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Objective: To evaluate the perinatal and maternal outcomes of pregnancies in women infected with SARS-CoV-2, comparing
spontaneous and in vitro fertilization (IVF) pregnancies (with either own or donor oocytes).
Design: Multicenter, prospective, observational study.
Setting: 78 centers participating in the Spanish COVID19 Registry.
Patient(s): 1,347 pregnant women with SARS-CoV-2 positive results registered consecutively between February 26 and November
5, 2020.
Intervention(s): The patients’ information was collected from their medical records, and multivariable regression analyses were
performed, controlling for maternal age and the clinical presentation of the infection.
Main Outcome Measure(s): Obstetrics and neonatal outcomes, pregnancy comorbidities, intensive care unit admission, mechanical
ventilation need, and medical conditions.
Result(s): The IVF group included 74 (5.5%) women whereas the spontaneous pregnancy group included 1,275 (94.5%) women. The
operative delivery rate was high in all patients, especially in the IVF group, where cesarean section became the most frequent method of
delivery (55.4%, compared with 26.1% of the spontaneous pregnancy group). The reason for cesarean section was induction failure in
56.1% of the IVF patients. IVF women had more gestational hypertensive disorders (16.2% vs. 4.5% among spontaneous pregnancy
women, adjusted odds ratio [aOR] 5.31, 95% confidence interval [CI] 2.45–10.93) irrespective of oocyte origin. The higher rate of inten-
sive care unit admittance observed in the IVF group (8.1% vs. 2.4% in the spontaneous pregnancy group) was attributed to preeclampsia
(aOR 11.82, 95% CI 5.25–25.87), not to the type of conception.
Conclusion(s): A high rate of operative delivery was observed in pregnant women infected with SARS-CoV-2, especially in those with
IVF pregnancies; method of conception did not affect fetal or maternal outcomes, except for preeclampsia.
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W ith more than 9 � 106 confirmed cases, the SARS-
CoV-2 pandemic is a life-threatening health
problem, especially in high risk individuals. The

situation was extremely serious in Spain, because it was
one of the hardest hit countries in the world (1).

Because of the physiological changes of pregnancy,
pregnant women are more vulnerable to respiratory infec-
tions (2) and for this reason, pregnancy should be considered
a high risk condition during the coronavirus disease 2019
(COVID-19) pandemic. There already are several studies that
describe the role of this coronavirus in maternal and perinatal
outcomes (3–6).

Currently, we know that pregnant women, compared with
nonpregnant women, are more frequently admitted to an
intensive care unit (ICU), more likely to receive invasive venti-
lation and extracorporeal membrane oxygenation, and more
likely to die of COVID-19. Whereas an increased risk for
severe disease related to pregnancy was apparent in nearly
all stratified analyses, older pregnant women (>35 years)
with COVID-19 had the worst clinical outcomes (7). In addi-
tion, prematurity because of maternal illness was described
as an adverse perinatal outcome in pregnant women infected
with SARS-CoV-2 (8).

Worldwide, the number of couples demanding assisted
reproductive technology (ART) is increasing. More than 7 �
106 infants were born after in vitro fertilization (IVF) (9). Earlier
publications suggested that pregnancies achieved by IVF or
oocyte donation had poorer results compared with those
obtained after spontaneous conception in both multiple and
singleton pregnancies (10). The IVF condition confers a higher
risk of complications such as hypertensive disorders of preg-
nancy, low birth weight/small for gestational age, gestational
diabetes and preterm delivery, induction of labor, and cesarean
section (11–13). Thus, we could presume that the perinatal
outcomes of ART could be even worse during the COVID-19
outbreak, and it is essential to determine if there are increased
maternal and/or neonatal risks in this group of women.

For this reason, we decided to evaluate the perinatal and
maternal outcomes of pregnancies in SARS-CoV-2-infected
women, comparing the results of pregnancies achieved by
ART with those of spontaneous conceptions in a large multi-
center Spanish cohort. The secondary end pointwas to evaluate
if there were differences in obstetric and perinatal outcomes
between women with SARS-CoV-2-positive results whose
conceptions were achieved by IVF with their own oocytes vs.
outcomes for pregnancies obtained after oocyte donation.
MATERIALS AND METHODS
This was a multicenter, prospective study of consecutive cases
of SARS-CoV-2 infection in a pregnancy cohort registered by
732
the Spanish Obstetric Emergency group (14, 15). The registry
protocol was approved by the coordinating hospital’s Medical
Ethics Committee on March 23, 2020 (reference number: PI
55/20), and each collaborating center subsequently obtained
protocol approval locally; the registry protocol is available
at ClinicalTrials.gov (NCT04558996). A complete list of the
78 centers contributing to the study is provided in
Supplemental Table 1 (available online). On recruitment,
given the contagiousness of the disease and the lack of per-
sonal protection equipment, mothers consented by either
signing a document when possible or by giving permission
verbally, which was recorded in the patient’s chart. A specific
database was designed for recording information regarding
SARS-CoV-2 infection in pregnancy, and the lead researcher
entered data for each center after delivery, with a follow up of
six weeks postpartum. We developed an analysis plan using
the recommended contemporaneous methods and followed
existing STROBE guidelines for reporting our results
(Supplemental Table 2).

