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Abstract: The new coronavirus, SARS-CoV-2, is devastating for specific groups of patients, but
currently there is not enough information concerning its effects on pregnant women. The purpose of
this study is to identify the impact of SARS-CoV-2 infection on pregnancy and the consequences that
it could cause. We studied a cohort of pregnant ladies who were tested for SARS-CoV-2 infection
by RT-PCR and classified as infected or not infected. The recruitment was carried out in the HUMV
hospital, a third-level hospital located in Santander, northern Spain. It started on 23 March 2020 and
ended on 14 October 2020. Data from our cohort were compared to another cohort recruited in 2018
at the same hospital. We found that gestational hypertension, placental abruptio, and home exposure
to an infected person, among other variables, could be associated with SARS-CoV-2 infection. In
conclusion, we consider pregnant women a high-risk group of patients towards a possible SARS-CoV-
2 infection, especially those who present with conditions such as gestational hypertension or obesity;
moreover, we think that SARS-CoV-2 infection could increase the possibilities of having an abruptio
placentae, although this result was found in only a few women, so it requires further confirmation.

Keywords: SARS-CoV-2 infection; COVID-19; pregnancy; gestational hypertension; placental abruption

1. Introduction

In 2019, a new coronavirus emerged in the Hubei province in China, called SARS-CoV-2.
Quickly, the virus spread around the world, causing millions of deaths and creating a global
health alert [1,2].

SARS-CoV-2 is currently known to be devastating for specific groups of patients,
particularly those with previous cardiovascular diseases or elderly patients [3,4]. There
is also much information on the consequences of this virus in risk groups such as obese,
hypertensive, or diabetic people [5,6]. However, there is not enough information about its
effect on another possible risk group, pregnant women [7,8]. Evidence is pointing towards
pregnant women as a vulnerable collective based on their higher risk of severe complication
of respiratory infections [4]. The reason for this is that they experience a succession of
changes in their bodies that implies more susceptibility to respiratory diseases, due to
relative suppression of the immune system [9] and some dynamic adjustments, including
diaphragmatic raise, respiratory mucosal edema, and augmented oxygen demand, which
imply a troublesome adaptation to reduced oxygen levels [10]. All of these changes may
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facilitate severe outcomes, making future mothers more susceptible to fatal COVID-19
responses, such as a cytokine storm [11,12] and even admission to an ICU (intensive
care unit) [8,13]. Furthermore, pregnant women could suffer other comorbidities, which
obscures the prognosis of the infected SARS-CoV-2 mother even more.

Some reports have indicated that pregnancy conditions such as gestational hyper-
tension [14], placental abruption [15], or high BMI [16] could determine an increased
risk of SARS-CoV-2 infection and the presence of specific SARS-CoV-2 symptoms [4,17].
In this way, arterial hypertension has been demonstrated as one of the major contributors
to developing a fatal clinical course of COVID-19 in the general population [6]; in the
pregnant collective, where hypertensive disorders are frequent, one of the most prevalent
disorders is gestational hypertension, which could constitute a substantial risk factor for
COVID-19 disease [18]. Gestational hypertension on its own could be devastating, causing
pre-eclampsia, which can lead to placental abruption, abortion, or even death of the mother
due to multiple organ failure [19,20].

Another risk factor of COVID-19 is obesity. The existing relationship between severe
outcomes of COVID-19 and obesity in the general population has been described [21,22], and
it is a potential issue for SARS-CoV-2 infection in the gravida collective [16,23]. A hypothesis
is that obesity affects lung function in two ways, mechanically resulting in an affected respi-
ratory dynamic as well as inflammation, since there is a state of increased pro-inflammatory
cytokines [23,24]. Pregnancy also affects ventilation dynamics due to pressure from the in-
creased uterus [23]. However, gravida patients must be treated with caution, as they can
present the same disorders as general patients, but also, specific gravida pathology. An exam-
ple is the appearance of abruptio placentae, another severe pregnancy complication, which
could have a relationship with SARS-CoV-2 infection too considering the presence of protein
ACE2 (angiotensin converting enzyme 2) in placental tissues, as a result of SARS-CoV-2 local
damage [15].

All these factors (hypertensive disorders, obesity, or placental abruption) in the context
of COVID-19 could deteriorate a pregnancy, leading to a need for a C-section rather than a
natural birth, in order to protect both mother and child [25]. Eutocic birth is the first option
of delivery in almost every pregnancy, as it benefits mother and child, but when pregnancy
complications are present, a C-section is chosen instead [26]. SARS-CoV-2 infection has
been recognized as a clinical criterion to perform a C-section instead of a natural birth,
especially if pregnant women present with COVID-19 symptoms [25].

Apart from SARS-CoV-2 risk factors, it is important to mention other virus charac-
teristics such as symptoms, manner of transmission, and immune defense. SARS-CoV-2
infection causes a wide spectrum of symptoms, from asymptomatic patients to acute dis-
tress syndrome [27]; a fever and cough are the most common symptoms [1]. However,
the symptoms that are particularly distinct to COVID-19 are anosmia and ageusia [28,29].
These are observed both in general patients and in pregnant patients [30,31]. Another
important issue concerning SARS-CoV-2 is the manner of transmission, which could oc-
cur through small respiratory droplets or direct contact. Respiratory droplets can travel
1.5 meters, which is the reason why social distancing is a fundamental method of preven-
tion. Direct contact with infested areas and fecal-oral transmission are the reasons why
hand hygiene is an effective way to stop transmission [32]. The immune system plays
an important role against SARS-CoV-2 infection, and during the course of pregnancy the
immune system is commonly stimulated by vaccines. This is done in order to activate
humoral immunity of the mother, increasing the levels of the mother “s immunoglobulin G
antibodies that pass through placental tissues, conferring protection to the newborn [33].
Some vaccines can provide cross-immunization to other micro-organisms [34]. To the best
of our knowledge, no other studies have reported if the vaccination state of the mother
could affect the infection course of SARS-CoV-2.

The purpose of this article is to describe how COVID-19 has affected pregnancy and
which factors could contribute to facilitate SARS-CoV-2 infection in future mothers.
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2. Materials and Methods

The Mother and Child COVID-19 (MOACC-19) cohort is described elsewhere [35].
The cohort recruitment was carried out in the HUMV hospital, a third-level hospital located
in Santander, the capital of Cantabria, a region in the north of Spain. This is where all births
in Cantabria took place from March 2020 to June 2020 due to the unstable situation created
by the COVID-19 pandemic. Starting on 23 March, all pregnant women admitted for/in
labor were tested for SARS-CoV-2 infection by RT-PCR.

The official recruitment started on the 26 of May and was divided into three different
subcohorts based on birth date.

The first subcohort includes women who had given birth from the 23 of March to the
25 of May 2020. All had undergone a RT-PCR test just before delivery and were called via
telephone and asked if they wanted to be part of the study. It is necessary to highlight their
exposure time occurred during their third trimester of pregnancy.

The second subcohort incorporates data from women who gave birth between 26 May
and 14 October 2020. In contrast to the first subcohort, they were asked to participate
during their stay in the hospital. Their exposure to SARS-CoV-2 could have happened
during their second trimester, the same time the first wave in Spain took place, or, on the
contrary, exposure could have occurred in their third trimester of pregnancy, as most of the
women gave birth before the second wave hit Spain.

Finally, the third subcohort compiles data from pregnant women who were asked
to enter the study at their 12-week prenatal revision. The ones who agreed were RT-PCR
tested immediately. These women experienced the first pandemic wave during the first
trimester of their pregnancy, then they experienced the stabilization of cases during the
second trimester and finally an increase in cases during the second pandemic wave in the
third trimester of their pregnancy.

2.1. Data Collection

Women admitted to the study started by filling in a survey in front of a qualified
interviewer. Questions were directed to collect various forms of data: sociodemographic,
medical history, obstetric history, COVID-19 symptoms, and exposure history to COVID-19.
In addition, both obstetric and medical history were to be confirmed and completed using
medical archives. The symptoms that were quantified were fever, chills, tiredness, sore
throat, cough, shortness of breath, headache, nausea, vomiting or diarrhea, and loss of taste
or smell. We focused on two parameters, presence of taste or smell loss, as well as on the
number of symptoms.

