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Abstract Objective This study aimed toevaluate the risk andoutcomesof severeacute respiratory
syndrome coronavirus 2 (SARS-CoV-2) transmission from positive health care workers
(HCW) to infants in the neonatal intensive care unit (NICU) and the postnatal ward.
Study Design We conducted a retrospective analysis of infants inNICU and the postnatal
ward postexposure to a COVID-19 positive HCW between May 1 and July 31, 2020. HCW
had the detection of SARS-CoV-2 after being symptomatic. Infants exposed to these HCW
were tested forSARS-CoV-2andwere classifiedas confirmedpositivewhen test waspositive
24hours after exposure; confirmed negative when test was negative with no escalation of
respiratory support provided; and probable if test was negative. However, infant required
escalationof respiratory support. Infantswere followedat14dayspostexposure thenat the
end of the study period for admitted infants.
Results A total of 31 infants were exposed to SARS-CoV-2 positive HCWs (42 exposure
incidences). The median age at exposure was 21 days. None of the infants was
confirmed positive. Nine infants were classified as probable cases of whom five infants
with underlying chronic illnesses died, two were discharged home, and two were still
admitted. Of the 22 confirmed negative cases, 15 were discharged and were well on
follow-up, and 7 were still admitted.
Conclusion No active transmission of infection from infected HCW to admitted
infants was identified. Although some infants had respiratory escalation postexposure
none were confirmed positive. Adhering to personal protective equipment by HCW or
low susceptibility of infants to SARS-CoV-2 infection may explain the lack of
transmission.
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Coronavirus disease 2019 (COVID-19), a pandemic declared
by World Health Organization (WHO), is caused by novel
coronavirus known as severe acute respiratory syndrome
(SARS-COV 2).1–4 The disease is primarily an airborne infec-
tion via contact and droplet spread with respiratory tract as
main portal of entry.5–7 As this disease is documented to
have a strong human-to-human transmission, infants are
also vulnerable. However, susceptibility and severity of
disease in children is low possibly due to immature immune
system or low expression of ACE2 receptors.8

The number of COVID-19 positive cases among health care
workers (HCW) in hospital settings are increasing despite of
the implementation of strict infection control measures rec-
ommended by WHO.9 Around 60% of all infected people are
asymptomatic or have mild symptom creating difficulty in
ascertaining the disease burden on infants with possibility of
transmission from infected HCW.10,11 Hospital policies have
changed their measures for the prevention of SARA-CoV-2
spread during the pandemic to represent changing evidence.
Measures for preventing spread of the infection include using
proper personal protective equipment (PPE) by health care
providerswhenhandlingandcaring for infantsadmitted to the
NICU. It is also recommended to either isolate an infant at high
risk for contracting the infection postexposure to a positive
HCW in a negative pressure room in an isolette or care for the
infant in an isolette, which followed by monitoring for symp-
toms and assuring two nasopharyngeal aspirate swabs for
SARS-CoV-2 virus are negative.12 Although transmission of
infected parents and HCW is a concern previous studies have
proven zero transmission of thevirus froman infectedHCWor
parent to neonates admitted to the NICU when proper PPE is
used.12

Neonatal infectionwith SARS-CoV-2 is rare. Amore recent
metanalysis of neonatal cases of SARS-CoV-2 showed that
55% of neonates are usually asymptomatic, and the most
commonpresenting symptom is respiratory symptoms (52%)
followed by fever then gastrointestinal symptoms.13 Infected
neonates usually do well and if admitted to hospital are
discharged after a median length of stay of 6 to 14 days.14,15

Our aim was to identify the risk of infection, clinical presen-
tation, and outcome of infants in hospital settings exposed to
SARS-CoV-2 viral genome positive HCW.

Materials and Methods

This was a retrospective cohort study performed at King
Saud University Medical City, King Saud University Riyadh,
Saudi Arabia betweenMay 1 and July 31, 2020. The studywas

conducted after attaining approval from institutional review
board research project number E-20–5131. All infants who
came in contact with SARS-CoV-2 viral genome positive
HCW during hospital stay were included in the study. The
infants born to SARS-CoV-2 viral genome positive mothers
and infants whowere exposed to SARS-CoV-2 in community
and got admitted to our hospital were excluded. The hospital
formulated guidelines for all HCWs to wear proper PPE
according to the area of working on April 7, 2020 to curtail
the spread of infection from asymptomatic carriers within
the hospital.