Infected Cohort

During the period of the study, from February 26 to November
5, 2020, we selected obstetric patients with SARS-CoV-2
infection detected by testing suspicious cases that came into
the hospital with symptoms compatible with COVID-19 and
by universal screening for SARS-CoV-2 infection at
admission in the delivery ward (starting on April 1 in many
hospitals). SARS-CoV-2 infection was diagnosed by positive
double-sampling polymerase-chain-reaction (PCR) result
from nasopharyngeal swabs. All positive cases were included
in the study. The cases were classified as asymptomatic and
symptomatic, and the latter were stratified into three groups:
mild-moderate symptoms (cough, anosmia, fatigue/discom-
fort, fever, dyspnea), pneumonia, and complicated
pneumonia/shock (with ICU admission and/or mechanical
ventilation and/or septic shock). There were two waves of a
high incidence of SARS-CoV-2 during the study period:
March 1 to May 5, 2020 (first wave) and July 14 to November
5 (second wave) (16).
Study Variables

Information regarding the demographic characteristics of
each pregnant woman, comorbidities, previous and current
obstetric history, and type of conception were extracted
from the clinical and verbal history of the patient. For peri-
natal events, we recorded gestational age at delivery, type
of delivery, preterm delivery (<37 weeks), onset of labor, prel-
abor rupture of membranes (PROM), preterm prelabor rupture
of membranes (PPROM), medical complications (thromboem-
bolic events, ICU admission, need of invasive ventilation),
VOL. 116 NO. 3 / SEPTEMBER 2021
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obstetric complications (hemorrhagic events and gestational
hypertensive disorders), stillbirth, and maternal deaths.
Neonatal data included 5-minute Apgar score, umbilical
artery pH, neonatal intensive care unit (NICU) admission,
and neonatal deaths. Definitions of clinical and obstetric
conditions followed international criteria (17–19).
Statistical Analysis

The variables maternal age (years) and gestational age at
delivery (weeks þ days) were tested for normal distribution
using the Kolmogorov-Smirnov test. Descriptive data are pre-
sented as mean (range) or number (percentage). The possible
association of IVF conception (vs. spontaneous) and IVF
donor oocyte (vs. IVF own oocyte) with the clinical presenta-
tion of SARS-CoV-2 infection and baseline and pregnancy
characteristics was analyzed using the Pearson’s chi-square
test or Fisher’s exact test and the Mann-Whitney U test (after
checking the absence of normality of the data using the
Kolmogorov-Smirnov test). On the other hand, the differences
in delivery management (vaginal vs. cesarean section) be-
tween the SARS-CoV-2 first (March 1 to May 5, 2020) and
second (July 14 to November 5, 2020) waves in spontaneous
conception and IVF patients were computed by Pearson’s chi-
square test. Statistical tests were two-sided and were
performed with SPSS V.20 (IBM Inc., Chicago, IL); statistically
significant associations were considered to exist when the
P value was < .05.

For computing measures of association of perinatal and
neonatal outcomes with IVF conception (vs. spontaneous)
and IVF donor oocyte (vs. IVF own oocyte), the influence of
maternal age and clinical presentation of SARS-CoV-2 infec-
tion (categorized as asymptomatic and symptomatic) were
controlled for multivariable logistic regression modeling to
derive adjusted odds ratios (aORs) with 95% confidence inter-
vals (95% CIs). Modeling was performed after excluding
pregnancies with missing data. Regression analyses were per-
formed using the lme4 package in R, version 3.4 (RCoreTeam,
2017) (20).

RESULTS
Overall, 1,347 pregnant women with positive SARS-CoV-2
results were identified, completed follow up, and were
analyzed. Of these, 1,273 (94.5%) corresponded to sponta-
neous pregnancies and 74 (5.5%) to pregnancies achieved
after ART (Supplemental Figure 1); 38 of 74 (51.4%) of the
ART pregnancies were obtained from own oocytes and 36
of 74 (48.6%) from donor oocytes.

