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BACKGROUND: Coronavirus disease 2019 (COVID-19) is a pandemic that has and will continue to affect many pregnant women.
Knowledge regarding the risk of vertical transmission is limited. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) real-
time reverse transcriptase-polymerase chain reaction (RT-PCR) of nasopharyngeal swabs typically have been used to confirm the
diagnosis among infants, but whether the virus can be detected in other biological specimens, and therefore potentially
transmitted in other ways, is unknown. Positive SARS-CoV-2 RT-PCR has been reported from feces and urine from adult patients. We
hypothesize that the presence of SARS-CoV-2 in infant urine and fecal samples after prenatal COVID-19 exposure is low.
METHODS: We examined the presence of SARS-CoV-2 RNA using RT-PCR in urine and fecal samples among 42 infants born to
SARS-CoV-2-infected mothers during different stages of pregnancy.

RESULTS: A urine sample was collected from 39 of 42 infants and fecal samples from all 42 infants shortly after birth. Although the
majority of the women had the symptomatic disease (85.6%), we were unable to detect the presence of SARS-CoV-2 virus from any
infant urine or fecal samples.

CONCLUSIONS: SARS-CoV-2 was not detected in infant urine or feces after maternal infection during pregnancy, providing further

evidence for low rates of perinatal transmission.

Pediatric Research (2022) 92:536-540; https://doi.org/10.1038/s41390-021-01822-x

IMPACT:

® SARS-CoV-2 was not detected in the urine or feces of infants of mothers with COVID-19 during various time points in pregnancy.
® This study provides further evidence for low rates of perinatal transmission of SARS-CoV-2.
® Results help to provide guidance on perinatal care practices for infants exposed to COVID-19 in utero.

INTRODUCTION

Globally, the coronavirus disease 2019 (COVID 19) pandemic has
affected millions of pregnant women to date with increased risk for
severe illness and concern for mother-to-child transmission of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)." The
evidence for SARS-CoV-2 being transmitted perinatally is limited,
with transmission happening either in utero, intrapartum, or in the
early postnatal period? There are few case reports of in utero
transmission of influenza, but no convincing evidence for other
respiratory viruses such as SARS-CoV or Middle East respiratory
syndrome-related coronavirus.

Even though the presence of SARS-CoV-2 among infants born
to mothers with active COVID-19 infection during pregnancy has
been studied extensively in the past year, most studies show that
positive testing for SARS-CoV-2 among infants is rare. However,
testing has been largely focused on reverse transcriptase-
polymerase chain reaction (RT-PCR) testing of nasopharyngeal
(NP) samples in infants but other relevant biological specimens
like infant’s urine and feces have not been explored widely. In

fecal samples of infected adults, SARS-CoV-2 RNA shedding was
seen in 43% (934/2149) of samples.* SARS-CoV-2 has also been
detected in vaginal secretions (or fluids) in pregnant women at
the time of delivery (five cases reported).” However, in a case
report of a possible vertical transmission of SARS-CoV-2 from an
infected mother to the infant, maternal vaginal PCR tested
negative for SARS CoV-2.° Fecal contamination of the vaginal
canal/vulva during labor and childbirth could potentially allow
SARS-CoV-2 viral contamination of the neonatal oro/nasopharynx
during vaginal birth.” During labor and childbirth or immediately
after birth, there may be viral contamination in the environment,
due to droplets and aerosols generated by infected women during
active labor, as well as maternal fecal contamination, particularly
during vaginal birth, which can lead to viral infection in the
neonate immediately following birth2 This introduces the
challenge of being able to distinguish infant viral infection during
passage through the birth canal from a horizontal viral infection of
SARS-CoV-2 in the immediate postnatal period when just nasal
swab PCR testing in infants is performed. Unlike fecal specimens,
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the possibility of transmission via urine is relatively lower given
the small amounts of the viral component present (ca. 10°-10°
genome copies/mL) in urine In a study of 72 adults with
symptomatic COVID-19 disease, none of the urine samples tested
positive for SARS-CoV-2 virus by RT-PCR.'°

Given the low incidence of neonatal SARS-CoV-2 test
result positivity after in utero exposure, identifying the risk
factors associated with perinatal transmission has been
challenging." '? In this pilot study, we examined urine and fecal
samples of 42 infants born to mothers with positive SARS-CoV-2
tests during pregnancy to evaluate for the presence of SARS-CoV-2
in urine and stool of infants after exposure to SARS-CoV-2 in utero.

