
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00431-021-04358-8

ORIGINAL ARTICLE

Epidemiologic and clinical characteristics of neonates with late‑onset 
COVID‑19: 1‑year data of Turkish Neonatal Society

Ilke Mungan Akin1  · Mehmet Kenan Kanburoglu2 · Cuneyt Tayman3 · Mehmet Yekta Oncel4,5 · 
Timucin Imdadoglu6 · Mustafa Dilek7 · Akan Yaman8 · Fatma Narter9 · Ilkay Er10 · Hasan Kahveci11 · Omer Erdeve12 · 
Esin Koc13 · Neo-Covid Study Group

Received: 6 September 2021 / Revised: 16 December 2021 / Accepted: 19 December 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
The literature on neonates with SARS-CoV-2 is mainly concerned with perinatal cases, and scanty data are available about 
environmentally infected neonates. To fill knowledge gaps on the course and prognosis of neonatal cases, we analyzed 
1-year data from the Turkish Neonatal Society in this prospective cohort study of neonates with postnatal transmission. 
Data from 44 neonatal intensive care units (NICUs), of neonates with positive RT-PCR results at days 5–28 of life, were 
extracted from the online registry system and analyzed. Of 176 cases, most were term infants with normal birth weight. 
Fever was the most common symptom (64.2%), followed by feeding intolerance (25.6%), and cough (21.6%). The median 
length of hospitalization was 9 days, with approximately one quarter of infants receiving some type of ventilatory support. 
Myocarditis (5.7%) was the most common complication during follow-up. Among the clinical findings, cough (odds ratio 
[OR]: 9.52, 95% confidence interval [CI]: 4.17–21.71), tachypnea (OR: 26.5, 95% CI: 9.59–73.19), and chest retractions 
(OR: 27.5, 95% CI: 5.96–126.96) were associated with more severe clinical disease. Also, there were significant differences 
in the C-reactive protein level, prothrombin time (PT), partial thromboplastin time, international normalized ratio, and days 
in the NICU (p = 0.002, p = 0.012, p = 0.034, p = 0.008, and p < 0.001, respectively) between patients with mild-moderate 
and severe-critical presentations. A PT above 14 s was a significant predictor of severe/critical cases, with a sensitivity of 
64% and specificity of 73%.

Conclusions: Our data showed that late-onset COVID-19 infection in neonates who need hospitalization can be severe, 
showing associations with high rates of ventilatory support and myocarditis. Cough, tachypnea, and retractions on admis-
sion suggest a severe disease course.

Trial registration: ClinicalTrials.gov identifier: NCT04401540.

What is Known:
• Neonatal cases of COVID-19 infection are mainly reported as perinatal COVID-19 cases.
• Neonates with perinatal transmission have a mild course and favorable prognosis.
What is New:
• Among symptomatic neonates with late-onset COVID-19 infection, fever was the most common symptom, and almost one quarter of hospital-

ized cases needed some type of respiratory support. Myocarditis was the most common complication.
• The presence of cough, tachypnea, retractions, and a PT above 14 s were associated with an increased risk of severe COVID-19.
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NICU  Neonatal intensive care unit
PT  Prothrombin time
PTT  Partial thromboplastin time
RT-PCR  Reverse transcriptase–polymerase chain 

reaction
SARS-CoV-2  Severe acute respiratory syndrome 

coronavirus-2
TNS  Turkish Neonatal Society
WHO  World Health Organization

Introduction

During the novel coronavirus 2019 (COVID-19) pandemic 
caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), millions of people have been hospitalized 
and many have died [1, 2]. The worldwide medical com-
munity has deployed its considerable resources to acquire 
knowledge about the virus, including how it spreads, the 
characteristics and course of the infection, and avenues for 
treatment and prevention (e.g., through vaccines) [3].

In the early stages of the pandemic, the likely presenta-
tion in neonates was unclear, as data from Chinese sources 
were scarce; even the route of transmission was uncertain. 
Vertical transmission, particularly in mothers with a posi-
tive SARS-CoV-2 reverse transcriptase–polymerase chain 
reaction (RT-PCR) test in the last 14 days of pregnancy, was 
evaluated in various articles [4–9]. As some articles reported 
on lower expression of nasal epithelial SARS-CoV-2 entry 
receptors in newborns, postnatal horizontal transmission 
may have been overlooked [10, 11].