The clinical presentation of the SARS-CoV-2 infection is
shown in Table 1. The observed distribution of asymptomatic
and symptomatic patients was similar between the concep-
tion groups (approximately 50% vs. 50%; P¼ .166). No signif-
icant differences were observed when results were analyzed
by clinical presentation, as approximately three-quarters of
the symptomatic patients in both groups had mild-moderate
symptoms (cough, anosmia, fatigue/discomfort, fever,
dyspnea). However, among IVF patients who developed pneu-
monia, one-third ended in complicated pneumonia/shock,
compared with 12.6% in the spontaneous conception
VOL. 116 NO. 3 / SEPTEMBER 2021
patients, although this difference was not statistically
significant (P¼ .106). When IVF with own oocyte and IVF
with donor oocyte were compared, no significant differences
in terms of COVID-19 symptomatology were observed.

Table 2 shows the baseline and pregnancy characteristics
of patients stratified into the conception groups mentioned
previously. The IVF patients were significantly older, with a
mean age of 39.6 years (vs. 31.7 years in women with spon-
taneous conceptions, P< .001) and had 86.5% of patients in
the 35–49 age rank (vs. 36.1% of women with spontaneous
conceptions). In the IVF patients, the women in the oocyte
donor group were older (42.0 [32–49] years vs. 37.2 [31-47]
years for own oocyte, P< .001).

In addition, patients who achieved pregnancy with ART
were more likely to be white (89.2% vs. 56.6% of spontaneous
conception, P< .001), nulliparous (52.7% vs. 37.9%, P¼ .011),
andweremore often diagnosed with thrombophilia (10.8% vs.
1.4%, P< .001), without differences between those using own
or donated oocytes (Table 2).

According to the current pregnancy history (Table 2), the
IVF mothers had significantly more multiple pregnancies
(8.1% vs. 1.5% of spontaneous conception patients,
P¼ .002) and high risk screening of preeclampsia (19.0% vs.
5.2%, P< .001), which was especially remarkable in the IVF
oocyte donor group (31.3% vs. 6.5% of the own oocyte group,
P ¼ .012). In addition, IVF patients had a higher risk of
pregnancy-related hypertensive disorders (14.9% vs. 3.1%
of spontaneous conception patients, P ¼ .001), attributable
to the IVF oocyte donor group (27.8% vs. 2.6% of the own
oocyte group, P ¼ .002).

Perinatal and neonatal outcomes are described in Table 3.
Labor was induced in 55.4% and 36.5% of the IVF and spon-
taneous pregnancy patients, respectively. On the other hand,
and although the operative delivery (operative vaginal and
cesarean section) rate was high in all COVID-19 patients
(515/1,347; 38.2%), it was in the IVF group that the operative
approach corresponded to up to 73.0% of deliveries
(compared with 36.2% of the spontaneous conception group).
In addition, cesarean section was the most frequent method of
delivery in the IVF group (55.4% vs. 26.1% of the spontaneous
conception group; aOR 4.25, 95% CI 2.40–7.54; P< .001).
Table 4 summarizes birth attendance in IVF and spontaneous
pregnancies on the basis of the clinical presentation of SARS-
CoV-2 infection. Cesarean section rates because of COVID-19
severe disease (pneumonia and complicated pneumonia) were
similar between IVF and spontaneous pregnancies (P¼ 1.000
and P ¼1.000, respectively). However, cesarean sections
because of induction failure were significantly more frequent
in the ART group compared with the spontaneous conception
group, overall (aOR 2.79, 95% CI 1.39–5.67, P ¼ .004) and
regardless of the clinical presentation of SARS-CoV-2
infection.

Analyzing the deliveries according to the waves of high
incidence of SARS-CoV-2, we noted that the rate of cesarean
sections in IVF mothers was higher during the first wave
(57.8% vs. 40.0% in the second wave, P< .001); in the case
of spontaneous pregnancies, a decrease was additionally
observed (27.3% vs. 22.7% in the second wave), but this
difference was not statistically significant.
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TABLE 1

Clinical presentation of SARS-CoV-2 infection in the study participants.

All patients (n [ 1,347) IVF patients (n [ 74)

IVF pregnancies
74 (5.4)

Spontaneous
pregnancies 1,273 (94.6) P value

Own oocyte
38 (51.4)

Donor oocyte
36 (48.6) P value

Asymptomatic 32 (43.2) 656 (51.5) .166 18 (47.4) 14 (38.9) .462
Symptomatic 42 (56.8) 617 (48.5) 20 (52.6) 22 (61.1)

Mild-moderate symptoms 33/42 (78.5) 434/617 (70.3) .256 16/20 (80.0) 17/22 (77.3) .000
Pneumonia 9/42 (21.5) 183/617 (29.7) 4/20 (20.0) 5/22 (22.7)

Pneumonia 6/9 (66.7) 160/183 (87.4) .106 4/4 (100.0) 2/5 (40.0) .167
Complicated pneumonia a/

shock
3/9 (33.3) 23/183 (12.6) 0/4 (0.0) 3/5 (60.0)

Note: Data shown as number (percent of total). IVF ¼ in vitro fertilization.
a With intensive care unit admission and/or mechanical ventilation and/or septic shock.

