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Abstract

Background: The aim of this study was to show the frequency and epidemiological characteristics of pregnant women who tested
positive for SARS-CoV-2 during childbirth as well as the course, mode and outcome of their newborn treatment and diet after discharge.
The aim is also to show individual symptoms developed by newborn from pregnant women who test positive for SARS-CoV-2. Method:
The study included all the infants born to the pregnant women who tested positive for SARS-CoV-2 on a PCR test 24 hours prior to
delivery or, had already been confirmed positive for the infection and had developed symptoms of the virus or had started treatment for
SARS-CoV-2 several days prior to delivery. Results: 43/3237 (1.32%) of the pregnant women tested positive for the SARS-CoV-2 virus
or had been infected prior to admission and were positive during delivery. A total of 45 newborn infants were transferred to a special room
for the care of newborn infants born to SARS-CoV-2-positive mothers at the Department of Neonatology. Specifically, 30/45 (66.7%) of
the newborn infants developed symptoms within the first hours of birth which withdrew spontaneously within 24—48 hours after birth.
The symptoms referred to are not specific forSARS-CoV-2 infection and are not particularly indicative of infection. Conclusions: The
conclusion of this short 21-month study is that prenatal and postnatal duration and outcome in infants is not aggravated by pregnant
women who tested positive for SARS-CoV-2. Despite the individual symptoms described above and the pathological states the children
developed during hospitalization, all the newborn infants were discharged from hospital in full health, and they were all breastfeeding
following discharge in conditions which respected all the epidemiological preventive measures.
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1. Introduction or separated from its mother who is suspected of being or
Corona Virus 2 (SARS-CoV-2) has been rapidly has tested positive for SARS-CoV-2 [5,6]. Research con-
spreading around the world since late December 2019, trig- d'ucted in 2020 sugggsts that perinatal SARS-CoV-2 infec-
gering a global pandemic, and becoming a public health tions could have detrimental effects on the newborn, caus-
problem across the globe [1,2]. Two years have nearly ing conditions such as dyspnea, fevers, feeding intolerance,
passed since the first case was identified in our hospital and P remature .labor, respiratory distress synqrome, and throm-
we are still battling with the virus which is eroding our pub- b.ocytopema., hpwever, the same study did not csmﬁrm ver-
lic health system. Health workers are highly aware of these tical transmission of S,ARS'C(.)V'Z [7.8]. A Chlp§se st.udy
facts that add to already high levels of stress, particularly [_9]’ avstudy conducted 1n.Amer1ca [10]and the'ml?al guide-
amongst health workers directly concerned with neonates lines issued by the American Academy of Pediatrics (AAP)
and their mothers. Despite significant increases in both in- when our first case was reported recommended temporary

cidence and prevalence, little is known about COVID-19 separation of the newborn from infected mothers as the

in the perinatal period [3,4]. Neonatologists are especially safest means of previentmg infection of the newbom [11].
faced with a hard dilemma: despite constant updates of rec- However, a prospective study from New York that tested

ommendations, the main issues are still how to survive the ?nd monitored newborrll and rr}llothers wholltested pos;tl‘ve
pandemic with as little stress as possible, and how not to or SARS-CoV-2 concluded that postnatally none of in-

separate newborn infants from mothers who tested positive fants tested positive where safety precautions were imple-

for COVID-19, particularly in the first days of life which are mented regarding af:commodation an@ br.eastfeeding L12].
emotionally irreplaceable. Present research indicates that A study conducted in Italy produced similar results [1]. A

there is no difference in the risk of neonatal SARS-CoV-2 recently published global study indicates that newborn in-
infection whether a newborn infant is accommodated with fants were separated from their mothers as a safety precau-
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tion if the mother tested positive for COVID-19 in half of
the countries in the world [13] during the last year, which
was also the case in our hospital (University Clinical Hospi-
tal Mostar). As incidence and disease progression in preg-
nant women was the same as in the general population
[14], a greater challenge for us at the Clinical Hospital was
the organization of antenatal care, pregnancy termination
time and manner, and postpartum care, which was predom-
inantly concerned with the separation of the mother from
the newborn and breastfeeding, because research findings
on these issues were contradictory.

