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ABSTRACT
Objective  To summarise currently reported neonatal 
cases of SARS-CoV-2 infection.
Methods  A search strategy was designed to retrieve 
all articles published from 1 December 2019 to 12 May 
2020, by combining the terms ’coronavirus’ OR ’covid’ 
OR ’SARS-CoV-2’) AND (’neonat*’ OR ’newborn’) in 
the following electronic databases: MEDLINE/Pubmed, 
Scopus, Web of Science, MedRxiv, the Cochrane Database 
of Systematic Review and the WHO COVID-19 database, 
with no language restrictions. Quality of studies was 
evaluated by using a specific tool for assessment of case 
reports and/or case series.
Results  Twenty-six observational studies (18 case 
reports and 8 case series) with 44 newborns with 
confirmed SARS-CoV-2 infection were included in 
the final analysis. Studies were mainly from China 
and Italy. Half of neonates had a documented 
contact with the infected mother and one out of 
three infected neonates was admitted from home. 
Median age at diagnosis was 5 days. One out of 
four neonates was asymptomatic, and the remaining 
showed mild symptoms typical of acute respiratory 
infections and/or gastrointestinal symptoms. The 
majority of neonates were left in spontaneous 
breathing (room air) and had good prognosis after a 
median duration of hospitalisation of 10 days.
Conclusions  Most neonates with SARS-CoV-2 infection 
were asymptomatic or presented mild symptoms, 
generally were left in spontaneous breathing and had a 
good prognosis after median 10 days of hospitalisation. 
Large epidemiological and clinical cohort studies, as well 
as the implementation of collaborative networks, are 
needed to improve the understanding of the impact of 
SARS-CoV-2 infection in neonates.

INTRODUCTION
The COVID-19 pandemic continues to expand 
worldwide. At the time of drafting this paper (21 
May 2020), almost 5 million confirmed cases of 
COVID-19 have been reported worldwide, with 
over 300 000 deaths.1

COVID-19 contagion is mainly through respi-
ratory droplets or direct contact with infected 
subjects or contaminated surfaces.2 In neonates, 
vertical (intrauterine) transmission has also been 
postulated,3 4 but available evidence is insufficient 
to support this hypothesis.5 6

Available literature suggests that paediatric 
population may be less affected from COVID-19 
than adult population.7 8 However, infants (chil-
dren under 1 year) seem to be more vulnerable to 

SARS-CoV-2 infection with a higher severity of 
illness compared with other paediatric ages.9

Recent reviews have provided an overview of 
published information on paediatric patients with 
SARS-CoV-2 infection,10 11 while data on infected 
neonates has been limited, and no systematic 
reviews are available for newborns. Given the 
severity of the pandemic and the low incidence, a 
review focusing on infected neonates could provide 
a more informative picture to health caregivers 
involved in the management of neonates with 
SARS-CoV-2 infection.

This systematic review summarises currently 
reported neonatal cases of SARS-CoV-2 infection 
in order to offer an overview of clinical findings, 
diagnostic tests, management and prognosis of such 
vulnerable population.

METHODS
Study design

Search strategy
This is a systematic review of observational studies 
describing neonates with SARS-CoV-2 infection 
between December 2019 and May 2020. The 
review followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses reporting 
guideline.12

To identify relevant studies, we systematically 
searched MEDLINE/PubMed, Scopus, Web of 
Science, MedRxiv, the Cochrane Database of 

What is already known on this topic?

►► Recent reviews have provided an overview of 
published information on paediatric patients 
with SARS-CoV-2 infection, while data on 
infected neonates have been limited.

►► Given the severity of the pandemic and the 
low incidence in children, a review focusing 
on infected neonates could provide a more 
informative picture to health caregivers 
involved in the management of neonates with 
SARS-CoV-2 infection.

What this study adds?