Engels Calvo. SARS-CoV-2 infection in in vitro fertilization pregnancies. Fertil Steril 2021.
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IVF mothers experienced significantly more gestational
hypertensive disorders (16.2% vs. 4.5% of spontaneous
conception mothers; aOR 5.31, 2.45–10.93; P< .001), both
in moderate and severe preeclampsia (Table 3), regardless of
the origin of the oocytes. Besides, 21.4% of the women with
symptomatic COVID-19 and IVF pregnancies developed
preeclampsia (9/42, where 3/9 correspond to complicated
pneumonia cases) compared with 4.5% of the women with
symptomatic COVID-19 and spontaneous pregnancies (28/
617) (P< .001).

In relation to ICU admission, 36 of the 1,347 women
included in the study (2.67%) needed intensive care before
or after delivery; of those, 30 of 1,273 (2.4%) belonged to
the natural conception group and 6 of 74 (8.1%) to the
ART group (P ¼ .014). Therefore, a higher risk of ICU admit-
tance was observed in IVF patients as well as a greater need
for invasive ventilation (4.1% vs. 1.1% of spontaneous
conception patients; P ¼ .021) (Table 3). However, when
this analysis was adjusted for gestational hypertensive
disorders as well, the association of the type of conception
and ICU admittance ceased to be significant (aOR 1.88,
0.55–5.62), being the risk of ICU admittance associated to
preeclampsia (moderate and severe) (aOR 11.82, 5.25–
25.87, P< .001) and the clinical presentation of SARS-
CoV-2 infection (aOR 8.74, 3.37–29.89). The event rate of
invasive ventilations did not allow the previous verification
without overfitting the model (21).

Thromboembolic and hemorrhagic events, stillbirth, and
maternal mortality were similar for the two conception
groups. In our series of deliveries in women with SARS-
CoV-2-positive results, we recorded 2 maternal deaths (2/
1,347; 0.15%).

There were no significant between-group differences in
neonatal outcomes; a total of 6 neonatal deaths were reported
(6/1,347, 0.44%). Five of these deaths corresponded to
preterm neonates (1/5: mother with abruptio placentae and
postpartum hemorrhage; 1/5: mother with complicated
pneumonia and neonate with hyaline membrane disease,
necrotizing enterocolitis, and encephalopathy; 1/5: fetal
malformation, tetralogy of Fallot) and 1 term neonate (with
fetal malformation).
734
DISCUSSION
Our study provided information on the delivery care and
prognosis of SARS-CoV-2 infected mothers and their
newborns, in pregnancies achieved after ART (own or donor
oocyte) compared with spontaneous conceptions. The main
strength of the study was the large cohort of SARS-CoV-2-
positive deliveries (1,347 from 78 centers across Spain), and
the considerable quantity of ART pregnancies (74, 5.4%)
included. Furthermore, and to our knowledge, no previous
studies have analyzed the perinatal outcomes of mothers
infected with SARS-CoV-2 with regard to the type of concep-
tion. In addition, our study considered separately within the
IVF group those pregnancies achieved from own oocyte and
those reached with donor oocyte, where the latter represented
up to 48.6% of our ART pregnancies.

No differences were observed between the IVF and
spontaneous conception groups in the clinical presentation
of SARS-CoV-2 infection and/or the severity of symptoms,
despite the older age of the IVF patients. Although COVID-
19 has shown a more aggressive course in older patients
(22), pregnant women are still considered young (<50 years)
for this prognosis. Therefore, IVF pregnancy does not
represent an increased risk of symptomatic infection, regard-
less of the oocyte origin, among pregnant women infected
with SARS-CoV-2.

One of the most striking results of our study was the
high frequency of induced labors and operative deliveries
(operative vaginal and cesarean section) among these
SARS-CoV-2-positive mothers, especially in the IVF group,
in which cesarean sections reached up to 55.4% of deliveries
(61.1% in those with donor eggs), and 56.1% of them were
because of induction failure. The risk of cesarean section in
IVF pregnancies and, in particular in women who were
induced, has increased in the COVID-19 pandemic (23).
Maternal disease could explain the need to end the preg-
nancy, leading to more inductions and cesarean sections.
However, the cesarean section rates because of COVID-19
severe disease (pneumonia and complicated pneumonia)
were similar between the IVF and spontaneous pregnancy
groups. Therefore, this high operative delivery rate could be
explained by maternal and obstetrician’s preferences,
VOL. 116 NO. 3 / SEPTEMBER 2021



TABLE 2

Baseline and pregnancy characteristics of the study participants.