METHODS

Study design and patient population

Boston Medical Center (BMC) is the largest urban safety-net hospital in
New England serving most of the underrepresented minority populations
living in the Greater Boston Area. The hospital has ~3000 births per year in
the Labor and Delivery Unit with the majority of women being from
minority groups with comorbidities such as hypertension and obesity and
having public insurance. These characteristics have been associated with
severe SARS-COV-2 disease.'® ' BMC performed universal screening of all
women who presented in labor since April 2020. During the enrollment
period, BMC attended to 157 mothers who tested positive for SARS-CoV-2
at any point in pregnancy.

Between the period of July 2020 and February 2021, we enrolled
mother-infant dyads from the obstetric prenatal clinics, Labor and Delivery
Unit, and the Postpartum Unit in a prospective cohort study. To be eligible,
mothers had to be at least 18 years of age, have a documented positive
SARS-CoV-2 infection at any point during pregnancy as documented by
nasal swab PCR testing, have a viable singleton gestation pregnancy, be
English or Spanish speaking, and plan on delivering at BMC. Mothers were
excluded if they were admitted to the intensive care unit (ICU) at the time
of approach for consent, unable to provide consent, or are unlikely to keep
custody of their infant. Written informed consent was obtained from all
subjects. This study was approved by the Boston University Medical
Campus Institutional Review Board.

Sample collection

Within the first 3 days after delivery, fecal and urine samples for the study
were collected from the infants by bedside nurses and trained study staff
in coordination with routine care. Fecal samples were obtained by dipping
a calcium alginate swab in any stool in the diaper or when there was no
stool in the diaper, swabbing the external anal area gently but thoroughly.
Swabs were then cut and placed into a 2mL cryovial containing viral
media solution. The swab with fecal specimen was then stored at —80 °C
within 6 h of collection. Urine samples were collected by placing an
absorbent diaper or cotton balls in the infant's diaper with a goal of
obtaining 1-5mL of urine per infant. Urine was then stored at —80 °C
within 6 h of collection.

Laboratory methods

Frozen urine samples and fecal swabs were thawed, and total RNA from
300 pL of each sample was extracted according to the Zymo Quick-RNA
Viral Kit protocol (Zymo Research Corp., Irvine, CA, 2021). RNA was eluted
into 15uL of nuclease-free water, after which quantitative reverse
transcription-PCR (RT-gPCR) was performed using 1uL of RNA and the
iTaq Universal SYBR® Green One-Step Kit (Rio-Rad Laboratories Inc.,
Hercules, CA, 2021). The CDC N1 primer (Integrated DNA Technologies,
Coralville, 1A, 2021) was used for amplification and quantification of SARS-
CoV-2 genomic RNA, and each reaction ran for 40 amplification cycles. In
vitro transcribed RNA standards ranging from 10° to 10° genome copies/uL
were used for quantification, and two non-template controls were included
in each run. Our laboratory ran control infant urine and rectal swab
samples spiked with in vitro transcribed SARS-CoV-2 genomic RNA, which
validated our RT-qPCR assay prior to running our study samples
(Supplemental Fig. 1).

Data abstraction
The electronic medical records of the mother-infant dyads enrolled were
reviewed and abstracted. Demographic characteristics such as race,
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ethnicity, age at delivery, and primary language were recorded in a secure
database. Other maternal data points such as the history of chronic
ilinesses, pregnancy-related diagnosis, and SARS-CoV-2 infection-related
symptoms were collected. Trimester and gestational age at the time of
infection, the severity of infection (CDC criteria/ICU admission), and
maternal COVID-19 status at the time of delivery were also collected. For
infants, demographics and birth parameters as well as COVID-19 testing
status were reviewed. Infants were also tracked for any emergency room
visits or readmissions in the first 30 days of life using electronic chart
review.