►► Most neonates with SARS-CoV-2 infection were 
asymptomatic or presented mild symptoms, 
generally were left in spontaneous breathing 
and had a good prognosis.
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Systematic Review and the WHO COVID-19 database between 
1 December 2019 and 12 May 2020. Two researchers (MEC 
and MB) independently reviewed search results and screened 
titles/abstracts. A third researcher (DT) resolved any inconsis-
tency. We obtained the full texts of all potentially eligible studies. 
In PubMed, the following search strategy was used: (‘corona-
virus’ OR ‘Covid-19’ OR ‘SARS-CoV-2’) AND (‘neonat*’ OR 
‘newborn’). This search strategy was adapted to suit the other 
electronic sources. No language restrictions were applied. The 
reference lists of included articles were hand-searched to identify 
additional studies of interest.

Criteria for considering studies for this review
Observational studies describing neonates (babies younger than 
28 days) with SARS-CoV-2 infection were considered eligible 
for this review. SARS-CoV-2 infection was defined as the pres-
ence of a positive nasopharyngeal or anal swab and/or the pres-
ence of high levels of IgM.13 Only the most recent and complete 
data were included when duplicate publications reporting on 
similar patients were found. Studies not including humans were 
excluded.

Data collection
Two researchers (MEC and SC) independently extracted key 
data from the included studies. A third researcher (FC) checked 
the extracted data. For each study, we retrieved relevant data 

on study characteristics (ie, first author, month/year of publi-
cation and study design), demographics (ie, sex and gestational 
age), diagnosis, laboratory data (ie, white cell count and platelet 
count), clinical characteristics (ie, symptoms), treatment (ie, 
respiratory support and antibiotics), nutrition and outcome 
(length of hospital stay and mortality).

Quality appraisal of included studies
Since the most common tools for assessing quality and/or 
risk of bias (such as Cochrane RoB tool, Risk of Bias in Non-
Randomized Studies (ROBINS) and Metodological Index for 
Non-randomized Studies (MINORS)) are not adequate for 
observational studies such as case reports and case series, we 
used the tool proposed by Murad et al14 for quality appraisal. 
The tool evaluates eight items under four domains (selection, 
ascertainment, causality and reporting) and can be applied to 
both case reports and case series.

The domain Selection includes one item that is graded as ‘high 
quality’ if the patient(s) represent(s) the whole experience of the 
investigator (centre) or ‘low quality’ if the selection method is 
unclear to the extent that other patients with similar presenta-
tion may not have been reported.

The domain Ascertainment includes two items (about expo-
sure and outcome) that are graded as ‘high quality’ if expo-
sure/outcome were adequately ascertained and ‘low quality’ 

Figure 1  Flow chart of included studies.
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otherwise. The items were graded ‘unclear’ if the ascertainment 
was not reported in a clear way.

The domain Causality includes an item on alternative 
causes (graded as ‘high quality’ if other alternative causes that 
may explain the observation were ruled out and ‘low quality’ 
otherwise) and an item on follow-up (graded as ‘high quality’ 
if the follow-up was long enough for outcomes to occur and 
‘low quality’ otherwise). The items were graded ‘unclear’ if the 
ascertainment was not reported in a clear way. In this review, 
the other two items of Causality (about challenge/rechallenge 

phenomenon and dose–response effect) were not used because 
are mostly relevant to cases of adverse drug events.

The domain reporting includes one item that is graded as 
‘high quality’ if the cases were described with sufficient details 
to allow other investigators to replicate the research or to allow 
practitioners make inferences related to their own practice and 
‘low quality’ otherwise.

Two researchers (DT and FC) completed the quality appraisal 
by using the tool proposed by Murad et al, with a third researcher 
(EB) resolving any inconsistency.

Data synthesis
A narrative synthesis of included studies was conducted, because 
the study designs (case reports and case series) did not allow to 
perform a meaningful meta-analysis.

RESULTS
Study selection
Overall, the searches yielded 545 non-duplicated articles. Of 
them, 517 articles were excluded after title and/or abstract 
screening, and 28 articles were retrieved for full-text review. Two 
studies were further excluded (one full-text was not available and 
one did not include positive neonates), and no additional studies 
were found via hand search. Ultimately, 26 observational studies 
(18 case reports and 8 case series) were included in the qualita-
tive synthesis (figure 1).3 4 15–38 Twenty-four were in English and 
two in Chinese. Publication time was from March to May 2020. 
Main sources were China (10 studies) and Italy (five studies). A 
total of 44 newborns with SARS-CoV-2 infection were described 
(table 1).