To fill knowledge gaps on the course and prognosis of 
neonatal cases of SARS-CoV-2 infection, the incidence, 
symptoms, and severity should be thoroughly documented 
and reported to enable creation of a database, along with 
rational, evidence-based management guidelines. In our 
previous study, we reported the data of 37 symptomatic 
neonates with postnatal horizontal transmission during the 
early pandemic period; here, we report 1-year data for neo-
nates with postnatal horizontal transmission from the Turk-
ish Neonatal Society (TNS), including previously published 
cases [12].

Materials and methods

On March 2020, after the World Health Organization 
(WHO) declared COVID-19 a pandemic, the TNS con-
ducted a multicenter prospective observational cohort 
study and established an online registry for late-onset 
neonatal COVID-19 cases who had RT-PCR-proven 
SARS-CoV-2 infection after 5 days of birth, as defined by 

Sankaran et al. [13]. Clinical directors in neonatal inten-
sive care units (NICUs) nationwide were made aware of 
this study, and 44 NICUs from 32 cities in Turkey partici-
pated. The NICUs were asked to add all neonates admitted 
to the emergency room or outpatient clinics meeting the 
inclusion criteria to the online registry system. Records 
between March 2020 and February 2021 were pooled and 
analyzed. Management of newborns with, or at risk of, 
COVID-19 was in accordance with the guidelines of the 
TNS and Turkish Ministry of Health [14, 15].

In the presence of high-risk factors such as fever, 
hypoxia (oxygen saturation < 92%), feeding intolerance, 
and lethargy, newborns were admitted to an isolation 
room or designated area for COVID-19 patients within the 
NICU. Access to the patients’ rooms and care thereof were 
in accordance with the recommendations of the TNS [14].

Nasopharyngeal/oropharyngeal swabs were obtained on 
admission, and every 2 days thereafter, using a kit from 
Bioeksen (Istanbul, Turkey) and following the WHO 
guidelines for performing RT-PCR in laboratories certi-
fied by the Ministry of Health.

The decision to breastfeed was made on a case-by-case 
basis after consulting with the parents, until the WHO 
provided definitive guidance on June 23, 2020 (16). In 
response to increasing knowledge of breastmilk safety, 
mothers were encouraged to breastfeed their infants while 
wearing a face mask after careful handwashing, or to 
express their breast milk to establish a supply.

Case definitions

Neonates aged 5–28 days with positive RT-PCR results 
were included in this study; RT-PCR samples were taken 
from neonates with symptoms and/or a history of COVID-
19 contact after birth. Patients were classified according to 
the presence of respiratory and non-respiratory symptoms, 
and in terms of disease severity (as defined by Dong et al.) 
(17). All neonates, regardless of whether they were admit-
ted to an NICU, were followed up, and contact tracing was 
implemented by the Ministry of Health for at least 14 days.

Data were recorded in electronic case report forms using the 
online data registry system (www. trials-network.org), includ-
ing demographic, epidemiologic, and clinical features; medical 
history (congenital malformations, antenatal, natal, and post-
natal risk factors, and perinatal course); treatments; breastfeed-
ing history; and any recent contact with COVID-19 patients. 
Signs and symptoms including fever, cough, respiratory distress, 
vomiting, feeding intolerance, diarrhea, irritability, and somno-
lence were recorded. Laboratory and radiological examination 
results were investigated. Supportive treatments include fluids 
and electrolytes, empirical antibiotic therapy until sepsis was 
ruled out, and oxygen therapy and advanced respiratory sup-
port with mechanical ventilation were recorded. Patients were 
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discharged according to discharge criteria defined by the TNS 
[14]. Length of hospitalization, complications, and mortality 
were also recorded.

Ethics approval

The study was approved by the Online Studies Scientific 
Steering Committee of the TNS, the Institutional Review 
Board of Rize University School of Medicine, and the Review 
Board of the Ministry of Health. Written informed consent 
was obtained from the parents or guardians of the newborns.

Statistical analyses

Statistical analyses were performed using the SPSS statistical 
software for Windows (ver. .21.0; SPSS Inc., Chicago, IL, 
USA). Continuous values are presented as the mean ± stand-
ard deviation (SD), or as median (range) according to the 
homogeneity of the distribution, which was evaluated by the 
Kolmogorov–Smirnov test. Student’s t-test was used for ana-
lyzing continuous variables with a normal distribution, and 
the Mann–Whitney U and Kruskal–Wallis tests were used 
for analyzing continuous variables that did not exhibit a nor-
mal distribution. Categorical data are presented as numbers 
(n) and frequencies (%), and were analyzed by the χ2 test. 
A p-value of < 0.05 was considered statistically significant.

