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Abstract.

PURPOSE: Infection with COVID-19 during pregnancy has been associated with a hypercoagulable state. It is unknown if
maternal COVID-19 infection results in congenital anomalies secondary to intrauterine vascular accidents. This study sought
to determine if the rate of in-utero vascular complications (intestinal atresia and limb abnormalities) that may be attributable
to the hypercoagulable states associated with COVID-19 and pregnancy increased after the onset of the pandemic.
METHODS: Pregnancy, neonatal, and congenital defect data from a single academic medical center and the partner’s
children’s hospital were collected and compared to the period prior to onset of the pandemic. A subanalysis including
pregnant woman 18 years or greater with documented COVID-19 infection during gestation between March 2020-2021 was
performed.

RESULTS: Rates of intestinal atresia did not differ prior to or after the onset of the pandemic (3.78% vs 7.23%, p=0.21) nor
did rates of limb deficiency disorders (4.41% vs 9.65%, p=0.09). On subanalysis, there were 194 women with COVID-19
infection included in analysis: 135 (69.6%) were positive during delivery admission and 59 (30.4%) were positive earlier in
their pregnancy. There was one infant born with intestinal atresia.

CONCLUSIONS: We report a low incidence of congenital anomalies in infants born to mothers with COVID-19 infection. It
remains unclear if the impact of COVID-19 on the coagulative state augments the normal pro-thrombotic state of pregnancy;
ongoing surveillance is warranted.
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1. Introduction

Since the onset of the coronavirus 2019 (COVID-
19) global pandemic, millions of pregnant women
have been exposed to and infected with the virus.
Given that pregnant women and fetuses are consid-
ered vulnerable populations, substantial research has
focused on the impact of COVID-19 on pregnancy
and complications for the fetus and newborn. Many
recent studies demonstrate a low incidence of verti-
cal transmission of COVID-19, with less than 5%
of neonates with in-utero exposure to COVID-19
demonstrating clinical evidence of infection immedi-
ately after birth; however, there are a few case reports
documenting perinatal infection [1-4]. Even in the
absence of vertical transmission of the virus to the
fetus, maternal infection has a variety of negative
implications on the health of the developing fetus.

Prior studies have shown neonates born to moth-
ers infected with COVID-19 have increased rates
of respiratory disorders, invasive ventilation fol-
lowing birth, hyperbilirubinemia, as well as higher
rates of preterm delivery [4-6]. There have not
been reports of a teratogenic effect of COVID-
19. Studies assessing the placental pathology from
COVID-19 mothers have demonstrated evidence of
fetal vascular malperfusion, which is associated with
fetal vascular thrombosis and maternal hypercoag-
ulable states [7-9]. Intestinal atresias, specifically
ileal, jejunal and colonic atresias, are thought to be
secondary to intrauterine vascular accidents and evi-
dence has suggested placental vascular compromise
may be implicated [10, 11]. Additionally, congeni-
tal limb deficiency defects, which are known to have
multiple etiologies, are also thought to be due to in-
utero vascular accidents in some instances [12, 13].
Any association between hypercoagulable state from
maternal infection of COVID-19 and incidence of
congenital anomalies secondary to intrauterine vas-
cular accidents has yet to be investigated.

Both pregnancy and COVID-19 are associated
with pro-thrombotic states [14, 15]. We hypothesize
that there is a synergistic relationship of pregnancy
prothrombotic state as well as COVID-19 related
hypercoagulability leading to increased congeni-
tal gastrointestinal and limb anomalies. This study
sought to therefore evaluate if the incidence of in-
utero vascular complications in the developing fetus
increased after the onset of the COVID-19 pandemic,
which could indicate there is a synergistic relation-
ship between to the hypercoagulable states associated
with COVID-19 infection and pregnancy.

2. Material and methods

This was a prospective, multi-institutional obser-
vational study with a retrospective data collection
component performed at Children’s Hospital Col-
orado (CHCO) and University of Colorado Hospital
(UCH). Infants born at UCH with surgical congenital
anomalies are transferred to CHCO (approximately
0.25 miles away).

Overall rates of congenital anomalies of interest
were abstracted from the CHCO electronic health
record (EHR) for the study period and compared to
the pre-COVID period, which was defined as Febru-
ary 1, 2019 — February 29, 2020, and served as the
historical control. Anomalies of interest were identi-
fied using ICD-10 codes and then manually reviewed
to confirm diagnoses were correct. Rates of these
congenital anomalies were calculated based on total
neonatal intensive care unit admissions during the
associated time periods and compared. Notably, only
anomalies requiring NICU admission were included
in this query.