Statistical methods

Demographic characteristics, pregnancy maternal outcomes, and neonatal
outcomes were summarized for the mother-infant dyads. Categorical
variables were reported as percentages [n (%)] and continuous variables
were reported as either mean with standard deviation [mean (SD)] or
median with interquartile range [median (IQR)], where appro-
priate. The descriptive analyses summarized in Tables 1 and 2
were conducted using SAS 9.4 (SAS Institute Inc.,, Cary, NC, 2013).

RESULTS

A total of 103 mothers with positive SARS-CoV-2 PCR NP swabs
were screened for eligibility during the recruitment period of 1
July 2020 to 8 February 2021. Of these, 87 mother—infant dyads
were deemed eligible, out of which 80 were approached for
consent. Forty-two (52%) consented to participate in the study
and all mothers who consented were included in the study with
no exclusions after delivery (Fig. 1).

Demographics of the 42 mother-infant dyads are shown in
Tables 1 and 2. The majority (78.6%) of participants were of
Hispanic ethnicity. Many of the mothers had at least one chronic
health condition, such as diabetes (7.1%) or obesity (9.5%), or a
pregnancy comorbidity such as hypertensive disorder of preg-
nancy (26.2%) (Table 1). Thirty-eight percent delivered via
cesarean section. Trimester of COVID-19 infection varied, with 7
first trimester (16.7%), 17 second trimester (40.5%), and 18 third
trimester (42.9%) infections. Only six of 18 women in the third
trimester had a positive SARS-CoV-2 PCR at the time of delivery
with only 2 being symptomatic; all others had recovered by the
time of delivery. The six infants born to mothers with active
disease were evaluated and had a negative nasopharyngeal SARS-
CoV-2 PCR at 24 and 48 h after birth per American Academy of
Pediatrics (AAP) guidelines.'® Eighty-five percent of mothers
reported COVID-19 symptoms at the time of PCR-confirmed
infection, and four (9.5%) required hospitalization for treatment of
COVID-19 complications. All of the infants were born =35 weeks’
gestational age (range 35.3-41.5 weeks) (Table 2).

A urine sample was collected from 39 of 42 infants and a fecal
sample from all 42 infants in the study. Urine samples were missed
from three infants due to study staff availability related to vaginal
deliveries with a more limited time window for sample collection.
For the remaining 39 infants, urine samples were collected at a
mean of 32 h (SD 6) after delivery. Fecal samples were collected at
a mean of 15h (SD 6) after delivery. Results of RT-PCR testing for
both urine and fecal samples were all negative. Two infants had
emergency room visits. One was on account of transient fast
breathing, and the other was due to hypothermia in a preterm
infant requiring admission for suspected neonatal sepsis. Both
infants tested negative for COVID-19 nasal PCR at the time of their
emergency room Vvisits.

DISCUSSION

At a single center with a high incidence of SARS-CoV-2 infection
during pregnancy, we examined infant fecal and urine samples for
the presence of SARS-CoV-2. We did not find evidence of SARS-
CoV-2 infection among infants in any bodily sample, even among
those born to mothers with active SARS-CoV-2 infection at the
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Table 1. Demographics and outcomes of 42 COVID-19-positive
pregnant women.

