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Pregnant women and their infants are among the most vulnerable
populations requiring special attention during the current Coronavirus
disease (COVID-19) pandemic [1]. The infection is caused by a new
enveloped RNA f-coronavirus, the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), which can primarily infect type II alveolar
epithelial cells of the lung through the binding to a specific receptor,
angiotensin converting enzyme-2 (ACE-2) [2]. Since ACE-2 is widely
expressed in different tissues, several extrapulmonary sites, such as
heart, blood vessels, kidney, intestine, brain and placenta can be
affected by the virus [3].

It is well known that physiological and immunological changes
during pregnancy can mask or even increase the susceptibility to res-
piratory infections. Changes including increased heart rate, altered
pulmonary volumes, as well as the natural physiological shift to a T-
helper 2 response (Th2) which attenuates the cell-mediated immunity
by Th1 system, leaving the mother vulnerable to viral infections [1]. In
fact, adverse outcomes showing increased risk of maternal morbidity
and mortality when compared to non-pregnant women have been
demonstrated during the outbreaks caused by influenza virus and also

other two coronavirus strains, the severe acute respiratory syndrome
(SARS) and the Middle East respiratory syndrome (MERS) [4].
Regarding SARS-CoV-2 infection, the prevailing symptoms in preg-
nant women are cough, dyspnea, fever, chest pain and lymphopenia [4].
Similar to non-pregnant patients, severe cases evolve to pneumonia and
vascular-related complications such as thrombocytopenia, elevated D-
dimer levels and microthrombus formation [5,6]. Recently, two sys-
tematic reviews, including mainly retrospective and case reports studies,
revealed an association of COVID-19 cases with expressive rates of
miscarriage, preterm birth, premature prelabor rupture of membranes,
fetal growth restriction, perinatal death and preeclampsia [1,4].
Reviewing published studies between January to September 2020 we
found 14 studies reporting specifically cases of hypertensive disorders
and/or preeclampsia associated with COVID-19 infection or even cases
of patients that developed these pathological conditions during the
course of infection (for details see Table S1). Accordingly, a series of 116
cases identified 4.3% of patients with hypertensive disorders, including
3.4% with preeclampsia [7]. Prabhu et al. [8] reported an incidence of
preeclampsia in 15.7% in SARS-CoV-2 positive patients versus 9.3% in
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Fig. 1. Network of DEG associated to preeclampsia during SARS-CoV-2 infection. Significant GSEA cluster/pathways are presented in rectangle (blue to yellow in
color scale) and genes upregulated (red) or downregulated (green) are represented in circles. A gene set was considered significantly enriched with FDR < 0.25 for
the normalized enrichment score (NES). The network was constructed using Cytoscape 3.8.2 software [15].

negative patients (Table S1). Evidence of fetal vascular malperfusion
was noted among 48.3% positive placentas, while 11.3% placentas
presented this condition among women without COVID-19. These pla-
centas were noted to have thrombi in the fetal vessels. Moreover, Shanes
et al. [9] analyzing 16 placentas from patients infected with SARS-CoV-
2, found an increased prevalence of decidual arteriopathy and maternal
vascular malperfusion, a pattern of placental injury which can be
directly associated to hypertensive disorders, preeclampsia and abnor-
malities in oxygenation within the intervillous space.

Since clinical evidence pointed to a correlation between COVID-19
and preeclampsia disease we performed the search for molecular alter-
ations promoted by SARS-CoV-2 infection that might be linked to this
clinical outcome. For this purpose, host Differentially Expressed Genes
(DEGsS) from clinical and experimental datasets of SARS-CoV-2 infection
were obtained from published data [10-12]. Further, those host DEGs
were checked to potential assignment to genes associated with pre-
eclampsia disease found in the MalaCards Human Disease Database
(https://www.malacards.org) [13]. The assignment checking was made
manually for each DEG against all genes associated with preeclampsia in
MalaCards Database. Afterwards, a Gene Set Enrichment Analysis
(GSEA) of the DEGs linked to preeclampsia was also performed with the
Reactome bioinformatics resource (https://reactome.org/), to identify
classes of genes that are over-represented in a set of pathways [14], and
may have an association with preeclampsia. A gene set was considered
significantly enriched with FDR < 0.25 for the normalized enrichment
score (NES). The network presented in Fig. 1 was constructed, visualized
and analyzed by using the Cytoscape 3.8.2 software (Cytoscape Apps) 10
[15].