Pregnant woman 18 years or greater with doc-
umented COVID-19 infection during gestation
between March 1, 2020, and March 31, 2021, were
included in this study. Newborns included in this
study were the child of patients provided by a
prospectively maintained patient registry of women
who contracted COVID-19 during gestation, which
was generated by an Epic EHR data extraction analyst
[16]. Positive COVID-19 infection was confirmed
on antigen, polymerase chain reaction, or by pres-
ence of antibodies in a biological sample. This study
was approved by the Colorado Multiple Institution
Review Board.

Data was abstracted retrospectively from the EHR
and included demographic data, pregnancy history
information, exposure to smoking, cocaine, metham-
phetamine, and alcohol during pregnancy, pregnancy
outcome data, COVID-19 status of infant, and data
on congenital outcomes in the infant. The primary
outcome of this study was rates of intestinal atresia
and limb abnormalities in infants born to mothers
with known COVID-19 infection during pregnancy.
Secondary outcomes include rates of other surgi-
cal gastrointestinal conditions such as necrotizing
enterocolitis, gastroschisis, meconium peritonitis,
intestinal perforation, and intestinal stricture, as well
as rates of preterm delivery and small for gesta-
tion age. Preterm delivery was reported as delivery
prior to 37 weeks gestation. Very low birth weight
(VLBW) was defined as < 1500 grams and extremely
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Fig. 1. Overall Rates of Congenital Outcomes Prior To and After Start of Pandemic. “Pre-" defined as February 2019-2020, and “Post-"

defined as after start of pandemic, March 2020-2021.

low birth weight (ELBW) was defined as< 1000
grams.

Descriptive summaries of measures were provided
as mean (standard deviation [SD]) for continuous
measures and as frequency (%) for categorical mea-
sures. Chi-Square tests were used to compare groups
for categorical outcomes. Missing data were not
imputed and a lack of diagnosis codes in the elec-
tronic health record were assumed to indicate the
absence of the diagnosis. Pregnancy data and infant
outcomes were stratified by maternal COVID-19 sta-
tus at birth. All analyses are completed used R v4.1.0
(Vienna, Austria).

3. Results

When determining overall incidence of the con-
genital anomalies of interest, there were six cases
of intestinal atresia among infants in the historical
pre-COVID period. There were nine cases during the
study period; one of whom was born to a mother with
COVID-19 infection during delivery. Seven infants
in the NICU were born with limb abnormalities
prior to the COVID-19 period and 12 were born
with them after the start of the pandemic. Prior to
and after the pandemic, rates of NEC (n=32 and
n=39, respectively) and gastroschisis (n=17 and
n =13, respectively) were similar (Fig. 1). These inci-
dences were compared to overall NICU admissions
at both CHCO and UCH during the defined study
periods, which were 1586 for the pre-COVID and
1244 after the start of the pandemic. Using the over-

all NICU admissions rate as the denominator, the rate
of intestinal atresia pre-COVID was 3.78% compared
to 7.23% (p=0.21) after and the rate of limb abnor-
malities was 4.41% versus 9.65% (p=0.09). There
were no statistically significant differences in rates of
necrotizing enterocolitis or gastroschisis. The rates of
intestinal perforation, intestinal stricture and meco-
nium peritonitis were not collected due to unreliable
ICD-10 codes for querying.

There were 215 women who were identified as hav-
ing active coronavirus infection during pregnancy,
of which 20 women had documented coronavirus
infection that was not COVID-19 and were excluded.
There were 195 women confirmed to have COVID-
19 infection at some point during their pregnancy.
One woman had a spontaneous abortion during preg-
nancy and was excluded from analysis, resulting in
194 patients in final analysis. This woman reported a
spontaneous abortion at 19 weeks gestation. She had
a history of type 1 diabetes mellitus and developed
diabetic ketoacidosis following her COVID-19 infec-
tion. She had a spontaneous abortion five days later
that required a dilation and curettage.