2.2. Biological Determinations

SARS-CoV-2 detection by RT-PCR was carried out with nasopharyngeal swabs pro-
vided to every woman using the HUMYV clinical protocol. Those from subcohort 1 and
2 had been tested before giving birth, and those in subcohort 3 were tested the moment
they agreed to participate in the study (12 weeks of pregnancy). Moreover, serological
studies were done as a part of the study, taking blood samples from every pregnant
woman and analyzing IgM or IgG SARS-CoV-2 presence, with ELISA using the IrsiCaixa
published protocol [36].

If any test turned positive, RT-PCR and ELISA analysis were to conducted on the
woman’s partner.

2.3. Comparison Group

Data from our cohort were compared with another cohort of 969 neonates and their
mothers recruited in 2018 at the same hospital. It was collected from January to August
2018, gathering data from medical records and from interviews conducted on the mothers.
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2.4. Statistical Analysis

Statistical comparisons were calculated by the X? test or independent samples Stu-
dent’s t-test.

2.5. Ethical Considerations

The study was designed according to Declaration of Helsinki (Fortaleza’s last renova-
tion) and regulation 2016/679 of the European Union. All pregnant women had to sign
two written informed consents, one for themselves and one for their neonates. They agreed
and signed before entering the study.

3. Results

The study sample is described in Table 1. Out of the 620 pregnant women in our study,
there were 591 negative (95.3%) and 29 positive (4.7%) pregnant women. In both groups
the average age of the mother was 33 years, near to 90% were European, and almost half
of the sample of both groups were average weight. Of the women, 77% had vocational
training or a university education, and 75% were active workers and left work around the
24th week of pregnancy. The predominant fertilization type was natural, 91% in negative
mothers and 89% in positive mothers. Only 86 were single mothers (14%) and 9 of them
were infected with the novel coronavirus (10.5%). Type of delivery did not show any
significant difference either, with natural birth being the most common mode of delivery
in both groups (76% in negative mothers and 59% in positive mothers). We observed a
trend for more C-section deliveries in positive mothers (26% vs. 18%), but the difference
was not significant. Regarding pathology in pregnancy, gestational diabetes (GD) and GD
with insulin were similarly distributed in both groups. Additionally, chronic hypertension,
pre-eclampsia, placenta previa, threat of miscarriage, metrorrhagia, prelabor rupture of
membranes, stillbirth, or chorioamnionitis, among others, did not show any significant
difference between infected and non-infected mothers.
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Table 1. Main characteristics of women included in study.

Whole Cohort (1 = 620)

Variable COVID-19
Negative Positive P

Variable cohort profile
Subcohort 1 253 (42.81) 13 (44.83) 0.830
Subcohort 2 338 (57.19) 16 (55.17)
Age, mean & SD 33.59 (0.21) 32.72 (0.94) 0.370
Age
<25 32 (5.43) 1(3.45) 0.0524
25-29 77 (13.07) 9 (31.03)
30-34 208 (35.31) 5 (17.24)
35-39 203 (34.47) 11 (37.93)
>40 69 (11.71) 3(10.34)
Pre-pregnancy BMI *
Low weight (<20) 83 (14.24) 3(10.71) 0.692
Average weight (20-25) 287 (49.23) 16 (57.14)
Overweight (25-30) 149 (25.56) 5 (17.86)
Obesity (>30) 64 (10.98) 4 (14.29)
Nationality
European 519 (89.02) 25 (86.21) 0.138
African 8 (1.37) 2 (6.90)
Asian 4 (0.69) 0 (0.00)
Latino-American 52 (8.92) 2 (6.90)
Education level
Primary 79 (13.50) 4 (13.79) 0.987
Secondary 50 (8.55) 2 (6.90)
Vocational training 188 (32.14) 9 (31.03)
University 268 (45.81) 14 (48.28)
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Table 1. Cont.

Whole Cohort (n = 620)

Variable COVID-19
Negative Positive p
Working status
Unemployed /non-active worker 136 (23.29) 9 (31.03) 0.547
Employed 441 (75.51) 20 (68.97)
Student 7 (1.20) 0 (0.00)
Gestational age at which work was left, mean + SD 24.30 (0.48) 24.35 (2.19) 0.981
Fertilization type
Natural 532 (91.57) 25 (89.29) 0.638
Artificial insemination 7 (1.20) 1(3.57)
In vitro fertilization (own ovules) 31 (5.34) 1 (3.57)
In vitro fertilization (donated ovules) 11 (1.89) 1(3.57)
Pregestational BMI, mean 4+ SD 24.35 (0.16) 24.86 (0.83) 0.548
Gestational weight gain, mean + SD 12.17 (0.21) 10.20 (0.96) 0.045
Gestational age at positive result to infection of SARS-CoV-2, mean + SD 39.31 (1.07)
Smoker in pregnanc No 504 (85.86) 27 (93.10) 0.269
pregnancy Yes 83 (14.14) 2 (6.90)
Lo No 559 (95.23) 29 (100.00) 0.229
Alcohol consumption in pregnancy Yes 28 (4.77) 0(0.00)
Parity (including current delivery)
1 232 (39.52) 15 (51.72) 0.0455
2 213 (36.29) 4 (13.79)
>3 142 (24.19) 10 (34.48)
Type of delivery
Eutocic 439 (75.82) 17 (58.62) 0.087
Instrumental 36 (6.22) 4 (13.79)
Caesarean section 104 (17.96) 8 (27.59)
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Table 1. Cont.

Whole Cohort (1 = 620)

Variable COVID-19
Negative Positive P
COVID-19 RT-PCR (partner)
Negative 555 (99.11) 20 (74.07) <0.001
Positive 5 (0.89) 7 (25.93)
Gestational age at delivery according to vaccination status
Pertursis, mean £+ SD 39.24 (1.44) 39.29 (1.11) 0.935
Influenza, mean + SD 39.88 (0.83) 39.5 (0.71) 0.581
Pertursis and influenza, mean 4+ SD 39.18 (2.40) 39.32 (1.16) 0.8
Pathology in pregnancy
. . No 548 (92.72) 26 (89.66) 0.538
Gestational diabetes Yes 43 (7.28) 3(10.34)
N 567 (95.94 27 (93.10 0.457
Gestational diabetes with insulin Ye(; 24 E 4.06) ) P 56.90) )
. . No 573 (96.95) 25 (86.21) 0.002
Gestational hypertension Yes 18 (3.05) 4(13.79)
. . No 586 (99.15) 29 (100.00) 0.619
Chronic hypertension Yes 5 (0.85) 0(0.00)
Pre-eclampsia No 569 (96.28) 27 (93.10) 0.387
P Yes 22 (3.72) 2 (6.90)
Placenta previa No 585 (98.98) 29 (100.00) 0.586
p Yes 6 (1.02) 0 (0.00)
Fetal malf . No 903 (99.56) 35 (100.00) 0.694
etal malformations Yes 4(0.44) 0 (0.00)
. No 566 (95.77) 28 (96.55) 0.838
Placental abruptio Yes 25 (4.23) 1(3.45)
. . No 885 (97.57) 34 (97.14) 0.871
Threat of miscarriage Yes 22 (2.43) 1(2.86)
Metrorrhagia (second half of No 587 (99.32) 28 (96.55) 0.103
pregnancy) Yes 4 (0.68) 1 (3.45)
No 588 (99.49) 29 (100.00) 0.701
Prelabor rupture of membranes Yes 3(0.51) 0(0.00)

Stillbirth No 591 (100.00) 29 (100.00) -
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Table 1. Cont.

