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Abstract
Aim: Newborns constitute a special and sensitive group within the pediatric age group due to their
unique characteristics and disease. We evaluated the prevalence, clinical features and outcomes of
neonates admitted to emergency department and hospitalized with suspected SARS-CoV-2 infec-
tion.
Materials and Methods: In this retrospective, single centre study all neonates admitted to emer-
gency department with suspected SARS-CoV-2 infection between March 11, 2020 and March 11,
2021 were enrolled.
Results: Fifty-five newborns were hospitalized in (Neonatal Intensive Care Unit) NICU with a sus-
picion of SARS-CoV-2 infection during the study period. PCR was positive in 14 newborns out of 55
hospitalized newborns (25.5%). Thirteen (92.8%) newborns with a positive SARS-CoV-2 PCR had
household contact. The most common findings on admission were fever (43%), feeding intolerance
(29%) and tachypnea (14%). One (7%) newborn was asymptomatic on admission. Three newborns
(21%) had lymphopenia. Seven (50%) newborns had leukopenia, but none of them had neutrope-
nia. D-dimer levels of nine (64%) SARS-CoV-2 positive newborns were elevated but none of these
patients had coagulation disorders or problems needing treatment. Five of fourteen PCR positive
newborns (35%) needed suplemental oxgen, while a newborn baby (7%) neeeded non-invasive me-
chanical ventilation.
Conclusions: Fever is a common symptom in SARS-CoV-2 infected newborns but new symptoms
will be encountered in the course of the pandemics. Clinical information and course of SARS-CoV-2
in newborns has an obscurity. In the pandemic conditions all newborns, especially having a contact
with a SARS-CoV-2 infected person must be tested for SARS-CoV-2 even if having no symptoms.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed under the terms of
Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Coronavirus disease-19 (COVID-19) which is caused by se-
vere acute respiratory syndrome coronavirus-2 (SARS- CoV-2),
started in the initial days of December 2019 as an outbreak in
Wuhan, China and it was declared as a pandemic on 11 March
2020 by The World Health Organization (1). In the pediatric
population, especially in the younger, morbidity and mortality
rates were prominantly lower than the adults (2). Newborns
constitute a special and sensitive group within the pediatric age
group due to their unique characteristics and diseases (3). A
multicenter study from Turkey was carried out presenting the
clinical course of disease in 37 newborns with community -
acquired SARS- CoV-2.The most frequent findings in that study
were fever (49%), hypoxemia (41%), and cough (27%), respec-
tively (4).There are someother case series reports on outcomes
of newborns born toSARS-CoV 2 positive mothers all over the
world. It was reported that two newborns were found to be
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SARS-CoV-2 PCR positive born from70 SARS-CoV-2 PCR
positive mothers in a study by Ng et al. In another study, 2 of
49 newborns were detected to be SARS-CoV-2 positive, born
from SARS-CoV-2 PCR positive mothers. Most of the SARS-
CoV-2 positive newborn babies had pulmonary symptoms or
sepsis like syndrome. While different clinical presentations due
to SARS-CoV-2 are under-described even in children, different
clinical courses in newborns are even less defined (5-7).
Also, there are no reports on the prevelance of SARS- CoV-2 in
newborns admitted to emergency department and hospitalized
with suspected SARS-CoV-2 infection in Turkey. In this study,
we evaluated the clinical spectrum of COVID-19 disease and
outcomes of newborns hospitalized. The clinical spectrum of
the newborns in this study comprised sepsis like disease, pneu-
monia, myocarditis and encephalitis, which distinguishes this
study from others.

