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Structured abstract

Objective: To determine whether severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2, the cause of COVID-19 disease) exposure in pregnancy, compared to
non-exposure, is associated with infection-related obstetric morbidity.

Design and setting: Throughout Spain, 45 hospitals took part in universal screening of
pregnant women going into labour using polymerase-chain-reaction (PCR) for COVID-
19 since late March 2020.

Methods: The cohort of exposed and unexposed pregnancies was followed up until 6-
weeks post-partum. Multivariate logistic regression analysis, adjusting for known
confounding variables, determined the adjusted odds ratio (aOR) with 95% confidence
intervals (95% CI) of the association of COVID-19 exposure, compared to non-
exposure, with infection-related obstetric outcomes.

Main outcome measures: Preterm delivery (primary), premature rupture of membranes
and neonatal intensive care unit admissions.

Results: In the cohort of 1,009 screened pregnancies, 246 were COVID-19 positive.
Compared to non-exposure, COVID-19 exposure increased the odds of preterm birth
(34 vs 51, 13.8% vs 6.7%, aOR 2.12, 95% CI 1.32-3.36, p=0.002), premature rupture
of membranes at term (39 vs 75, 15.8% vs 9.8%, aOR 1.70, 95% CI 1.11-2.57,
p=0.013) and neonatal intensive care unit admissions (23 vs 18, 9.3% vs 2.4%, aOR
4.62,95% CI 2.43 — 8.94, p<0.001).

Conclusion: This first prospective cohort study demonstrated that pregnant women
infected with SARS-CoV-2 have more infection-related obstetric morbidity. This
hypothesis merits evaluation of a causal association in further research.
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I ntroduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), identified in
December 2019, is the cause of the illness named COVID-19.%% With more than
249,000 confirmed cases and more than 28,700 deaths by 20" August 2020, Spain

remains one of the European countries most severely affected by the ongoing COVID-

. 34 . . . . .
19 pandemic. ~ Spain also established a universal screening programme for pregnancies
in light of the higher disease exposure. We observed that obstetric intervention may
influence the clinical course of the disease.’> The cohort of pregnant women assembled

through this programme lends itself to evaluation of concerns about obstetric outcomes.

The majority of non-pregnant patients with COVID-19 have uncomplicated or mild
illness (81%), some will develop severe illness associated with cytokine-mediated
inflammation phenomena such as IL-6 associated with the need for mechanical
ventilation.® Initial studies have reported similar involvement in pregnant patients.” The
inflammatory mediators associated COVID-19 have previously been related to poor
perinatal outcomes. #° This background naturally leads to the question as to whether

COVID-19 affects pregnancy adversely.

We hypothesised that COVID-19 exposure in pregnancy, compared to non-exposure,
would increase infection-related obstetric morbidity including preterm birth and
premature rupture of membranes which in turn would increase the admissions of the
neonate to intensive care units. We tested the hypothesis in a multivariate logistic

regression analysis, adjusting for the effect of known confounding variables.
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M aterials and methods

In March 2020, the Puerta de Hierro University Hospital in collaboration with 76
hospitals of several Spanish regions, launched OBS COVID REGISTRY, a population-
based, longitudinal observational and analytic study, to quantify the obstetrical and
perinatal morbimortality possibly associated to COVID infection throughout Spain.*

Between the third week of March and the first week of May 2020, 45 hospitals started

consecutive universal PCR screening of all patients going into labour (Figure 1).

Ethics Committee Approval

All procedures were approved by Puerta de Hierro University Hospital (Madrid, Spain)
ethics committees (reference number, 55/20). All the 76 hospitals involved in the
previously created Emergency Obstetrics Spain Group recognized and adopted the
procedures. Written informed consent was obtained, sometimes in a delayed fashion,
from the study patients at each centre when possible. The majority of the informed
consents were provided verbally depending on local ethics committee regulations and
special policies issued for Covid-19 research due to the pandemic situation. All verbal
consents were recorded in the patient medical records. The registry protocol, including
all the information on the variables under study, is available in the OSF website:
https://osf.io/k82ja/?view_only=61d3773cc12f423b8568ff11ach0fad4We developed an
analysis plan using recommended contemporaneous methods and followed existing

guidelines for reporting.™
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Assembly of the cohort