Interestingly, our data indicated that SARS-CoV-2 infection altered
the expression of several biomarkers involved in preeclampsia (Fig. 1).
Also, it was found classes of genes/proteins related to the four main
molecular pathways involved in this disease, such as (Table S2): defec-
tive angiogenesis/vascular response (FLT1, PGF, ENG, FN1, ITGAM,

SELL, HLA-C, IGFBP3, HBEGF), ischemia/hypoxia-related signaling
(HIF-1A, CAT, HMOX1, OLR1), inflammatory signaling (TNF, TLR4, IL6,
IL8, IL10, IL18, IL15, IL1B, LEPR, CXCL8, TNFRSF1B) and dysregulation
of hemostasis/vasoactive peptides (EDN1, UTS2, F5, AGT, ANXAS5, VWEF,
SERPINB2, THBD, PDE5A, PPBP). The release of antiangiogenic factors
by the placenta is a key event in preeclampsia contributing to abnormal
maternal spiral artery remodeling, reducing oxygen availability, leading
to placental hypoxia and triggering inflammation and hemostasis. Our
analysis indicated that SARS-CoV-2 infection up-regulates FLT1 and
ENG, the main antiangiogenic factors involved in preeclampsia. Soluble
FLT1 antagonizes both VEGF and PGF by binding them in the circulation
and preventing interaction with their endogenous receptors (Table S2).
Similarly, endoglins (ENG) also has potent anti-VEGF activity acting
synergistically contributing to hypertension, proteinuria, and endothe-
lial cell dysfunction associated with preeclampsia [16]. Corroborating
our results, Mendoza et al. [17] showed that all cases of infected preg-
nant women developing preeclampsia features had increased serum
levels of FLT-1/PGF (Table S1). The worst case had FLT-1/PGF >85/
110, does not resolve spontaneously and delivery was the only definitive
cure. Their overall conclusion was that COVID-19 can induce a
preeclampsia-like syndrome [17].

According to Shanes et al. [9] there were increased rates of maternal
vascular malperfusion features, inflammation and intervillous thrombi
deposition in placentas from SARS-CoV-2 infected women. Their data
are in agreement with our findings indicating an up-regulation of
vasoconstrictive peptides (EDN1, UTS2, AGT), nitric oxide modulators
(PDE5A) and prothrombotic-related molecules (F5, ANXA5, VWEF,
THBD, PAI-1, ITGA1, PPBP) (Fig. 1, Table S2). Even proinflammatory
cytokines such as IL-6 can have a central role inducing tissue factor
expression, stimulating angiotensin system and then contributing to
hypercoagulation and reduced placental blood perfusion [18]. Alto-
gether these events lead to a decrease in oxygen supply, triggering
ischemia/hypoxia-related signaling and changes in oxidative stress
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markers (HIF-1A, OLR1, CAT, HMOX1). In fact, markers of cellular ox-
ygen deprivation such as hypoxia-inducible factors (HIF-1A and 2A) are
expressed in proliferative trophoblasts and in the placentas of women
with preeclampsia [19]. Preclinical data already detected that HIF-1A
overexpression in pregnant mice is associated with hypertension, pro-
teinuria, and fetal growth restriction [16].

In summary, COVID-19 pandemic is the most important health
challenge in the world nowadays. Pregnant women are susceptible in-
dividuals that require a differential care during an outbreak, mainly
because of their altered immunological and physiological response
which increases their susceptibility to infections and other clinical
conditions. Although COVID-19 pathogenesis is far to be understood, the
ongoing clinical data suggest an association between SARS-CoV-2
infection and the increase in potential life-threatening conditions to
pregnant women and their infants, such as preeclampsia. Our data
analysis supports these clinical evidences indicating that SARS-CoV-2
can affect different molecular pathways related to preeclampsia dis-
ease such as angiogenesis, hypoxia, inflammatory signaling, hyper-
coagulation and imbalance of vasoactive peptides. Thus, pregnant
women are a higher risk population and antenatal surveillance for
women with COVID-19 should be a priority.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.bbadis.2020.165999.
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