Role of the funding source

This study was supported by the TNS, which funded the 
online registration system used by the study. The TNS had no 
role in the study design, data analysis, decision to publish, or 
preparation of the article. The corresponding author had full 
access to all the data in the study and took final responsibility 

for the decision to submit the manuscript for publication. The 
final version of the manuscript was approved by all authors. 
No honorarium, grant, or other form of funding was provided 
to any author in connection with the study.

Results

The data of 198 neonates were extracted from the online registry 
system. Of these, 22 were excluded due to inappropriate or inad-
equate data, such that the data of 176 neonates were included in 
the analysis and the distribution of these cases during one year 
period is analyzed (Fig. 1). The majority of the patients (93.2%) 
were from urban areas, and 50% were from the two biggest cities 
in Turkey (Istanbul and Ankara) (Table 1).
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Fig. 1  Distribution of late-onset neonatal COVID-19 cases during one year period

Table 1  Demographic characteristics of neonates with RT-PCR 
proven SARS-CoV-2 infection

wksweeks, g gram, AGA  appropriate for gestational age

Results

Gestational age (wks) (mean ± SD) 38.2 ± 1.6
Birth weight (g) (mean ± SD) 3219 ± 506
  AGA infants (n, %) 157 (89.2)

Sex, female (n, %) 70 (39.8)
Delivery mode, vaginal delivery (n, %) 91 (51.7)
Age at admission (days) (mean ± SD) 15.3 ± 7.6
Source of infection
  Unknown (n, %) 30 (17)
  Family members within the same house (n, %) 137 (77.8)
    RT PCR positivity in mother (n, %) 116 (65.9)
  Someone other than family members (n, %) 7 (4)
  Nosocomial (n, %) 2 (1.1)

Healthcare worker parent (n, %) 7 (4)
Number of people in the house (n) (median, min–max) 4 (2–10)
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The mean gestational age was 38.2 ± 1.6 weeks, and the 
mean birth weight was 3,219 ± 506 g. Of the 176 patients, 91 
(51.7%) were born via vaginal delivery. The median Apgar 
scores were 8 and 9 at 1 and 5 min after birth, respectively. The 
mean diagnosis time was 15.4 ± 7.6 days after birth. The source 
of infection was known in 146 (83%) cases (infected by a family 

member living within the same house, n = 137 (77.8%); infected 
by an individual other than a family member, n = 7 (4%)). Only 
two (1.1%) cases were nosocomial in origin (Table 1).

In total, 157 (89.2%) neonates were admitted to hospital 
with at least one of the predefined symptoms. Fever was 
the most common complaint in 113 (64.2%) patients, fol-
lowed by feeding intolerance (n = 45, 25.6%), cough (n = 38, 
21.6%), tachypnea (n = 33, 18.8%), chest retractions (n = 22, 
12.5%), and diarrhea (n = 14, 8%). Fever was sometimes 
accompanied by respiratory (n = 23, 13.1%) or gastrointes-
tinal symptoms (n = 23, 13.1%). A rash was present in only 
three infants (1.7%), without any accompanying symptoms; 
in one of these patients, there were clinical and laboratory 
findings of myocarditis during follow-up (Table 2). All labo-
ratory findings are summarized in Table 3.

Of the infants, 170 were hospitalized, with a median stay 
of 9 days (range: 1–70 days). Breastmilk was available for 
134 (76.1%) patients, either via breastfeeding or expressed 
breastmilk (Table 4). In total, 69 infants (39.2%) did not 
receive any specific treatment, while 95 (54%) received 
antibiotics including ampicillin, gentamicin, vancomycin, 

Table 2  Clinical features of neonates with RT-PCR proven SARS-
CoV-2 infection and admitted to hospital

GIS gastrointestinal system, CT computed tomography, DICdissemi-
nated intravascular coagulation, PPE personal protective equipment, 
nCPAP nasal continuous airway pressure

Complaints n (%)

Asymptomatic 19 (10.8)
Fever 113 (64.2)
  Only fever 45 (25.6)
  + Any respiratory symptoms 23 (13.1)
  + Any GIS symptoms 23 (13.1)
  + Respiratory and GIS symptoms 11 (6.2)
  + Somnolence/irritability 5 (2.8)