(1) The aim of this research is to show the frequency
and epidemiological characteristics of the pregnant women
who tested positive for SARS-CoV-2 during childbirth as
well as the course, mode and outcome of the treatment and
feeding of the newborn upon discharge.

(2) The research also aims to identify the individ-
ual symptoms developed by the newborn of the pregnant
women who tested positive for SARS-CoV-2 during hospi-
talization.

2. Materials and Methods

This research is a retrospective epidemiologic study
for the period from 1/3/2020 to 22/12/2021. The study was
conducted at the Clinic of Gynecology and Obstetrics and
the Department of Neonatology at the Clinic for Children’s
Diseases of the University Clinical Hospital Mostar. In the
period encompassed by the study, 3237 infants were born
at the Clinic of Gynecology and Obstetrics. The study in-
cludes all the pregnant women who tested positive for the
SARS-CoV-2 virus, that is, those who had a positive poly-
merase chain reaction (PCR) result from a nasopharyngeal
or oropharyngeal swab up to 48 hours prior to labor or
during labor. In addition, the study included all the posi-
tive pregnant women who had developed symptoms of the
COVID-19 virus and whose treatment had started 15 days
prior to labor. The parameters that were analyzed in the
pregnant women were: age, parity, labor type, pathologi-
cal conditions during pregnancy (gestational diabetes, in-
fections, hypertension), medication in pregnancy, clinical
picture of the COVID-19 infection (asymptomatic, mild,
moderate or severe), and mode of treatment of the COVID-
19 infection. The study also included all the infants born to
the pregnant women who tested positive for SARS-CoV-2
on a PCR test. The parameters analyzed in the newborn
were: gender, gestational age, birth mass, Apgar score,
COVID-19 test, other pathological conditions (jaundice,
hypoglycemia, infections), manner and duration of treat-
ment, incubation period, feeding tolerance times, labora-
tory parameters (leukocytes, C-reactive proteins (CRP), to-
tal bilirubin), breastfeeding upon discharge and eventual
symptoms connected to the COVID-19 infection. Hypo-
glycemia is defined as plasma glucose levels <2.5 mmol/L
after 72 hours of life in a term or preterm infant. Hyper-
bilirubinemia is a condition defined as elevated serum or

plasma bilirubin levels above the reference range of the
laboratory (>100 pmol/L), due to metabolic disorders of
bilirubin. Neonatal infection may be confirmed or sus-
pected, accompanied by clinical symptoms and laboratory
parameters (C-reactive protein >10 mg/dL). Perinatal in-
fection is any infection accompanied by an increase in in-
flammation parameters (C-reactive protein) in the first 24
hours of life with or without other signs of infection [15].
Every pregnant woman who tested positive and who gave
birth vaginally was accommodated in a special labor room,
and the pregnant women who delivered via C-section were
accommodated in the operating theatre for C-sections, with
all participants in the labor process adhering strictly to all
epidemiological protective measures. The newborn infant
was immediately transferred to the Neonatal ward at the
Clinic for Children’s Diseases, where the infant was accom-
modated in a separate room for newborn infants equipped
with all the necessary medical apparatuses and monitors for
monitoring the infant. In the period under analysis, data was
collected from the case histories of the newborn infants, the
transfer and discharge letters for the newborn infants and
telephone calls to the parents which noted whether the in-
fants were breastfeeding upon discharge from hospital. The
main criteria for the inclusion of a pregnant woman in the
study was a positive polymerase chain reaction (PCR) result
from a nasopharyngeal or oropharyngeal swab. The most
frequently used method for etiological diagnosis of SARS-
CoV-2 was the RT-PCR (real-time polymerase chain reac-
tion). Although this method has been defined as the golden
standard for diagnosing COVID-19, its sensitivity level is
70%, and specificity level 95%. The tests were conducted
by the Microbiology Institute of the UCH Mostar, and the
results were available a couple of hours after the pregnant
women were admitted for childbirth and after the infant was
transferred and separated from the mother. This retrospec-
tive study was conducted according to all ethical principles.

