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ABSTRACT

Objective: Aim of this systematic review is to investigate the available evidence describing neo-
natal outcomes in newborns who have SARS-CoV-2 infection in order to guide prevention of
COVID-19 in newborns.

Methods: This is the study protocol for a systematic review. MEDLINE, Web of Science, PubMed,
Science Direct, CINAHL, Scopus, Cochrane, TUBITAK databases, and key words of “Newborn”
(neonatal OR clinical characteristics newborn OR infants less than 1 month OR infants less than
28 weeks OR Neonate) AND “clinical presentation” (epidemiology OR symptoms OR clinical
course OR features) AND “COVID-19” (Coronavirus OR COVID-19 OR Sars-Cov2 OR coronavirus
disease 2019 OR Novel Coronavirus OR 2019-nCoV) were searched for this systematic review.
Randomized controlled trial, cross-sectional, case-control, and case reports, case reports examin-
ing neonatal outcomes in newborns who have SARS-CoV-2 infection were included. Studies
were selected according to criteria around the population, intervention, comparator, outcome(s)
of interest, and study design (PICOS framework). All citations and full-text articles were searched
by independent five authors. The population that newborns with COVID-19 that confirmed
within 28 d of birth are included. The interventions included in COVID-19 infection diagnosed
via reverse transcription-polymerase chain reaction (RT-PCR) or serological. The primary out-
comes were Neonatal clinical outcomes. The methodological quality of the studies was
appraised using appropriate tools. Strength of the body of evidence was assessed according to
the quality assessment tool for quantitative studies (QATQS).

Results: The electronic search identified 1051 records that were examined, after evaluating 35 of
them were included in the study. Seven studies were research articles and twenty-eight were case
reports. Methodological quality was medium. Most of the clinical characteristics of newborns were
respiratory difficulty and secondly fever. Some newborns gastrointestinal (GIS) symptoms in the form
of diarrhea and feeding intolerance and abdominal distension were present in 50%. The fatality case
did not exist in any newborn due to COVID-19. Death occurred in one case due to prematurity.
Conclusions: The most common symptoms in patients with COVID-19 infection in the neonatal
period are respiratory tract symptoms and fever. It has been observed that the COVID-19 infection
detected in the neonatal period is not fatal. However, data including more cases are needed.
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Introduction

COVID-19 began with an outbreak in Wuhan, China, in
December 2019. The World Health Organization
(WHO) has declared this disease a pandemic and by
October 2020 the number of cases has exceeded 40
million worldwide [1]. Today, COVID-19 dramatically
spread in many other countries worldwide [2].

When the literature is examined, there is no specific

finding for newborns in the clinic. Infection in

newborns may progress with insidious or nonspecific
findings. Considering the clinical features that can be
seen, in addition to high fever, respiratory symptoms
such as tachypnea, groaning, cough, and tachycardia,
lethargy, vomiting, diarrhea, and abdominal distention
can be seen [3-6]. During previous pandemics, cases
of newborns suffering from respiratory infections were
frequently reported. The limited data available on
COVID-19-positive infants indicate that these patients
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have benign infections [8], although concerns about
preterm delivery and low birth weight [7]. Available
data for SARS-CoV-2-positive preterm newborns sug-
gest that infected neonates (even if extremely pre-
term) may not be susceptible to serious disease with
clinically significant or major morbidity [8].

A limited number of infant infections related to
COVID-19 have been reported to date. It is known
that COVID-19 has been defined as a mild disease in
newborns. However, there are certain concerns about
this issue especially among pediatricians and parents.
More data are needed on the effects of the infection
on newborns, both in terms of efficacy and appropri-
ate care. There are many unclear issues regarding
newborns. This systematic review aims to investigate
the available evidence describing neonatal outcomes
in newborns who have SARS-CoV-2 infection in order
to quide prevention of COVID-19 in newborns.
Moreover, what are the clinical characteristics of con-
firmed COVID-19 in newborns? To answer their ques-
tions and to present them in accordance with the
evidence systematically by reviewing the current litera-
ture is aimed.