Whole Cohort (1 = 620)

Variable COVID-19
Negative Positive P
Threat of premature delivery \Ife Os 8?2 8853)6) 350((10(?86(;0) 0.459
. . No 590 (99.83) 29 (100.00) 0.825
Chorioamnionitis Yes 1(0.17) 0 (0.00)
2 69 (12.15) 5(17.86) 0.635
Number of habitants at home 3 235 (41.37) 10 (35.71)
4 or more 264 (46.48) 13 (46.43)
. No 268 (46.29) 10 (34.48) 0.213
Number of usual visitors Yes 311 (53.71) 19 (65.52)
Contact at home with a positive No 574 (99.14) 21 (72.41) <0.001
person Yes 5 (0.86) 8 (27.59)
Contact with positive family or No 533 (92.06) 27 (93.10) 0.838
friends Yes 46 (7.94) 2 (6.90)
Contact with someone with flu-like No 541 (93.44) 24 (82.76) 0.029
symptoms at home Yes 38 (6.56) 5(17.24)
Contact with family or friends with No 520 (89.81) 29 (100.00) 0.070
flu-like symptoms Yes 59 (10.19) 0 (0.00)
No symptoms 356 (61.49) 16 (55.17) 0.207
Symptoms One-two symptoms 172 (29.71) 9 (31.03)
Three—five symptoms 42 (7.25) 2 (6.90)
Six symptoms or more 9 (1.55) 2 (6.90)

* Body mass index.
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Table 1 also shows some significant results, such as gestational weight gain, where we
have seen a major rise in percentage in non-infected mothers, who gained an average of 12 kg
in comparison to infected mothers, who gained around 10 kg. Table 2 shows the association
between pregnancy characteristics and infection by SARS-CoV-2. These results show that
being a single mother was associated with an increased risk of SARS-CoV-2 infection by
approximately 198% compared to non-single mothers (OR: 2.98, 95% CI: 1.31-6.78). The BMI
of pregnant women before pregnancy did not appear to be significantly different between
both groups; obesity, in comparison to average weight, was not associated with a risk factor in
our cohort (OR: 1.12; 95% CI: 0.37-3.47). The information of Table 1, divided by subcohort, is
attached in the Supplementary Material (Table S1).

Table 2. Association between pregnancy characteristics and infection by SARS-CoV-2.

. SARS-CoV-2- o

Variable Infected/Non-Infected OR (95% €D P
Single parent
No 20/510 1 (reference) -
Yes 9/77 2.98 (1.31-6.78) 0.009
BMI
Low weight 3/83 0.65 (0.18-2.28) 0.499
Average weight 16/287 1 (reference) .
Overweight 5/149 0.60 (0.22-1.68) 0.331
Obesity 4/64 1.12 (0.37-3.47) 0.843
Weight gain in
pregnancy
0-89kg 8/111 1.32 (0.52-3.33) 0.554
9.0-129 kg 12/220 1 (reference) -
13.0-15.9 kg 2/113 0.32 (0.07-1.47) 0.145
16 kg or more 6/137 0.80 (0.29-2.19) 0.668
Vaccines in pregnancy
None 1/14 1.40 (0.18-11.22) 0.75
Pertussis 7/192 0.72 (0.30-1.73) 0.46
Influenza 2/8 4.90 (0.97-24.72) 0.05
Pertussis and influenza 19/373 1 (reference) -
Birth type
Eutocic 17/439 1 (reference) -
Instrumentally assisted 4/36 2.86 (0.92-8.98) 0.07
Caesarean section 8/104 1.98 (0.83-4.83) 0.12

Table 2 shows that eutocic birth was the most prevalent type of delivery in both groups,
followed by C-section, and that assisted birth was the least common mode of delivery. Our
results did not find any significant difference between delivery type.

Table 3 shows the number of pregnancies associated with SARS-CoV-2 infection; in
both groups the majority of mothers were having their first child. A second pregnancy was
associated with a 71% lower risk of infection, compared to mothers who had given birth
for the first time (OR: 0.29; 95% CI: 0.09-0.89).

Table 3. Demographic characteristics and reproductive history. Their relationships with infection by

SARS-CoV-2.
Number of SARS-CoV-2-
Preenancies Infected/Non- OR (95% CI) P
8 Infected
1 15/232 1 (reference) -
2 4/213 0.29 (0.09-0.89) 0.03
>3 10/142 1.09 (0.48-2.49) 0.84

Having gestational hypertension was also more prevalent in SARS-CoV-2-infected
mothers, 7%, in contrast to 4% of negative mothers (Table 1). Table 4 shows the association
between pregnancy-associated pathology and infection by SARS-CoV-2. Gestational hy-
pertension was associated with a five-fold increased rate of SARS-CoV-2 (OR: 5.09; 95%
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CI: 1.6-16.05) and placental abruption showed that it could be associated with a 21-fold
increased rate of SARS-CoV-2 (OR: 20.93; 95% CI: 1.28-343.3). These results should be con-
sidered with caution due to the small size sample. We did not find any relationship between
SARS-CoV-2 infection state and pre-eclampsia apparition. The vaccination state of the
mother was also studied, considering four variables: non-vaccinated, pertussis-vaccinated,
influenza-vaccinated, and pertussis- and influenza-vaccinated during pregnancy. The
results (Table 2) show that non-vaccinated mothers were associated with 73% less risk of
SARS-CoV-2 infection (OR: 0.27; 95% CI: 0.12-0.62). The information of Table 2, divided by
subcohort, is attached in the Supplementary Material (Table S2).

Table 4. Association between pregnancy-associated pathology and infection by SARS-CoV-2.

SARS-CoV-2-
Pathology Infected/Non- OR (95% CI) p
Infected
Gestational arterial 4/18 5.09 (1.60-16.05) 0.006
hypertension
Pre-eclampsia 2/22 1.92 (0.43-8.57) 0.39
Placental abruption 1/1 20.93 (1.28-343.3) 0.03

Table 1 shows that COVID-19 RT-PCR results from the women’s partners were sta-
tistically different, being positive 0.89% of the time when the mothers were negative and
25.93% of the time when the mothers were positive. Table 5 displays information about the
association between social exposure and infection by SARS-CoV-2. Epidemiological expo-
sure history has a significant impact, showing that 8 out of 21 mothers who experienced
home exposure were infected with SARS-CoV-2; therefore, home exposure, after having
a COVID-19-diagnosed family member, was associated with a 44-fold increased rate of
SARS-CoV-2 infection (OR: 43.73; 95% CI: 13.12-145.01). We also considered if contact at
home with a relative who suffered flu-like symptoms affected the rates in some way; this
was significant too, resulting in a three-fold increased rate of SARS-CoV-2 infection (OR
2.96; 95% CI: 1.07-8.21).

Table 5. Association between social exposure and infection by SARS-CoV-2.

SARS-CoV-2-
Variable Infected/Non- OR (95% CI) P
Infected

Contact at home
with a relative
diagnosed with
COVID-19
No 21/574 1 (reference) -
Yes 8/5 43.73 (13.12-145.01) <0.001
Contact at home
with a relative
suffering flu-like
symptoms
No 24/541 1 (reference) -
Yes 5/38 2.96 (1.07-8.21) 0.04

Table 6 shows COVID-19-like symptoms reported by pregnant women according
to their SARS-CoV-2 infectious state. We focused on two parameters: presence of taste
or smell loss as well as the number of symptoms. The symptoms that were quantified
were: fever, chills, tiredness, sore throat, cough, shortness of breath, headache, nausea,
vomiting or diarrhea, and loss of taste or smell. It was seen that loss of smell and taste
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was highly related to COVID-19, resulting in a seven-fold increase in the rate of infection
(OR: 6.96; 95% CI: 2.11-22.9), and patients who had six or more symptoms, numbered
above, were associated with a five-fold increased risk of infection (OR: 4.94; 95% CI: 0.99-
24.78). The information of Table 6, divided by subcohort, is attached in the Supplementary
Material (Table S3).

Table 6. COVID-19-like symptoms reported by pregnant women according to their SARS-CoV-2
infection status.

SARS-CoV-2-
Symptoms Infected/Non- OR (95% CI) P
Infected

Loss of taste or smell 4/13 6.96 (2.11-22.9) 0.001
Number of
symptoms
0 symptoms 16/356 1 (reference) -
1-2 symptoms 9/172 1.16 (0.50-2.69) 0.72
3-5 symptoms 2/42 1.06 (0.24-4.77) 0.94
>6 symptoms 2/9 4.94 (0.99-24.78) 0.05