Characteristic N (%) or mean (SD)
Race®
Black 6 (14.3%)
White 9 (21.4%)
Asian 1 (2.4%)
Unknown 4 (9.5%)
Other 22 (52.4%)
Ethnicity®
Hispanic 33 (78.6%)
Non-Hispanic 9 (21.4%)
Language®
English 20 (47.6%)
Spanish 22 (52.4%)
Age at delivery (years) 31.3 (6.2)
Chronic health conditions®
Diabetes 3 (7.1%)
Hepatitis C virus 1 (2.4%)
Herpes simplex virus 2 (4.8%)
Hypertension 2 (4.8%)
Obesity 4 (9.5%)
Thyroid disease 1 (2.4%)
Substance use disorder 3 (7.1%)
Pregnancy comorbidities®
Chorioamnionitis 7 (16.7%)
Gestational diabetes 7 (16.7%)

Hypertensive disorder of pregnancy 11 (26.2%)
Delivery mode
26 (61.9%)

16 (38.1%)

Vaginal delivery
Cesarean Section
Trimester of COVID-19 infection®

First 7 (16.7%)
Second 17 (40.5%)
Third 18 (42.9%)
Symptomatic infection® 36 (85.7%)
1. Confirmed SARS-CoV-2 with active 2 (4.8%)
symptoms at delivery
2. Confirmed SARS-CoV-2 and asymptomatic 4 (9.5%)

at delivery

3. Recovered fromSARS-CoV-2 infection
earlier in pregnancy

Hospitalized for COVID-19¢ 4 (9.5%)

“Race/ethnicity and language were self-identified by participants and
confirmed with medical records and when a discrepancy was identified,
the self-identified demographics were used.

PChronic illnesses and pregnancy comorbidities were defined as any
physician-diagnosed condition as recorded in the medical records of
participants and for which they are receiving management.

“Trimester of infection is defined as the trimester when the mother had a
positive NP PCR test.

dSymptomatic infection is defined as mothers who reported at least one
COVID-19 symptom per CDC criteria with a positive NP PCR test.
®Hospitalized for COVID-19 is defined as the history of admission to the
hospital for management of COVID-19-related symptoms at any point in
pregnancy other than delivery admission.

36 (85.7%)
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time of birth. This corroborates previous studies demonstrating a
low rate of SARS-CoV-2 positive testing among infants, but
extends upon past literature by additionally examining urine and
fecal samples.

Overall, the majority of COVID-19 cases of pregnant women
with fetal or neonatal outcomes reported thus far involved
patients in their third trimester of pregnancy. In a small case series
of 19 women who were symptomatic at the time of delivery
carried out in China where the neonates were immediately
separated from the mothers after delivery and isolated,'® SARS-
CoV-2 RT-PCR in throat swab, urine, and feces of all neonates were
performed and were negative. They even tested for SARS-CoV-2
RT-PCR in breast milk and amniotic fluid, which was negative.
None of these 19 neonates developed any clinical or radiologic
evidence of COVID-19 and acted appropriately for gestational age.
The results of this small study did not support the intrauterine
vertical transmission of SARS-CoV-2.

In another study from China, which included 33 neonates born
to mothers with COVID-19, three neonates were identified to have
COVID-19, the nasopharyngeal and anal swabs were positive for
SARS-CoV-2 on days 2 and 4 of life and negative on day 6 and the
most common symptom was shortness of breath and all infants
did well."” In our study, we were unable to detect any SARS-CoV-2
virus in either the urine or fecal samples of exposed infants,
implying these infants were not infected in utero or perinatally.
These results in conjunction with the two previously described
studies provide evidence that the likelihood of perinatal
transmission in these infants was low. All newborns exposed to
maternal SARS-CoV-2 were in good condition at birth and all of
them were asymptomatic and appropriate for gestational age.

The emerging evidence suggests low rates of virus positivity in
the nasopharynx, but other relevant biological specimens like
infant’s urine and feces have not been explored widely.'” '® Low
rates of virus positivity in other biological specimens like the
placenta and breast milk suggest that perinatal transmission is
uncommon.'® 2° At the height of the pandemic in 2020, clinical
practices that were recommended to reduce perinatal transmis-
sion included elective cesarean delivery, mother-newborn separa-
tion, and temporary suspension of breastfeeding.?' Subsequently,
based on accumulating evidence, the AAP promoted rooming-in
and breastfeeding with precautions.' A couple of more recent

Table 2.
neonates.

