
promote Th1 responses [54]. Future studies will need to verify the hormonal-related protective immunological
response in gravidas with COVID-19. Progesterone and estrogen are also known to exert cardiovascular effects, and
therefore alterations in levels of these hormones during pregnancy may be important in regulating cardiovascular
comorbidities such as heart failure, coronary artery disease, hypertension and diabetes, which are high-risk factors
for severe COVID-19 [55–57].

The importance of alterations in steroid hormones during pregnancy in women with COVID-19, vis-à-vis the
underlying risk factors, will be worth studying particularly in comparison with nonpregnant women with similar
cardiovascular and other underlying risk conditions.

Cardiovascular changes in pregnancy & COVID-19
Several studies have associated COVID-19 with cardiovascular complications and reported pre-existing cardio-
vascular diseases to be among the highest risk factors of case fatalities [49,58,59]. However, only a few cases of
COVID-19-related cardiomyopathy have been reported in pregnancy [60].

During pregnancy, alterations in the maternal cardiovascular system cause systemic vasodilation that further leads
to increased gravid uterus and other organ perfusions, with reduced systemic vascular resistance accompanied by
increase in cardiac output [61]. Elevated renal perfusion and glomerular filtration rates lead to upregulation of the
renin–angiotensin–aldosterone system (RAAS) with associated plasma volume expansion [62,63], but blood pressure
is not increased during normal pregnancy. Diastolic and systolic blood pressures have been shown to decrease by a
mean of approximately 20% and 8%, respectively [64], which suggests possible cardioprotection in healthy pregnant
women.

ACE2 and Ang 1–7 have been shown to be relatively increased in pregnancy [65]. ACE2/Ang 1–7 has antihy-
pertensive and suppressive activities on myocardial proinflammatory cytokines TNFα and IL-6 [66,67]. The normal
regulation against hypertension in pregnancy may potentially offer some protection against severe COVID-19 in
pregnant women. ACE2/Ang 1–7-mediated cardioprotection has been shown via the association of reduced ACE2
with worsening of obesity-associated heart failure, adipose tissue inflammation and microvascular dysfunction [68].
ACE2 also converts angiotensin I to angiotensin 1–9 (Ang 1–9). However, the catalytic efficiency of ACE2 in using
the Ang II to Ang 1–7 pathway is 400-fold higher than using the Ang I to Ang 1–9 pathway [69]. Therefore, a high
level of ACE2, as occurs in pregnancy, will likely favor the Ang 1–7 pathway that promotes the maintenance of
cardiovascular homeostasis thereby offering cardioprotective effects.

Endothelial cell function & coagulability in COVID-19 pregnant women
Hypercoagulability has been suggested to be a critical consequence of severe SARS-CoV-2 [70], but pregnancy is
already known to be a physiologically hypercoagulable condition [71]. In pregnancy, conditions such as preeclampsia
contribute to endothelial cell dysfunction [72], which may occur as a result of high levels of circulating coagulation
and fibrinolytic factors such as plasmin [73]. During normal pregnancy, there is an increase in the synthesis of
the anti-inflammatory vasodilator nitric oxide (NO) [74] as a result of stimulation by progesterone. NO plays an
important role in protecting against endothelial dysfunction and hypercoagulopathy via the relaxation of smooth
muscles and modulation of vascular tone thereby regulating blood pressure [75]. This increased synthesis of NO
during pregnancy may therefore offer some protection against endothelial dysfunction and hypercoagulopathy in
COVID-19 pregnant women.

Since endothelial injury is part of the hallmarks of COVID-19, SARS-CoV-2 infection during pregnancy will
be expected to aggravate complement activation and hypercoagulation, and portending an increased risk for severe
endothelial, vascular and coagulopathic complications in COVID-19 pregnant women. However, COVID-19
pregnant women do not appear to have a significantly increased risk of thrombotic complications, probably due
to some of the physiological adaptations in healthy pregnancy [76]. For instance, a study demonstrated that SARS-
CoV-2 can directly infect endothelial cells via ACE2 and cause inflammation, thus altering the vascular homeostasis
especially in severely sick persons [77]. ACE2 is internalized as a result, and thereby downregulated on endothelial
cells after SARS-CoV-2 binds, promoting the pulmonary inflammatory and profibrotic processes via local Ang II
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activity [78]. In pregnancy, however, increased levels of ACE2 could convert the Ang II and avail high levels of Ang
(1–7) which will act on the MAS receptor involved in inhibiting local prothrombotic endothelial phenotype in
COVID-19 [79].