Within the study population, the majority of
women were White (43.3%, n=84) or other (38.1%,
n="74) race, and the majority were Hispanic ethnic-
ity (53.1%, n=103). The mean (SD) age at delivery
was 28.0 (6.0) years. The mean (SD) BMI was 33.0
(6.5) kg/m?. This birth was the first gestation for
55 (28.4%) of women. Five women reported pre-
natal exposure to drugs or alcohol; smoking was
most frequently reported (1.5%, n=3). Most women
delivered vaginally (74.7%, n=145) and the mean
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Table 1

Demographics and pregnancy data of overall population

Overall Population (n=194)

Maternal Race

White 84 (43.3%)
Black or African American 15 (7.7%)
American Indian or Alaska Native 2 (1.0%)
Asian 13 (6.7%)
Native Hawaiian or Other Pacific Islander 2 (1.0%)
Other 74 (38.1%)
Unknown 4 (2.1%)
Maternal Ethnicity
Hispanic 103 (53.1%)
Non-Hispanic 88 (45.4%)
Unknown 3(1.5%)
Mom’s Age at Delivery (years) 28.0 (6.0)
Mom’s BMI at Delivery (kg/m2) 33.0 (6.5)
Parity
Nulliparous 55 (28.4%)
Multiparous 139 (71.6%)
Maternal Prenatal Exposure
Smoking 3 (1.5%)
Cocaine 1 (0.5%)
Methamphetamine 0 (0.0%)
Alcohol Abuse 1 (0.5%)
Vaginal Delivery 145 (74.7%)
Gestational Age at Birth (weeks) 38.7(2.2)
Preterm Infants (<37 Weeks) 22 (11.3%)
Gestation Age of Preterm Infants (weeks) 339 (3.1)
Delivery Site:
UCH 185 (95.4%)
CHCO 1 (0.5%)
Outside Hospital 7 (3.6%)
Missing 1 (0.5%)

Data is reported as mean (standard deviation) or frequency (%). BMI=body mass
index; UCH = University of Colorado Hospital; CHCO = Children’s Hospital Col-
orado.

Table 2
COVID-19 status of mother and infants, overall population

Overall Population (n=194)

COVID-19 Status of Mother:

Positive During Pregnancy, Negative at Birth 48 (24.7%)
Positive During Pregnancy, Unknown at Birth 11 (5.7%)
Positive at Birth 135 (69.6%)
Baby COVID-19 Status:
Positive 1 (0.5%)
Negative 54 (27.8%)
Not Tested 137 (70.6%)
Missing 2 (1.0%)

Data is reported frequency (%).

(SD) gestational age at birth was 38.7 (2.2) weeks.
All were singleton pregnancies. The proportion of
preterm infants was 11.3% (n =22). All demographic
data are summarized in Table 1.

There were 135 (69.6%) women who were posi-
tive for COVID-19 at time of birth. Fifty-nine women
were positive during pregnancy, of which 48 (24.7%)
were negative during delivery and 11 (5.7%) had

an unknown COVID-19 status at time of delivery.
The majority of neonates were not tested for COVID
(70.6%, n=137). One (0.5%) was positive at birth
(Table 2).

When stratifying by maternal COVID-19 status at
time of delivery, the one infant who was positive
at time of delivery was born to a COVID-19 posi-
tive mother. The proportion of preterm infants was
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Table 3
Pregnancy outcomes stratified by COVID-19 status of mother at birth
Positive Negative Unknown
(n=135) (n=48) (n=11)

Baby COVID-19 Status:

Positive 1 (0.7%) 0 (0.0%) 0 (0.0%)

Negative 51 (37.8%) 1(2.1%) 2 (18.2%)

Not Tested 82 (60.7%) 46 (95.8%) 9 (81.8%)

Missing 1(0.7%) 1(2.1%) 0 (0.0%)
Vaginal Delivery 100 (74.1%) 36 (75.0%) 9 (81.8%)
Baby Sex (% female) 81 (60.0%) 26 (54.2%) 5 (45.5%)
Gestational Age at Birth (weeks) 38.5(2.4) 38.8 (1.7) 39.4 (0.86)
Preterm Infants (<37 Weeks) 17 (12.6%) 5(10.4%) 0 (0.0%)
Gestational Age of Preterm Infants (weeks) 33.6 (3.4) 34.6 (1.3) -
Baby’s Birth Weight (g) 3160 (587.6) 3160 (537.8) 3301 (316.1)
VLBW Infants (<1500 g) 3 (2.2%) 0 (0.0%) 0 (0.0%)
ELBW Infants (<1000 g) 2 (1.5%) 0 (0.0%) 0 (0.0%)
Congenital Outcomes