Feeding intolerance 45 (25.6)
Cough 38 (21.6)
Tachypnea 33 (18.8)
Retractions 22 (12.5)
Diarrhea 14 (8)
Rhinorrhea 14 (8)
Somnolence/Irritability 13 (7.4)
Rash 3 (1.7)
Hospitalization (n, %) 170 (96.6)
Chest CT (n, %) 8 (4.5)
  Groundglass/consolidation 4 (2.2)

Complications
  Myocarditis (n, %) 10 (5.7)
  DIC (n, %) 1 (0.6)
  Multiple organ dysfunction (n, %) 1 (0.6)

Feeding type
  Breastfeeding with PPE (n, %) 31 (17.6)
  Expressed milk with PPE (n, %) 90 (51.1)
  Breastfeeding without PPE (n, %) 13 (7.4)
  Formula (n, %) 42 (23.9)

Treatment Duration 
(median, 
min–max)

  No treatment (n, %) 69 (39.2)
  Antibiotic treatment (n, %) (days) 95 (54) 7 (2–26)
  Azithromycin treatment (n, %), (days) 29 (16.5) 5 (1–10)
  Oseltamivir treatment (n, %), (days) 15 (8.5) 5 (5–7)

Respiratory support
  Oxygen supplementation (n, %) (h) 47 (26.7) 58 (8–504)
  nCPAP requirement (n, %) (h) 17 (9.6) 47 (6–456)
  Mechanical ventilation (n, %) (h) 8 (4.5) 47.5 (5–494)

Hospitalization (days) 9 (1–70)

Table 3  Laboratory findings of neonates with RT-PCR proven SARS-
CoV-2 infection

Laboratory parameters Mean ± SD or 
median (min–
max)

Leukocyte count (n = 171)∕μL 10,464 ± 5959
Neutrophil count (n = 171)∕μL
  Neutropenia (< 1500/μL ) (n, %)

3570 ± 2303
33 (19.2)

Lymphocyte count (n = 171)∕μL
  Lymphopenia (< 1500/μL) (n, %)

4921 ± 3226
10 (5.8)

Thrombocyte count (n = 171) ×  103 ∕μL 332 ± 119
Hemoglobin (Hb) (n = 171) g/dl 13.9 ± 2.7
C-reactive protein (CRP) (n = 171) mg/L
  Elevated CRP (> 5 mg/L) (n, %)

1.2 (0.1–71.9)
31 (18.1)

Interleukin-6 (IL-6) (n = 35) pg/mL
  Elevated IL-6 (> 44.4 pg/mL) (n, %)

21 (1.5–796)
7 (20)

Procalcitonin (n = 90) ng/mL
  Elevated Procalcitonin (> 0.5 ng/mL) (n, %)

0.15 (0.01–270)
36 (40)

Alanine aminotransferase (ALT) (n = 168) U/L 23 (10–580)
Aspartate aminotransferase (AST) (n = 168) U/L 40.5 (10–478)
�-Glutamyl transferase (GGT) (n = 88) U/L 96.5 (11–550)
Lactate dehydrogenase (LDH) (n = 124) U/L 432.8 ± 149.9
Blood urea nitrogen (BUN) (n = 165) mg/dl 11.9 ± 9.2
Creatinine (n = 167) mg/dl 0.39 ± 0.18
Albumin (n = 145) g/dl 3.5 ± 0.4
Creatinine kinase (CK) (n = 84) U/L 116,5 (4–1002)
Troponin T (n = 72) ng/ml 24.3 (0.01–2557)
Prothrombin time (PT) (n = 104) s 13.4 ± 2.8
Partial thromboplastin time (PTT) (n = 104) s 35 ± 13.5
International normalized ratio (INR) (n = 104) 1.1 ± 0.2
Fibrinogen (n = 58) mg/dl 276.8 ± 117.3
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third-generation cephalosporins, and carbapenems (in 
decreasing order of frequency). Data on the duration of oxy-
gen supplementation or any type of ventilatory support are 
presented in Table 2 for 47 (26.7%) infants.

Eight infants underwent lung computerized tomography: 
three with no findings, four with bilateral findings, and one 
with unilateral findings (of either consolidation or ground-
glass opacities). In addition, 14 patients had a positive blood 
or urine culture for bacterial infection.