Statistical data were analyzed in IBM SPSS Statistics,
version 25 (IBM Corp., Armonk, NY, USA). Categorical
data are expressed as number and percentage. The Chi-
squared test was used to determine the significance of dif-
ferences. The Shapiro-Wilk test was used to check the nor-
mality of the distribution of numerical data. The results of
the numerical data are expressed as the median of the first
and third quartile.

3. Results

In the period from 1/3/2020 to 22/12/2021, 3237
women went into labor at the Clinic of Gynecology and
Obstetrics. 43/3237 (1.32%) of the pregnant women tested
positive for the SARS-CoV-2 virus or had been infected
prior to admission and were positive during childbirth. A
total of 45 newborn infants (41 single births and 2 sets of
twins) were transferred to a special room for the care of
newborn infants born to COVID-19-positive mothers at the
Department of Neonatology. Every newborn underwent
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Table 1. Distribution of the characteristics of the pregnant women who tested positive for the SARS-CoV-2 virus prior to

childbirth or tested positive several days prior to the childbirth and the infection had progressed.

. Number (%)
Characteristic - -
N =43
Age/year, median (Q1-Q3) 32 (29-36)
Pregnancy
1 15 (34.8)
2 14 (32.6)
3+ 14 (32.6)
Abortion
No 38(88.4)
Yes 5(11.6)
Mode of delivery
Vaginal 27 (62.8)
Caesarean 16 (37.2)
Course of pregnancy
Normal course 32 (74.4)
Pathology 11 (25.6)
GBS (Group B streptococcus) positive vaginal swab 1(2.3)
Hypothyroidism 1(2.3)
Gestational diabetes 4(9.3)
Hypertension 3(7.0)
Urinary tract infection 2 (4.6)
Medications taken in pregnancy
No 40 (93.0)
Yes (antibiotics) 3(7.0)
Clinical picture of COVID-19 infection
Asymptomatic 30 (69.8)
Mild 8 (18.6)
Moderate 4(9.3)
Severe 1(2.3)
Hospitalization in COVID-19 department
No 38 (88.4)
Yes 5(11.6)
Use of drugs for COVID-19 infection
No 36 (83.7)
Yes 7(16.3)
Antibiotics 2 (4.6)
Antibiotics + oxygen 2 (4.6)
Antibiotics + corticosteroids 1(2.3)
Antibiotics + corticosteroids + anticoagulant therapy 2 (4.6)

primary laboratory tests (leukocytes, bilirubin, CRP) and
a PCR test from a nasopharyngeal and oropharyngeal swab
on the second day of life which were all negative except
for one infant, whose test was repeated and was negative
on day seven. Every infant underwent an ultrasound of the
brain which indicated no significant pathology. Six new-
born infants were placed in incubators. 14/45 newborn in-
fants with neurological symptoms underwent tests for lac-
tate levels in the blood, the results of which were moder-
ate at 3 mmol/L, whereas the reference interval at the Insti-
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tute for Laboratory Diagnostics UCH Mostar was 0.5-2.2
mmol/L. None of the newborn developed the typical symp-
toms of the COVID-19 infection nor did they require any
therapy for the coronavirus infection; they did, however,
require therapy for other pathological conditions which de-
veloped during hospitalization. 44/45 newborn infants were
being breastfed ten days following discharge from hospi-
tal. This information was obtained via telephone calls to
the parents regarding the feeding habits of their infants.
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Table 2. The distribution of infants born to pregnant women who tested positive for the SARS-CoV-2 virus before childbirth or

tested positive and had developed a COVID-19 infection several days prior to childbirth.