Intestinal Atresia 1 (0.7%) 0 (0.0%) 0 (0.0%)

Limb Abnormalities 0 (0.0%) 0 (0.0%) 0 (0.0%)

Necrotizing Enterocolitis 0 (0.0%) 0 (0.0%) 0 (0.0%)

Gastroschisis 0 (0.0%) 0 (0.0%) 0 (0.0%)

Intestinal Stricture 0 (0.0%) 0 (0.0%) 0 (0.0%)

Intestinal Perforation 0 (0.0%) 0 (0.0%) 0 (0.0%)

Meconium Peritonitis 0 (0.0%) 0 (0.0%) 0 (0.0%)

Data is reported as mean (standard deviation) or frequency (%). VLBW =very low birth weight;

ELBW =extremely low birth weight.

12.6% and 10.4% among women who were COVID-
19 positive and negative at time of birth, respectively
(p=0.80). The mean (SD) birth weight was 3160
(587.6) grams for women who were positive at time
of delivery and 3160 (527.8) grams for women who
were negative at time of delivery. Infants who were
considered VLBW or ELBW were only born to moth-
ers who were positive at time of delivery, but these
differences were not significant (p=0.57 and p=1.0,
respectively). These deliveries were all pre-term; one
was indicated due to maternal COVID-19 status. Full
data is summarized in Table 3.

Within this cohort, there was only one patient
born with a study-specific congenital anomaly. This
infant was born with intestinal atresia to a mother
who had active COVID-19 infection at the time of
delivery. The mother was symptomatic with cough
and fever, and she did not receive anticoagulation.
No infants had limb abnormalities, necrotizing ente-
rocolitis, gastroschisis, intestinal stricture, intestinal
perforation, or meconium peritonitis (Table 3).

4. Discussion
Among women with documented COVID-19

infection during pregnancy, there was only one
instance of an infant being born with intestinal atresia.

No other anomalies of interest were observed within
our study cohort during study period. Despite knowl-
edge of pro-thrombotic states during pregnancy and
COVID-19, based on our small series, we did not
find evidence that maternal COVID-19 infection dur-
ing pregnancy resulted in higher rates of congenital
anomalies compared to in-utero vascular accidents.
Among our cohort of COVID-19 positive moms,
there was only one instance of intestinal atresia in
infants within this cohort and no infants born with
limb anomalies. The infant born with intestinal atre-
sia was born to a mother who was COVID-19 positive
at birth. Though the exact mechanism for intestinal
atresia is not fully elucidated, the leading hypoth-
esis remains that it is caused by an intra-uterine
ischemic event [6, 10, 11]. The exact timing of
such a mesenteric vascular occlusion is not known,
but such an occurrence is believed to be a late
intrauterine event [16]. The hematologic complica-
tions of COVID-19 have been reported since the onset
of the pandemic, including hypercoagulability and
prolongation of coagulation times [18]. Though man-
agement of COVID-19 has changed, especially as the
virus has evolved and mutated, pharmacologic anti-
coagulation during in-patient hospitalizations, and
occasionally following discharge from the hospi-
tal, has been part of the management of individuals
infected with COVID-19. Anticoagulation, however,
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was not indicated when a woman is admitted for labor
and tests positive for COVID-19 due to routine test-
ing, but was asymptomatic, which was likely the case
of many within our cohort. However, despite evi-
dence of the thrombotic effects of COVID-19 and
fetal vascular malperfusion in COVID-19 positive
pregnancies, the low rate of intestinal atresia and limb
anomalies in infants born to women who contracted
COVID-19 is encouraging. This as well as the lack
of overall difference during the pandemic compared
to prior, suggests there is likely no synergistic effect
of these two pro-thrombotic states.

