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Diagnostic challenges, management, and outcome of infants born
to mothers with COVID 19 during the first wave of the pandemic
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Abstract. Severe acute respiratory distress syndrome with
coronavirus 2 (SARS-CoV-2) infection affected pregnant
women during the pandemic. Immunological particularity of
this population and the increased need for medical assistance
placed this population in a high-risk category for SARS-Cov-2
infection. Owing to high contamination risk and limited
studies regarding vertical transmission, the labor and delivery
of positive women required particular conditions. Cesarean
section probably proved to be the optimal option for delivery of
infants to reduce the risk of infection during birth. The aim of
the present study was to present the management and outcome
of infants born to mothers confirmed with coronavirus disease
2019 (COVID 19) prior to delivery. This is a longitudinal,
retrospective study, analyzing demographics, laboratory data
and management of neonates born to mothers with diagnosis
of SARS-Cov-2 infection. The results showed that 5 neonates
were born to SARS-Cov-2-positive mothers, all by Cesarean
section and had a negative reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) test. None of the women
breastfed during the hospital stay. The negative RT-qPCR test
allowed us to reduce the hospital stay of infants and care in
non-isolated areas. In summary, in the present study, vertical
or perinatal transmission of the infection was not present. The
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testing of the pregnant women, their isolation and delivery
in safe conditions for the medical staff were possible, with
the latter using adequate protection equipment to limit their
infection and the risk for the newborns.

Introduction

SARS-CoV-2 infection can determine various forms of respi-
ratory insufficiency (ARDS) with clinical and radiological
features of pneumonia (1). Similarly, the SARS-Cov?2 infection
has also affected the population of pregnant women during
the pandemic. At present, the predominant symptoms, the rate
of morbidity and mortality among pregnant women are not
known.

The immunological particularity of this population is
represented by its high susceptibility to infections due to
hormonal changes during pregnancy. It is well accepted that,
due to the increased need for medical assistance and pregnancy
monitoring, this population presents a high contamination
risk. There are few data regarding the incidence of pneumonia
caused by SARS-CoV-2 in the period of pregnancy. The
majority of pregnant women who contracted the infection
were asymptomatic or presented mild symptoms (2-5).

The vertical transmission of the infection to the newborn,
even in the case when the mother is symptomatic, has been
described in a few cases (1,6). The risk of contamination
of the newborn seems higher in the immediate postnatal
period, from the infected symptomatic or healthy carrier
mother, if strict hygienic measures are not respected during
skin-to-skin care. Due to COVID 19 high contagion, obste-
tricians, neonatologists and infectious disease specialist
have focused on the implementation of preventive measures
in all areas (from the delivery room, to the neonatal, mater-
nity ward and intensive care unit) to limit the risk of viral
transmission (3,7-9).

Breastfeeding in the immediate postpartum period remains
a problem in certain situations. Although breastfeeding is
recommended, this is not always possible, since the mother
may require isolation and treatment in a different hospital
service than that in which delivery occurs. This limits the
breastfeeding of the newborn, with the loss of the important
benefits of this type of feeding, including the protective benefit
against infections (3,10).
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The aim of the present study was to present the manage-
ment and outcome of infants born to mothers confirmed
with coronavirus disease 2019 (COVID 19) prior to delivery.
Although the infants had a negative result, breastfeeding did
not occur during hospital stay.

Patients and methods

Patient characteristics. Between April 1st and May 15th, 2020,
229 pregnant women with an age range of 18-47 years, and a
mean age of 30.22 years, were admitted for delivery in the
Clinic of Obstetrics and Gynecology Ist, County Emergency
Hospital, Cluj-Napoca, Romania, a tertiary level hospital.
Among them, five tested positive for SARS-Cov-2 infection.
The newborns were admitted to the Neonatology Department
of the Clinic of Obstetrics and Gynecology Ist.

Institutional review board and research committee
approval of County Clinical Emergency Hospital, Clyj
Napoca, Romania, was obtained for the present study,
under no. 27150/01.09.2020. All charts of newborns from
SARS-Cov-2-positive women were retrospectively reviewed.
Written informed consent was obtained from the newborns'
parents.