Case recruitment for this initial study ended on 31% May 2020. Hospitals collected the
encoded information in two separate phases: during the enrolment period that occurred
at the time of the SARS-CoV-2 test during pregnancy and within 2 weeks after birth.
Case eligibility criteria were pregnant patients with laboratory confirmation of COVID-
19 infection, irrespective of clinical signs and symptoms or the result of another
serological test; positive RNA polymerase-chain-reaction (PCR) test from
nasopharyngeal and/or oropharyngeal swabs from mother. In those cases, with a clinical
presentation of COVID19, it was classified following the WHO division for adults:
mild symptoms, mild-moderate pneumonia, severe pneumonia and septic shock.* All
identified cases were included in the study. The healthy cohort (comparison group not
exposed to COVID-19) included pregnant women who were negative for the PCR test,
who were selected in each center based on the delivery date of the cases, selecting
deliveries before and/or after that of the case,with maximum 3 healthy deliveries per
each infected pregnant woman (Figure 1). SARS CoV2 negative patient information
collection used the same templates and same database as SARS CoV2 positive. The list
of hospitals included in the study with their corresponding reported cases is in

Appendix 1.

Information regarding the demographic characteristics of each pregnant woman,
comorbidities and current obstetric history was extracted from the clinical history and

from the interview with the patient; subsequently, age and race were categorized
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following the classification used by the CDC.™ Definitions of obstetric conditions

followed international criteria,X**°

Perinatal events, medical and obstetric complications
were recorded. Patients were followed until six weeks postpartum. Neonatal events
were recorded until 14 days postpartum. A total of 33 dropout cases were recorded from
the beginning of the registry; the reasons were incomplete information in the registry

database, did not participate in the six-week postpartum follow-up and/or voluntary

withdrawal of the patient.

Data analysis

For the descriptive analysis of the data, absolute and relative frequencies were used in
the case of categorical variables and means and ranges in the case of quantitative
variables. The possible association of both the characteristics of the patients and the
outcomes collected with COVID infection was analysed using the Pearson’s Chi-square
test or Fisher’s exact test and the Mann-Whitney U test (after checking the absence
normality of the data using the Kolmogorov-Smirnov test). Statistical tests were two-
sided and were performed with SPSS V.20 (IBM Inc., Chicago, Il, USA); statistically

significant associations were considered to exist when the p value was less than 0.05.

For computing measures of association of the outcomes of interest that were statistically
significant in the univariate analysis (and with enough number of events) with COVID-
19 infection, the influence of known and suspected measured confounding factors was
controlled for multivariate logistic regression modelling in order to derive adjusted odds
ratios (aOR) with 95% confidence intervals (95% CI). Models were built for each

outcome separately, incorporating a range of independent variables appropriate for the
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adjustment of the association between COVID-19 infection and that outcome. The
selection process for variables was driven by causal knowledge for the adjustment of
confounding, based on previous findings and clinical constraints.>***° Besides COVID
positivity, the preterm delivery model included Ethnicity [categorized as white
European, Latin American and other ethnic groups (black non-Hispanic, Asian non-
Hispanic and Arab)], multiple pregnancy, in vitro fertilization, gestational hypertensive
disorders (moderate or severe preeclampsia and HELLP), miscarriage risk and clinical
and ultrasound prematurity screening; the spontaneous preterm delivery model included
ethnicity (categorized as above), multiple pregnancy, miscarriage risk and clinical and
ultrasound prematurity screening; the premature rupture of membranes at term (PROM)
model included multiple pregnancy, miscarriage risk, cough, obesity (BMI1>30 kg/m?)
and smoking [categorized as smokers (actual and ex-smokers) and non-smokers]; the
preterm premature rupture of membranes (PPROM) model included multiple pregnancy
and miscarriage risk; and the neonate intensive care unit (NICU) admission model
included multiple pregnancy, gestational hypertensive disorders and clinical and

ultrasound prematurity screening as independent variables.

A complete list of the final set of covariates is provided with each model in the results
section. The modelling was conducted after excluding cases with missing data. A
prematurity screening program was not established in all participating hospitals and that
variable had 11.3% of missing values, whereas the remaining variables had less than
1.2% of missing values. Regression analyses were carried out using Ime4 package in R,

version 3.4 (RCoreTeam, 2017)."
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Results

One thousand and nine (1,009) patients who gave birth between 23" March and 31%
May were analysed: 246 cases and a healthy cohort of 763 pregnant women who were
negative for the PCR test. Of the 246 positive cases, 88.6% (n = 218) were
asymptomatic at delivery while 11.4% (n = 28) were symptomatic. Of the asymptomatic
women, 44 (20.2%) had previously presented symptoms and 174 (79.8%) were totally
asymptomatic. On the other hand, of the pregnant women who showed symptoms at the
time of delivery, 24 (85.7%) cases corresponded to mild symptoms (being the most
prevalent, cough 33.3%, and anosmia 20.8%, followed by fatigue/discomfort, fever and
dyspnoea), 2 (7.1%) pregnant women presented mild-moderate pneumonia and another
2 (7.1%) pregnant women had developed severe pneumonia. No case of septic shock or

maternal death was recorded in pregnant women with COVID-19 included in the study.