There are limited reported data on the incidence
of congenital anomalies or neonatal gastrointestinal
disorders in infants born to women with COVID-
19 infection. One prior study found no differences
in necrotizing enterocolitis rates between preterm
infants born to COVID-19 positive mothers compared
to controls [19]. Another study reported increased
risk for severe neonatal morbidity, which was defined
to include necrotizing enterocolitis, in infants born
to COVID-19 positive women after adjusting for
preterm birth, but absolute rates were not reported
[20]. However, there has been substantial data on
maternal and fetal outcomes in women with active
COVID-19 infection overall [6, 20, 21]. These data
have largely reported pregnancy related complica-
tions, such as gestational hypertension, preeclampsia,
and maternal admission to the intensive care unit
(ICU). Neonatal outcomes reported include preterm
birth, neonatal intensive care unit stay, low birth
weight, and symptoms secondary to COVID-19 [17].
Multiple studies have reported that women with
COVID-19 diagnosis are at increased risk of preterm
birth, both medically indicated and not, and low birth
weight [1, 5, 6, 19, 20]. Within our cohort, the rate
of preterm birth was 11.4%, which is consistent with
prior reports and slightly greater than the preterm rate
of 9.1% in Colorado [21]. There were three infants
in this cohort with very low birth weights. Rates of
low birth weight have been reported previously in
those with COVID-19 infection [6, 19]. Exact rates
are difficult to interpret given the heterogeneity in
parameters to define low-birth weight and differ-
ences in prior COVID-19 study populations. It is
further complicated by the fact that low-birth weights
may be due to lower gestational ages influenced
by treatment for maternal infection, for example,
induction in the context of severe COVID-19, but
data suggests COVID-19 infection is associated with
lower birth weight and earlier delivery [1, 5, 6, 17,
19, 20].

Of substantial interest has been the transmissibility
of COVID-19 infection from mother to fetus through
transplacental transmission. Though this is likely the
most plausible mechanism for transmission of the
virus, itis ararely reported event [ 1, 6, 20]. Within our
cohort, we only report one (0.5%) infant with a posi-
tive COVID-19 test at birth; the mother of this infant
also tested positive at time of delivery. It is unknown
exactly how the infant within this study contracted
COVID-19, but this low rate of viral detect in our
cohort is reassuring and supportive of prior studies,
that infection of the fetus is unlikely when the mother
has active infection. Our institution additionally has
policies in place aimed to prevent horizonal trans-
mission from close contact of mom and baby after
birth if the mom tested positive for COVID-19. It is
important to note that most positive maternal COVID-
19 tests may have been related to hospital policy for
universal testing at time of admission, which would
capture positive asymptomatic patients; this is of rele-
vance given that neonatal outcomes have been shown
to vary with severity of maternal infection [23].

There are several limitations to this study. Our
study is limited by its small sample and lack of a
contemporary comparative study group. We relied on
historical data before COVID-19 to compare rates of
intestinal atresia and limb atresia before and during
the pandemic. Ideally, data on all women who deliv-
ered within our health care system would be available
to determine the relationship between COVID-19
infection during pregnancy and outcomes. An initial
component of this study was to obtain blood samples
of women who delivered infants with the outcomes
of interest to test for prior COVID-19 infection. A
monetary incentive was offered for those that partic-
ipated in this aspect of the study, but this, however,
ultimately resulted in only one woman enrolling so
was not included. Thus, much of our data is lim-
ited to women who tested positive during delivery.
Given that vascular accidents of incident occur ear-
lier in pregnancy, there may be decreased utility
in having such a large proportion of women with
active COVID-19 infection during delivery. Further-
more, our reported rates of congenital anomalies are
limited by those infants who were seen within our
health care institution. As most limb anomalies are
non-life threatening, infants would likely not be trans-
ferred to CHCO for evaluation and could follow-up
outside the healthcare system, which would impact
our reported numbers. Additionally, our primary out-
comes of interest have low incidence rates, which
limits the likelihood to detect such anomalies in
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our study cohort [24-26]. Pooling data from mul-
tiple institutions may allow for greater power to
detect such outcomes. We also used March 1, 2020
as the beginning of our pandemic but recognize
COVID-19 was prevalent in the United States prior
to this date. It is important to also consider that
throughout the pandemic there have been multiple
variants of COVID-19 and these different strains
could impact clinical outcomes; stillbirth rates have
reported higher during period of Delta predominance
compared to pre-Delta period [27]. It is possible that
more severe variants of the virus have a higher like-
lihood of impacting fetal development compared to
more mild strains.

5. Conclusion

In conclusion, we report a low incidence of con-
genital anomalies in infants born to mothers with
COVID-19 infection. Though it is unclear if the
pathophysiological impact of COVID-19 on the coag-
ulative state impacts the normal pro-thrombotic state
of pregnancy, COVID-19 during pregnancy is not a
benign state. This supports ongoing surveillance and
efforts to control the virus, specifically among these
vulnerable patients.
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