Parameter. All neonates of mothers with SARS-CoV-2 infec-
tion, were delivered by Cesarean section, in the designated
operating room for cases with SARS-CoV-2 infection. After
delivery, the newborns were admitted to the quarantine
ward according to the local protocol. An umbilical venous
catheter was placed, and prophylactic antibiotic therapy
was administered. Vital functions including temperature,
respiratory rate, heart rate, blood pressure, and oxygen satu-
ration were assessed. Laboratory parameters were monitored
including, central blood count (CBC), and the inflamma-
tory markers, C-reactive protein (CRP) and procalcitonin,
glycemia, creatine kinase, alkaline phosphatase, alanine
aminotransferase, aspartate aminotransferase, and lactate
dehydrogenase. The CBC was evaluated on the first day of
life while all the other parameters were measured on the 1st
and 3rd day of life.

Testing. All the newborns underwent SARS-CoV-2 testing
using the reverse transcription-quantitative PCR (RT-qPCR)
technique from the upper airway specimens (nasopharyngeal
and pharyngeal swabs). The testing was carried out on the
first day and fifth day of life. Sampling was performed by a
physician wearing appropriate personal protection equipment
(PPE), in the quarantine room. Each nasopharyngeal swab
was collected in the Nasopharyngeal Sample Collection Kit
for Viruses (Dakewe Bio-engineering Co., Ltd.) and trans-
ferred to the laboratory. Within the negative-pressure fume
hood 30 ml of viral culture media from the collection kit
were extracted. Nucleic acid isolation was performed with
a STARIlet IVD Microlab (Hamilton), automat extractor.
A cartridge was placed in the Biorad CFX96 equipment
(Bio-Rad Laboratories, Inc.) for polymerase chain reac-
tion, via RT-qPCR. The result was scored as ‘positive’ or
‘negative’. Data were collected from the infant's charts
and centralized in tables. Results are presented as absolute
frequency.

Results

Maternal cohort. Between April 1st and May 15th, 2020, 229
pregnant women were admitted for delivery. All 229 women
were tested for COVID 19 infection, using throat swab speci-
mens and infection was confirmed by RT-qPCR. Five (2.18%)
of these 229 patients had a positive RT-qPCR test: four of them
were diagnosed COVID 19 positive (+) at the time of admis-
sion for delivery, while one patient was transferred for delivery
from the infectious diseases department after a hospitalization
period of 20 days; at the time of the transfer, she presented a
positive RT-qPCR test.

Three of the five COVID 19+ women were asymptomatic
at the time of admission. One of them presented with gesta-
tional diabetes; a risk factor for severe form of infection.
None of the five enrolled women had come into contact with
a SARS-CoV-2-positive person or had travelled to an affected
area. Another woman presented symptoms of acute respira-
tory infection (fever, sore throat and cough) one week prior to
delivery; she received symptomatic treatment (paracetamol)
and vitamin C.

All positive mothers underwent Cesarean section. These
mothers were admitted postoperatively to separate wards,
maternal quarantine wards, and were transferred to the
Department of Infectious Disease 72 h later.

Demographic and general characteristics of infants. Of the
229 deliveries, 108 were by vaginal route and 121 by Cesarean
section. There were 186 neonates at term, and 43 preterm
neonates. The demographic characteristics and the general
data of the newborns born to the 5 COVID 19+ mothers are
shown in Table I.

One newborn born to a COVID 19+ mother was preterm.
The pregnant woman was admitted for minimal hemorrhage,
and the test for SARS-CoV-2 at admission was positive.
Delivery by Cesarean section was decided.

Laboratory data. In all the newborns of the studied group, the
evolution of CBC, of inflammatory markers CRP and procal-
citonin were dynamically monitored, on the first and third day
of life. The variation of the monitored laboratory parameters
is shown in Table II.