. Number (%)
Characteristic
N =45
Number of girls/boys 21/24
Birth weight (g), median (Q1-Q3) 3360 (3000-3810)
Gestational age (weeks), median (Q1-Q3) 39 (38-40)
Apgar score
10/10 44 (97.8)
8/9 1(2.2)
Other pathological conditions
No 28 (62.2)
Yes 17 (37.8)
Jaundice 3(6.6)
Perinatal infection 4(8.8)
Polycythemia 3(6.6)
Hypoglycemia 1(2.2)
Intrauterine growth retardation 1(2.2)
Cephalhematoma 4(8.8)
Sepsis and bleeding in the brain 1(2.2)

Laboratory parameters
C-reactive protein, median (Q1-Q3)
Leukocytes, median (Q1-Q3)
Bilirubin, median (Q1-Q3)

0.60 (0.18-1.40)
20 (15.6-25.0)
77 (53.5-152.0)

COVID-19 test

Negative 44 (97.8)
Positive 1(2.2)
Individual symptoms
No 15 (33.3)
Yes 30 (66.7)
Length of hospitalization (days)
-7 40 (88.9)
8+ S5(11.1)
Other therapy
No 24 (53.3)
Yes 21 (46.7)
Antibiotics 5(11.1)
Glucose 7(15.6)
Phototherapy 1(2.2)
Prophylactic antibiotic therapy + Glucose 3(6.6)
Prophylactic antibiotic therapy + Phototherapy 2(4.4)
Glucose + Phototherapy 2(4.4)
Prophylactic antibiotic therapy + Glucose + Phototherapy 1(2.2)
Feeding tolerance start (hours)
In the first hour of life 25 (55.6)
Within 3 to 12 hours after birth 14 (31.1)
12 and more hours after birth 6(13.3)

During the period under analysis, 30/43 (69.8%) of the
pregnant women tested positive and had no symptoms of
the COVID-19 infection before going into labor (Table 1).
Only 1/43 pregnant woman required mechanical ventila-
tion due to the COVID-19 infection. 2/43 of the pregnant

women needed oxygen support and other therapy before
and after childbirth. 11/43 (25.6%) pregnant women had
pathological pregnancies, and the most frequent pathologi-
cal condition of the pregnant women who were part of the
sample was gestational diabetes 4/43 (9.3%) (Table 1).
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Fig. 1. Distribution of individual symptoms of infants born to pregnant women who tested positive for the SARS-CoV-2 virus

before childbirth or tested positive several days before childbirth and had a developed infection.

During the period under analysis, only 2/45 newborn
infants required respiratory support due to their young ges-
tational age and other pathological conditions which were
not connected to the COVID-19 infection of the mother.
17/45 (37.8%) newborn infants developed other pathologi-
cal conditions (Table 2). None of the infants required oxy-
gen or any other COVID-19 therapy. 11/45 (24.4%) new-
born infants were administered a course of antibiotics for
initial signs of infection or an increased concentration of
CRP (Table 2). All the newborn infants were tested on day
2 of life, and only one newborn infant tested positive with
no symptoms. The newborn infants were still breastfeeding
10 days upon discharge from hospital, and they did not have
any symptoms of the infection.

30/45 (66.7%) newborn infants developed symptoms
within the first hours of birth which withdrew sponta-
neously within 2448 hours after birth. These symptoms
were not specific for the COVID-19 infection and were
not particularly indicative of infection. Significantly more
newborn infants had some unusual symptoms in compari-
son to asymptomatic infants (x? =4.261; p=0.039) (Fig. 1).
These symptoms could not be connected to other patholog-
ical conditions that infants develop during hospitalization.
14/45 (31.1%) newborn infants developed symptoms con-
nected to neurological pathology (shrill crying, irritability,
changes in muscle tone) and these symptoms were partic-
ularly evident in the first hours after birth (Fig. 1). All
of the symptoms mentioned above withdrew spontaneously
within 2448 hours after birth. An undefined rash was de-
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veloped by 8/45 infants and withdrew after one day (Fig. 1).