4. Discussion
4.1. Gestational Arterial Hypertension—SARS-CoV-2-Infected Women

According to our results, gestational hypertension was associated with a five-fold
higher risk of SARS-CoV-2 infection in comparison to non-hypertensive pregnancy. Other
studies have seen this association as well [8,37]; for example, Zambrano et al. postulate
that gravida patients under cardiovascular risk, including hypertension, were more likely
to experience severe SARS-CoV-2 infection than other same-aged pregnant women [8].
Syeda et al. said that the hypertensive population have a higher risk of developing severe
COVID-19, and they assume that gestational hypertension puts pregnant women at risk
of critical disease, although they did not find any significant results [37]. Bandara et al.
observed that the course of gestational hypertension includes dysfunction in RAAM (renin-
angiotensin—aldosterone mechanism) activity, and if SARS-CoV-2 infection is associated, it
could significantly deteriorate pregnancy [38]. Kayem et al. described that hypertensive
disorders in gravida patients are a risk factor of acute COVID-19, particularly if they have an
associated higher risk of SARS-CoV-2 infection due to pre-eclampsia [39]. In contrast, other
studies have considered this relationship, but they could not find any association [16,40].
Grechukhina et al. thought that it could be attributable to the small number of participants
in their study [16]. Schwartz et al. have seen an association between hypertensive disorders
and SARS-CoV-2-infected women; however, they did not consider it a risk factor for
SARS-CoV-2 infection or vertical transmission [17]. Sinnot et al. have seen an increased
rate of hypertensive disorders among SARS-CoV-2-infected mothers, but they did not
observe any link with poor outcomes [41]. The relationship between gestational arterial
hypertension and SARS-CoV-2 can be explained by the aetiopathogenesis of the virus,
given that ACE2 (angiotensin-converting enzyme 2) conforms the gateway for SARS-CoV-2
and that this union activates the RAAM [38,42]. Physiologically, ACE2 performs a vital role
in maintaining regular levels of blood pressure in gravida patients due to its function in the
RAAM. However, when pregnant women suffer gestational hypertension or pre-eclampsia
they experience a progressive dysfunction of RAAM, which makes us think that SARS-
CoV-2 infection could lead to severe outcomes in these groups of pregnant patients, given
that the RAAM would be affected in two ways: in one way due to dysfunction related
to the pathogenesis of gestational hypertension and, in another way, due to SARS-CoV-2
infection [15,38,43]. Xuan et al. studied RAAS and ACE2 behavior during pregnancy and
concluded that women with gestational hypertension had lower levels of other proteins
that conform RAAS (activated renin and angiotensin 2), but they did not find changes
in ACE2 levels between hypertensive and non-hypertensive pregnant women. Hence,
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these findings suggest that dysregulation of RAAS in the gestational hypertension context
could be triggered by other non-known factors, which could not affect the ACE2 enzyme.
Thus, if RAAS is disrupted in the gestational hypertension context, not affecting ACE2,
it could get worse if a concomitant SARS-CoV-2 infection appears, because the virus will
bond with the ACE2 enzyme, affecting the RAAM dysfunction even more [44]. In addition,
some authors reflect that hypertensive pregnant woman should be considered a part of the
“high-risk” group patients who could undergo a fatal response [10,45,46]. However, some
papers posit that the state of pregnancy creates an anti-inflammatory profile that prevents
them from developing a cytokine storm [12,47,48]. This hypothesis is based on the fact that
during pregnancy the immune system is influenced by progesterone and human chorionic
gonadotropin hormone, which are present at high levels during pregnancy, and both are
involved in diminishing TNF«x, which blocks the lymphocyte Thl pathway [47]. Hence,
the Th2 pathway is the predominant pathway during pregnancy; in addition, pregnant
women have high levels of interleukin-10 (IL-10), which protects the mother from COVID-
19 [48]. Thus, as a result of high IL-10 levels and the activation of the Th2 pathway, the
inflammatory response is reduced, leading to a reduction in severe inflammatory outcomes
of COVID-19 in the pregnant population compared to the normal population [48].

In view of these conflicting results, further investigation is needed. In the meantime,
based on our results, we think that hypertensive disorders during pregnancy put future
mothers at risk, and they should be monitored closely to prevent fatal outcomes. It should
be mentioned that the authors did not discuss the possibility of complications derived
from SARS-CoV-2 infection in pregnant women. Our study, however, was designed with a
prospective follow-up, which will allow us to adequately identify complications that may
appear after being infected by SARS-CoV-2.

4.2. Placental Abruption

Our data display that placental abruption is associated with a 21-fold increased risk of
SARS-CoV-2 infection. Other studies have also observed this relationship [15,38]; for example,
Bandara et al. considered that there is a possible relationship between SARS-CoV-2 infection
and placental disfunction [38]. In the same way, Hosier et al. have published a case report of
one pregnant woman affected by COVID-19, pre-eclampsia, and placental abruption, whose
placenta was analyzed; they observed placental invasion of SARS-CoV-2 [15]. On the other
hand, Li et al. noticed an increased number of preterm births as a consequence of gestational
complications, including placental abruption; however, they do not think the apparition of
pregnancy complications are a result of SARS-CoV-2 infection [25]. In the same way, McDonnel
et al. did not see any difference between maternal outcomes during the pandemic period
compared to maternal outcomes during the years 2018 and 2019 [40]. A possible explanation for
the relationship between SARS-CoV-2 pathogenesis during pregnancy and placental abruption
could be the physiological presence of ACE2 in placental tissues [42], which explains why
anatomopathological studies of placentas from SARS-CoV-2-infected women had this virus
present in syncytiotrophoblast cells [12,15]. This hypothesis is supported by Li et al., given that
pregnancy pathologies linked to COVID-19 are typical of late stages in pregnancy, and they
found that the presence of ACE2 in placental cells increases as pregnancy evolved, showing
very low expression at the beginning of the pregnancy and rising from the 24th week of
pregnancy until the end [43]. In addition, this hypothesis is also supported by the presence of
the virus on placental tissues, which has been proven and could mean an activation of immune
mechanisms, creating an inflammatory response to the placenta [49].

Placental defense against infection is performed by mechanical barriers, immune cell
positioning, and immunological pathways. All of them are necessary to keep placental
integrity during the course of SARS-CoV-2 infection and protect against poor placental
outcomes. This implies that in cases where these defenses are damaged, placental infection
and its poor consequences are more frequent. Kreis et al. said that the disruption of
these lines could be occurring in mothers who suffer pre-eclampsia, hypertension, obesity,
and other diseases, making these groups more vulnerable to SARS-CoV-2 infection [14].



Int. J. Environ. Res. Public Health 2021, 18, 10931 13 of 18

However, this hypothesis is not the only one; another way the placenta could be affected
is by vascular thrombosis in placental vessels. Kreis et al. have also reported deposits of
fibrin and vascular malperfusion in placental studies, which they have linked to placental
insufficiency [14]. In the same line, Turan et al. have reported 14 cases of placental dysfunc-
tion in SARS-CoV-2-infected woman, who also had other outcomes, such as miscarriage or
bleeding, resulting in thrombotic phenomena [50]. However, some authors did not find any
anatomopathological difference between placentas from infected mothers and placentas
from a control group [51].

Therefore, there is evidence concerning a possible link between placental abruptio
and COVID-19, but it will be necessary to conduct more investigations in this field to clear
up the etiopathogenesis.

4.3. Birth and COVID-19

We did not find any significant results concerning the type of birth of SARS-CoV-
2-infected women, and others did not find any either [25]. However, the C-section rate
in 2018 was 23% of all assisted births in Cantabria [52], and in our cohort 27% of SARS-
CoV-2-infected women went through a C-section. Hence, in absolute numbers, the rate of
C-section was higher. We think that our non-significant results could be explained by the
small sample, considering that many hospitals experienced an increase in the C-section rate
during the first wave of the COVID-19 pandemic [53]. An example of this was reported
by McDonnell et al., who found a positive relationship between periods of higher death
rates in Ireland and the number of C-sections [40]. This association was especially strong at
the beginning of 2020, when data on infected mothers were insufficient to clarify which
type of birth was more secure for mothers, neonates, and obstetricians [27]. Globally, a
state of uncertainty around professionals’ security was established, and the development
of a eutocic birth was considered a high-risk situation for transmission, which led to the
preference of performing a C-section rather than a natural birth on COVID-19-infected
women [54]. On the other hand, some infected mothers presented serious comorbidities,
such as hypertensive disorders or diabetes, which made it impossible for a natural birth
to occur. In this case, SARS-CoV-2 infection may be a confusion factor in the relationship
between C-section and mothers’ comorbidities [4]. Others have associated the performance
of a C-section to poor mother outcomes [55]. In conclusion, choosing a C-section above
natural delivery could be justified by the fear of transmission during eutocic birth and for
the infected mother’s own safety [50,54].