Among the 176 cases, 10 (5.7%) were diagnosed with 
myocarditis based on elevated cardiac enzymes, electrocar-
diography or echocardiography findings; tachycardia was the 
only clinical finding in three patients, and fever was present 
in another three.

When we evaluated the clinical findings, cough (odds 
ratio [OR]: 9.52, 95% confidence interval [CI]: 4.17–21.71), 
tachypnea (OR: 26.5, 95% CI: 9.59–73.19), and retractions 
(OR: 27.5, 95% CI: 5.96–126.96) were associated with more 
severe clinical disease (Table 4). Also, there were significant 
differences in the C-reactive protein level, prothrombin time 
(PT), partial thromboplastin time, international normalized 
ratio, and days in the NICU (p = 0.002, p = 0.012, p = 0.034, 

p = 0.008, and p < 0.001, respectively) between patients with 
mild-moderate and severe-critical presentations (Table 4). A 
PT above 14 s was a significant predictor of severe/critical 
cases, with a sensitivity of 64% and specificity of 73%.

One (0.6%) patient with Trisomy 21 and an atrioventricu-
lar septal defect died due to acute respiratory distress syn-
drome and sepsis.

Discussion

We evaluated the demographic characteristics, presentations, 
laboratory findings, and clinical courses of 176 neonates 
from 32 cities in Turkey with postnatally acquired COVID-
19 infection. To the best of our knowledge, this is the largest 
number of cases reported to date.

Currently, available epidemiological reports of children 
with COVID-19 have suggested that critical cases are more 
likely in adolescents than younger children. Children gen-
erally have mild symptoms and respiratory disease, fully 
recover within 1–2 weeks and require minimal supportive 
care [17–20]. However, neonates must be evaluated and 

Table 4  Patient clinical and 
laboratory findings according to 
their severity

Mild-Moderate
n = 112

Severe-critical
n = 45

p

Gestational age (weeks) (mean ± SD) 38.3 ± 1.4 37.9 ± 2.0 0.730
Birth weight (g) (mean ± SD) 3239 ± 430 3127 ± 664 0.455
Sex, female (n, %) 44 (39.3) 19 (42.2) 0.876
Age at admission (days) (mean ± SD) 15.1 ± 7.5 16.3 ± 7.8 0.409
Number of people in the house (n) (median, 

min–max)
4.2 ± 1.4 4.8 ± 1.6 0.012

Fever 82 (73.2) 31 (68.9) 0.727
Feeding intolerance 30 (26.8) 15 (33.3) 0.532
Cough 13 (11.6) 25 (55.6) < 0.001
Tachypnea 6 (5.4) 27 (60) < 0.001
Retractions 2 (1.8) 20 (44.4) < 0.001
Diarrhea 11 (9.8) 3 (6.7) 0.751
Rhinorrhea 10 (8.9) 4 (8.9) 1
Somnolence/Irritability 3 (2.7) 1 (2.2) 1
Leukocyte count (∕��) 10,399 ± 6789 10,491 ± 4445 0.454
Neutrophil count (∕��) 3412 ± 2180 3996 ± 2681 0.266
Lymphocyte count (∕��) 4953 ± 3478 4611 ± 2939 0.378
Thrombocyte count (× 103 ∕��) 329 ± 116 332 ± 125 0.767
Hemoglobin (Hb) (g/dl) 13.9 ± 2.5 13.6 ± 3.1 0.461
C-reactive protein (CRP) (mg/L) 2.9 ± 7.7 9.1 ± 16.4 0.002
Alanine aminotransferase (ALT) (U/L) 38.2 ± 62.1 26.6 ± 15.3 0.333
Aspartate aminotransferase (AST) (U/L) 54.2 ± 51.8 47.4 ± 51.1 0.052
Prothrombin time (PT) (s) 13.3 ± 2.9 14.7 ± 2.0 0.012
Partial thromboplastin time (PTT) (s) 32.7 ± 11.6 37.9 ± 12.2 0.034
Internal normalized ratio (INR) 1.02 ± 0.17 1.15 ± 0.4 0.008
NICU day (days) 8.8 ± 6.1 13.9 ± 10.6 0.001
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treated differently from other children. There have been 
some neonatal case reports and series differing in sever-
ity [21]. In our cohort, we included neonates who required 
medical help, and were either symptomatic or had a contact 
history. Almost one quarter of the patients required some 
type of respiratory support. The high numbers of patients 
who were symptomatic or needed respiratory support in this 
study could be due to the study inclusion criteria (the data 
were obtained only from NICUs, i.e., not from the pediatric 
emergency room) and flexibility of criteria for hospitaliza-
tion of neonates, particularly during a new pandemic.