In four newborns, white blood cells (WBCs) and plate-
lets were within the normal range. In one of five newborns
(patient 1), inflammatory markers were reacted on the first day
of life (CRP=1.27 mg% and PCT=20.13 ng/ml), and neutro-
philia with mild lymphopenia was present (Table II). The infant
received antibiotic therapy for 7 days, with laboratory tests
returning to normal values. There were no clinical symptoms
suggestive of neonatal sepsis. This patient had a symptomatic
mother one week before delivery. The mother's therapeutic
response was slow and the first SARS-CoV-2-negative test was
obtained 5 weeks after delivery.

Management. All newborns had an umbilical venous catheter
inserted immediately after delivery. The umbilical venous
catheter was maintained until the second negative RT-qPCR
was obtained. For all the newborns, the RT-qPCR tests
performed on the first day and on the 5th day of life were
negative.
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Table I. Demographic and general characteristics of the infants born to the 5 COVID 19-positive mothers.

Parameter Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Gestational age (weeks) 38 39 36 38 38
Birth weight (g) 3,370 3,210 2,350 3,070 3,200
Length (cm) 53 52 50 53 53
Head circumference (cm) 34 33 32 34 34
Apgar score (1' and 5') 10/10 10/10 9/9 10/10 10/10
Gender (M, male/F, female) F F M F
Gravida (parity) II I 1 I I

Enteral feeding with formula was administered. Feeding
with breast milk during admission to the maternity ward was
not possible for any of the newborns with SARS-CoV-2-positive
mothers. They received breast milk only after the mother's
discharge from the infectious disease service. All neonates
were exclusively breastfed in the first 6 months after birth.

No patient required oxygen supplement or respiratory
support. There were no complications during hospital stay for
any of the patients.

The mean length of hospital stay was 12.2 days (6-22 days).
The longest hospital stay was determined by the long hospital
stay of the mother, until the mothers obtained a negative
SARS-CoV-2 test.

The hospitalization period of the newborn was marked
by no pathological event. The follow-up of infants suggested
normal evolution in the first 10 months of life without any
infectious disease during this period of life.

Discussion

The presence of SARS-CoV-2 infection in pregnant woman
involves risks for the newborn. No case of vertical transmis-
sion was reported in our unit during the mentioned period.
To prevent perinatal transmission and contamination of the
medical staff, in the period of onset of the pandemic, the
national guidelines for obstetrics and neonatology recom-
mended delivery by Cesarean section in pregnant women
positive for SARS-CoV-2, as well as for pregnant women
suspected to be infected (those with travel history, contact
with SARS-Cov-2-positive persons or presenting respiratory
symptoms) (2,3,10,11).

The exact rate of vertical transmission of the infection is
not known. Currently, only a limited number of cases with
vertical transmission are reported. Seven independent studies
reported the outcomes of 70 newborns of mothers with
confirmed SARS-CoV-2 infection: 65 neonates (92.9% of
cases) were negative following RT-qPCR analysis of oropha-
ryngeal or nasopharyngeal swab performed in the first hours
or days of life; in four patients (5.7% of cases), early infec-
tion was diagnosed on the second day of life; thus, vertical
transmission cannot be excluded; finally, one patient had a
negative throat swab but positive immunoglobulin M (IgM)
and immunoglobulin G (IgG) count, and was considered as
potentially infected in utero. Consequently, in 5 out of 70 cases
(7.1% of neonates), vertical transmission could not be excluded
or was considered possible (4,12-17).

In our group, all five neonates of SARS-CoV-2-positive
mothers were born by Cesarean section. In the majority of the
reported cases, the delivery of the newborns of mothers with
SARS-CoV-2 infection was performed by Cesarean section.
The aim of this mode of delivery is to limit the perinatal
transmission of the infection from the mother to the neonate,
as well as to limit the contamination of the medical staff by
assisting the infected pregnant woman during labor and expul-
sion, which can last a considerable period of time (18).