All patients (n [ 1,347) IVF patients (n [ 74)

IVF pregnancies
(n [ 74)

Spontaneous
pregnancies
(n [ 1,273)

P
value

Own oocyte
(n [ 38)

Donor oocyte
(n [ 36) P value

Maternal characteristics:
Maternal age (years; mean/

range)
39.6 (31–49) 31.7 (18–46) < .001a 37.2 (31–47) 42.0 (32–49) < .001 b

18–24 0 (0.0) 183/1,262 (14.5) < .001 a 0 (0.0) 0 (0.0) < .001 b

25–34 10 (13.5) 623/1,262 (49.4) 8 (21.1) 2 (5.6)
35–49 64 (86.5) 456/1,262 (36.1) 30 (78.9) 34 (94.4)

Ethnicity < .001 a .260
White European 66 (89.2) 719/1,270 (56.6) 32 (84.2) 34 (94.4)
Latino Americans 2 (2.7) 372/1,270 (29.3) 2 (5.3) 0 (0.0)
Arab 4 (5.4) 106/1,270 (8.3) 2 (5.3) 2 (5.6)
Asian nonhispanic 2 (2.7) 38/1,270 (3.0) 2 (5.3) 0 (0.0)
Black nonhispanic 0 (0.0) 35/1,270 (2.8) 0 (0.0) 0 (0.0)

Rh þ 58/72 (80.6) 1088/1,217 (89.4) .020 a 30/37 (81.1) 28/35 (80.0) .908
Nuliparous 39 (52.7) 477/1,259 (37.9) .011 a 19 (50.0) 20 (55.6) .632
Smoking c 7/72 (9.7) 124/1,218 (10.2) .900 4/36 (11.1) 3 (8.3) 1.000
Maternal comorbidities:
Obesity (BMI>30 kg/m2) 13/73 (17.8) 232/1,233 (18.8) .830 6/37 (16.2) 7 (19.4) .719
Cardiovascular comorbidities

Chronic cardiopathy 0/73 (0.0) 15/1,243 (1.2) 1.000 0 (0.0) 0 (0.0) —

Pregestational hypertension 1/73 (1.4) 18/1,231 (1.5) 1.000 0/37 (0.0) 1 (2.8) .493
Pulmonary comorbidities

Chronic pulmonary disease 0 (0.0) 3/1,242 (0.2) 1.000 0 (0.0) 0 (0.0) —

Asthma 2/72 (2.8) 50/1,240 (4.0) 1.000 1/37 (2.7) 1/35 (2.9) 1.000
Hematologic comorbidities

Chronic hematologic disease 2/73 (2.7) 19/1,239 (1.5) .328 0 (0.0) 2/35 (5.7) .226
Thrombophilia 8 (10.8) 17/1,236 (1.4) < .001 a 3 (7.9) 5 (13.9) .474
Antiphospholipid syndrome 2/72 (2.8) 5/1,236 (0.4) .052 1/36 (2.8) 1 (2.8) 1.000

Chronic kidney disease 1/72 (1.4) 4/1,241 (0.3) .246 0/37 (0.0) 1/35 (2.9) .486
Moderate-severe chronic

hepatic disease
0/71 (0.0) 2/1,236 (0.2) 1.000 0 (0.0) 0 (0.0) —

Rheumatologic chronic disease 2 (2.7) 9/1,240 (0.7) .124 1 (2.6) 1 (2.8) 1.000
Diabetes mellitus 2 (2.7) 24 (1.9) .650 2 (5.3) 0 (0.0) .494
Depressive syndrome 2/73 (2.7) 13/1,229 (1.1) .204 2 (5.3) 0/35 (0.0) .494
Current pregnancy

characteristics:
Multiple gestation 6 (8.1) 19 (1.5) .002 a 3 (7.9) 3 (8.3) 1.000
Hemoglobin <10 g/dL 2 (2.7) 58/1,234 (4.7) .575 1/37 (2.7) 1 (2.8) 1.000
Platelets <100,000/mL 1/71 (1.4) 11/1,222 (0.9) .494 0/37 (0.0) 1 (2.8) .493
Pregnancy-related hypertensive

disorders
11 (14.9) 39 (3.1) < .001 a 1 (2.6) 10 (27.8) .002 b

Gestational diabetes 10 (13.5) 87/1,235 (7.0) .039 a 6 (15.8) 4 (11.1) .737
Intrauterine growth restriction 3/71 (4.2) 45/1,219 (3.7) .744 0/36 (0.0) 3/35 (8.6) .115
High risk of preeclampsia in

screening
12/63 (19.0) 57/1,086 (5.2) < .001 a 2/31 (6.5) 10/32 (31.3) .012b

Note: Data shown as number (percentage of total) unless otherwise indicated. BMI ¼ body mass index; IVF ¼ in vitro fertilization.
a P< .05, IVF vs. spontaneous pregnancy.
b P< .05, donor vs. own oocyte
c Current smokers and ex-smokers

Engels Calvo. SARS-CoV-2 infection in in vitro fertilization pregnancies. Fertil Steril 2021.
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probably related to the uncertainty resulting from this new
COVID-19 scenario. However, it is important to highlight
that cesarean sections in pregnant women with SARS-CoV-
2 infection represented an independent factor of increased
risk of maternal clinical deterioration (24), and therefore a
in-depth risk-benefit assessment should be made before a ce-
sarean section is performed.