All HCWs in the hospital including those taking care of
infants during the study period were wearing surgical mask
with goggles and disposable gowns as per the hospital policy
guidelines. Frequent hand washing with soap and water in
between contacts and at entry and exit of unit was imple-
mented. HCWs and the general population focused on strin-
gent hand hygiene, and alcohol-based hand sanitizer. HCW
was identified to have SARS-CoV-2 infection when tested
positive by real-timefluorescence polymerase chain reaction
(RT-PCR) from nasopharyngeal swab after being symptom-
atic. We did not have universal guidelines for testing HCW
irrespective of clinical status. AHCWwas advised to be tested
as soon as they developed symptoms or were categorized as
medium to high-risk exposure as per Saudi Centers for
Disease Control and Prevention (CDC) guidelines (https://
covid19.cdc.gov.sa/).15 Once a HCW is identified as infected,
they received sick leave for the duration of isolation as per
Saudi CDC guidelines.

All infants who came into contact within 5 days with a
HCW identified as SARS-CoV-2 positive during the study
period were identified by contact tracing by our infection
control department. As per the guidelines CDC, Saudi Arabia
(https://covid19.cdc.gov.sa/),15 an infant was identified as a
contact of a positive case whowas within 2 m of a confirmed
positive HCWcase for>15minutes, or infant who had direct
physical contact with a confirmed COVID-19 case for their
care provision.15 Infants whowere considered contacts were
immediately isolated in a closed incubator if their weight
permits in a separate room or are managed in an open bed if
they cannot be put in a closed incubator in a single roomwith
contact and droplet precautions. All infants were cared for in
a regular roomunless their NP swab cameback to be positive,
in that case the infant is transferred to a negative pressure
room. Some infants were exposed to more than one time
with positive HCW.

Exposed infants were subjected to nasopharyngeal swab
for the detection of viral genome of SARS-CoV-2 at�24hours

Key Points
• There are no reported cases of transmission of SARS-CoV-2 infection from infected HCW to infants admitted to the NICU

in our study.
• Adherence to personnel protective equipment is important to prevent transmission of SARS-CoV-2
• When an infant is exposed to aHCWwho is positive for SARS-CoV-2 and has escalation of respiratory support, SARS-CoV-

2 as a cause should be investigated

American Journal of Perinatology Vol. 40 No. 7/2023 © 2021. The Author(s).

Effects and Outcomes of COVID-19 Exposure from HCW Shaiba et al.800

https://covid19.cdc.gov.sa/&x0029;.15
https://covid19.cdc.gov.sa/&x0029;.15
https://covid19.cdc.gov.sa/&x0029;,15


and 72hours postexposure. The test was performed by
initial viral RNA extraction using Chemagic 360 Viral
Nucleic acid extraction system (Perkin Elmer, Waltham,
MA) and Magmax Viral Nucleic acid extraction system
(Thermofisher, Waltham, MA) followed by amplification
and detection using 7,500 RT-PCR (Applied Biosystems,
Foster City, CA) and ViiA7 real-time fluorescence polymer-
ase chain reaction (RT-PCR) (Applied Biosystems, Foster
City, CA) on the samples collected from nasopharyngeal
and oropharyngeal aspirations conducted in negative pres-
sure rooms as per the guidelines. Blood tests were not
recommended unless clinically required. The test identifies
of SARS-CoV-2 E and S genes and the cycle threshold for
positivity was �45.

Exposed infants were categorized into three groups
according to testing, clinical features suggestive of possible
infection, and escalation in respiratory support16:

• Confirmed cases: Detection of the SARS-CoV-2 viral ge-
nome by PCR in nasopharyngeal swab at �24hours after
exposure.

• Probable cases: No detection of the SARS-CoV-2 viral
genome by PCR in nasopharyngeal swab at �24hours
after exposure, but there was a change of clinical status in
the form of escalation of respiratory support, and gastro-
intestinal symptoms including vomiting and diarrhea and
neurological symptoms.

• Not infected cases: No detection of the SARS-CoV-2 viral
genome by PCR in nasopharyngeal swab at �24hours
after exposure, and there was no change of clinical status
in the form of escalation in respiratory support.

For the purpose of this study, we defined escalation of
respiratory support as an increase in receipt of respiratory
support as any of the following: (1) change from room air to
needing nasal cannula oxygen or higher support; (2) increase
in the FiO2 requirement by more than 5% for more than
24hours from the baseline; (3) an increase in noninvasive
respiratory support either from nasal cannula to continuous
positive airway pressure (CPAP) or higher support; (4) or
change from CPAP support to noninvasive positive pressure
ventilation or higher support; (5) change from noninvasive
positive pressure ventilation to receipt of mechanical venti-
lation; and (6) change from conventional ventilation to high
frequency ventilation.