Materials and Methods
This retrospective, single centre observational study was con-
ducted in a level III neonatal intensive care unit (NICU) in
Bursa, the forth largest city of Turkey. The study conformed
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to the Declaration of Helsinki and was initiated upon approval
of Institutional Ethical Review Board, and the Ministry of
Health and parental informed consent was obtained from each
patient included in the study.All neonates admitted to emer-
gency department with suspected SARS-CoV-2 infection be-
tween March 11, 2020 and March 11, 2021 were enrolled.
In the NICU, suspected or proven COVID-19 newborns were
placed in 4-bed-COVID-19 NICU distinct from other new-
borns.
Neonates;

1. developing symptoms suggestive of COVİD-19 after
household contact with a COVİD-19 patient,

2. having clinical or radiologic evidence of pneumonia, acute
respiratory distress syndrome or influenza-like illness,

3. having fever ≥37.5°C and at least one of the following
respiratory symptoms, which must be of acute onset: per-
sistent cough (with or without sputum), hoarseness, nasal
discharge or congestion, shortness of breath, sore throat,
wheezing, sneezing

4. seizures were tested by nasopharyngeal and oropharygeal
PCR swaps. The management of neonates with the diag-
nosis of COVID-19 was in accordance with the guidelines
issued by the Turkish Ministry of Health and the Turkish
Neonatal Society (8, 9).

Statistical Analysis
Statistical Package for the Social Sciences (SPSS) for Win-
dows, version 20.0 (SPSS Inc., Chicago, IL) was used for anal-
ysis of the data. We presented continuous values as the mean ±
standard deviation (SD) or median (minimum–maximum) ac-
cording to the homogeneity of the distribution, which was eval-
uated by the Kolmogorov– Smirnov test. We presented categor-
ical values as the number and percentage, and analyzed them
by the χ2 test. The Student’s t test was used for continuous
variables with normal distribution, and the Mann-Whitney U
test and Kruskal–Wallis test were used for continuous variables
which did not exhibit a normal distribution. Correlation be-
tween the independent parameters was investigated by bivariate
(Pearson and Spearman) correlation analysis. A p value of <
0.05 was considered to indicate statistical significance.

Results
Fifty-five newborns were hospitalized in NICU between 11
March 2020 and 11 March 2021 with a suspicion of SARS-
CoV-2 infection. Demographic and clinical characteristics of
newborns at admission are summarized in Table 1.
All newborns were outpatients admitted to our emergency de-
partment/policlinics or newborns referred from other hospitals
to our centre for hopitalization. Forty-two infants were term
newborns (76%) and the remaining was late preterms (24%).
Of 55 newborns, 48 (87%) were Turkish citizens; seven were
Syrian refugees (13%).
At least one parent of 16 newborns were smokers.PCR was pos-
itive in 14 newborns out of 55 hospitalized newborns (25.5%).
Thirteen (92.8%) newborns with a positive SARS- CoV-2 PCR
had household contact and one had a history of symptomatic
non-household contact. Number of SARS-CoV-2 PCR posi-
tive mothers was 18 (33%) and nine of them (50%) had SARS-
CoV-2 PCR positive newborn. The mothers of five SARS-CoV-
2 PCR positive newborns had negative tests for SARS-CoV-2
PCR, but at least one person living at the same home had a posi-
tive PCR test for SARS-CoV-2 (5/38, %13). The most common