4.4. Symptoms of COVID-19 in Pregnancy

Our patients showed that having six or more symptoms of COVID-19 multiplies the
association with SARS-CoV-2 infection by five. We have considered the following COVID-
19 symptoms: fever, chills, tiredness, sore throat, cough, shortness of breath, headache,
nausea, vomiting or diarrhea, and loss of taste or smell. Specifically, anosmia or ageusia
were associated with a seven-fold increased risk of SARS-CoV-2 infection. We did not find
any other reports where symptoms were counted per gravida, showing only that the two
most prevalent symptoms among the pregnancy collective were cough and fever, followed
by dyspnea [3,4,47,56,57]. According to our results, Dubey et al. published a metanalysis
where the data suggest a correlation between severity of symptoms and adverse pregnancy
outcomes—a greater number of symptoms led to an increased risk of poor pregnancy
outcomes. However, they explain that case report studies show results from more severe
COVID-19 patients, and therefore results could be confusing [56]. Berhan et al. observed
that pregnant women infected with SARS-CoV-2, who had an underlying autoimmune
condition, experienced more severe symptoms during the first trimester of pregnancy
than others during the second or third semester [48]. In contrast, Chen et al. found
that among infected pregnant women there was a significant number of asymptomatic
women [10]. Gao et al. have concluded that pregnant women are less susceptible to present
any symptom than the rest of population [58]. On the other hand, Cosma et al. have
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also studied anosmia and ageusia in a group of COVID-19-positive pregnant patients, but
they did not find any difference between SARS-CoV-2-infected and non-infected pregnant
women in their first trimester of pregnancy [59]. Still, these findings are in contrast to
evidence concerning why pregnant ladies are at more risk of respiratory disease, since
some pregnancy modifications take place in the immune system, resulting in a relative
suppression of it [9]. Besides, they experience some dynamic adjustments, including
diaphragmatic raise, respiratory mucosal oedema, and augmented oxygen demand, which
facilitate the apparition of symptoms [10].

4.5. Home Transmission

Our results support the previous information, showing that intrafamilial home contact
with someone who had been diagnosed of COVID-19 results in a three-fold increased risk of
SARS-CoV-2 infection. This result is interesting given that most reports based on pregnant,
infected ladies do not distinguish between home transmission or an epidemiological history
of exposure. For example, Li et al., in a case-control study on a pregnant lady infected
by SARS-CoV-2, could not report any contact with someone infected. This study took
samples from pregnant ladies between 23 January and 29 February of 2020 in the Hubei
province, China [25]. Another study performed by Zhu and colleagues showed results of
nine pregnant ladies who went into labor from 20 January to 5 February of 2020. Eight of
them lived in Wuhan, where the coronavirus pandemic started, and just one of them could
report close contact with her husband, who was infected by SARS-CoV-2 [60]. Almost
every study made in Wuhan, China included pregnant ladies who had an epidemiological
exposure history [17], and some systematic reviews found that the majority of patients also
had an exposure history [61]. A case report had a similar home transmission result to ours,
but the sample was just one pregnant lady [15]. Hence, all these results are in accordance
with our results, which show a significant relationship between SARS-CoV-2 infection and
contact at home with an infected person.

4.6. Vaccines and SARS-CoV-2-Infected Women

Our results implied that non-vaccinated mothers had a lower risk of infection and that
mothers vaccinated with influenza vaccines had a higher risk of infection than pertussis-
vaccinated mothers. However, there is not enough literature that studies this possible association,
which made it hard to compare our results to others. We only found a report by Li et al. where
they published an analysis of a long list of risk factors for COVID-19. They studied how
immunization with DTP and a measles vaccine was related to COVID-19 cases, deaths, and case
fatality rates. Measles immunization appeared to be related to higher risk of COVID-19 deaths
and DTP immunization to an increase in the case fatality rate [62]. The importance of studying
this variable falls into two of the principal vaccines indicated during pregnancy, which are for
influenza and pertussis [33]. Inactivated influenza vaccines have demonstrated a substantial
decrease in adverse effects of respiratory disease secondary to the influenza virus. This was
observed in mothers and their children below 6 months old [63]. The aim of the pertussis
vaccine is to reduce neonatal deaths by passive protection of the infant, showing around 90%
protection against B. pertussis infection [64]. We believe in a potential relationship between
vaccination state of the mother and SARS-CoV-2 infection, but more lines of investigation about
this should be necessary.

5. Conclusions

In conclusion, we consider pregnant women a high-risk group of patients towards a
possible SARS-CoV-2 infection, especially those who present conditions such as gestational
hypertension or obesity. Both conditions have demonstrated a relationship with a fatal
response of the mother in the context of COVID-19 disease, provoking a deterioration in the
natural course of pregnancy. What is known until now points out that general hypertensive
disorders are a detrimental condition in general patients, and the study of the pregnancy
collective during the pandemic allows us to think they belong to those hypertensive risk
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patients. Moreover, SARS-CoV-2 infection seems to increase the possibilities of having
an abruptio placentae. Hence, infected pregnant women should be intensely followed
up, checking mothers” health by monitoring blood pressure and explaining the alarm
signs of abruptio placentae (gestational bleeding) to them in order to prevent catastrophic
responses. However, more lines of investigation in this area should be performed to clarify
other potential risks of pregnant women.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph182010931/s1, Table S1: Main characteristics of women included in study by subcohort,
Table S2: Association between pregnancy characteristics and infection by SARS-CoV-2 by subcohort,
Table S3: COVID-19-like symptoms reported by pregnant women according to their SARS-CoV-2
infection status by subcohort.

Author Contributions: Conceptualization, .G.-A. and ]J.L.; data curation, M.J.C.-P, J.L., L.G.-A., TD.-S.
and J.A.-M,; formal analysis, ].L. and L.G.-A.; methodology, 1.G.-A. and T.D.-S.; supervision, J.A.-M. and
LG.-A,; writing—original draft, M.R.-D., J.A.-M. and 1.G.-A_; writing—review and editing, J.L., T.D.-S.
and M.J.C.-P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Spanish Instituto de Salud Carlos III (ISCIII), grant number
COV20/00923, and a grant from the Ministerio de Educacién (Beca de colaboracién) (MRD).

Institutional Review Board Statement: The study was approved by the Clinical Research Ethics
Committee of Cantabria (reference: 2020.174).

Informed Consent Statement: Two different informed consents—one for the mother and one for the
child—were signed by the mother before being admitted to the study. The study was conducted
according to the Declaration of Helsinki (last update of Fortaleza) and the European Union regulation
2016/679 for the protection of persons regarding the processing of personal data.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to patients’ privacy.

Acknowledgments: The authors acknowledge the cooperation of nursing staff at the maternity
ward and Pediatric Emergency Department, Hospital Universitario Marqués de Valdecilla, San-
tander, Spain.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Guan, W,; Ni, Z; Hu, Y,; Liang, W.; Ou, C,; He, J.; Liu, L.; Shan, H.; Lei, C.; Hui, D.S.C.; et al. Clinical Characteristics of
Coronavirus Disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708-1720. [CrossRef]

2. Wu, Y.-C,; Chen, C.-S.; Chan, Y.-]. The outbreak of COVID-19: An overview. . Chin. Med. Assoc. 2020, 83, 217-220. [CrossRef]

3. DiMascio, D.; Khalil, A.; Saccone, G.; Rizzo, G.; Buca, D.; Liberati, M.; Vecchiet, ].; Nappi, L.; Scambia, G.; Berghella, V.; et al.
Outcome of coronavirus spectrum infections (SARS, MERS, COVID-19) during pregnancy: A systematic review and meta-analysis.
Am. |. Obstet. Gynecol. MFM 2020, 2, 100107. [CrossRef] [PubMed]

4. Knight, M,; Bunch, K.; Vousden, N.; Morris, E.; Simpson, N.; Gale, C.; Obrien, P.; Quigley, M.; Brocklehurst, P.; Kurinczuk, J.J.
Characteristics and outcomes of pregnant women admitted to hospital with confirmed SARS-CoV-2 infection in UK: National
population based cohort study. BM]J 2020, 369, 2019-2020. [CrossRef]

5. Zheng, Z; Peng, F.; Xu, B.; Zhao, J.; Liu, H,; Peng, J.; Li, Q.; Jiang, C.; Zhou, Y;; Liu, S.; et al. Risk factors of critical & mortal
COVID-19 cases: A systematic literature review and meta-analysis. J. Infect. 2020, 81, e16. [CrossRef]

6.  Zuin, M.; Rigatelli, G.; Zuliani, G.; Rigatelli, A.; Mazza, A.; Roncon, L. Arterial hypertension and risk of death in patients with
COVID-19 infection: Systematic review and meta-analysis. J. Infect. 2020, 81, e84. [CrossRef] [PubMed]

7. Kucirka, L.M.; Norton, A.; Sheffield, J.S. Severity of COVID-19 in pregnancy: A review of current evidence. Am. . Reprod.
Immunol. 2020, 84. [CrossRef]

