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Abstract
Based on previous knowledge of other epidemics such as SARS, MERS and H1N1, it is proposed that
pregnant women may have a severe clinical outcome in some situations. It is not different for COVID-19.
The control of SARS-CoV-2 infection among pregnant women and their potential risk of vertical
transmission are a concern to the medical and scientific community. However, the maternal organism does
not behave the same way during those forty weeks. Here we show the differences in pathophysiology of
COVID-19 in pregnant women as a consequence of physiological and immunological changes related to
each gestational period, in order to guide an appropriate therapy and care for this population. We observed
that these women are in a transient physiological condition in which ACE-2 is highly expressed and,
despite its protective mechanism for pregnancy, it is also used by the virus as a route of entry. Moreover,
their physiological immunosuppression associated with cytokines increased levels, may lead to a cytokine
storm, especially in the first trimester and at the end of pregnancy (pro-inflammatory stages). Therefore,
we found in this review that individualization of each gestational period should be practiced not considering
pregnancy as a unique status.
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Introduction

The COVID-19 (COronaVIrusDisease 2019) pandemic, caused
by the new coronavirus, spreads rapidly across all continents,
becoming a global threat. Since its emergence in December
2019 in the city of Wuhan, China [1], the virus has been causing
great concern to public health authorities [2], leading the World
Health Organization (WHO) to declare a COVID-19 pandemic on
March 11, 2020. According to the WHO, more than five million
cases have been confirmed worldwide, leading to more than
360,000 deaths by May 30, 2020 [3].
As a consequence of physiological and immunological
changes related to the gestational period, it seems that pregnant women are more susceptible to respiratory pathogens,
although there is still no confirmation on the hypothesis that
clinical manifestations of COVID-19 in pregnant women are
different from non-pregnant ones [4,5]. However, in previous
pandemics, such as SARS, MERS and H1N1, pregnant women

were notoriously more susceptible to severe diseases, causing a
higher morbidity and mortality rate than general population [6].
Considering the data already obtained regarding this population group, the control of infection among pregnant women
and their potential risk of vertical transmission are a concern to
the medical and scientific community [7], once in this period,
there is an increase in the expression of the ACE-2 enzyme, used
as pathogen’s entrance route. In addition, the natural immunological process in pregnancy provides an immunomodulation
state, possibly capable to promote a deregulated response
when fightingagainst the virus [8].

Review

COVID-19 in Pregnancy

The disease is normally characterized by infection of the superior
respiratory tract with fever and cough, in addition to infection of
the lower respiratory tract varying mild to severe, which can lead
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to severe acute respiratory syndrome (SARS) [9]. Given an R0
(transmission rate) higher than that observed in other epidemics caused by coronavirus or influenza viruses, COVID-19 quickly
reached the five continents through personal contact, sneezing, coughing or through secretions of infected people [10].
As pandemic extends, infection control among pregnant
women and their potential risk of vertical transmission becomes
a major concern [7]. When observing previous epidemics of
emerging viral infections, poor obstetric outcomes were found,
such as maternal-fetal transmission of the virus, perinatal
infections and maternal and neonatal mortality. Thus, it is
perceived that the common physiological and immunological changes in pregnancy are capable of increasing the risk
of complications from respiratory infections. Changes in the
cardiovascular and respiratory system, such as an increase in
heart rate, circulating blood volume and oxygen consumption,
combined with a decrease in lung capacity, increase the risk of
developing a serious respiratory disease. In addition, there are
still immunological adaptations that allow pregnant women
to tolerate a genetically distinct fetus [11], reinforcing the
fact that pregnant women should be treated as a risk group.
A study of 118 infected women in Wuhan showed there
is not enough data to prove a higher risk of severe disease
in pregnant women, as occurred with influenza. In this article, about 92% of pregnant women presented mild disease
and there were no cases of vertical transmission. The main
symptoms identified were fever, cough, and lymphocytopenia
[12]. According to previous data on SARS and MERS, clinical
findings may change from absence of symptoms to severe
symptoms, and death, during pregnancy [13].
In a recent study based on the description of 43 cases of
COVID-19 confirmed in pregnant women in New York City
hospitals, fourteen (32.6%) patients had no viral symptoms
associated with SARS-CoV-2, that were only identified after
the development of these symptoms during admission or
after the universal test for all obstetric admissions. Among
these, 10/14 (71.4%) developed symptoms of COVID-19
during admission until the time of delivery or soon after
postpartum discharge. Of the remaining 29 (67.4%) patients
who presented symptomatic infection by SARS-CoV-2, three
required prenatal admission due to infection symptoms, and
an additional patient presented deterioration of respiratory
status, requiring oxygen supplementation [6]. In another study
performed by Wu et al, 37 (86%) women had mild disease,
four (9.3%) had severe disease and two (4.7%) had critical
disease; these percentages are similar to those described
for non-pregnant women with COVID-19 (about 80% of mild
disease, 15% severe and 5% critical). However, the data are
still limited and insufficient, leading to doubts regarding the
presentation of more severe symptoms in pregnant women [2].