Most of the patients were male term infants with birth-
weight appropriate for gestational age. Current pediatric 
epidemiological data indicate that there are more male than 
female COVID-19 cases [17–20]. Congenital anomalies 
were detected in four patients: a heart defect, hydronephro-
sis, Alagille syndrome, and cleft palate. It has been reported 
that patients with a history of congenital or acquired diseases 
have greater susceptibility to COVID-19 [17]. Almost half 
of our patients were born by C-section, which corresponds 
to Turkish National Population and Health Statistics and our 
group’s previous publication [12].

Horizontal transmission of SARS-CoV-2 to the newborn 
seems to occur primarily through respiratory droplets when 
neonates are exposed to mothers or other caregivers with 
SARS-CoV-2 infection, and may occur more readily than 
previously thought [3, 22]. In our study, to further investi-
gate potential sources of infection, family members living 
within the same house were questioned about their symp-
toms and given a RT-PCR test. The household contact rate 
was 77.8%, with 65.9% of mothers having positive RT-PCR 
test results, similar to a recent Turkish pediatric study and a 
previous systematic review [19, 20], but lower than earlier 
publications claiming family cluster infection rates of > 90% 
[23, 24]. The source of infection was either unknown or 
someone outside the family in 21% of our cases, which can 
be explained by the Turkish tradition of visiting the fam-
ily of a newborn to welcome the baby and congratulate the 
new parents. Only two neonates acquired an infection in the 
NICU, similar to Piersigilli et al. [25].

Of our cases, 90% were symptomatic, probably due to 
the inclusion criteria, and in line with the recent report 
of Karbuz et al. on patients < 1 year of age [20]. As in all 
previous reports, fever was the most common symptom in 
this study, either alone or accompanied by other symptoms 
[17–20, 26]. Generally, fever is not frequently seen in neo-
natal infections, although a systematic review reported fever 
in 44.3% of cases, similar to our result and representing a 
higher rate compared to common neonatal infections [27]. 
Feeding intolerance was the second most common symptom, 
and occurred at a much higher than in other series [26–29]. 
This may be explained by the subjectivity of this symptom. 
Respiratory symptoms, i.e., cough, tachypnea, retractions, 

and rhinorrhea, were the main symptoms, as expected, simi-
lar to other adult and child series [17–21, 24–28]. Among 
the respiratory symptoms, cough, retractions, and tachypnea 
on admission were independent predictors of more severe 
disease; however, this may be due to our use of the severity 
classification system of Dong et al. [17]. Diarrhea and neuro-
logical symptoms, such as irritability and somnolence, were 
rare manifestations, similar to other adult and child series, 
and generally cooccurred with respiratory distress symptoms 
[18–20, 29]. A rash was the only symptom in three neonates, 
similar to Bilavski et al. [29].

Myocarditis was the most common complication in our 
series, and was diagnosed, by the local pediatric cardiolo-
gist, based on tachycardia, elevated cardiac enzymes, and 
decreased cardiac functions on echocardiography (such as 
poor cardiac contractility). No specific criteria or cut off for 
the cardiac enzymes were established for the purpose of this 
study. The adult literature often cites cardiac involvement in 
COVID-19, including arrhythmias and myocardial injury. 
The first infant case of myocardial injury due to COVID-19 
infection was reported in March 2020 [30]. Another recently 
published neonatal case report discussed the clinical impor-
tance of refracted myocarditis [31]. Even though COVID-19 
infection is less common and presents with milder symptoms 
in pediatric cases, the cases in these reports show that there 
is some risk of cardiac involvement [30–32].

Our patients with a PT < 14 s were less likely to have a 
severe clinical course (e.g., the need for oxygen supplemen-
tation or organ failure), similar to our previous report [12]. 
A long PT may be an initial indication of liver dysfunction 
due to tissue hypoxia.