8. Zambrano, L.D.; Ellington, S.; Strid, P.; Galang, R.R.; Oduyebo, T.; Tong, V.T.; Woodworth, K.R.; Nahabedian, J.E.; Azziz-
Baumgartner, E.; Gilboa, S.M.; et al. Update: Characteristics of Symptomatic Women of Reproductive Age with Laboratory-
Confirmed SARS-CoV-2 Infection by Pregnancy Status—United States, January 22-October 3, 2020. MMWR. Morb. Mortal. Wkly.
Rep. 2020, 69, 1641-1647. [CrossRef] [PubMed]

9.  Antoun, L,; El Taweel, N.; Ahmed, I.; Patni, S.; Honest, H. Maternal COVID-19 infection, clinical characteristics, pregnancy, and

neonatal outcome: A prospective cohort study. Eur. |. Obstet. Gynecol. Reprod. Biol. 2020, 252, 559-562. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/ijerph182010931/s1
https://www.mdpi.com/article/10.3390/ijerph182010931/s1
http://doi.org/10.1056/NEJMoa2002032
http://doi.org/10.1097/JCMA.0000000000000270
http://doi.org/10.1016/j.ajogmf.2020.100107
http://www.ncbi.nlm.nih.gov/pubmed/32292902
http://doi.org/10.1136/bmj.m2107
http://doi.org/10.1016/J.JINF.2020.04.021
http://doi.org/10.1016/j.jinf.2020.03.059
http://www.ncbi.nlm.nih.gov/pubmed/32283158
http://doi.org/10.1111/aji.13332
http://doi.org/10.15585/mmwr.mm6944e3
http://www.ncbi.nlm.nih.gov/pubmed/33151921
http://doi.org/10.1016/j.ejogrb.2020.07.008
http://www.ncbi.nlm.nih.gov/pubmed/32732059

Int. J. Environ. Res. Public Health 2021, 18, 10931 16 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

Chen, L.; Jiang, H.; Zhao, Y. Pregnancy with COVID-19: Management considerations for care of severe and critically ill cases. Am.
J. Reprod. Immunol. 2020. [CrossRef] [PubMed]

Liu, H.; Wang, L.-L.; Zhao, S.-].; Kwak-Kim, J.; Mor, G.; Liao, A.-H. Why are pregnant women susceptible to COVID-19? An
immunological viewpoint. ]. Reprod. Immunol. 2020, 139, 103122. [CrossRef] [PubMed]

Phoswa, W.N.; Khalig, O.P. Is pregnancy a risk factor of COVID-19? Eur. |. Obstet. Gynecol. Reprod. Biol. 2020, 252, 605-609.
[CrossRef] [PubMed]

Lokken, E.M.; Huebner, E.M.; Taylor, G.G.; Hendrickson, S.; Vanderhoeven, J.; Kachikis, A.; Coler, B.; Walker, C.L.; Sheng, ].S.;
Al-Haddad, B.J.S.; et al. Disease severity, pregnancy outcomes, and maternal deaths among pregnant patients with severe acute
respiratory syndrome coronavirus 2 infection in Washington State. Am. J. Obstet. Gynecol. 2021, 225, 77.e1-77.e14. [CrossRef]
[PubMed]

Kreis, N.-N.; Ritter, A.; Louwen, F;; Yuan, J. A Message from the Human Placenta: Structural and Immunomodulatory Defense
against SARS-CoV-2. Cells 2020, 9, 1777. [CrossRef]

Hosier, H.; Farhadian, S.F.; Morotti, R.A.; Deshmukh, U.; Lu-Culligan, A.; Campbell, K.H.; Yasumoto, Y.; Vogels, C.B.E.; Casanovas-
Massana, A.; Vijayakumar, P; et al. SARS-CoV-2 infection of the placenta. J. Clin. Investig. 2020, 130, 4947-4953. [CrossRef]
[PubMed]

Grechukhina, O.; Greenberg, V.; Lundsberg, L.S.; Deshmukh, U.; Cate, J.; Lipkind, H.S.; Campbell, K.H.; Pettker, C.M.; Kohari,
K.S.; Reddy, U.M. Coronavirus disease 2019 pregnancy outcomes in a racially and ethnically diverse population. Am. J. Obstet.
Gynecol. MFM 2020, 2, 100246. [CrossRef] [PubMed]

Schwartz, D.A. An analysis of 38 pregnant women with COVID-19, their newborn infants, and maternal-fetal transmission of
SARS-CoV-2: Maternal coronavirus infections and pregnancy outcomes. Arch. Pathol. Lab. Med. 2020, 144, 799-805. [CrossRef]
[PubMed]

Barton, ].R.; Saade, G.R.; Sibai, B.M. A Proposed Plan for Prenatal Care to Minimize Risks of COVID-19 to Patients and Providers:
Focus on Hypertensive Disorders of Pregnancy. Am. |. Perinatol. 2020, 37, 837-844. [CrossRef] [PubMed]

Jin, Y;; Xu, H.; Wu, M.; Yi, B.; Zhu, M.; Zhou, Y.; Wang, J. Correlation of gestational hypertension with abnormal lipid metabolism,
insulin resistance and d-dimer and their clinical significance. Exp. Ther. Med. 2019, 17. [CrossRef] [PubMed]

Bulavenko, O.; Vaskiv, O. Risk factors of gestational hypertension development. Curr. Issues Pharm. Med. Sci. 2017, 30. [CrossRef]
Richardson, S.; Hirsch, ].S.; Narasimhan, M.; Crawford, ]. M.; McGinn, T.; Davidson, K.W.; Barnaby, D.P.; Becker, L.B.; Chelico, ].D.;
Cohen, S.L.; et al. Presenting Characteristics, Comorbidities, and Outcomes Among 5700 Patients Hospitalized With COVID-19
in the New York City Area. JAMA 2020, 323, 2052. [CrossRef]

Goyal, P; Choi, ]J.J.; Pinheiro, L.C.; Schenck, E.J.; Chen, R,; Jabri, A.; Satlin, M.]J.; Campion, T.R.; Nahid, M.; Ringel, ].B.; et al.
Clinical Characteristics of Covid-19 in New York City. N. Engl. J. Med. 2020, 382, 2372-2374. [CrossRef]

Lokken, E.M.; Walker, C.L.; Delaney, S.; Kachikis, A.; Kretzer, N.M.; Erickson, A.; Resnick, R.; Vanderhoeven, J.; Hwang, ] K,;
Barnhart, N.; et al. Clinical characteristics of 46 pregnant women with a severe acute respiratory syndrome coronavirus 2 infection
in Washington State. Am. J. Obstet. Gynecol. 2020, 223, 911.e1-911.e14. [CrossRef] [PubMed]

Akoumianakis, I; Filippatos, T. The renin—angiotensin—aldosterone system as a link between obesity and coronavirus disease
2019 severity. Obes. Rev. 2020, 21. [CrossRef] [PubMed]

Li, N.; Han, L.; Peng, M.; Lv, Y.; Ouyang, Y.; Liu, K,; Yue, L.; Li, Q.; Sun, G.; Chen, L.; et al. Maternal and Neonatal Outcomes
of Pregnant Women With Coronavirus Disease 2019 (COVID-19) Pneumonia: A Case-Control Study. Clin. Infect. Dis. 2020, 71.
[CrossRef] [PubMed]

Wu, Y,; Kataria, Y.; Wang, Z.; Ming, W.-K.; Ellervik, C. Factors associated with successful vaginal birth after a cesarean section: A
systematic review and meta-analysis. BMIC Pregnancy Childbirth 2019, 19, 360. [CrossRef]

Rothan, H.A.; Byrareddy, S.N. The epidemiology and pathogenesis of coronavirus disease (COVID-19) outbreak. J. Autoimmun.
2020, 109, 102433. [CrossRef] [PubMed]

Lechien, J.R.; Chiesa-Estomba, C.M.; De Siati, D.R.; Horoi, M.; Le Bon, S.D.; Rodriguez, A.; Dequanter, D.; Blecic, S.; El Afia, F.;
Distinguin, L.; et al. Olfactory and gustatory dysfunctions as a clinical presentation of mild-to-moderate forms of the coronavirus
disease (COVID-19): A multicenter European study. Eur. Arch. Oto-Rhino-Laryngol. 2020, 277,2251-2261. [CrossRef]