findings on admission were fever (43%), feeding intolerance
(29%) and tachypnea (14%). On the other hand, one (7%) new-
born was asymptomatic on admission. Hemoglobin, platelet
counts, urea, creatinin, CRP, procalcitonin, LDH, Troponin-I,
CK-MB, ferritin, PT, PTT and INR levels did not differ be-
tween SARS-CoV-2 positive and SARS-CoV-2 negative new-
borns (p>0.05). Although there was no difference between
SARS-CoV-2 positive and negative newborns in terms of mean
lymphocyte counts, three newborns (21%) had lymphopenia
among SARS-CoV-2 positive newborns. Median WBC and
neutrophil levels of SARS-CoV-2 positive newborns were sig-
nificantly lower than SARS-CoV-2 negative newborns (p =
0.006 and p =0.014 respectively). Seven of SARS- CoV-2 pos-
itive newborns (50%) had leukopenia, but none of them had
neutropenia.
SARS-CoV-2 positive newborns had higher albumin levels
compared to SARS-CoV-2 negative newborns (3.76 ± 0.52 g/dl
vs 3.49 ± 0.34 g/dl; p = 0.047). SARS-CoV-2 positive newborns
had higher median ALT levels compared to SARS-CoV-2 neg-
ative newborns within the normal range (p = 0.038). Only one
(7%) of the SARS-CoV-2 positive newborns had elevated ALT
level. Median AST levels did not differ between the SARS-
CoV-2 positive and negative newborns, but three (21%) new-
borns had elevated AST levels among the SARS-CoV-2 posi-
tive newborns.
D-dimer levels of nine (64%) SARS-CoV-2 positive newborns
were elevated but none of these patients had coagulation dis-
orders or problems needing treatment. Median d-dimer lev-
els of SARS-CoV-2 negative newborns did not differ from the
positive group ( p = 0.45). One newborn had jaundice on ad-
mission and he had dismorphic appearance and was found to
have direct hyperbilirubinemia. On further examinations he
was found to have pulmonary stenosis on echocardiography
and butterfly vertebra was diagnosed on X-ray examination. He
was referred to a university hospital with a diagnosis of Alag-
ille syndrome. Before referral, a PCR test was carried on and
resulted positive for SARS-CoV-2. One newborn was admit-
ted to pediatric emergency policlinic with complaint of afebril
seizure on postnatal third day. He was hospitalized and fur-
ther evaluation was performed. Cranial MRI was found to be
consistent with neonatal viral encephalitis. The nasopharyn-
geal swab for SARS-CoV-2 PCR was positive. SARS-CoV-
2 in CSF was negative. A nasopharyngeal swab sample was
inoculated in cell culture for SARS-CoV-2 grew positive. To
rule out other common neurotrophic viruses; including herpes
simplex 1-2, enteroviruses (echovirus, coxsackievirus and po-
liovirus), mumps and varicella-zoster virus in CSF were tested
and resulted negative. Also, rotavirus in stool was found to be
negative. He was treated with ampicillin and gentamicin. The
seizures were treated with oral phenobarbital. Cranial MRI on
day 15 showed that the previous neuroradiologic findings ex-
hibited no longer. Throughout his hospitalization, he did not
have respiratory symptoms. The patient was discharged on day
16 without any neurologic deficit.
Four newborns were admitted to emergency department with
complaints of fever and tachypnea. After clinical and lab-
oratory evaluation they were found to have fever, tachycar-
dia, prolonged capillary refilling time (>2 seconds) and ele-
vated levels of troponin-I. Echocardiography was performed
and intravenous immunoglobulin (IVIG) treatment was recom-
mended for myocarditis. All of these four newborns were given
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Table 1. Demographic and clinical characterisitcs of the newborns at admission

COVID-19 PCR (+) n = 14 COVID-19 PCR (-) n=41
Variable Mean ± SD or Median Mean ± SD or Median p

(min-max) (min-max)

Maternal age (years) 29.1±4.7 27.9 ± 5.7 0.50
Birth weight (gr) 3205 ± 428 3047 ± 569 0.39
Gestational age (weeks) 38 (35-41) 38 (34-41) 0.37
Length of hospital stay (days) 7 (3-25) 10 (4-25) 0.18
Age at admission (days) 9 (2-27) 10.5 (3-27) 0.78
Delivery mode, CS (n, %) 8 (57) 23 (56) 1
Term birth (n, %) 13 (92.8) 29 (70) 0.04
Sex (male,%) 8 (57) 22(53) 0.73
Nationality, Turkish (n, %) 12 (71.5) 35 (85.3) 0.47
History of COVID-19 positive household
contact (n, %)

13 (92.8) 15 (36.6) 0.002

Maternal COVID-19 PCR(+) (n, %) 9 (64) 9 (21) 0.023
Smoker parents (n, %) 10 (71) 6 (14) 0.002
Complaints at admission NA