Viral morphology and invasion mechanism into the
host cell
Coronaviruses are a group of single stranded, non-segmented,
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enveloped RNA genome viruses capable of promoting disorders ranging from common colds to severe, fatal diseases.
Before the COVID-19 pandemic, only two types of coronaviruses already known led to severe respiratory diseases in
humans: SARS-CoV and MERS-CoV. With the emergence of
SARS-CoV-2, a third coronavirus showed capability of causing
severe respiratory disease, even resulting in more cases than
SARS and MERS together [14].
A study published in February 2020 showed that SARS-CoV
and SARS-CoV-2 share, on average, 75% to 80% of the same
genome sequence, revealing countless similarities between
these two viruses [15].
Nasopharyngeal and oropharyngeal isolated samples of
SARS-CoV-2 were inoculated in order to perform cell culture
of this pathogen. Thus, it was discovered that the structure
of the new coronavirus consists in particles ranging from 70
to 90 nm, with numerous cytoplasmic organelles specifically
surrounded by vesicles [16]. In addition, SARS-CoV-2 has, in
its structure, surface proteins like the Spike protein (S), membrane protein M, and small membrane protein E [17]. Viral
entry occurs via two routes. The first occurs when the Spike
protein attaches to the angiotensin-converting enzyme 2
(ACE-2) receptor, releasing the viral genome and nucleocapsid
protein into the host cell cytoplasm. The other pathway is the
direct plasma membrane route via transmembrane serine
protease 2, which allows for the proteolytic cleavage of the
spike protein and mediation of fusion with the cell membrane.
Intracellularly, the viral genome is translated into a replicase
to produce more genome RNA, mRNA and viral protein [18].
Both SARS-CoV and SARS-CoV-2 have similarity regarding
the viral invasion into the target cell, taking advantage of ACE-2
for this purpose [19]. Thus, the binding between Spike protein
and ACE-2 receptor promotes a conformational modification
that allows virus’ entrance into the cell through the fusion of
the viral envelope with the host cell membrane [20]. However,
studies have shown a crucial difference between SARS-CoV
and SARS-CoV-2: the presence of Furin. This enzyme is not
activated during the host cell invasion process in SARS-CoV
and MERS-CoV infection, what denotes that its presence
may be related to the severity and/or transmission facility
of COVID-19 [21].
SARS-CoV-2 has a Furin cleavage site that is located at
the Spike protein. This type of cleavage site is usually found
in highly virulent forms of the influenza virus, which help
in the expansion of virus’ cellular tropism [22]. Therefore, it
is believed that Furin, when cleaved, assists in SARS-CoV-2
cellular tropism. Several human organs expresses it, such as
lungs, small intestine and liver, what proves the reason why
the new coronavirus is extremely contagious in conjunction
with its potential ability to infect multiple organs and the
genetic differences in immune response between hosts [21].