Vaira, L.A.; Salzano, G.; Deiana, G.; De Riu, G. Anosmia and Ageusia: Common Findings in COVID-19 Patients. Laryngoscope
2020, 130, 1787. [CrossRef] [PubMed]

Huang, C.; Wang, Y.; Li, X,; Ren, L.; Zhao, ].; Hu, Y.; Zhang, L.; Fan, G.; Xu, ].; Gu, X,; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. [CrossRef]

Allotey, J.; Stallings, E.; Bonet, M.; Yap, M.; Chatterjee, S.; Kew, T.; Debenham, L.; Llavall, A.C.; Dixit, A.; Zhou, D.; et al. Clinical
manifestations, risk factors, and maternal and perinatal outcomes of coronavirus disease 2019 in pregnancy: Living systematic
review and meta-analysis. BM] 2020, m3320. [CrossRef] [PubMed]

Harrison, A.G,; Lin, T.; Wang, P. Mechanisms of SARS-CoV-2 Transmission and Pathogenesis. Trends Immunol. 2020, 41, 1100-1115.
[CrossRef]

Arora, M.; Lakshmi, R. Maternal vaccines—Safety in pregnancy. Best Pract. Res. Clin. Obstet. Gynaecol. 2021. [CrossRef]

Ni, Y,; Guo, J.; Turner, D.; Tizard, I. An Improved Inactivated Influenza Vaccine with Enhanced Cross Protection. Front. Immunol.
2018, 9. [CrossRef]


http://doi.org/10.1111/aji.13299
http://www.ncbi.nlm.nih.gov/pubmed/32623810
http://doi.org/10.1016/j.jri.2020.103122
http://www.ncbi.nlm.nih.gov/pubmed/32244166
http://doi.org/10.1016/j.ejogrb.2020.06.058
http://www.ncbi.nlm.nih.gov/pubmed/32620513
http://doi.org/10.1016/j.ajog.2020.12.1221
http://www.ncbi.nlm.nih.gov/pubmed/33515516
http://doi.org/10.3390/cells9081777
http://doi.org/10.1172/JCI139569
http://www.ncbi.nlm.nih.gov/pubmed/32573498
http://doi.org/10.1016/j.ajogmf.2020.100246
http://www.ncbi.nlm.nih.gov/pubmed/33047100
http://doi.org/10.5858/arpa.2020-0901-SA
http://www.ncbi.nlm.nih.gov/pubmed/32180426
http://doi.org/10.1055/s-0040-1710538
http://www.ncbi.nlm.nih.gov/pubmed/32396947
http://doi.org/10.3892/etm.2018.7070
http://www.ncbi.nlm.nih.gov/pubmed/30680012
http://doi.org/10.1515/cipms-2017-0013
http://doi.org/10.1001/jama.2020.6775
http://doi.org/10.1056/NEJMc2010419
http://doi.org/10.1016/j.ajog.2020.05.031
http://www.ncbi.nlm.nih.gov/pubmed/32439389
http://doi.org/10.1111/obr.13077
http://www.ncbi.nlm.nih.gov/pubmed/32567171
http://doi.org/10.1093/cid/ciaa352
http://www.ncbi.nlm.nih.gov/pubmed/32249918
http://doi.org/10.1186/s12884-019-2517-y
http://doi.org/10.1016/j.jaut.2020.102433
http://www.ncbi.nlm.nih.gov/pubmed/32113704
http://doi.org/10.1007/s00405-020-05965-1
http://doi.org/10.1002/lary.28692
http://www.ncbi.nlm.nih.gov/pubmed/32237238
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1136/bmj.m3320
http://www.ncbi.nlm.nih.gov/pubmed/32873575
http://doi.org/10.1016/j.it.2020.10.004
http://doi.org/10.1016/j.bpobgyn.2021.02.002
http://doi.org/10.3389/fimmu.2018.01815

Int. J. Environ. Res. Public Health 2021, 18, 10931 17 of 18

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Alonso-Molero, J.; Molina, A.J.; Jiménez-Moledn, ].J.; Pérez-Goémez, B.; Martin, V.; Moreno, V.; Amiano, P.; Ardanaz, E.; De
Sanjose, S.; Salcedo, I.; et al. Cohort profile: The MCC-Spain follow-up on colorectal, breast and prostate cancers: Study design
and initial results. BMJ Open 2019, 9, 1-11. [CrossRef] [PubMed]

Carrillo, J.; Rodriguez, M.L,; Avila, C. Detection of SARS-CoV-2 antibodies by ELISA. Available online: https://www.irsicaixa.es/
sites/default/files/detection_of_sars-cov-2_antibodies_by_elisa_-_protocol_by_irsicaixa_protected.pdf (accessed on 13 October
2021).

Syeda, S.; Baptiste, C.; Breslin, N.; Gyamfi-Bannerman, C.; Miller, R. The clinical course of COVID in pregnancy. Semin. Perinatol.
2020, 151284. [CrossRef]

Bandara, S.; Ruwanpathirana, A.; Nagodawithana, D.; Alwis, S. Hypertensive Crisis in Pregnancy with COVID19: Confirmed
with rt-PCR for Nasopharyngeal Swab. Case Rep. Obstet. Gynecol. 2020, 2020, 1-3. [CrossRef] [PubMed]

Kayem, G.; Lecarpentier, E.; Deruelle, P,; Bretelle, F.; Azria, E.; Blanc, J.; Bohec, C.; Bornes, M.; Ceccaldi, P.-F,; Chalet, Y.; et al.
A snapshot of the Covid-19 pandemic among pregnant women in France. J. Gynecol. Obstet. Hum. Reprod. 2020, 49, 101826.
[CrossRef]

McDonnell, S.; McNamee, E.; Lindow, S.W.; O’Connell, M.P. The impact of the Covid-19 pandemic on maternity services: A
review of maternal and neonatal outcomes before, during and after the pandemic. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020.
[CrossRef]

Sinnott, C.; Freret, T.S.; Clapp, M.A.; Little, S.E. 1111 Increased rates of hypertensive disorders of pregnancy during the COVID-19
pandemic. Am. J. Obstet. Gynecol. 2021, 224, S685. [CrossRef]

Bourgonje, A.R.; Abdulle, A.E.; Timens, W.; Hillebrands, J.L.; Navis, G.J.; Gordijn, S.J.; Bolling, M.C.; Dijkstra, G.; Voors, A.A.;
Osterhaus, A.D.M.E,; et al. Angiotensin-converting enzyme 2 (ACE2), SARS-CoV-2 and the pathophysiology of coronavirus
disease 2019 (COVID-19). J. Pathol. 2020, 251, 228-248. [CrossRef]

Li, M.; Chen, L.; Zhang, J.; Xiong, C.; Li, X. The SARS-CoV-2 receptor ACE2 expression of maternal-fetal interface and fetal organs
by single-cell transcriptome study. PLoS ONE 2020, 15, e0230295. [CrossRef] [PubMed]

Jin, X. Role of Renin-Angiotensin System Components in Hypertension During Pregnancy. Res. Pediatr. Neonatol. 2018, 2.
[CrossRef]

Rasmussen, S.A.; Smulian, J.C.; Lednicky, J.A.; Wen, T.S.; Jamieson, D.]J. Coronavirus Disease 2019 (COVID-19) and pregnancy:
What obstetricians need to know. Am. J. Obstet. Gynecol. 2020, 222, 415-426. [CrossRef] [PubMed]

Maleki Dana, P.; Kolahdooz, F.; Sadoughi, F.; Moazzami, B.; Chaichian, S.; Asemi, Z. COVID-19 and pregnancy: A review of
current knowledge. Le Infez. Med. 2020, 28, 46-51.