Fever 6 (43) 15 (36.5)
Poor feeding 4 (29) 11 (27)
Tachypnea 2 (14) 7 (17)
Seizure 1 (7) 0
Diarrhea 0 2 (5)
Cough 0 5 (12)
Rhinorrhea 0 1 (2.5)
Asymptomatic 1(7) 0

COVID-19, Coronavirus disease 2019; CS, Cesarean section; PCR, Polymerase chain reaction; SD, Standart deviation

IVIG treatment and were evaluated with consecutive echocar-
diograhic examination. They all had normal cardiac functions
in follow-up and were discharged without any sequele.
One newborn was admitted to emergency department on post-
natal 13 th day with complaint of fever. Although not having
a history of contact or symtomps in the parents he was found
to have a positive PCR for SARS-CoV-2. Nasophryngeal swap
specimens of the parents for SARS- CoV-2, resulted positive for
both. The chest X-ray was normal on admission. On postnatal
17th day he had fever, coughs and needed non-invasive mechan-
ical ventilation. On chest X-ray a new infiltration on the right
appeared and the treatment was changed to vancomycin and
amikacin from ampicillin and gentamicin. Although he had a
levels of ferritin 880 ng/ml on admission (normal range 21-274
ng/ml), on 17 th day ferritin levels increased to 1749 ng/ ml and
5045 ng/ml on 18th day consecutively. There was no cardiac
disfunction on cardiac examinations, but his respiratory symp-
toms worsened with persistent fever. Dexamethasone treatment
with a dose of 0.6 mg/kg/day was given for five days and ferritin
levels decreased to the normal level (239 ng/ml) and there was
no need for respiratory support. He was discharged on postnatal
27 th day. All newborns had chest radiograph, of whom 5 (36%)
had positive radiographic findings and only one neonate was
evaluated with computed tomography. Five of fourteen PCR
positive newborns (35%) needed suplemental oxgen, while a
newborn baby (7%) neeeded non-invasive mechanical ventila-
tion.
One 27-day-old newborn was brought from home with fever
and tachypnea. Both of her parents were SARS- CoV-2 PCR
positive for five days, but her SARS-CoV-2 PCR resulted neg-
ative. She had a chest X-ray on admission showing bilateral

Figure 1. Chest X-ray on admission showing bilateral pneu-
monic infiltration more on the left

pneumonic infiltration more on the left (Figure 1).
She was evaluated with chest computed tomography revealing
pleural based widespread areas of ground glass opacity, consol-
idations and nodular infiltrates tending to coalesce, extending
into the upper zones, consistent with viral pneumonia (Figure
2).
In the pandemic conditions she was treated as if she had SARS-
CoV-2 pneumonia. She needed oxygen treatment with nasal
canula and Lopinavir-Ritonavir was added to her antibiotic
treatment. She was discharged after 15 days of treatment with-
out any sequelae.
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Figure 2. Chest computed tomography revealing pleural based
widespread areas of ground glass opacity, consolidations and
nodular infiltrates tending to coalesce, extending into the upper
zones, consistent with viral pneumonia

Only two patients were searched for accompanying respiratory
viruses which resulted negative. Azitromycin and oseltamivir
were not used but all newborns except the newborn with a diag-
nosis of Alagille sydrome were given ampiric antibiotic treat-
ment. There were no complications including disseminated in-
travascular coagulopathy, multiple organ failure, and intracra-
nial hemorrhage or necrotizing enterocolitis.