We fortunately noticed a reduction in the rate of cesarean
sections in IVF mothers between the first and second wave of
the COVID-19 pandemic (57.8% vs. 40%), which could be the
result of medical awareness of this risk. However, it was still
VOL. 116 NO. 3 / SEPTEMBER 2021
higher than figures recommended by the World Health
Organization (25), and efforts should be made to keep
reducing cesarean section rates in the actual pandemic.

On the other hand, the risk of preeclampsia in all its
forms was higher in IVF mothers (especially in those with
donor eggs), irrespective of maternal age and clinical pre-
sentation of the SARS-CoV-2 infection. In accordance
with data published by multiple investigators in series
before the COVID-19 pandemic, obstetric morbidity was
increased in IVF mothers because of hypertension, thrombo-
philia, and other conditions (10–13). This hypertension has
735



TABLE 3

Perinatal and neonatal data of the study participants.

All patients (n [ 1,347) IVF patients: N [ 74

IVF
pregnancies
(n [ 74)

Spontaneous
pregnancies
(n [ 1,273)

Adjusted
P value

aOR
(95% CI)

Own oocyte
N [ 38

Donor oocytes
N [ 36

Adjusted
P value

Perinatal outcomes
Gestational age at delivery

(weeks þ days; mean/
range)

38þ1 (26–41) 38þ5 (23–42) .152 b 38þ6 (26–41) 37þ2 (27–41) .013 a,b

Onset of labor
Programmed C-section 10 (13.5) 132 (10.4) 6 (15.8) 4 (11.1)
Spontaneous 23 (31.1) 676 (53.1) .227 c 13 (34.2) 10 (27.8) .514 c

Induced 41 (55.4) 465 (36.5) .321 c 19 (50.0) 22 (61.1) .161 c

Type of delivery
Vaginal 20 (27.0) 812 (63.8) 10 (26.3) 10 (27.8)
Operative vaginal 13 (17.6) 129 (10.1) < .001 a, d 3.89 (1.83–8.26) 9 (23.7) 4 (11.1) .197 d

Cesarean 41 (55.4) 332 (26.1) < .001 a, d 4.25 (2.40–7.54) 19 (50.0) 22 (61.1) .499 d

Reason for Cesarean
Before labor e 9/41 (22.0) 115/332 (34.6) 6/19 (31.6) 3/22 (16.3)
Induction failure 23/41 (56.1) 107/332 (32.2) 8/19 (42.1) 15/22 (68.2)
During 1st and 2nd stage

of labor
6/41 (14.6) 86/332 (25.9) 5/19 (26.39) 1/22 (4.5)

Severe COVID-19 3/41 (7.3) 24/332 (7.2) 0/19 (0.0) 3/22 (13.6)
Preterm deliveries (<37

weeks of gestational
age)

12 (16.2) 137 (10.8) .221 2 (5.3) 10 (27.8) .004a

Spontaneous delivery 6/12 (50.0) 72/137 (52.6) 2/2 (100.0) 4/10 (40.0)
Iatrogenic delivery 6/12 (50.0) 65/137 (47.4) 0/2 (0.0) 6/10 (60.0)

PROM 15 (20.3) 194 (15.2) .534 8 (21.1) 7 (19.4) .517
PPROM 4 (5.4) 33 (2.6) .424 1 (2.6) 3 (8.3) .132
Medical complications
Thromboembolic events: 2 (2.7) 12 (0.9) .354 1 (2.6) 1 (2.8) .970

Deep venous thrombosis 2 (2.7) 5 (0.4) .129 1 (2.6) 1 (2.8) .970
Pulmonary embolism 1 (1.4) 9 (0.7) .624 1 (2.6) 0 (0.0) .998

Admitted to ICU f 6 (8.1) 30 (2.4) .014a 3.62 (1.20–9.69) 1 (2.6) 5 (13.9) .114
Invasive ventilation 3 (4.1) 14 (1.1) .021a 5.64 (1.11–23.14) 0 (0.0) 3 (8.3) .996
Obstetric complications
Hemorrhagic events 5 (6.8) 66 (5.2) .879 3 (7.9) 2 (5.6) .233