Elshafeey, F.; Magdi, R.; Hindi, N.; Elshebiny, M.; Farrag, N.; Mahdy, S.; Sabbour, M.; Gebril, S.; Nasser, M.; Kamel, M.; et al. A
systematic scoping review of COVID-19 during pregnancy and childbirth. Int. ]. Gynecol. Obstet. 2020, 150, 47-52. [CrossRef]
Berhan, Y. What immunological and hormonal protective factors lower the risk of COVID-19 related deaths in pregnant women?
J. Reprod. Immunol. 2020, 142, 103180. [CrossRef]

Zhou, J.; Wang, Y.; Zhao, J.; Gu, L.; Yang, C.; Wang, ].; Zhang, H.; Tian, Y.; Tuo, H.; Li, D.; et al. The metabolic and immunological
characteristics of pregnant women with COVID-19 and their neonates. Eur. |. Clin. Microbiol. Infect. Dis. 2021, 40, 565-574.
[CrossRef]

Turan, O.; Hakim, A.; Dashraath, P; Jeslyn, W.J.L.; Wright, A.; Abdul-Kadir, R. Clinical characteristics, prognostic factors, and
maternal and neonatal outcomes of SARS-CoV-2 infection among hospitalized pregnant women: A systematic review. Int. J.
Guynecol. Obstet. 2020, 151, 7-16. [CrossRef]

He, M,; Skaria, P.; Kreutz, K.; Chen, L.; Hagemann, 1.S.; Carter, E.B.; Mysorekar, 1.U.; Nelson, D.M.; Pfeifer, J.; Dehner, L.P.
Histopathology of Third Trimester Placenta from SARS-CoV-2-Positive Women. Fetal Pediatr. Pathol. 2020, 1-10. [CrossRef]
[PubMed]

Numero de Cesareas Practicadas En Espafa y Datos y Estadisticas Sobre Partos. Available online: https://www.epdata.es/
datos/partos-madrid-barcelona-valencia-sevillas-otras-ciudades-datos-estadisticas /490 (accessed on 14 May 2021).

Zhang, L.; Jiang, Y.; Wei, M.; Cheng, B.H.; Zhou, X.C.; Li, J; Tian, ].H.; Dong, L.; Hu, R.H. [Analysis of the pregnancy outcomes in
pregnant women with COVID-19 in Hubei Province]. Zhonghua Fu Chan Ke Za Zhi 2020, 55, 166-171. [CrossRef]

Chi, J.; Gong, W.; Gao, Q. Clinical characteristics and outcomes of pregnant women with COVID-19 and the risk of vertical
transmission: A systematic review. Arch. Gynecol. Obstet. 2021, 303, 337-345. [CrossRef]

Martinez-Perez, O.; Vouga, M.; Cruz Melguizo, S.; Forcen Acebal, L.; Panchaud, A.; Mufioz-Chépuli, M.; Baud, D. Association
between Mode of Delivery among Pregnant Women with COVID-19 and Maternal and Neonatal Outcomes in Spain. JAMA-].
Am. Med. Assoc. 2020, 324, 296-299. [CrossRef] [PubMed]

Dubey, P; Reddy, S.Y.; Manuel, S.; Dwivedi, A.K. Maternal and neonatal characteristics and outcomes among COVID-19 infected
women: An updated systematic review and meta-analysis. Eur. ]. Obstet. Gynecol. Reprod. Biol. 2020, 252, 490-501. [CrossRef]
[PubMed]

Della Gatta, A.N.; Rizzo, R.; Pilu, G.; Simonazzi, G. Coronavirus disease 2019 during pregnancy: A systematic review of reported
cases. Am. J. Obstet. Gynecol. 2020, 223, 36—41. [CrossRef] [PubMed]

Gao, Y;; Ye, L.; Zhang, J.; Yin, Y.; Liu, M.; Yu, H.; Zhou, R. Clinical features and outcomes of pregnant women with COVID-19: A
systematic review and meta-analysis. BMC Infect. Dis. 2020, 20, 564. [CrossRef]


http://doi.org/10.1136/bmjopen-2019-031904
http://www.ncbi.nlm.nih.gov/pubmed/31753885
https://www.irsicaixa.es/sites/default/files/detection_of_sars-cov-2_antibodies_by_elisa_-_protocol_by_irsicaixa_protected.pdf
https://www.irsicaixa.es/sites/default/files/detection_of_sars-cov-2_antibodies_by_elisa_-_protocol_by_irsicaixa_protected.pdf
http://doi.org/10.1016/j.semperi.2020.151284
http://doi.org/10.1155/2020/8868952
http://www.ncbi.nlm.nih.gov/pubmed/33312744
http://doi.org/10.1016/j.jogoh.2020.101826
http://doi.org/10.1016/j.ejogrb.2020.10.023
http://doi.org/10.1016/j.ajog.2020.12.1135
http://doi.org/10.1002/path.5471
http://doi.org/10.1371/journal.pone.0230295
http://www.ncbi.nlm.nih.gov/pubmed/32298273
http://doi.org/10.31031/RPN.2018.02.000537
http://doi.org/10.1016/j.ajog.2020.02.017
http://www.ncbi.nlm.nih.gov/pubmed/32105680
http://doi.org/10.1002/ijgo.13182
http://doi.org/10.1016/j.jri.2020.103180
http://doi.org/10.1007/s10096-020-04033-0
http://doi.org/10.1002/ijgo.13329
http://doi.org/10.1080/15513815.2020.1828517
http://www.ncbi.nlm.nih.gov/pubmed/33040615
https://www.epdata.es/datos/partos-madrid-barcelona-valencia-sevillas-otras-ciudades-datos-estadisticas/490
https://www.epdata.es/datos/partos-madrid-barcelona-valencia-sevillas-otras-ciudades-datos-estadisticas/490
http://doi.org/10.3760/cma.j.cn112141-20200218-00111
http://doi.org/10.1007/s00404-020-05889-5
http://doi.org/10.1001/jama.2020.10125
http://www.ncbi.nlm.nih.gov/pubmed/32511673
http://doi.org/10.1016/j.ejogrb.2020.07.034
http://www.ncbi.nlm.nih.gov/pubmed/32795828
http://doi.org/10.1016/j.ajog.2020.04.013
http://www.ncbi.nlm.nih.gov/pubmed/32311350
http://doi.org/10.1186/s12879-020-05274-2

Int. J. Environ. Res. Public Health 2021, 18, 10931 18 of 18

59.

60.

61.

62.

63.

64.

Cosma, S.; Carosso, A.R.; Cusato, J.; Borella, E; Carosso, M.; Bovetti, M.; Filippini, C.; D’Avolio, A.; Ghisetti, V.; Di Perri, G.; et al.
COVID-19 and first trimester spontaneous abortion: A case-control study of 225 pregnant patients. Am. J. Obstet. Gynecol. 2020.
[CrossRef]

Zhu, H.; Wang, L.; Fang, C.; Peng, S.; Zhang, L.; Chang, G.; Xia, S.; Zhou, W. Clinical analysis of 10 neonates born to mothers with
2019-nCoV pneumonia. Transl. Pediatr. 2020, 9, 51-60. [CrossRef]

Yoon, S.H.; Kang, ].M.; Ahn, ].G. Clinical outcomes of 201 neonates born to mothers with COVID-19: A systematic review. Eur.
Rev. Med. Pharmacol. Sci. 2020, 24, 7804-7815.

Li, M.; Zhang, Z.; Cao, W,; Liu, Y.; Du, B.; Chen, C,; Liu, Q.; Uddin, M.N.; Jiang, S.; Chen, C.; et al. Identifying novel factors
associated with COVID-19 transmission and fatality using the machine learning approach. Sci. Total Environ. 2021, 764, 142810.
[CrossRef]

Zaman, K,; Roy, E.; Arifeen, S.E.; Rahman, M.; Raqib, R.; Wilson, E.; Omer, S.B.; Shahid, N.S.; Breiman, R.F,; Steinhoff, M.C.
Effectiveness of Maternal Influenza Immunization in Mothers and Infants. N. Engl. J. Med. 2008, 359, 1555-1564. [CrossRef]
[PubMed]

Amirthalingam, G.; Andrews, N.; Campbell, H.; Ribeiro, S.; Kara, E.; Donegan, K.; Fry, N.K.; Miller, E.; Ramsay, M. Effectiveness
of maternal pertussis vaccination in England: An observational study. Lancet 2014, 384, 1521-1528. [CrossRef]


http://doi.org/10.1016/j.ajog.2020.10.005
http://doi.org/10.21037/tp.2020.02.06
http://doi.org/10.1016/j.scitotenv.2020.142810
http://doi.org/10.1056/NEJMoa0708630
http://www.ncbi.nlm.nih.gov/pubmed/18799552
http://doi.org/10.1016/S0140-6736(14)60686-3

	Introduction 
	Materials and Methods 
	Data Collection 
	Biological Determinations 
	Comparison Group 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Discussion 
	Gestational Arterial Hypertension—SARS-CoV-2-Infected Women 
	Placental Abruption 
	Birth and COVID-19 
	Symptoms of COVID-19 in Pregnancy 
	Home Transmission 
	Vaccines and SARS-CoV-2-Infected Women 

	Conclusions 
	References