Follow-up information was collected on day 14 postexpo-
sure either by phone call to assess the general health condition
of the infants if theywere dischargedhomeor a reviewof their
electronic health records if the patient was still admitted in
hospital for any other reasons. For infants who were consid-
ered as probable cases, the follow-up continued until death or
return to baseline from a respiratory perspective.

Statistical Analyses
Descriptive statistics for numeric variables was done by using
median, range, and interquartile range, while for categorical
variableswas done by using numbers and percentages. Bivari-
ate analysis was done for the association between numeric
variables and categorical variables by usingMann–Whitney U

test and for theassociationbetweencategoricalvariablesusing
Chi-square test and Fisher’s exact test. Statistical analysis was
done by using IBM SPSS statistics, version 26 and p-value of
<0.05 is considered significant.

Results

Between May 1 and July 31, 2020, a total of 31 infants were
investigated after exposure to a SARS-CoV-2 positive HCW.
These 31 infants had a total of 42 separate incidences of
exposures (22 infants were exposed once, seven infants were
exposed twice, and two infants were exposed three times).
The mean standard deviation (SD) age of these infants at the
time of exposure was 52 (9) days, and median (range) age
was 21 (1–372) days. All infants were born in the hospital to
SARS-CoV-2 negative mothers. Infants have had one to three
postexposure swabs for SARS-CoV-2 RT-PCR tests. None of
the included infants were diagnosed as confirmed SARS-
CoV-2 positive during any of the exposures. A total of 12
exposure incidences (in nine infants) were diagnosed as
probable cases of SARS-CoV-2 infection according to postex-
posure escalation of respiratory support. However, 30 expo-
sure incidences (22 infants) were confirmed negative for
SARS-CoV-2 infection, as they had no change in clinical
condition or needed escalation of respiratory support. The
demographic characteristics of included infants (22 con-
firmed negative and 9 probable infections) are reported
in ►Table 1. Mean time of exposure in days was 1.8 (SD
�1.15) and ranged between<1 and 5 days. Of the confirmed
negative group, 15 infants (68%) were discharged, 7 are still
admitted, and none died.

Out of 42 exposure incidences, 36 exposures were in the
NICU (85.7%) and six exposures were in the PNW
(14.3%). ►Table 2 shows the descriptive statistics of the
exposure incidences. After each exposure incidence, infants
had at least one swab collected for SARS-CoV-2 testing. Three
swabs were performed for a total of six exposures (four from
confirmed negative and two from probable cases). All expo-
sure incidenceswho tested negative and had no escalation of
respiratory support survived (n¼30).

The detailed clinical characteristics of 12 exposure inci-
dences (nine infants) classified as probable cases are given
in ►Table 3. Moreover, 11 out of 12 exposure incidences led
to escalation of respiratory support within 5 days of expo-
sure, and one exposure incidence led to escalation of respi-
ratory support 9 days following exposure. None of the
exposures led to gastrointestinal tract or neurological symp-
toms. Of nine infants in whom respiratory support was
escalated, five infants (55.5%) died prior to discharge from
hospital. The cause of death in five infants who died included
one case each of post patent ductus arteriosus ligation with
cardiovascular instability, Severe combined immunodefi-
ciency disease with secondary hemophagocytic lymphohis-
tiocytosis syndrome, sepsis with leucocyte adhesion defect,
respiratory failure secondary to airway malformation, and
cytomegalovirus pneumonia. During the period of escala-
tion, one infant received inotropic support, three infants had
leukocytosis, and two infants developed thrombocytopenia.
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Septic work-up was performed for these five neonates. Two
infants had ground glass changes on the chest X-ray, and one
infant had cytomegalovirus in blood. Three infants died
within 14 days postexposure and two infants died after

14 days postexposure. Of the four infants who survived,
none received inotropic support, one had leukocytosis, and
two had blood stream infection with thrombocytopenia and
were treated with antibiotics. Three infants had returned to
baseline with regards to respiratory support within 14 days
postexposure.

Discussion

In our study, although 42 exposure incidences to SARS-CoV-2
positive HCWs happened within 5 days before confirmation
of the disease, none of the exposures were confirmed to be
positive in at least one nasopharyngeal swab test (some had
three negative swabs). Out of these 42 exposure incidences,
30 incidences (22 infants) were classified as confirmed
negative, whereas 12 incidences (in nine infants) were
classified as probable case because of respiratory escalation
postexposure. All infants who had no escalation of respira-
tory support postexposure did very well and survived,
whereas five out of nine infants who had escalation of
respiratory support died. The cause of death was not attrib-
uted to SARS-CoV-2 infection.