The demographic characteristics, comorbidities and current obstetric history of the
positive cases and the healthy cohort (246 vs 763) are shown in Table 1. The only
variable in which statistically significant differences were observed was ethnicity, being
significantly higher the proportion of Latin American women in the COVID-19 group
(p <0.001; OR = 2.85, 95% CI: 1.96-4.15), while the opposite was true for White

European patients (p< 0.001, OR=0.49, 95% ClI: 0.36-0.67).
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When the possible association of perinatal and neonatal events with COVID-19 was
analysed by univariate and multivariate logistic regression using complete case analyses
(without imputation for missing values) (Table 2 and 3), twice as many deliveries with
less than 37 weeks of gestation were observed among the cases (13.8%) than in the
healthy group (6.7%) (p = 0.002), with an adjusted OR equal to 2.12 (95% CI: 1.32-
3.36), although no statistically significant differences had been observed in the clinical
and ultrasound screening for prematurity between both groups (p= 0.461) (Table 1).
Among preterm deliveries, iatrogenic preterm delivery (not associated with PPROM)
was practically four times more frequent in infected pregnant women than in non-
exposed (healthy) pregnant women (4.9% vs 1.3%, p= 0.001), while the occurrence of
spontaneous preterm deliveries was not affected by COVID-19 status (p= 0.760,
adjusted OR= 1.10, 95% CI: 0.57-2.06) (Table 3). In the exposed group, symptomatic
COVID-19 were present in 5 (42%) out of 12 iatrogenic preterm deliveries, while this

was the case in only 3 (20%) out of 15 spontaneous preterm deliveries.

Similarly, a higher risk of premature rupture of membranes, at term (PROM) and
preterm (PPROM), was observed in the exposed group (p= 0.009 and p= 0.031,
respectively) (Table 2). In the case of PROM, the finding of multivariate logistic
regression was consistent with the above result, with a 70% increase of occurrence in
the COVID-19 group compared to the non-exposed group (adjusted OR= 1.70, 95% CI:

1.11-2.57) (Table 3).
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No maternal deaths were recorded in the 1,009 patients in the study, but there were
intrauterine foetal deaths, with the proportion of these being considerably higher in
patients with COVID-19 than in the non-exposed ones (1.2% vs 0.1%, p= 0.047) (Table

2).

When the information regarding the neonate was analysed (Table 2 and 3), those born to
mothers with COVID-19 were admitted to the NICU significantly more often than those
born to healthy mothers (p< 0.001, adjusted OR = 4.62, 95% CI. 2.43 — 8.94).
Prematurity and respiratory distress were the main causes of NICU admission (Table 2),
while none of these admissions were due to COVID-19 disease in newborns. In 189
(76.8%) of the COVID-19 cases, a PCR analysis was performed on nasopharyngeal
and/or oropharyngeal samples of the newborns; 147 were performed during the first 12
hours of life, three of which were positive, and another 42 were performed until 48
hours of life, all resulting negative. The 3-initial positive newborns were retested at 48

hours, with final negative results.

Discussion
Main findings

To our knowledge, this is the first prospective cohort study to analyse whether a
relationship exists between COVID-19 exposure and infection-related obstetric
outcomes. We found, using multivariate models adjusting for confounding factors, that
the pregnant women with COVID-19 had more preterm births, premature rupture of
membranes at term and NICU admissions compared to the pregnant woman who were

not exposed.
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Strengths and weaknesses

Ours is a cohort study carried out during a difficult pandemic situation whose
continuing objective is to investigate the influence of COVID-19 on delivery and the
puerperium. We wish to obtain the best epidemiological information in the shortest
possible time with a follow-up 6 weeks after delivery. Patient recruitment continues in
our registry and this is an initial analysis. Our work is one of the first prospective cohort
studies to analyse the relationship between COVID-19 and prematurity. The
relationship that we establish with premature rupture of membranes raises future lines

of research.