The neonates of our study group had a favorable clinical
outcome, without events during hospitalization. No changes
in the values of lymphocytes, neutrophils or leukocytes were
reported. Inflammatory syndrome was negative, except for
patient 1, which had CRP and PCT beyond of normal range
(Table IT). Early inflammatory syndrome present in one neonate
had a favorable evolution following antibiotic treatment. This
patient had no clinical elements suggestive of neonatal sepsis
and had negative blood culture. One week before delivery, the
mother had symptoms suggestive of SARS-CoV-2 infection
(fever, cough, sore throat). There were no other maternal risk
factors explaining inflammatory syndrome in the newborns.
No analysis of the placenta was performed in this period
because of the high infection risk. The creatine kinase (CK)
value was beyond the normal range in three patients on the
first day of life, but the third day value was within the normal
range (Table II). The aspartate aminotransferase and lactate
dehydrogenase had the same behavior in two of the patients;
however, no explanations can be provided for this finding
(Table II). It is known that SARS-Cov-2 infection is associated
with liver function abnormalities. Nevertheless, this type of
abnormal laboratory data was not anticipated for the infants
owing to their negative RT-qPCR tests.

The analysis of the oropharyngeal or nasopharyngeal swab
was negative in all newborns of the study group, on the first as
well as on the fifth day of life. Umbilical vein catheterization
was carried out in all the patients to facilitate collection of
the laboratory tests, to limit the length of time spent for blood
sample collection and to allow a safe venous approach for
eventual medication. After obtaining the second negative test,
the venous catheter was removed from all the patients.

Enteral nutrition was given in accordance to the local
national guidelines. In all neonates with RT-qPCR-positive
mothers, enteral nutrition was initiated with formula. Although
there were tests showing that the breast milk of women with
SARS-CoV-2 infection was negative, formula was given to the
neonates (3,19). The mothers were placed in a designated area
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Table II. Evolution of laboratory parameters.

Parameter Day of life Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
HGB (g/dl) 1 18.4 14 14.9 18.4 15.70
HCT (%) 51.8 39.8 43.6 522 4440
PLT (10°1) 369 318 268 159 291
WBCs (1071) 26.50 26.94 21.57 745 26.20
Ne (%/1071) 70.9/18.8 69.3%/18.65 69.2%/14 .94 45%/3.35 60.9%/15.96
Ly (%/10°1) 21.1%/5.6 21.8%/5 .86 24 4%/5.277 371%/2.77 31.7%/8.3
ASAT 1 49 117 93 55 47
(NV 25-75 U/ 3 34 29 65 51 44
ALAT 1 29 22 13 21 12
(NV 13-45 U/ 3 32 20 20 24 14
CK 1 848 1,225 1,316 525 NA
(NV <712 U/) 3 306 204 303 468 NA
LDH 1 529 904 790 467 NA
(NV 290-775 U/) 3 49 117 93 55 47
C-reactive protein 1 1.27 0.14 0.17 0.12 0.1
(CRP) (mg%) 3 0.46 0.06 0.24 0.10 0.18
(NV<0.5 mg%)

PCT (ng/ml) 1 20.13 NA NA NA 1.96
(NV<0.2 ng/ml) 3 4.39 NA NA NA 04

NV, normal value; NA, not available; bold, beyond normal value. HGB, hemoglobin; HCT, hematocrit; PLT, platelets; WBCs, white blood
cells; Ne, neutrophils (% and absolute no.); Ly, lymphocytes; PCT, procalcitonin; ASAT, aspartate amino transferase; ALAT, alanine amino

transferase; LDH, lactate dehydrogenase; CK, creatine kinase.

of the maternity wards for the first 72 h after the Cesarean
section, after which they were transferred to the contagious
disease unit.

Feeding with breast milk has a number of benefits for both
the mother and the newborn, the immunological benefit playing
an important role in the protection of the newborn from infec-
tions through the transfer of immunoglobulin with a protective
role for the neonate. The recommendation for breastfeeding in
the case of mothers infected with SARS-CoV-2 is to maintain
rigorous hygiene conditions, to wash and disinfect hands, and to
wear a mask during breastfeeding. If the mother cannot breast-
feed the newborn, expressed breast milk can be used, while
respecting the same rigorous hygiene conditions for expressing
breast milk. If the mother is separated from the neonate, it is
recommended to help the mother maintain lactation by manual
or mechanical expression. In addition, counseling of the mother
and the family in case of separation from the newborn should
be taken into consideration, and permanent communication
with the family and information regarding the health of the
neonate should be ensured (20,21). Whenever possible, feeding
the neonate with breast milk is recommended if the mother's
condition allows it and if she wishes to breastfeed under the
current health conditions (2,9,13,21).