4. Discussion

The sudden, unforeseen situation we found ourselves
in was difficult for obstetricians and neonatologists who
were faced with the need to separate a mother from her new-
born infant because of a virus that very little was known
about in the beginning [16]. Initial guidelines recom-
mended the separation of the infant from the mother to stop
the transmission of the infection [11], which was imple-
mented in the region under analysis during the pandemic. A
recently published systematic overview concludes that the
COVID-19 infection in infants is rare, and very rare with
any of the symptoms of the disease [17]. In our case, ma-
ternal transmission of the disease to the infant is not de-
scribed (except in the case of one infant) even after a period
of close contact with the mother and breastfeeding upon dis-
charge. The exception was a COVID-19 positive newborn
who was re-admitted to hospital on the fifth day of life be-
cause of a one-time fever. The newborn was discharged
two days later with a negative PCR test and normal clini-
cal status. This could be explained by a low burden of the
virus in the mother [14]. A study conducted at the begin-
ning of the pandemic indicated that 90% of the pregnant
women who tested positive gave birth via C-section [18],
whereas our study indicates a higher frequency of natural
deliveries by the positive pregnant women. There is a lack
of convincing evidence that cesarean delivery is protective.
The study concludes that vaginal delivery is not contraindi-
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cated with COVID-19 [19]. The conclusion that accompa-
nying pathological states in pregnancy (e.g., diabetes, hy-
pertension) increase the risk of more severe incidences of
the COVID-19 virus [20] is contradicted by our results. Our
study also indicates that the tests for SARS-CoV-2 during
the second day of life were negative in infants, although
individual infants developed symptoms (shrill crying, irri-
tability and changes in muscle tone) that were not related to
the usual symptoms of pathological conditions infants de-
velop during hospitalization. A study conducted in China
in 2020 drew a similar conclusion [7]. The longer the pan-
demic lasts, more and more articles have indicated the re-
duced risk of transmission of the infection to an infant, al-
lowing hospitals around the world to adapt to the newest in-
formation and continue rooming-in policies [5,6,14]. Nev-
ertheless, up until the writing of this article, our health in-
stitution has continued to implement its own guidelines and
separates infants from their COVID-19-positive mothers,
causing greater emotional stress for the parents. Although
childbirth is typically considered a happy event, it can be-
come a highly stressful experience and result in acute stress
responses. Therefore, it is important to consider the sub-
jective experience of childbirth for the COVID-19 positive
pregnant women. Irrespective of the initial separation, 89%
of the infants were discharged from hospital with a clean
bill of health within a few days (except for four infants
who were treated longer) and reunited with their mothers in
their home environments. The mothers whose infants were
treated in our department were telephoned on the tenth day
upon discharge for the purpose of collecting information on
whether the infant was breastfeeding and if it was exhibit-
ing any symptoms. Further confirmation can be found in the
fact that none of the infants were re-admitted to hospital for
treatment after initial discharge (except for the one newborn
previously described). Breastmilk offers protection from
many viral diseases, and research conducted at the end of
2021 confirms that breastfeeding also protects against the
coronavirus [21]. A similar conclusion was reached by a
study in Italy published in 2021 whose results indicate that
the risk of maternal transmission of SARS-CoV-2 to the
infant during interaction was low if the infected mothers
did not have severe COVID-19 infections and if they had
been educated to adhere to the protective measures (wear-
ing masks and gloves, and hand disinfection) when in con-
tact with, caring for or breastfeeding their infants [7], which
is also the recommendation of our study.

5. Conclusions

The conclusion of this short 21-month study is that
prenatal and postnatal duration and outcome in infants is
not aggravated by pregnant women who tested positive
for SARS-CoV-2. Despite the individual symptoms de-
scribed above and the pathological conditions the chil-
dren developed during hospitalization, all the newborn in-
fants were discharged from hospital in full health, and they

were all breastfeeding ten days upon discharge in con-
ditions where epidemiological protective measures were
maintained. Since the coronavirus outbreak nearly two
years ago, many studies have been conducted, and many
conclusions have been drawn, yet the hygienic protective
measures introduced to prevent the spread of the infection
are permanent recommendations, which have been constant
over centuries, and formed the basis for the management
of SARS-CoV-2 positive mothers and their infants. This is
confirmed by our study which indicates that the least ex-
pensive measures result in the greater benefits particularly
in the interaction of COVID-19 positive mothers and their
infants.
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