Materials and methods

Prior to undertaking the review, we registered the
protocol in the International Prospective Register of
Systematic Reviews (PROSPERO) (CRD42020204737;
https://www.crd.york.ac.uk/prospero/display_record.
php?RecordlD=204737). The Preferred Reporting Items
for Systematic reviews and Meta Analyses (PRISMA)
checklist was applied as a writing and reporting guide-
line. Prism flow diagram has been created [9]. The
scanning of the related publications was carried out
retrospectively in the form of electronic search in
databases. The studies conducted after 1 December
2019 investigating clinical characteristics of confirmed
COVID-19 in newborns were examined between 20
August and 23 September 2020.

This section describes the design of the study,
inclusion/exclusion criteria, screening strategy, evalu-
ation, and reporting stages.

Formulation of the questions

The question formulated for this systematic review:
Has COVID-19 death been reported in newborns?
Are there any different characteristics in newborns
than adults?
Information on all these topics is limited. More
information is needed on all these issues.

Design of the study

The study examining clinical characteristics of con-
firmed COVID-19 in newborns is a kind of system-
atic review.

Eligibility criteria

Studies were selected according to criteria around the
population, intervention, comparator, outcome(s) of
interest, and study design (PICOS framework) [10].
These are detailed as follows:

Type of population
Newborns with COVID-19 that confirmed within
28 days of birth are included.

Type of interventions

COVID-19 infection was diagnosed via reverse tran-
scription-polymerase chain reaction (RT-PCR) or
serological.

Type of comparators
There will be no
of comparator.

restrictions on the type

Type of outcome measurements

Neonatal clinical outcomes (NICU admission, fatality,
infection, fever, mechanical ventilation, birth weight,
gender, gestation week, Apgar Score, where the test
sample was taken, how many days later diagnosis real-
ized, pneumonia, resuscitation, and symptoms (fever,
vomits, GIS symptoms, respiratory difficulty, tachypnea,
cough, neurologic symptoms, and cyanosis), laboratory
finding). Answer to be given for the question “What
are the important clinical characteristics of confirmed
COVID-19 specific to newborns?”

Study design

The selection criteria have been summarized in
Table 1.

Research strategy

MeSH for keywords English (Medical Subjects
Headings) and Turkey Science Terms to create the
Turkish equivalent of the English keywords (TBT) were
used for the content. Review has been made accord-
ing to the keywords specified for scans using
MEDLINE, Web of Science, PubMed, Scopus, and key
words of “Newborn” (neonatal OR clinical characteris-
tics newborn OR infants less than 1 month OR infants
less than 28 weeks OR Neonate) AND “clinical
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Table 1. Inclusion criteria and exclusion criteria.
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Inclusion criteria

Exclusion criteria

Studies with 0-28 d age infants whose were confirmed COVID-19

Newborns whose confirmed COVID-19 infection who are taken care home
or hospital or newborn care units

Randomized controlled studies cross-sectional studies, cohort,
case—control, case reports, and case series

The studies published in Turkish and English
Published after 1 December 2019.

Newborns upper 28 d of age
Newborns whose non-confirmed COVID-19 infection in intensive care unit

Expert opinions

Qualitative studies

Unpublished theses

Summary studies

Systematic Reviews, rapid review

The studies published out of Turkish and English
Meconium aspiration in newborn

presentation” (epidemiology OR symptoms OR clinical
course OR features) AND “COVID-19” (Coronavirus OR
COVID-19 OR Sars-Cov2 OR coronavirus disease 2019
OR Novel Coronavirus OR 2019-nCoV). The search was
performed independently by two authors, and dis-
agreements were resolved through discussion with
the third author. No constraints were placed on lan-
guage, year of publication, and participant characteris-
tics to ensure a comprehensive search and identify
the maximum number of potential articles. Authors of
specific articles were contacted to obtain additional
information if necessary.

Study selection

The study selection process was based on the PRISMA
flow diagram. Existing studies for systematic review
were screened by the authors (OKS, S.Y.C, N.C, OK,
and M.K). We identified a high number of case reports
and case series. Appropriate or potentially appropriate
articles were independently taken by the authors
((3.K.S, S.Y.GC, N.G, OK, and MK) for abstract and full-
text review. Disputes at every stage of the screening
process were resolved through discussion and consen-
sus. The studies that meet the inclusion criteria from
the summaries were recorded with the program
EndNote (EndNote X9) and their full texts were
reached. The scanning process was reported in a
PRISMA flow diagram (Figure 1).