During the COVID-19 pandemic, whether neonates 
should be fed with breastmilk, particularly when the mother 
is also infected, has been a difficult decision for all pedi-
atricians. Current research indicates that the risk of viral 
transmission of SARS-CoV-2 through breast milk is low, 
such that breastfeeding should be encouraged [4]. However, 
formula feeding occurred in almost a quarter of the infants 
in our cohort, similar to our previous publication; this can 
be explained by these cases occurring before the announce-
ment by the WHO pertaining to the safety of breastfeeding 
[16], and by the cessation of breastfeeding during antiviral 
treatment of coinfected mothers. Nevertheless, the propor-
tion was high compared to that reported by Trevisanuto et al. 
[33]. The safety of breastfeeding by mothers with COVID-
19 infection has been shown by Salvatore et al., who found 
that all infants tested negative for SARS-CoV-2 at 5–7 and 
14 days after birth, including those breastfed by mothers 
with COVID-19 [4, 34]. The TNS has revised its breastfeed-
ing recommendations accordingly; mothers are now strongly 
advised to breastfeed [35].

We applied the diagnostic criteria and classification 
system of Dong et  al. [17], as it was the only clinical 
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classification system available at the beginning of the pan-
demic, and was based on a large number of pediatric cases 
(N = 2135). According to this system, almost one quarter 
of our patients were severe cases, and 4.5% were critically 
ill. These rates were higher than those reported by Dong 
et al. (1.9%) for children < 1 year of age, and in other case 
series [17, 26, 29], probably due to selection bias in our 
study. However, our data were similar to Karbuz et al. [20]. 
Götzinger et al. included 582 children in their multicenter 
European study, and reported that an age of < 1 month 
was associated with an OR for the requirement for NICU 
admission of 5.06 [36]. Also, Ouldali et al. reported that 
infants < 3 months of age accounted for one-third of hospi-
talized pediatric cases in their prospective study, although 
only 3% had severe disease [26]. Most of our cases had 
uneventful disease courses and rapidly improved with sup-
portive treatment; only one patient died.

Fernandes et  al. reported that among 281 pediatric 
patients hospitalized with SARS-CoV-2 infection, half had 
respiratory disease, and 41% were admitted to the intensive 
care unit; this shows the severity of the cases [37]. They also 
reported that hypoxia on admission was predictive of severe 
respiratory disease, as expected. Similarly, we found that 
cough, tachypnea, and chest retractions were independent 
predictors of severity.

There have been few reports in the literature of neonatal 
cases requiring mechanical ventilation [38]. Almost 10% of 
the cases in our series received non-invasive ventilation. In 
an early review of neonatal cases with SARS-CoV-2, the 
rate of mechanical ventilatory support was 11% [33]. In the 
same review, the rate of spontaneous breathing in room air 
was 75%, similar to our study. However, in some reports 
in the literature, no symptomatic cases required invasive 
ventilatory support [29]. In several pediatric case series, 
the requirement for invasive ventilation was reported to be 
10–25%, although there was large variability in the study 
inclusion criteria [17, 26, 37]. In our previous report, the 
supplemental oxygen and non-invasive ventilation rates were 
relatively high, perhaps due to the inclusion only of RT-PCR 
test-confirmed symptomatic cases during the early stages of 
the pandemic.

The management of neonates infected with COVID-19 
is based on supportive treatments including supplemental 
oxygen, respiratory support, fluid resuscitation, and temper-
ature control [13]. The medications most commonly used 
in our study were intravenous antibiotics, azithromycin, 
and oseltamivir, in 54%, 16.5%, and 8.5% of cases, respec-
tively. The rate of antibiotic use was much higher in another 
series, which may be explained by the high prevalence of 
fever. Moreover, until negative blood cultures are obtained, 
empiric antibiotic use is routine [29]. The rate of oseltami-
vir use was similar between our study and that of Hoang 
et al. [19]. Currently, evidence supporting the use of antiviral 

medications and steroids for neonatal COVID-19 is lacking 
[1]. The first report of remdesivir use in a neonatal case was 
from Frauenfelder et al.; it was used in the fifth week of life 
in a premature infant with severe acute respiratory failure 
and systematic deterioration [39].

Conclusions

We reported the data of 176 symptomatic and hospitalized 
late-onset COVID-19 neonatal patients. Symptoms were 
typical of acute respiratory and/or gastrointestinal infections, 
with fever being the main symptom. Cough, tachypnea, and 
chest retractions on admission may indicate a severe dis-
ease course. Despite hospitalization, supplemental oxygen, 
and ventilation support, all patients except one had a good 
outcome.
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