Normal regulation of coagulation inhibitors and blood clot-lytic enzymes of the endothelial cells are important
for maintaining vessel wall integrity and balanced coagulation [80], and promote the development of a procoagulative
endothelium, resulting from endothelitis and inflammatory cell infiltration, leading to initiation and propagation
of ARDS in COVID-19 [81]. The RAAS and the kallikrein–kinin systems (KKS) work together to regulate the
thromboresistance of endothelial cells [82–84], and reports suggest that vasodilation effects of relatively increased
Ang 1–7 in pregnancy promote antithrombosis [85,86]. Reduced expression of ACE2 has been shown to cause an
increase in vascular permeability via the activation of KKS [81,87], and thus an increased ACE2/Ang 1–7 activity in
pregnancy may support vascular integrity, sustain impermeability and promote balanced coagulative endothelium
via the MAS receptor and the KKS, thereby protecting COVID-19 pregnant women against ARDS.

The preceding discussion points to the protective effects of physiological changes in pregnant women against
severe COVID-19. However, more detailed studies are warranted to decipher the exact mechanisms by which
pregnant women are relatively better protected against severe COVID-19.

Conclusion
Contrary to the general expectation that maternal physiological changes that occur in pregnancy could exacerbate the
severity of COVID-19 in pregnant women, data on populations that develop severe disease are comparable between
pregnant and nonpregnant women. Pregnant women tend to have immunological adaptations and cardiovascular
and endothelial factors that appear to protect them against severe COVID-19. Further studies are needed to
identify the exact mechanisms protecting pregnant women against severe COVID-19. The outcomes of such
studies are likely to lead to more effective therapeutic and management options to complement the administration
of COVID-19 vaccines in pregnant women.

Future perspective
The COVID-19 pandemic has claimed many lives across the globe, especially among vulnerable groups such as the
elderly and those with underlying comorbidities. Based on previous respiratory viral outbreaks, it was expected that
pregnant women will be disproportionately affected by COVID-19. However, despite having conflicting reports,
an appreciable number of studies have pointed to a less severe COVID-19 outcome among pregnant women. As
suggested in this article, the physiological and immunological adaptations that occur during pregnancy are likely to
be ameliorating the severity of COVID-19 in this cohort. We anticipate that this special report will stimulate studies
that will be directed at understanding precisely how pregnancy is able to mitigate severe COVID-19 symptoms. With
detailed research reports emerging on the mechanisms by which pregnancy downplays COVID-19 complications,
we envisage identification of molecular players that protect pregnant women against severe COVID-19. Informed
rationale design of effective treatment or management approaches that could help manage persons who have severe
COVID-19 complications could be achieved, and such interventions are likely to be beneficial during COVID-19
and in the event of future respiratory-based pandemics.

Executive summary

Background
• Based on previous respiratory viral outbreaks, pregnant women were expected to be at higher risk of severe

COVID-19 compared with the general population.
Pregnancy-related risk factors for COVID-19
• Pregnancy is associated with altered immune and respiratory functioning that predisposes pregnant women to

severe COVID-19.
Is pregnancy protective against severe COVID-19?
• Appreciable data have shown that pregnant women without underlying comorbidities are not disproportionately

affected by COVID-19 complications.
Physiological changes in pregnancy: beneficial or harmful in the context of COVID-19?
• Immunological and physiological adaptations during pregnancy appear to protect pregnant women from severe

COVID-19 complications.
• A thorough understanding of the precise mechanism(s) by which pregnancy protects against severe COVID-19

complications is warranted.
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