The strengths of this study include the timely nature of our
findings as the COVID 19 pandemic ensues, and the evalua-
tion of the incidence of infection among the pregnant women
in our region. The weakness of the present study is the rela-
tively small size of the group, albeit the evidenced data are in
accordance with those obtained by similar studies. These data

are useful for the analysis of the obstetric population, as well
as for knowledge of the risk of infection in this population.
Testing all pregnant women at admission to the maternity unit
is an important method to reduce the spread of SARS-CoV-2
infection, representing a guide in the approach of delivery in
pandemic conditions.

In summary, in the present study, vertical or perinatal
transmission of the infection was not present in any of the
neonates. As in the majority of the cases from other studies,
the newborns included in the present study were negative on
RT-gPCR testing via nasopharyngeal swab. Testing confirmed
the absence of infection and allowed the transfer of the neonates
to the non-isolated area. Thus, the hospital stay of the neonates
was limited, their discharge to the family being possible when
the family members were healthy, and no longer in quarantine.

The diagnosis of SARS-CoV-2 infection of the pregnant
women was established at admission to the maternity ward.
Due this testing, the mother's isolation and delivery in safe
conditions for the medical staff were possible, using adequate
protection equipment to limit infection and to limit any risk
for the newborns.

Acknowledgements
Not applicable.
Funding

No funding was received.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 23: 102, 2022 5

Availability of data and materials

All data generated or analyzed during this study are included
in this published article.

Authors' contributions

GZ contributed to the conceptualization and methodology,
confirmed the authenticity of the raw data and was involved
in the writing of the manuscript. MM performed the data
collection, confirmed the authenticity of the raw data, and
was involved in the writing of the manuscript and literature
research. MH interpreted the results and carried out the data
analysis. TK contributed to the study design and acquisition
of data. DM contributed to the revision of the manuscript
and data interpretation. All authors read and approved the
submitted version of the manuscript.

Ethics approval and consent to participate

Institutional review board and research committee approval
(no. 27150/01.09.2020) from the County Clinical Emergency
Hospital, Cluj Napoca, Romania, was obtained. Informed
consent for the study was obtained from each patient.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References

1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B,
Shi W, Lu R, ef al: A novel coronavirus from patients with pneu-
monia in China, 2019. N Engl ] Med 382: 727-733, 2020.

2. Sutton D, Fuchs K, D'Alton M and Goffman D: Universal
screening for SARS-CoV-2 in women admitted for delivery.
N Engl J Med 382: 2163-2164, 2020.

3. Vintzileos WS, Muscat J, Hoffmann E, John NS, Vertichio R,
Vintzileos AM and Vo D: Screening all pregnant women
admitted to labor and delivery for the virus responsible for coro-
navirus disease 2019. Am J Obstet Gynecol 223: 284-286, 2020.

4. Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W, Li J, Zhao D,
Xu D, Gong Q, et al: Clinical characteristics and intrauterine
vertical transmission potential of COVID-19 infection in nine
pregnant women: A retrospective review of medical records.
Lancet 395: 809-815, 2020.

5. Panahi L, Amiri M and Pouy S: Risks of novel coronavirus
disease (COVID-19) in pregnancy; a narrative review. Arch Acad
Emerg Med 8: €34, 2020.

6. Sohrabi C, Alsafi Z, O'Neill N, Khan M, Kerwan A, Al-Jabir A,
Tosifidis C and Agha R: World Health Organization declares
global emergency: A review of the 2019 novel coronavirus
(COVID-19). Int J Surg 76: 71-76, 2020.