The most important limitation of our work is the inability to compare infected patients
with healthy patients from the beginning due to the lack of diagnostic tests and the
health sector crisis that occurred. When a screening system was established, there were
not as many patients with severe symptoms and the number of events reduced the
ability to analyse some effects of symptomatic COVID-19. Many cases of obstetric
severe preeclampsia, haemorrhage, pulmonary thromboembolism and abruptio occurred
mainly in the months of March and April before many centres started screening
programmes and the cohort study began, so no distinction has been made between the
different clinical presentations of the disease. We could not do a multivariate analysis of

such conditions.

No serological test was performed on patients who had a negative PCR test, either
because the tests were not available at the time of recruitment or because they did not
have a proven sensitivity. In some cases, these patients may have already had the
disease. No serology was performed during those months on asymptomatic PCR-
positive patients to confirm their disease and immune response. Our study is best
understood if the results are interpreted under this premise and therefore our group

10
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continues to recruit patients to seek more associations, explanations and causations.
This work reflects the conditions of patients with COVID-19 at the time of delivery and
the puerperium. It has not analysed the course of the disease during pregnancy, nor has

it recorded late abortions, vertical transmission, or causes of intrauterine mortality.
Comparison with other studies

The symptoms of the patients in our study do not differ from those already
published.’®** Although most did not have any symptoms, we did find an increase in
obstetric pathology in these patients, which in our opinion indicates that in the pregnant
woman with asymptomatic COVID-19 there is a specific obstetric pathology that needs
to be recognised. In the same way as other authors, we have also found a demographic
factor, such as ethnicity, that increases the possibility that a patient has COVID-19."3%°
It is necessary to know if there is a component of genetic susceptibility or if there are
social factors that explain this association. There are already studies that relate this
situation to less access to healthcare resources or the possibility of confinement which

complies with healthcare measures.?

Patients with COVID-19 are at increased risk of preterm delivery associated with
increased iatrogenic preterm delivery. The explanation for this risk is the need to end
the pregnancy due to maternal diseases, such as severe pre-eclampsia and pneumonia,
which are more frequent in these patients and lead to more labour inductions. A unique
and novel finding in our study is the association between premature rupture of
membranes at term and COVID-19. PROM may result in immediate risks and
subsequent problems including maternal or neonatal infection.?? One of the possible
explanations we found for this association is the activation of a series of mediators and
biochemical pathways of inflammation in the premature rupture of membranes and
premature delivery that are also found in COVID-19, such as macrophages or I1L-6.

11
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The studies demonstrating the influence of IL-6 on preterm delivery are a strong basis
for studying this association.* Cytokines are vital in regulating immunological and
inflammatory responses. Among them, IL-6 is of major importance because there is
evidence that circulating IL-6 levels are closely linked to the severity of the COVID-19

infection.? There are already treatments that are indicated based on these findings.?

We observed a significant increase in the stillbirth rate in the univariate analysis alone.
The role of inflammation mediators in these deaths could be the subject of a line of
research because it is known that women without COVID-19 who have a pregnancy
loss, have significantly higher amniotic fluid IL-6 concentration levels than those with a
normal outcome.”’” We found no differences in mortality or early or late neonatal
morbidity related to COVID-19 between healthy and infected patients in our series,
unlike reports from other series.?®?° There is a higher risk that the children of COVID-
19 mothers enter the NICU, with prematurity being one of the determining factors. All
newborns were followed for at least 14 days by the different neonatology units of the
participating hospitals, without any case of neonatal COVID-19 being detected in that

period.

To date, there has been indirect evidence on placental involvement which would explain
our findings.***" Our results derived using multivariate analyses confirm those of the
cases series published at the beginning of the pandemic that described preterm

deliveries and premature rupture of the membranes. 2%
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Conclusion

Pregnant COVID-19 patients are a population at risk of suffering preterm deliveries,
and the disease has an impact on NICU admissions. Premature rupture of membranes at

term and preterm are more frequent in patients with COVID-19.
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Figure 1: Study Flow chart
Table 1: Patient demographic characteristics, comorbidities and current obstetric history

in a pregnancy cohort screened for COVID-109.
Table 2: Maternal and neonatal outcomes in pregnant women screened for COVID-19

Table 3: Odds ratio (OR) and adjusted odds ratio (aOR) with the corresponding 95%
confidence intervals and p-values for the obstetric outcomes associated with exposure to

COVID-19 in pregnancy.
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Table 1. Patient demographic characteristics, comorbidities and current obstetric history in a pregnancy cohort screened for COVID-19.