Demographics and outcomes of 42 COVID-19 exposed
Characteristic N (%) or median (IQR)
39.3 [37.6-40.5]

3320 [2980-3605]

Gestational age (weeks)
Birth weight (g)

Sex
Female 23 (54.8%)
Male 19 (45.2%)
Length of hospital stay (days)® 3 [2-4]
Received breastmilk 39 (92.9%)
Emergency room visit within 30 days® 2 (4.8%)
Hospital re-admission within 30 daysb 1 (2.4%)

“Length of stay is defined as the number of days a neonate spent in the
hospital after delivery.

POf the two ED visits, one was on account of a transient episode of rapid
breathing with no further symptoms who was discharged the same day.
The second ED visit was preterm at 35/4 weeks presented on day 4 of life
with hypothermia. This visit ended in an admission when the neonate was
managed for sepsis rule out and discharged after 3 days. They both tested
negative for COVID-19 by NP-PCR at presentation.
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16 Ineligible

7 Non-English or non-Spanish speaking
2 Maternal ICU admission

3 Maternal age <18 years

2 Screened out by providers
1 Not anticipated to maintain custody
\ 1 Twin gestation

87 eligible

42 consented

Urine RT-PCR N = 39

Stool RT-PCR N = 42

NP RT-PCR, N=6

39 Negative

42 Negative

0 Positive 0 Positive

Fig. 1

large prospective cohort studies of SARS-CoV-2 infection in
pregnancy, the authors did not find evidence of placental
infection or definitive vertical transmission of SARS-CoV-2.2% 3
Another study from New York found two infants with indetermi-
nate tests, but concluded that there was no clinical evidence of
vertical transmission in 101 newborns of mothers positive for or
with suspected SARS-CoV-2 infection, despite most newborns
rooming-in and direct breastfeeding practices.> The experience at
our institution as opposed to other studies, where amongst 75
pregnant women with SARS-CoV-2-positive testing, five infants
(7%) had one or more SARS-CoV-2 positive tests in the first week
of life, which we attribute to severe maternal illness at the time of
delivery.?* Of note, there was no overlap with the infants included
in our prior study with the present study.

The real strength and novel aspect of this study include the
examination of neonatal SARS-CoV-2 nucleic acid testing of
neonatal fecal and urine samples. We also included pregnant
women in different stages of pregnancy and followed the infants
until 30 days of age.

Limitations of our study include our small sample size, although
it was a pilot study. Also, given that we collected specimens from
infants born to mothers infected at different stages of pregnancy,
we did not have nasopharyngeal specimens for SARS-CoV-2 PCR
on all 42 infants in the study for comparison. Since our study only
enrolled mothers with documented SARS-CoV-2 infection, we also
did not have PCR results from control mother-infant dyads without
SARS-CoV-2 infection for comparison. However, our laboratory did
run control samples spiked with in vitro transcribed SARS-CoV-2
genomic RNA, which confirmed that our RT-qPCR assay would
have amplified viral RNA if it was present in the infants’ urine or
rectal samples. Also, we did not look at SARS-CoV-2 nucleic acid
detection in other biological specimens such as breast milk, cord
blood, placenta, or amniotic fluid. These additional biological
specimens could be evaluated in future studies.

In conclusion, we assessed for the presence of SARS-CoV-2 in
urine and feces of infants of mothers infected at different times
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6 Negative
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Screening, enrollment, and results of Urine, Stool, and Nasopharyngeal SARS CoV-2 PCR.

during pregnancy and did not detect SARS-CoV-2 in any of the
samples. This confirms other studies and supports the evidence
for low rates of perinatal transmission of SARS-CoV-2. Future
studies looking at the detection of SARS-CoV-2 nucleic acid
detection of breast milk, cord blood, placenta, and amniotic fluid
are needed to further evaluate the presence of SARS CoV-2 in
infants born to mother infected during the first, second, and third
trimester as well at the time of delivery.
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