Abruptio placentae 0 (0.0) 12 (0.9) .991 0 (0.0) 0 (0.0) —

Postpartum hemorrhage 5 (6.8) 56 (4.4) .768 3 (7.9) 2 (5.6) .233
Disseminated

intravascular
coagulation

2 (2.7) 2 (0.2) .048a 0 (0.0) 2 (5.6) .997

Gestational hypertensive
disorders

12 (16.2) 57 (4.5) < .001a 5.31 (2.45–10.93) 4 (10.5) 8 (22.2) .060

Moderate preeclampsia 8 (10.8) 33 (2.6) < .001a 5.90 (2.27–14.14) 4 (10.5) 4 (11.1) .353
Severe preeclampsia 4 (5.4) 24 (1.9) .030a 3.72 (1.00–11.30) 0 (0.0) 4 (11.1) .996

Stillbirth 0 (0.0) 10 (0.8) .991 0 (0.0) 0 (0.0) —

Maternal mortality 0 (0.0) 2 (0.2) .998 0 (0.0) 0 (0.0) —

Neonatal data
Apgar 5 score <7 1 (1.4) 12/1,253 (1.0) .554 1 (2.6) 0 (0.0) .998
Umbilical artery pH <7.10 1 (1.8) 33/1,018 (3.2) .532 1/29 (3.4) 0/28 (0.0) .998
Admitted in NICU 10 (13.5) 127 (10.0) .289 3 (7.9) 7 (19.4) .417
Neonatal mortality 1 (1.4) 5 (0.4) .050 1 (2.6) 0 (0.0) .998
Note: Data shown as number (percentage of total) unless otherwise indicated. aOR¼ adjusted odds ratio; CI¼ confidence interval; ICU¼ intensive care unit; NICU¼ neonatal intensive care unit;
IVF ¼ in vitro fertilization; PPROM ¼ preterm prelabor rupture of membranes; PROM ¼ prelabor rupture of membranes.
a Statistically significant differences, adjusted odds ratio (aOR), and 95% confidence intervals (CI) were estimated, controlling for maternal age and clinical presentation of SARS-CoV-2 infection
(asymptomatic and symptomatic).
b Linear regression model.
c Multinomial logistic regression model, reference category is ‘‘programmed C-section’’.
d Multinomial logistic regression model, reference category is ‘‘vaginal delivery’’.
e Programmed C-section and mother election.
f Before or after delivery.
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been described as a risk factor of worse COVID-19 prognosis
(26). Special attention must be paid to these IVF patients
because of the association observed between COVID-19
symptoms and the development of preeclampsia, where a
736
synergistic effect of both factors should not be ruled out
(27, 28).

As a limitation of this study, it should be highlighted that
symptomatic patients were over-represented in our study
VOL. 116 NO. 3 / SEPTEMBER 2021



TABLE 4

Description of onset of labor, type of labor, and reasons for cesarean section categorized by the clinical presentation of SARS-CoV-2 infection in IVF and spontaneous pregnancies.

IVF pregnancies (n [ 74) Spontaneous pregnancies (n [1,273)

Asymptomatic
Mild-moderate
symptoms Pneumonia

Complicated
pneumonia a Asymptomatic

Mild-moderate
symptoms Pneumonia

Complicated
pneumonia a

n[ 32 (n [ 33) (n [ 6) (n [ 3) (n [ 656) (n [ 434) (n [ 160) (n [ 23)

Onset of labor:
Programmed C-section 2 (6.2) 6 (18.2) 1 (16.7) 1 (33.3) 49 (7.5) 45 (10.4) 26 (16.2) 12 (52.2)
Spontaneous 12 (37.5) 9 (27.3) 2 (33.3) 0 (0.0) 376 (57.3) 226 (52.1) 70 (43.8) 4 (17.4)
Induced 18 (56.2) 18 (54.5) 3 (50.0) 2 (66.7) 231 (35.2) 163 (37.6) 64 (40.0) 7 (30.4)

Type of delivery:
Vaginal 11 (34.4) 9 (27.3) 0 (0.0) 0 (0.0) 441 (67.2) 274 (63.1) 94 (58.8) 3 (13.0)
Operative vaginal 5 (15.6) 7 (21.2) 1 (16.7) 0 (0.0) 73 (11.1) 46 (10.6) 9 (5.6) 1 (4.3)
C-section 16 (50.0) 17 (51.5) 5 (83.3) 3 (100) 142 (21.6) 114 (26.3) 57 (35.6) 19 (82.6)

Reasons for C-section:
Before labor b 2/16 (12.5) 6/17 (35.5) 1/5 (20.0) 0/3 (0.0) 50/142 (35.2) 46/114 (40.4) 17/57 (29.8) 2/19 (10.5)
Induction failure 10/16 (62.5) 9/17 (52.9) 3/5 (60.0) 1/3 (33.3) 52/142 (36.6) 37/114 (32.5) 16/57 (28.1) 2/19 (10.5)
During 1st and 2nd stage of

labor
4/16 (25.0) 2/17 (11.8) 0/5 (0.0) 0/3 (0.0) 40/142 (28.2) 31/114 (27.2) 14/57 (24.6) 1/19 (5.3)