7. Zhang N, Wang L, Deng X, Liang R, Su M, He C,Hu L, Su Y,
RenJ, YuF, er al: Recent advances in the detection of respiratory
virus infection in humans. J] Med Virol 92: 408-417, 2020.

8. National Center for Immunization and Respiratory Diseases
(NCIRD) Division of Viral Diseases: Interim clinical guidance
for management of patients with confirmed 2019 novel corona-
virus (2019-nCoV) infection. CDC, 2020.

9. Lu Q and Shi Y: Coronavirus disease (COVID-19) and neonate:
What neonatologist need to know. J Med Virol 92: 564-567,
2020.

10. Yu N, Li W, Kang Q, Xiong Z, Wang S, Lin X, Liu Y, Xiao J,
Liu H, Deng D, et al: Clinical features and obstetric and neonatal
outcomes of pregnant patients with COVID-19 in Wuhan, China:
A retrospective, single-centre, descriptive study. Lancet Infect
Dis 20: 559-564, 2020.

11. Dong L, Tian J, He S, Zhu C, Wang J, Liu C and Yang J: Possible
vertical transmission of SARS-CoV-2 from an infected mother to
her newborn. JAMA 323: 1846-1848, 2020.

12. Liu W, Wang Q, Zhang Q, Chen L, Chen J, Zhang B, Lu Y,
Wang S, Xia L, Huang L, et al: Coronavirus disease 2019
(COVID-19) during pregnancy: A case series. Preprints:
2020020373, 2020.

13. Zhu H, Wang L, Fang C, Peng S, Zhang L, Chang G, Xia S and
Zhou W: Clinical analysis of 10 neonates born to mothers with
2019-nCoV pneumonia. Transl Pediatr 9: 51-60, 2020.

14. Zhang L, Jiang Y, Wei M, Cheng BH, Zhou XC, Li J, Tian JH,
Dong L and Hu RH: Analysis of the pregnancy outcomes in
pregnant women with COVID-19 in Hubei Province. Zhonghua
Fu Chan Ke Za Zhi 55: 166-171, 2020 (In Chinese).

15. Zeng L, Xia S, Yuan W, Yan K, Xiao F, Shao J and Zhou W:
Neonatal early-onset infection with SARS-CoV-2 in 33 neonates
born to mothers with COVID-19 in Wuhan, China. JAMA
Pediatr 174: 722-725, 2020.

16. Wang X, Zhou Z, Zhang J, Zhu F, Tang Y and Shen X: A case
of 2019 novel coronavirus in a pregnant woman with preterm
delivery. Clin Infect Dis 71: 844-846, 2020.

17. Chen S, Liao E, Cao D, Gao Y, Sun G and Shao Y: Clinical
analysis of pregnant women with 2019 novel coronavirus pneu-
monia. J] Med Virol 92: 1556-1561, 2020.

18. Fornari F: Vertical transmission of Covid-19-A systematic
review. J Pediatr Perinatol Child Heal 4: 7-13, 2020.

19. Boelig RC, Manuck T, Oliver EA, Di Mascio D, Saccone G,
Bellussi F and Berghella V: Labor and delivery guidance for
COVID-19. Am J Obstet Gynecol MFM 2: 100110, 2020.

20. Calina D, Docea AO, Petrakis D, Egorov AM,
Ishmukhametov AA, Gabibov AG, Shtilman MI, Kostoff R,
Carvalho F, Vinceti M, et al: Towards effective COVID-19
vaccines: Updates, perspectives and challenges (review). Int J
Mol Med 46: 3-16, 2020.

21. Docea AO, Tsatsakis A, Albulescu D, Cristea O, Zlatian O,
Vinceti M, Moschos SA, Tsoukalas D, Goumenou M,
Drakoulis N, et al: A new threat from an old enemy:
Re-emergence of coronavirus (Review). Int J Mol Med 45:
1631-1643, 2020.

This work is licensed under a Creative Commons
@ Attribution-NonCommercial-NoDerivatives 4.0
International (CC BY-NC-ND 4.0) License.