Data extraction and management

The approach of populations, interventions, compara-
tors, and outcomes (PICO’s) were used. The authors
(O.K.S, S.Y.G, and N.C) independently extracted data on
trial features, methodology, participant features, inter-
vention features, outcome measures, and outcome
data. Any dispute was resolved with the help of dis-
cussion or other authors. The data were extracted as
include: authors, publication year, country, definition
of participants, research methods, neonatal age, symp-
toms at admission, laboratory and radiological

findings, neonatal outcomes, sample collection (neo-
natal nasal, pharyngeal, rectal swab or endotracheal
aspirate, or bronchoalveolar lavage), and results.
Neonatal clinical presentations were evaluated. Articles
following the diagnostic criteria for COVID-19 based
on the “COVID — 19 Laboratory Testing/CDC
Guidelines by CDC” and “Neonatal and Perinatal
approaches to neonatal infants with COVID-19 (Sars-
CoV2) infection or suspected (v2) issued by Turkish
Neonatological Society” were considered [11,12]. PCR
tests were used for the CDC to confirm infection [11].
The above-mentioned diagnostic criteria of COVID-19
include; positive in RT-PCR tests for SARS-CoV-2 in
respiratory or blood sample. Viral tests are recom-
mended to confirmed infection [12].

Moreover, considering the risk of false-negative
results of laboratory tests (possibly related to low virus
titers, inappropriate swabbing sites, or variability on
laboratory test performance), positive results from all
tests was decided (ex. 24 h, 72h, 96 h, etc.) [13].

Coding method

The coding table of the studies we have included in
the systematic review include study type, design/sam-
ple size, aim of the study, data collection tool, study
results, and recommendations.

Assessment of risk of bias compilations

Quiality assessments for each study were carried out
by two independent researchers. The quality assess-
ment tool for quantitative studies (QATQS) was used
for quantitative studies. QATQS was used to evaluate
the selection bias of the studies, study design, con-
founders, blinding, data collection method, and exclu-
sion/abandonment. Furthermore, this provides an
opportunity of assessment on the integrity and ana-
lysis of the studies examined. The validity and reliabil-
ity studies of the original scale were conducted by
Thomas et al. [14]. Validity and reliability of the tool’s
Turkish version (T-QATQS) were made by Ergin and
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The studies included in the study after

Figure 1. The flow chart (Flow diagram) in the selection of the studies.

Akin (2018) [15]. With this tool, the methodological
quality of the studies can be classified as “weak,”
“medium,” and “strong.” Evaluation if there is no weak
score after scoring each field (selection bias of studies,
study design, confounders, blinding, data collection
method, and exclusion/abandonment) in line with the
scale legend, the study is “strong” in terms of method-
ology; “medium” if there is one weak score; if there
are two or more weak points, it is considered as
“weak.” As a result of the evaluation, the studies with
“medium” and “strong” scores are included in the sys-
tematic review. The measurement tool we used in
quality assessment was developed by the public
health group. This measurement tool focuses on exter-
nal validity in the selection bias category and is
actively used in field studies. In many studies that
evaluated when evaluating quality with this measure-
ment tool, it has been determined that the population
selection does not comply with the external validity

condition since it is made in a clinical setting. For this
reason, after the selection bias was ignored in the
studies where the quality assessment was made in
order to prevent data loss due to the selection bias
category, the studies with medium and strong quality
levels were included in the systematic review. The
quality assessment of the studies was done by two
experienced independent researchers. Researchers
evaluating the quality of the research also realized the
coding simultaneously.

Statistical analysis

Statistical analysis was performed using Microsoft
Excel (Microsoft Corporation, 2018). Categorical varia-
bles were expressed as the number of cases (N) and
percentages (%). Continuous variables were expressed
as the mean with standard deviation (SD).
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Figure 2. Graph showing the distribution of the scores received from each field according to the QATQS of all studies assessed in

quality (n=28).

Ethical aspect of the research

In order to use the QATQS used in the study, written
permission was obtained from Emine Ergin who was
done validity and reliability in Turkish. No funding
sources were used in this research.