Quality assessment of included studies
Summary of quality assessment is shown in figure 2. Quality of 
selection was high in seven studies (27%) where the patients 
represented the whole experience of the investigator/centre. All 
studies (100%) diagnosed SARS-CoV-2 infection using swab and/
or serology (high quality of ascertainment of exposure), while 
20 studies (77%) adequately ascertained the outcome measures 
(high quality). Other alternative causes (that may explain the 
observation) were ruled out in 11 studies (42%, high quality), 
and the follow-up was long enough for outcomes to occur in 16 
studies (62%, high quality). Eighteen studies (69%) described 
the cases with sufficient details to allow other investigators to 
replicate the research or to allow practitioners make inferences 
related to their own practice (high quality). Details on quality 
assessment are reported in online supplemental table 1.

Demographics and diagnosis of neonates with SARS-CoV-2 
infection
Demographics and diagnosis of neonates with SARS-CoV-2 
infection are summarised in table 2. Diagnosis was achieved by 
swab in 41 neonates (median 1 positive swab, IQR 1–2) and by 
serology in three neonates. Among these, SARS-CoV-2 IgM and 
IgG concentrations were higher than normal level (<10 AU/mL) 
at day 1 (two neonates) and at days 2 and 16 (one neonate). 
Thirty-five mothers (80%) were tested positive for SARS-CoV-2 
(31 by swab and 4 by swab+serology), and 32 of them were 
symptomatic. Contact with infected mother was reported in 
16 neonates (44%). Median age at diagnosis was 5 days (IQR 
2–17). Radiological pattern of pneumonia was indicated in 
15/21 neonates (71%). Thirty neonates (68%) were admitted 
to neonatal ward immediately after birth, while 14 (32%) were 
admitted to hospital from home.

Table 1  Summary of included studies

Author
Publication 
date

Study 
design Country

Newborns 
with 
SARS-CoV-2 
infection

Wang et al15 12 March 2020 Case report China 1

Alonso Díaz et al16 13 March 2020 Case report Spain 1

Kamali Aghdam 
et al17

23 March 2020 Case report Iran 1

Zeng et al4 26 March 2020 Case series China 3

Dong et al3 26 March 2020 Case report China 1

Wang et al18 March 2020 Case report China 1

Zeng et al19 2 April 2020 Case report China 1

Zhang et al20 8 April 2020 Case series China 4

Carosso et al21 14 April 2020 Case report Italy 1

Han et al22 16 April 2020 Case report Korea 1

Meslin et al23 16 April 2020 Case series France 5

Zamaniyan et al24 17 April 2020 Case report Iran 1

Alzamora et al25 18 April 2020 Case report Perù 1

Hu et al26 24 April 2020 Case series China 1

Chacón-Aguilar 
et al27

27 April 2020 Case report Spain 1

Ferrazzi et al28 27 April 2020 Case series Italy 3

Sun et al29 28 April 2020 Case report China 1

Sinelli et al30 1 May 2020 Case report Italy 1

Buonsenso et al31 2 May 2020 Case report Italy 1

Piersigilli et al32 7 May 2020 Case report Belgium 1

Coronado Munoz 
et al33

7 May 2020 Case report USA 1

Knight et al34 11 May 2020 Case series UK 6

Lorenz et al35 12 May 2020 Case report Germany 1

Zeng et al36 12 May 2020 Case series China 2

Salvatori et al37 15 May 2020 Case report Italy 2

Yu et al38 20 May 2020 Case series China 1

Figure 2  Summary of quality assessment of included studies (case 
report and case series).
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Laboratory findings of neonates with SARS-CoV-2 infection
Few information about laboratory findings were reported in the 
included studies (online supplemental table 2). Abnormal white 
cell count was indicated in 3/21 neonates (14%), lymphopaenia 
in 4/17 (24%) and abnormal platelet count in 3/11 (27%). 
Alanine aminotransferase and aspartate aminotransferase were 
abnormal in 1/15 (7%) and 5/16 (31%) neonates. Positive blood 
culture was found in 2/13 (15%) neonates.