Discussion
In this single center retrospective study, we evaluated hos-
pitalized newborns with suspected SARS-CoV-2. Fourteen
(25.5%)were found to have positive PCR results for SARS-
CoV-2 out of 55 hospitalized newborns. In a case series includ-
ing 70 outpatient newborns, the rate of SARS- CoV-2 positive
newborns was reported to be 11.4% (7).
In these proven SARS-CoV-2 cases, one newborn was asymp-
tomatic and admitted to hospital with a complaint of jaundice,
diagnosed with Alagille Syndrome and was found to have a
positive PCR for SARS-CoV-2 incidentally. The most com-
mon findings on admission were fever, feeding intolerance and
tachypnea. Fever and cough were reported to be most com-
mon symptoms in a series by Kanburoglu et al., but they re-
ported no asymptomatic neonates (4). Nanavati et al. reported
21 SARS-CoV-2 infected neonates 14 (66%) of whom were
asymptomatic (6). Similarly, a nation-wide study from Spain
reported 20% asymptomatic newborns out of 26 community ac-
quired Covid-19 cases (10). Also a review by Karabay et al.
reported nearly 17% of asymptomatic newborn SARS- CoV-2
cases (11). In our opinion it will be better to test newborns for
SARS-CoV-2 on hospital admission with any complaint in the
pandemic conditions.
Five (%35) of SARS-CoV-2 cases needed suplemental oxygen
and one (7%) needed non-invasive mechanical ventilation. This
finding was similar to results reported by Kanburoglu et al (4).
Of the proven fourteen SARS- CoV-2 cases, four had myocardi-
tis, one had encephalitis and one had pneumonia requiring me-
chanical ventilation. Although the numbers of SARS-CoV-
2 cases were small, there were wide-spread clinical findings.
These were contrary to reported less severe clinical course in