Severe COVID-19 0/16 (0.0) 0/17 (0.0) 1/5 (20.0) 2/3 (66.7) 0/142 (0.0) 0/114 (0.0) 10/57 (17.5) 14/19 (73.7)
Note: C-section ¼ cesarean section; IVF ¼ in vitro fertilization.
a with ICU admission and/or mechanical ventilation and/or septic shock
b Programmed C-section and mother election

Engels Calvo. SARS-CoV-2 infection in in vitro fertilization pregnancies. Fertil Steril 2021.
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population because not all participating hospitals had a
universal antenatal screening program for SARS-CoV-2
infection (so only identified symptomatic cases by passive
surveillance) or implemented the program later. Moreover,
the small number of ART pregnancies (n ¼ 74) may have
penalized the power of analyses, especially when comparing
within the IVF group autologous and donor eggs. Finally,
more robust studies comparing IVF patients with and without
SARS-CoV-2 infection are needed, to establish the real effect
of the virus in terms of perinatal and obstetric results in this
group of patients.

Even so, our results are clinically relevant, because we do
not know how long the pandemic will last, and ART
techniques are indispensable given that ‘‘Reproductive care
is essential for the well-being of the society and for
sustaining birth rates at a time that many nations are experi-
encing declines’’ (29), added to the potential reduction of birth
rates as a result of the social consequences of this pandemic.

CONCLUSIONS
High rates of operative delivery in pregnant women infected
with SARS-CoV-2 were observed, not because of severe
COVID-19, but probably related to maternal and obstetri-
cian’s preferences, especially in IVF pregnancies. The method
of conception did not affect the fetal or maternal outcomes in
SARS-CoV-2 infected women when controlling for maternal
age and the clinical presentation of infection, except for
preeclampsia occurrence.
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ORIGINAL ARTICLE: ASSISTED REPRODUCTION
Resultados perinatales en embarazos resultante de t�ecnicas de reproducci�on asistida en mujeres infectadas con SARS-CoV-2: un es-
tudio observacional prospectivo.

Objetivo: Evaluar los resultados perinatales y maternos de los embarazos en mujeres infectadas con SARS-CoV-2, comparando em-
barazos espont�aneos con los de fecundaci�on in vitro (FIV) (con ovocitos propios o de donantes).

Dise~no: Estudio observacional, prospectivo, multic�entrico.

Entorno: 78 centros participantes en el Registro Espa~nol COVID19

Paciente (s): 1347 mujeres embarazadas con resultados positivos de SARS-CoV-2 registrados consecutivamente entre el 26 de febrero
y el 5 de noviembre de 2020.

Intervenci�on (es: ): La informaci�on de las pacientes se recopil�o de sus registros m�edicos y se realizaron an�alisis de regresi�on multivari-
able, controlado por edad materna y presentaci�on clínica de la infecci�on.

Principalesmedidas de resultado: resultados obst�etricos y neonatales, comorbilidades gestacionales, ingreso en la unidad de cuidados
intensivos, necesidad de ventilaci�on y condiciones m�edicas.

Resultado (s): El grupo de FIV incluy�o 74 (5,5%) mujeres, mientras que el grupo de embarazo espont�aneo incluy�o a 1275 (94,5%) mu-
jeres. La tasa de partos intervenidos quir�urgicamente fue alta en todas las pacientes, especialmente en el grupo de FIV, donde la ces�area
se convirti�o en el m�etodo m�as frecuente de parto (55,4%, en comparaci�on con 26,1% del grupo de embarazo espont�aneo). El motivo de la
ces�area fue el fracaso de la inducci�on en 56,1% de las pacientes de FIV. Las mujeres con FIV tenían m�as trastornos hipertensivos ges-
tacionales (16,2% frente a 4,5% entre las mujeres con embarazos espont�aneos, con la Odd ratio ajustada [ORa] 5,31, intervalo de con-
fianza [IC] del 95%: 2,45-10,93) independientemente del origen del ovocito. La mayor tasa de ingreso a la unidad de cuidados intensivos
observada en el grupo de FIV (8,1% frente a 2,4% en el grupo de embarazo espont�aneo) se atribuy�o a la preeclampsia (ORa 11,82; IC del
95%: 5,25 a 25,87), y no al tipo de concepci�on.

Conclusi�on (es): Se observ�o una alta tasa de parto intervenido quir�urgicamente en mujeres embarazadas infectadas con SARS-CoV-2,
especialmente en aquellas con gestaciones de FIV; el m�etodo de concepci�on no afect�o los resultados maternos o fetales, excepto en el
caso de la preeclampsia.
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