Clinical characteristics, treatment and outcome of neonates 
with SARS-CoV-2 infection
Symptoms occurred in 26/38 neonates (68%) at median 10 days 
(IQR 2–19). The most common symptoms were fever (50%), 
gastrointestinal symptoms (26%), hypoxia (20%) and cough 
(20%). The majority of neonates (27/36, 75%) were managed in 
spontaneous breathing (room air). Nutrition with formula was 
used in 17/28 neonates (61%). All neonates were discharged at a 
median length of hospital stay of 10 days (IQR 6–14) (table 3).

DISCUSSION
This review offers an overview of published cases of neonates 
with SARS-CoV-2 infection during the 2019–2020 pandemic. To 
date, 26 studies (case reports and case series) described a total of 
44 infected neonates.

To our knowledge, this is the first systematic review focusing 
on neonates with confirmed SARS-CoV-2 infection. Clinical 
data from infected adults and children have been available since 
January and February 2020, respectively, while information on 
infected neonates has become available since March 2020.10 
Although SARS-CoV-2 infection is still spreading worldwide, 
this review on the first published cases can provide useful infor-
mation to help clinicians and stakeholders in the management of 
neonates with SARS-CoV-2 infection.

Overall, SARS-CoV-2 infection was diagnosed with a swab 
(nasopharyngeal, throat or anal) in all neonates but three at 
median 5 days of life. The source of infection in neonates remains 

unclear. Around half of neonates had a documented contact 
with the infected mother, thus suggesting contact with different 
infected subjects (ie, family members or health caregivers) for 
the other neonates. Of note, one out of three infected neonates 
was admitted from home. Vertical (intrauterine) transmission 
of SARS-CoV-2 has been hypothesised39 but is difficult to rule 
out.3 4 40 In addition, respiratory viruses (ie, Middle East respi-
ratory syndrome coronavirus and SARS) did not show infection 
through vertical (intrauterine) transmission.39

It is noteworthy that about a quarter of infected neonates 
were asymptomatic, while the majority showed mild symptoms 
typical of acute respiratory infections (such as fever, hypoxia 
and cough), in agreement with available data on children.10 11 
Neonates were more like to present with gastrointestinal symp-
toms (26%) compared with literature information on children 
and adults.11

Respiratory management was performed according to the 
mild clinical status of infected neonates, with the majority of 
them left in spontaneous breathing (room air). Only 1 out of 10 
neonates needed mechanical ventilation, but we cannot exclude 
that concomitant conditions (ie, prematurity) may have contrib-
uted to the clinical status.

Nutrition of neonates during SARS-CoV-2 pandemic requires 
specific considerations.41 42 Breast feeding from infected mothers 
remains a conflicting aspect, with some institutions supporting 

Table 2  Summary of demographics and diagnosis of neonates with 
SARS-CoV-2 infection

n/N neonates (%) or 
median (IQR)

Demographics

 � Males 18/31 (58)

 � Gestational age, weeks 39 (37–40)*

 � Birth weight, g 3205 (3000–3375)†

 � 5 min Apgar score 9 (9–10)‡

 � Caesarean section 19/26 (73)

 � Breast feeding at birth 7/25 (28)

 � Rooming-in 5/22 (23)

Diagnosis

 � Diagnosis by swab (nasopharyngeal, throat or anal) 41/44 (93)

 � Diagnosis by serology (IgM) 3/44 (7)

 � Chest X-ray 17/24 (71)

 � Chest X-ray and CT scan 4/24 (17)

 � No chest X-ray or CT scan 3/24 (12)

 � Radiological pattern of pneumonia 15/21 (71)

 � Contact with infected mother 16/36 (44)

 � Age at diagnosis, days 5 (2–17)§

 � Age at hospital admission, days 1 (1–17)¶

 � Admissions from home 14/42 (33)

Data available in *32, 2†0, ‡13, §36 and ¶26 neonates.