children by Dong et al. and Bai et al (12, 13). Also the rates
of severe cases were higher than reported by Kanburoglu et al
(4). Clinicians will have to face many different clinical enti-
ties in the course of the pandemics and must always keep in
mind SARS-CoV-2 as an etiological factor. In a review, lym-
phopenia and leukopenia were reported to be 35% and 11% re-
spectively. In the present study lymphopenia was lower (21%)
and leukopenia was higher (50%) than reported. Neutropenia
was reported to be 19% in the same review, while none of the
SARS-CoV-2 positive newborns had neutropenia in our study
(11).
Karabay et al. reported raised ALT and AST levels in 9% and
58% of the SARS-CoV-2 newborns respectively while only one
newborn (7%) had elevated ALT level and three (21%) had ele-
vated AST level among SARS-CoV-2 positive newborns in this
study (11). CRP and procalcitonin are markers of infection
widely used in all age groups including newborns in the dis-
crimination of infection. The CRP and procalcitonin levels of
proven SARS-CoV-2 cases were not higher than those with sus-
pected SARS-CoV-2. Two newborns (14%) had elevated CRP
levels and five newborns (35%) had elevated procalcitonin lev-
els. Previously, Kanburoglu et al. reported that CRP and PT
values can be used to differentiate disease severity but that was
not compatible with our findings. They reported elevated CRP
and procalcitonin levels in 27% and 50% in SARS-CoV-2 pos-
itive newborns which were higher than our results (4). Also
Whitttaker et al. reported that CRP levels were higher in chil-
dren with shock during the SARS-CoV-2 compared to children
without shock. In the present study, there were no patients hav-
ing shock during the course of infection with SARS- CoV-2
(14).
Nine (64%) of SARS-CoV-2 positive newborns had elevated
levels of d-dimer. Elevated levels of d-dimer were reported
to indicate poor prognosis in adults (15, 16), however in the
present study there were no complications related to blood co-
agulation anomalies, similar to a recent case series reported
from Brazil (5). Newborns having PT levels lower than 14 sec-
onds were reported to be less likely to be in severe/critical state
or supplemental oxygen demand (4). Contrary to this report,
in the present study, all of the SARS-CoV-2 positive newborns
had PT levels lower than 14 seconds but four had myocarditis,
one had encephalitis and one needed non-invasive mechanical
ventilation and steroid treatment due to pneumonia.
In the literature there is very limited data on household contact
in newborns. Kanburoglu et al. reported a household contact
rate of 76% but in the present study it was 92.8% (4). This
rate was lower than a previously reported systematic review of
children (98.7%)(17). All newborns had chest radiograph. Five
(36%) neonates had positive radiographic findings, which was
similar to reported by Kanburoglu et al (4). Only one neonate
was evaluated with computed tomography; although he had a
negative PCR for SARS-CoV-2, his parents were positive for
SARS-CoV-2. Xia et al. reported that 20% of 20 children
with SARS-CoV-2 pneumonia had no abnormalities on chest
CT (18). Similarly, reported by Kanburoglu et al (4). CT should
be preserved for selected cases, not only in SARS-CoV-2 posi-
tive cases, but also in patients with a high suspicion of SARS-
CoV-2 infection having a contact with a SARS-CoV-2 infected
person as mentioned above.
Myocarditis in newborn period is a rare entity and treatment
with either steroids or IVIG is controversial (19). Similarly,
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the optimal management for myocardial injury associated with
SARS-CoV-2 patients of either adults or children has not been
determined, yet (20, 21). Because there is a big and deep gap
of data for management of newborns with myocarditis due to
SARS-CoV-2, we considered these newborns as a candidate of
multisystem inflammatory syndrome in children and used IVIG
for treatment. We chose the newborns whose clinical findings
did not improve during the follow-up period and who had an
increase in both troponin I levels and acute phase reactants. We
did not perform any further evaluation for the other respiratory
viruses because these newborns had either SARS-CoV-2 PCR
positivity or a parent with COVID-19 disease.
HIV protease inhibitor lopinavir, boosted with ritonavir, has
been offered for the treatment of SARS-CoV-2 at the beginning
of the pandemic. Guidelines issued by the Turkish Ministry
of Health and the Turkish Neonatal Society also offered to use
Lopinavir-Ritonavir for neonates with the diagnosis of SARS-
CoV-2 (8, 9). In the lightning of these guidelines we used
Lopinavir-Ritonavir for a newborn with SARS-CoV-2 pneumo-
nia. As we used Lopinavir-Ritonavir for only one newborn we
could not comment on its benefit. Later in the following stud-
ies data obtained from large clinical trials did not support us-
ing lopinavir/ritonavir to treat SARS-CoV-2 in hospitalized pa-
tients.
Dexamethasone is the only drug associated with decreased mor-
tality in adult patients, however trials in children are ongoing
and the benefits and risks are uncertain. For selected chil-
dren with severe or critical SARS-CoV-2 who require mechan-
ical ventilation or those who require supplemental oxygen and
have risk factors for disease progression low-dose glucocor-
ticoids (dexamethasone, prednisolone, methylprednisolone or
hydrocortisone) may be given up to 10 days or until discharge,
whichever is shorter. Dexamethasone is preferred in treatment
if available (22). Based on this information we used dexam-
ethasone in the treatment of one newborn with worsening res-
piratory symptoms.

Limitations
This study has limitations. First, it is a single centre study. Sec-
ondly it has a small sample size which may cause conflicting
results from previously published data. Besides its small sam-
ple size it has a wide variety of severe clinical presentations.

Conclusion
In conclusion, fever is a common symptom in SARS- CoV-2 in-
fected newborns but new symptoms concerning different organs
and systems will be encountered in the course of the pandemics.
Clinical information and course of SARS-CoV-2 in newborns
has an obscurity. In the pandemic conditions all newborns, es-
pecially having a contact with a SARS-CoV-2 infected person
must be tested for SARS-CoV-2 even if having no symptoms.
Necessary precautions should be taken to protect newborn in-
fants from SARS-CoV-2,especially in the presence of infected
mothers and/or household contacts. Further studies with higher
sample size are needed to learn more about SARS- CoV-2 in-
fection management not only in newborns, but also in all age
groups.

Ethical Approval
This study conformed to the Declaration of Helsinki and was
initiated upon approval of Institutional Ethical Review Board,
and the Ministry of Health and informed consent was ob-
tained from each family prior to the study. (Approval date:
07.04.2021, No:2021-6/3).
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