Expression and activity of ACE-2 during pregnancy

Li et al, in 2003, identified that protein ACE-2 (a metallo-
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peptidase responsible for converting Angiotensin I into Ang
1-9 and Angiotensin II into Ang 1-7, with vasodilatory, antithrombotic, and anti-inflammatory activities), target of virus
Spike protein, is the receptor used by SARS- CoV to enter the
cell [23]. This binding is capable to melt the virus membrane
to the host cells and to internalize it down regulating the
ACE-2 expression [24].
It was observed that both SARS-CoV and SARS-CoV-2 share
the same binding locus of the Spike protein: the ACE-2 receptor of the host cell. In addition, studies have shown that the
Spike protein in SARS-CoV-2 expresses an affinity 10 to 20
times higher for ACE-2 than SARS-CoV [19], what may explains
the high transmission rates.
ACE-2 plays a central role in the non-classic renin-angiotensin-aldosterone system (RAAS), which activity seems
to be balanced by the classical pathways under normal
physiological conditions. However, it has been found that
the new coronavirus, through the activity in the non-classic
renin-angiotensin-aldosterone pathway, is capable of causing lung injury and inflammation [23]. Although the virus
infects the respiratory epithelium, this enzyme may only
be an entry route, since that endothelial lesions resulting in
the production of cytokines and recruitment of innate and
adaptive cells can mediate the stages of alveolar damage. The
tissue tropism of SARS-Cov-2 is related to the expression of
ACE-2, which includes lung, gastrointestinal tract and liver.
It was seen that in humans, ACE-2 protein is also present in
alveolar epithelial cells, serous and bronchial glands, trachea,
bronchi, and alveolar pneumocytes and macrophages [25].
Furthermore, Levy et al. investigated the expression and
activity of ACE-2 during pregnancy in normotensive and hypertensive rats. It was confirmed that reproductive organs,
such as placenta and uterus, in addition to the kidneys,
contribute significantly to the expression of ACE-2, leading
to the conclusion that pregnancy is a temporary physiological condition in which ACE-2 is over-expressed and active. It
was also shown that increased ACE-2 expression contribute
to decrease vascular resistance and elevate ANG II levels
during pregnancy. Therefore, the hypothesis is that these
components, ACE-2 and ANG 1-7, would prevent the blood
flow disruption between uterus and placenta, the development of systemic arterial hypertension, and could explain
the blood pressure reduction during the gestational period
[26-28]. ACE-2 is important for the normal development of
pregnancy in normotensive and hypertensive individuals
and changes in its expression may lead to abnormalities in
the blood pressure pattern during pregnancy [26].
This report raises the hypothesis that pregnant women
would be more susceptible to the virus (mediated by greater
viral replication due to increased receptors at this stage), in
addition to explaining some clinical manifestations similar
to Preeclampsia that occur in this population when affected
by COVID-19. However, based on data from previous coronaviruses infections (MERS and SARS), there is no evidence
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yet to prove that pregnant women are more susceptible to
these pathogens. By the way, since the outbreak of the new
coronavirus infection, more men have been affected than
women [14].

Deployment of the inflammatory response at COVID-19
and aspects of pregnant women immune system