Table 3  Clinical characteristics, treatment and outcome of neonates 
with SARS-CoV-2 infection

n/N neonates (%) or 
median (IQR)

Symptoms

 � Symptomatic neonates 26/38 (68)

 � Onset of symptoms, days 10 (2–19)

 � Fever 17/34 (50)

 � Gastrointestinal symptoms (diarrhoea and vomiting) 9/34 (26)

 � Hypoxia 7/35 (20)

 � Cough 7/34 (20)

 � Tachycardia 3/34 (9)

 � Shortening of breathing 3/34 (9)

 � Rhinorrhoea 2/34 (6)

 � Seizures 1/34 (3)

 � Skin lesions 0/34 (0)

 � Conjunctivitis 0/34 (0)

Therapy

Respiratory management:

 � Spontaneous breathing (room air) 27/36 (75)

 � Oxygen supplementation 3/36 (8)

 � Non-invasive respiratory support 2/36 (6)

 � Mechanical ventilation 4/36 (11)

 � Complications* 2/35 (6)

 � Antibiotics 7/35 (20)

 � Antiviral drugs 0/35 (0)

Nutrition

 � Breast feeding 8/28 (28)

 � Pump milk 3/28 (11)

 � Formula 17/28 (61)

Outcome

 � Length of hospital stay, days 10 (6–14)†

 � Mortality 0/44 (0)

*Both neonates had pneumothorax.
†Data available in 24 neonates.
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breast feeding under appropriate precautions43–45 and other 
institutions recommending milk formula.46 Breast milk samples 
from six infected mothers were tested negative for SARS-CoV-2 
by Chen et al,40 but more information is needed to rule out this 
route of transmission. Our findings mirror such heterogeneous 
positions, with 28% of neonates receiving breast feeding, 11% 
feeding on maternal milk but not in contact with the mother and 
61% not feeding on maternal milk and not in contact with the 
mother.

Overall, prognosis of neonates with SARS-CoV-2 infection was 
good, with all of them discharged alive after a median hospital 
stay of 10 days. While median duration of hospitalisation was 
comparable among neonates, children and adults,11 47 48 litera-
ture data stress the different impact of the disease in neonates/
children versus adults who have worse prognosis.7 Many hypoth-
eses have been suggested to explain this fact, including a lower 
ACE2 expression, the receptor that SARS-CoV-2 uses for host 
entry, less proinflammatory cytokine response, a stronger innate 
immune response and a higher proportion of total lymphocytes 
and absolute numbers of T and B cells.49 50 Of note, recent liter-
ature suggested some differences in prognosis within paediatric 
population, where being younger than 1 month was associated 
with increased likelihood of admission to intensive care unit.51 
Furthermore, children may require less intensive care support 
than adults, but each child is expected to occupy the intensive 
care bed for prolonged time, with relevant consequences on 
service planning.51

Our findings should be interpreted within some limitations. 
First, all included studies were case reports and small case series, 
with low quality of reporting and generalisability. Second, the 
pandemic is not concluded yet, thus this review offers only 
preliminary findings, as more cases are expected to be reported 
in the next future. However, the summary of available litera-
ture can guide health caregivers in the management of neonates 
infected with this new virus, as well as suggest areas of improving 
for future reporting.

CONCLUSIONS
This systematic review summarises clinical data and management 
of neonates with SARS-CoV-2 infection. All evidence results 
from case reports and small case series, mainly from China 
and Italy. Source of infection remains unclear because around 
half of neonates had a documented contact with the infected 
mother, and one out of three infected neonates was admitted 
from home. One out of four neonates was asymptomatic, and 
the remaining showed mild symptoms typical of acute respira-
tory infections and/or gastrointestinal symptoms. The majority 
of neonates were left in spontaneous breathing (room air) and 
had good prognosis after a median duration of hospitalisation 
of 10 days. Nutrition policy was heterogeneous (including breast 
feeding, pump milk and formula), mirroring the different inter-
national recommendations. While this review offers a prelimi-
nary overview of clinical data and management of neonates with 
SARS-CoV-2 infection, large epidemiological and clinical cohort 
studies, as well as the implementation of collaborative networks, 
are needed to improve the understanding of the impact of 
SARS-CoV-2 infection in neonates.
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