More HCWs were being infected with COVID-19 at the
peak of the infection due to higher community prevalence.
This led to higher exposure of neonates in our units, as they
have prolonged hospitalization as well as they need pro-
longed contact with HCW to receive all the care they need.
HCWs are at the frontline fighting against COVID-19 and
possibly have significant exposure to SARS-CoV-2. The
reported rate of infection among HCW range between 3.8%
in Wuhan,17 6% in Netherlands,18 and 29% in a report from
Hong Kong.19 The concern is that infected HCWs can trans-
mit the disease to their patients and spread the infection.
However, we did not observe such spread in ourNICU as none
of the infants turned out to be positive. Our findings as
similar to what has been reported previously in regards to

Table 1 Descriptive statistics of the study sample

Demographic characteristics Confirmed
negative case

Probable case
of SARS-CoV-2

Total no. of cases (%) 22 (70.9) 9 (29)

Total no. of exposures (%) 30 (71.4) 12 (28.5)

Gestational age 34 (24–40) 31 (25–38)

Sex (male %) 54.5 44.4

Number of exposures, median (range) 2 (1–3) 1.5 (1–2)

Escalation of respiratory support post exposure 0 (0) 9 (100)

Diagnosis at time of exposure

Preterm 14 (63.6) 6 (66.6)

Chronic lung disease 4 (18.1) 4 (44.4)

Cardiovascular condition 5 (22.7) 4 (44.4)

Respiratory distress syndrome/transient tachypnoea of newborn 5 (22.7) 1 (11.1)

Discharge 22 (100) 4 (44.4)

Death 0 (0) 5 (55.5)

Table 2 Descriptive statistics of the exposure incidences to
COVID-19 positive health care workers

Associated factors Confirmed
negative
exposure
(n¼ 30)

Probable
case of
SARS-CoV-2
(n¼12)

n (%)

Age at time of
exposure (d)

Median (range) 35.5 (1–570) 55 (3–306)

Duration of exposure

Median (range) 1.00 (0–4) 2 (1–5)

< 1 d 2 (6.6) 0 (0)

1 d 15 (50) 3 (25)

2 d 5 (16.6) 5 (41.6)

3 d 7 (23.3) 2 (16.6)

4 d 1 (3.3) 1 (8.3)

5 d 0 (0) 1 (8.3)

Place of contact

Neonatal intensive
care unit

24 (80) 12(100)

Postnatal ward 6 (20) 0 (0)

Number of swabs

1 30 (100) 12 (100)

2 16 (53.3) 9 (75)

3 4 (13.3) 2 (16.6)
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effectiveness of proper PPE use in the prevention of the
spread of the virus in the NICU.13 Upon identification of
SARS-CoV-2 virus as a pandemic, The Ministry of Health in
collaboration with the Saudi CDC formulated and imple-
mented hospital wide policy as stage 3 preparedness.15 The
mandatory use of PPE became a standard of care. Also,
department and unit specific guidelines were developed
and implemented, which may have prevented the transmis-
sion of SARS-CoV-2 in our cohort. As part of the preparedness
of the NICU at our hospital, nurseswere expected tofill a self-
administered survey (respiratory daily log sheet for NICU
staff) to advice on safety of coming towork depending on the
identification of respiratory and gastrointestinal symptoms.
With the spread of infection especially at the peak of the
curve more HCW were being tested positive for SARS-Cov-2
infection and possibly exposing admitted patients to the
virus.15 Viral transmission from infected HCW to patients
continues to be a concern, especially when they are in their
preclinical/pre-symptomatic period. Most studies focused
on HCW protection from SARS-CoV-2 infection, and some
studies had shown the efficacy of surgical face mask in
decreasing SARS-CoV-2 transmission.20–22 Our study con-
firms these findings because despite 42 exposure incidences
(including 12 exposure incidents being probable cases), none
of themwere confirmed as positive. As it was shown in other
studies suggesting very low incidence of nosocomial SARS-
CoV-2 in hospitalized patients when the HCW adhered to
proper PPE use.23 Surgical face masks with the other infec-
tion control measures were shown to reduce the transmis-
sion from infected mothers to their babies even with
rooming-in and direct breastfeeding.10