The two types of coronavirus previously known to trigger
severe pneumonia, SARS-CoV and MERS-CoV, exhibit this
clinical manifestation associated with a fast viral replication
increasing pro-inflammatory cytokines. Cytokines are well
known for playing an important role in the immune response,
but at exacerbated levels they can promote an unregulated
response [8]. The cytokine storm involves an excessive and
damaging immune system response to the pathogen, “reversing” the cytokines’ major characteristic – being the chemical
molecules that signalize and guide an effectively beneficial
immune response. Hence, during a cytokine storm, the levels
of these molecules are overly elevated what causes an attack
on healthy tissues [29].
Similarly, SARS was also characterized by an exacerbated
inflammatory response leading to pulmonary damage. A
previous study in mice demonstrated that SARS has a fast
viral replication combined with a delayed type 1 interferon
(IFN-I) signaling, promoting an accumulation of monocyte
and macrophage inflammation. Consequently, it generates
high levels of lung’s cytokines and chemokines and abnormal
T cell responses [8]. Chen et al. [30] made it possible to take
a new look at COVID-19 by following contaminated patients
during a period of 7 to 10 days in which the cytokine storm
occurred at its maximum expression at the peak of respiratory discomfort [8].
Therefore, SARS-CoV-2 infection causes cytokine storm
and lymphopenia through a decrease in TCD4+ and TCD8+
cells, in addition to suppression of IFN-γ by the TCD4+ cells
themselves. Moreover, the concentrations of pro-inflammatory
and anti-inflammatory cytokines – including IL-2R, IL-6, TNF-α
and IL-10 – increased in severe cases, suggests an association with the severity of COVID-19. The cellular origin and
the mechanisms involved in the huge increase of cytokine
levels in COVID-19 deserve to be further explored in order
to develop the ideal clinical management of this disease [30].
The gestational period comprises a peculiar phase in concern
to the immune system that may lead to diseases exacerbation [31]. Progesterone is known as an inducer of Th2-type
cytokines, such as interleukin 3 (IL-3), IL-4 and IL-10 [32].
So far, there are two theories that try to justify the gestational
phenomenon of relative immunosuppression. One of them
points out that this scenario is an immunological adaptation
with the purpose of protecting the fetus. The second idea
defends the importance of the maternal immune response in
relation to the paternal antigens present in the fetus [31]. First,
the role of progesterone must be highlighted, since, besides
maintaining an appropriate environment for pregnancy, it
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promotes an immunologically favorable environment for
fetal development. According to the “Th1/Th2 paradigm”,
Th2 cytokines, found at the fetal maternal interface, appear
to be related to successful pregnancy outcomes, while Th1
cytokines, such as Interferon gamma (IFN-γ), tumor necrosis
factor (TNF), IL-1 and IL-2, are related - when in overproduction - to pregnancy loss.
Therefore, it is normal to observe a relative suppression
of Th1-type cytokines, causing a tendency to Th2-cytokines
response during uneventful pregnancy, and followed by an
increased response in favor of anti-inflammatory cytokines
[31]. Thus, pregnancy is divided into three periods by the
inflammatory stage: the first trimester, which occurs a proinflammatory stage due to the implantation process, the second
anti-inflammatory stage related to fetal growth, and finally the
late third trimester, in which a second pro-inflammatory stage
occurs indicating the beginning of labor, with the decline of
progesterone [33]. This fact characterizes the importance of
proper management of this population group, since the same
infection will have different inflammatory developments in
different gestational periods.
In relation to anti-inflammatory cytokines, the role of IL-10
in the gestational period is also highlighted. The IL-10 is capable of acting in an autocrine and paracrine mode. This occurs
in response to inflammation signs of the immune system,
enclosing these inflamed sites [34]. This cytokine is highly
important during pregnancy since it suppresses the production of pro-inflammatory cascades by other cells, with numerous studies proving its origin at the maternal-fetal interface
[35]. Other interesting factors regarding the immunological
adaptation to the fetus are seen. For example, the increased
levels of estrogen and progesterone in the upper respiratory
tract associated with a restriction of lung expansion, which
combined promotes the susceptibility of pregnant women
to contract respiratory pathogens [36].
There are many evidences that systemic viral infections affect
pregnancy and turns the risk greater than in non-pregnant
women, with higher morbidity and mortality [37]. An example
of this rigorous response to viral crisis is SARS, which during
pregnancy has shown high incidences of miscarriages in the
first period, in addition to premature births and limited fetal
growth in the third period [38].
Regarding interleukin 6 specifically, it is responsible for
commanding the expression of C-reactive protein (CRP), which
is a biological marker related to cases of severe COVID-19
manifestations [39]. In addition, studies have shown the link
between IL-6 and CRP high levels in amniotic fluid and an
increased risk of spontaneous premature delivery in asymptomatic women [40], directly correlated to severe COVID-19.
Thereby, physicians cannot ignore the potential risk that
serious cases of COVID-19 may cause in pregnant women.
Based on the knowledge that in the first trimester and near
the term these patients are in a pro-inflammatory state, if they
are infected with SARS-Cov-2, an induced cytokines storm

doi: 10.7243/2055-0898-8-1
may occur resulting in severe inflammation [36].

Conclusion

So far, there is not enough data regarding the effect of the
new coronavirus on pregnant women. However, based on
previous knowledge of other epidemics such as SARS, MERS
and H1N1, it is proposed that pregnant women may have a
severe clinical outcome in some situations. Several factors
may categorize these patients as a risk group. First, the fact
that these women are in atransient physiological condition
in which ACE-2 is highly expressed and, despite its protective
mechanism for pregnancy, it is also used by the virus as a
route of entry. Moreover, because they have a physiological
immunosuppression associated with cytokines increased
levels, the occurrence of a severe infection is capable of generating a cytokine storm, especially in the first trimester and
at the end of pregnancy (pro-inflammatory stages). Finally,
it is worth mentioning that the normal patterns of maternal
physiological changes also corroborate the susceptibility of
pregnant women to respiratory infections. Therefore, to adequate prevention and treatment strategies, more evidence
about this new disease is needed in this population group,
especially in high-risk pregnant women.
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