Result
Search results

With the help of keywords, a total of 1051 studies were
obtained in the scanning performed in four databases.
Of 1051 studies, 489 were eliminated due to duplica-
tion. In the evaluation of the full texts by the researcher
after the elimination of the duplications. A total of 526
studies were eliminated because it was irrelevant to the
subject (n=216), published in a language other than
English and Turkish (n=21) and was not suitable for
the study design (n=289). The full texts of the remain-
ing 36 studies were examined by two independent
researchers in terms of suitability and quality. In the
evaluation, one study was eliminated because it
received a weak score. Of the remaining 35 studies, 28
were case reports and were directly submitted to the
study. The remaining seven studies were evaluated
with the help of “Quality Assessment Tool for
Quantitative Research.” Six studies of medium score
and one study of high quality and included in the sys-
tematic review. The flow chart (Flow diagram) in the
selection of the studies is shown in Figure 1.

Features of the studies

Seven of the thirty five studies included in this system-
atic review are research articles. Populations of

evaluated studies consist of newborns with COVID-19
that confirmed within 28 d of birth are included. The
number of samples varies between one and eighteen.
Studies are cohort studies [8-14] and have been taken
as case reports [15-42]. Detailed coding table showing
the features and study results of the studies included
in the systematic review is given in Table 2.

Quality in studies (evidence quality)

The QATQS was used for quantitative studies. In the
quality assessment conducted by two independent
researchers, it was determined that all studies received
poor scores from the selection bias category. Studies
that received “medium” and “strong” scores from the
assessment made by ignoring the selection bias cat-
egory were included in the systematic review. The
score distribution of the eight studies included in the
systematic review according to the QATQS is shown in
Figure 2. In case report studies concluding with
laboratory findings were taken directly.

Study findings evaluating the clinical
characteristics of confirmed COVID-19
in newborns

Demographic characteristics of the newborns

The demographic characteristics of the included stud-
ies are summarized in Table 2. A total of 68 newborn
with confirmed COVID-19 were identified. Among
those patients, males were 34 and females were 16.
Nine neonates were delivered prematurely. A nasopha-
ryngeal swab was usually taken from the newborn for
testing. For the test, the sample was taken at the ear-
liest at the 16th hour and on the 27th at the latest.



Eight newborns received mechanical ventilation sup-
port. In the majority of the cases, 26 were admitted to
the NICU. Pneumonia was recorded in three cases.
Resuscitation was recorded in two cases. The fatality
case did not exist in any newborn due to COVID-19.
Death occurred in one case due to prematurity [41].

A newborn was excluded from the study because it
had meconium aspiration [26].

Clinical characteristics of the newborns

The coding table of the studies included reported
symptoms are summarized in Table 3. A total of 12
cases of infants were asymptomatic and 56 were
symptomatic. Most of the clinical characteristics of
newborns were respiratory difficulty 74% (29 cases)
and fever 63% (21 cases). It has been reported that 16
of 22 preterm babies have respiratory distress. While 8
of 16 babies received mechanical ventilation support,
14 of them had respiratory difficulty. Respiratory diffi-
culty was observed in 16 out of 35 term babies, but it
was determined that there were no term babies
receiving mechanical ventilation support. Some new-
borns have gastrointestinal (GIS) symptoms in the
form of diarrhea and feeding intolerance and abdom-
inal distension were present in 50% (10 cases).
Newborns neurologic manifestations symptoms in the
form of irritability, hypertonia, lethargy, hyporeactivity,
and hypotonia were present in 53% (9 cases). Other
symptoms include a cough in 42% (8 cases) and a few
cases with vomiting and cyanosis.

Laboratory findings of the newborns

The laboratory findings of the included studies are
summarized in Table 4. According to laboratory find-
ings, full blood count showed the following: leuco-
penia and lymphopenia were present in 11% (one
case) and 35% (nine cases), respectively. Monocytes
concentrations were raised in 12.5% (one case) and D-
dimer concentrations were raised in 67% (2 cases).
Hemoglobin concentrations were normal. Aspartate
transaminase (ALT) and aspartate transaminase (AST)
concentrations were raised in 9% (one case) and 58%
(seven cases), respectively. Procalcitonin (PCT) concen-
trations were raised in 10% (one case). White blood
cell concentrations were decreased by 19% (3 cases).
Raised C-reactive protein concentrations were present
in 22% (five cases).