We must acknowledge that the number of neonates
exposed to HCW in our study is small so we are less certain
whether no identification of confirmed positive case reflects
low infectivity rate in neonates due to relative lack of ACE-2
receptors or it is due to very stringent precautions taken at
our hospital using proper personal protective strategies. The
recent evidence indicates that ACE2 receptor protein which
play important role for entry of the virus into the host is less
mature in infants and young children and thus may not
function properly as a receptor for SARS-CoV-2.24 The intra-
cellular response induced by ACE2 in the alveolar epithelial
cells of infants and children is hypothesized to be lower than
that of adults. This can be explained by the observation of
recent data indicating that infants and children experience
more SARS-CoV-2 infections in the upper respiratory tract
than the lower respiratory tract.24 Systematic reviews of
maternal-neonatal transmission also suggested a very low
rate of transmission of infection.25 Moreover, SARS-CoV-2
virus proteins (orf1ab, ORF10, and ORF3a) in adults attack
the heme on the 1-β chain of hemoglobin to dissociate the
iron to form porphyrin.26 This reduces hemoglobin concen-
tration leading to tissue hypoxia. However, in newborns and
infants, the fetal hemoglobin makes up 80% of the hemoglo-
bin, mostly made of α and gamma chain, which may be
protective against the coronavirus.26 Systemic inflammatory
response syndrome also known as cytokine storm is due to
surge of activated immune cells into the lungs resulting in

inflammation and fluid buildup that can lead to respiratory
distress and can cause secondary bacterial pneumonia.27

This response is underdeveloped in infants and children27

and could explain the recently published CDC data, where
only 54% pediatric cases had cough as compared with 80% in
adults.28 Two infants in our cohort developed respiratory
symptoms and had ground glass appearance on X-ray post-
deterioration. Though in neonates there are several reasons
for such acute deterioration and findings, temporality of
events cannot be ignored. Young immune system in this
population group with its efficient T-cells may potentially
perform a superior job of responding to SARS-CoV-2.29

Hence SARS-CoV-2 leaves young children and neonates
with minimal or no symptoms.30 However, our findings of
no confirmed transmission could be limited to settings in
which children are cared for and not in other population.

The detailed description of probable cases in our series
could be interpreted as potentially “no transmission” of
infection to neonates. However, it also alerts clinicians to
the need to remain vigilant as in many cases no other
explanation for acute change was identified.

Our study has limitations including its retrospective
nature with a low sample size. We attempted to identify
all possible exposures in our unit. However, it is possible that
we might have missed some of the exposures. Our patient
population was heterogeneous ranging between neonates
till infants (18 months), given the nature of our hospital
policy in keeping all patients admitted to NICU under neo-
natal services until they are ready for discharge. Our defini-
tion of considering “possible” cases could be challenged as
there could be other reasons for escalation of respiratory
support especially in neonates. Indeed, we identified two
cases of bacterial sepsis, which could have been reason for
need for escalation in respiratory support. Given that autop-
sy is not culturally accepted, none of our patients underwent
postmortem investigation to confirm the cause of death. The
purpose of this study was not to quantify the cases of possible
transmission but to identify and inform policy makers of
potential outbreak mitigation strategies in health care set-
tings. Finally, the report is coming from a single center and
further validation using stricter criteria are needed.

Our study highlights importance of proper use of PPE in
preventing spread of infection. Though none of infants
became truly infected postexposure in our case series,
some infants worsened from their baseline status. Further
reports from other settings, where HCWs are routinely
screened by viral genome testing will help delineate the
nature, extent, andmagnitude of this issue especially in high
acute care settings of newborn intensive care units.

In conclusion, in this case series of infant’s clinical follow-
up post-SARS-CoV-2 exposure from HCW, we identified no
active transmission of infection from HCW to infants. We
noted clinical deterioration in some infants post exposure.
However, none of themwere confirmed to be positive cases.
This lackof transmission could be attributed to stricter use of
PPE for all close patient encounters or low susceptibility of
infants to SARS-CoV-2 infection. However, further studies
are warranted.
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Conclusion

We identified the risk of infection, clinical presentation, and
outcome of infants exposed to infected HCWs.

Note
This study is under the registry’s name, (King Saud
University Medical City) registration number (20/0613/
IRB) (E-20–5130), and data sharing statement (all avail-
able data can be obtained bycontacting the corresponding
author).
De-identified individual participant data (including data
dictionaries) will be made available, in addition to study
protocols, the statistical analysis plan, and the informed
consent form. The data will be made available upon
publication to researchers who provide a methodologi-
cally sound proposal for use in achieving the goals of the
approved proposal. Proposals should be submitted to
(lshaiba@ksu.edu.sa), 00966–50–5480202.
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