Cases Healthy cohort p-value
Number 246 763
Maternal characteristics
Maternal age (years; mean/range) 32.6 (18-45) 32.5 (18-49) 0.671
Age Range 18-24 28 (11.5%) 70 (9.2%) 0.309
25-34 114 (46.3%) 400 (52.8%) 0.097
35-49 101 (41.1%) 287 (37.9%) 0.335
Ethnicity White European 158 (64.2%) 600 (78.9%) <0.001* 0.49 (0.36-0.67)
Latino Americans 59 (24.0%) 76 (10.0%) <0.001* 2.85 (1.96-4.15)
Black non-Hispanic 8 (3.3%) 11 (1.4%) 0.100
Asian non-Hispanic 4 (1.6%) 18 (2.4%) 0.494
Arab 17 (6.9%) 55 (7.2%) 0.875
Nulliparous 82 (38.5%) 254 (37.4%) 0.775
Smokinga 35 (14.2%) 94 (12.3%) 0.436
Maternal comorbidities
Obesity (BMI> 30 kg/mz) 33 (13.7%) 119 (16.8%) 0.255
Cardiovascular comorbidities  Chronic Heart Failure 3 (1.2%) 7 (1.0%) 0.744
Pre-pregnancy HBP 3 (1.2%) 6 (0.9%) 0.587
Pulmonary comorbidities Chronic Pulmonary Disease (not asthma) 1 (0.4%) 1(0.1%) 0.445
Asthma 4 (1.7%) 25 (3.5%) 0.144
Hematologic comorbidities Chronic Blood Disease 1 (0.4%) 4 (0.6%) 1.000
Thrombophilia 3 (1.2%) 13 (1.8%) 0.546
Antiphospholipid Syndrome 0 (0.0%) 1 (0.1%) 1.000
Chronic kidney disease 0 (0.0%) 2 (0.3%) 1.000
Chronic liver disease 3 (1.2%) 2 (0.3%) 0.097
Rheumatic disease 1 (0.4%) 7 (1.0%) 0.397
Diabetes mellitus 1 (0.4%) 10 (1.5%) 0.305
Depressive syndrome 2 (0.8%) 8 (1.1%) 0.680
Current obstetric history
Nuliparity 95 (39.6%) 311 (41.1%) 0.680
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Multiple pregnancy 6 (2.4%) 31 (4.1%) 0.239
In Vitro Fertilization 15 (6.1%) 27 (3.5%) 0.081
Haemoglobin <10 g/dL 6 (2.5%) 39 (5.4%) 0.065
Platelets <100,000/pL 3 (1.2%) 2 (0.3%) 0.104
Pregnancy-induced hypertension ¢ 12 (4.9%) 34 (4.8%) 0.962
Gestational diabetes 17 (7.0%) 61 (8.4%) 0.476
Intrauterine growth restriction 13 (5.3%) 27 (3.8%) 0.303
High Risk Preeclampsia Screening 8 (3.7%) 38 (5.8%) 0.230
High-risk Chromosomal Abnormality Screening 4 (1.7%) 18 (2.6%) 0.428
Clinical and Ultrasound Prematurity Screening 5 (2.3%) 21 (3.3%) 0.461
Miscarriage risk 11 (4.5%) 17 (2.2%) 0.062

Data are shown as n (% of total), except where otherwise indicated.

OR: odds ratio; CI: confidence interval; BMI: Body Mass Index; HT: Hypertension

*Statistically significant differences: OR and 95% CI were estimated
a Current smoker and ex-smoker

b Including Congenital Heart Disease, not HT

¢HT + preeclampsia
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Table 2. Maternal and neonatal outcomes in pregnant women screened for COVID-19

Cases Healthy cohort p-value
Number 246 763
Perinatal outcome
Gestational age at delivery (weeks+days; mean/range) 38+4 (27-42) 39+0 (23-42) 0.010
Type of delivery Cesarean 55 (22.4%) 143 (18.7%) 0.214
Eutocic 170 (69.1%) 506 (66.3%) 0.419
Instrumental 21 (8.5%) 114 (14.9%) 0.010
Preterm deliveries (<37 weeks of gestational age) 34 (13.8%) 51 (6.7%) 0.001
Spontaneous delivery 15 (6.1%) 36 (4.7%) 0.390
latrogenic delivery 19 (7.7%) 15 (2.0%) 0.001
latrogenic delivery (no PPROM) 12 (4.9%) 10 (1.3%) 0.001
Causes of preterm iatrogenic delivery (no PPROM):
COVID-19 mild symptoms 3/12 0/10
Pneumonia 3/12 0/10
Severe preeclampsia 4/12 1/10 0.323
PROM 39 (15.8%) 75 (9.8%) 0.009
PPROM 11 (4.5%) 15 (2.0%) 0.031
Gestational age at PPROM (weeks+days; mean/range) 33+5 (28-36) 33+6 (28-36) 0.610
Medical and obstetrical complications
Admitted in ICU 5 (2.0%) 2 (0.3%) 0.011
Days in ICU (mean/range) 9.5 (6-14) 2 (2-2)
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Obstetrical complications