Discussion

Based on our results from this systematic review,
COVID-19 is not as severe as to be fatal in the
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neonatal period. Also, according to the results we
obtained from the systematic compilation findings,
the most common findings in the neonatal period
were listed as respiratory distress (73%), fever (63%),
neurological (lethargy, irritability), and gastrointestinal
symptoms (50%). The most common symptom in
infants is associated with the respiratory tract, sug-
gesting that the respiratory tract of this age group is
not sufficiently developed and it can easily become
symptomatic with inflammation in this area. Different
age groups often also have different susceptibility to
COVID-19 infection [48,49]. It is well known that peo-
ple aged >70 vyears have higher mortality than
younger people [50,51]. Similar findings have been
found by different researchers. A study from Chicago
showed that 90-d-old babies who are positive for
COVID-19 tend to well with little to none respiratory
involvement [52]. The second important symptom is
fever. It is thought that the primary cause of fever in
newborns is due to released cytokines (interleukin [IL]-
1, IL-6, and IL-8). However, wider data are needed on
this subject [53]. According to our findings, COVID-19
signs and symptoms are less severe in newborns com-
pared to adults. It is the over-stimulating immune sys-
tem that causes a fatal reaction in adults. Adults, their
immune systems overreact to the virus, causing more
damage to their bodies. However, as babies interact
differently, they are less likely to occur in newborns.
Moreover, angiotensin-converting enzyme Il (ACE2)
was defined as cell receptor COVID-19. It is known
that that ACE2 receptors found in the children were
less sensitive to virus because the in-maturity and
function of ACE2 in babies might be fewer than that
in older persons [54]. The usefulness of the data we
fixed in laboratory findings in diagnosis is limited. In
this study, the most common laboratory findings
detected in patients were lymphocytopenia and neu-
tropenia. Lymphocytopenia in nine of the cases was
detected. Lymphocytopenia is a very common finding
in many viral diseases [55]. ICytokines (such as IL-6, IL-
8, IL-12) and chemokines released from macrophages
and lymphocytes in the blood attack infected cells.
Functional exhaustion of lymphocytes is very common
finding for COVID-19 infection [56]. Also, pulmonary
recruitment of immune cells from the blood and the
infiltration of lymphocytes into the airways may
explain the lymphopenia and increased neutrophil—-
lymphocyte ratio seen in around 80% of patients with
this infection. Besides lymphopenia, another laboratory
data were AST elevation, one of the liver enzymes.
These two findings may be due to viremia. A finding
that was detected in the foreground in other
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laboratory data could not be reached. This suggests
that there is no laboratory data suggesting COVID-19
infection in routine laboratory tests. Therefore, it
reveals the importance of tests such as PCR in diagno-
sis in cases with epidemiological compatibility. It has
already been understood that almost all of the cases
in this review are diagnosed in babies by PCR test
using nasopharyngeal swaps. If there were more
laboratory data, wider and stronger data could
be obtained.

The weight of the children included in this system-
atic review ranged from 960 to 4230g at different
margins. Many babies given weight values were
between 2.5 and 3.5kg. A significant relationship
between weight and frequency of infection was
not observed.

Conclusions

The most common symptoms in patients with COVID-
19 infection in the neonatal period are respiratory
tract symptoms and fever. It has been observed that
the COVID-19 infection detected in the neonatal
period is not fatal. However, data including more
cases are needed.

Limitation

In the studies reviewed within the scope of this sys-
tematic review, it is seen that joint pain and sore
throat, which are among the symptoms of newborns
diagnosed with COVID-19, are not evaluated in new-
borns. Although there are many scoring systems
related to the assessment of pain in newborns, it is a
limitation that pain was not evaluated in studies and
we recommend that studies be conducted in this dir-
ection. Another limitation is that there is no complete
information in some studies about where and how the
fever is measured in newborns, how many degrees
Celsius and how long it lasts. Another limitation of the
study is that quality evaluations could not be made
since there is no quality assessment tool with Turkish
validity and reliability for case reports.
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