Hemorrhagic events 10 (4.1%) 34 (4.5%) 0.794
Abruptio placentae 2 (0.8%) 1 (0.1%) 0.149
Postpartum hemorrhage 8 (3.3%) 33 (4.3%) 0.459
Gestational hypertensive disorders 11 (4.5%) 44 (5.8%) 0.436
Severe preeclampsia 6 (2.4%) 3 (0.4%) 0.008
Admitted in ICU 2/6 0/3
Invasive ventilation 0/6 0/7
Moderate preeclampsia 5 (2.0%) 41 (5.4%) 0.025
Neonatal data
Apgar 5 score <7 5 (2.0%) 8 (1.1%) 0.325
Umbilical artery pH <7.10 6 (3.0%) 24 (3.8%) 0.608
Admitted in NICU 23 (9.3%) 18 (2.4%) 0.001
Days in NICU (mean/range) 13.8 (1-48) 10.7 (2-26) 0.379
Cause of NICU admission:
Prematurity 15/23 12/18
Respiratory distress 2/23 6/18
Neonatal COVID-19 PCR testing within the first 48 hours 196 (79.7%) 0 (0.0%)
Stillbirth 3 (1.2%) 1 (0.1%) 0.047
Neonatal mortality 0 (0.0%) 1(0.1%) a 1.000
6 weeks mother follow-up
Mastitis 1 (0.4%) 1 (0.1%) 0.428
14 days neonate follow-up
Readmission due to COVID-19 0 (0.0%) 0 (0.0%)

Data are shown as n (% of total), except where otherwise indicated.

COVID-19: Coronavirus disease 2019; PROM: Premature rupture of membranes; PPROM: Preterm Premature Rupture of Membranes; ICU: Intensive care
unit; NICU: Neonatal intensive care unit.

a Prematurity causes, gestational age at delivery was 24 weeks
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Table 3. Odds ratio (OR) and adjusted odds ratio (aOR) with the corresponding 95% confidence intervals and p-values for the
obstetric outcomes associated with exposure to COVID-19 in pregnancy.

Outcomes
Preterm Spontaneous NICU
delivery preterm delivery PROM PPROM admission
Univariate analysis (OR)
COVID-19 positive 2.23 1.31 1.72 2.33 4.27
95% Cl 1.41-354 0.69-2.39 1.14-262 1.06-515 2.26-8.05
p 0.001 0.390 0.009 0.031 0.001
Multivariate analysis (aOR)
COVID positive 2.12 1.10 1.70 2.26 4.62
95% Cl 1.32-3.36 0.57 -2.06 1.11-257 099-498 243-8.94
p 0.002 0.760 0.013 0.045 <0.001
In Vitro Fertilization 2.37 -- -- -- --
95% Cl 0.97-5.16 - -- -- -
p 0.041 -- -- -- --
Miscarriage Risk 2.61 4.19 - 2.69 -
95% Cl 0.92-6.42 1.35-10.88 -- 0.42-9.91 -
p 0.050 0.006 -- 0.198 --
Ethnicity:
Latin American vs White European -- 2.11 (1.04-4.09) -- -- --
Other Ethnic Groups vs White European - 0.38 (0.06-1.27) -- -- -
p - 0.031 and 0.188 -- -- --
Multiple pregnancy -- -- 1.86*10-7 -- 3.72
95% CI -- -- 0.00 —. -- 1.02-10.73
p - -- 0.981 -- 0.025
Gestational Hypertensive Disorders - - -- -- 3.63
95% CI -- -- -- -- 1.28-8.91
p - - -- -- 0.008

PROM: Premature Rupture of Membranes at term
PPROM: Preterm Premature Rupture of Membranes
NICU: Neonatal Intensive Care Unit
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Multivariable logistic regression used for each outcome as dependent variable and COVID-19 exposure in pregnancy and
known/suspected confounding variables as independent variables (see Methods for details).
-- Variables not included or not held in the multivariate model
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