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Abstract 
Introduction: The clinical manifestation of coronavirus disease 2019 (COVID-19) infection in newborns varies from asymptomatic infection 
to severe illness. Apnea or cyanosis as the earliest symptoms is rarely mentioned. The aim of this study is to describe the characteristics of 
newborns with COVID-19 infection admitted to the neonatal intensive care unit considering cyanosis or apnea as a form of presentation. 
Methodology: This is a descriptive observational study with retrospectively collected data. All neonates under 30 days old and preterm infants 
with corrected gestational age of 44 weeks who had confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection with 
a positive antigen or reverse transcriptase polymerase chain reaction (RT-PCR) test and who were attended to between March 2020 and March 
2022 were included. 
Results: During the two years of the study, 410 patients were admitted to the neonatal unit. Twenty-six patients (6.3%) presented with confirmed 
SARS-CoV-2 infection. The main clinical characteristic at admission was apnea in 55% and cyanosis in 45%. Of the 11 patients admitted with 
this presentation, eight were diagnosed with COVID-19 acute upper respiratory disease, and three met the definition of COVID-19 bronchiolitis. 
A large proportion of the patients had a mild infection (65%, n = 17), 31% (n = 8) had a severe infection and only one patient had a critical 
infection, accounting for 4%.  
Conclusions: Apnea and cyanosis can be a manifestation of SARS-CoV-2 infection in newborns, which suggests the need to include it in the 
diagnostic workup as other viral respiratory infections. 
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Introduction 

The severe acute respiratory syndrome coronavirus-
2 (SARS-CoV-2) pandemic has caused a high burden 
of morbidity and mortality worldwide, particularly 
among adults with severe respiratory infections and 
their complications. In children, ages less than two 
years and comorbidities have been considered risk 
factors for severe disease [1,2]. Studies in neonates 
have largely been case reports and series, and more 
recently, systematic reviews and meta-analyses [3,4], 
which have shown a variety of clinical presentations, 
suggesting a prevalence of mild disease. However, data 
continue to be scarce for the neonatal population. In the 
reports, most newborns with positive SARS-CoV-2 
tests had asymptomatic infections or mild disease with 
general symptoms and recovered with hardly any 
complications [5]. An atypical presentation of SARS-
CoV-2 infection has been mentioned in a few published 
case reports on newborns, with apnea as the initial 

and/or only presentation of the disease. This disease 
manifestation has been observed in other viral 
infections in newborns, such as influenza, respiratory 
syncytial virus, and metapneumovirus [6]. 

The objective of this study was to describe the 
characteristics of newborns with COVID-19 admitted 
to the neonatal intensive care unit (NICU) from a 
tertiary center, considering cyanosis or apneas, as a 
form of presentation that should be taken into account 
in the neonatal population.  

 
Methodology 

This was a descriptive observational study with 
retrospective data collection. Data were collected from 
neonates admitted to the NICU at a tertiary care center 
in Colombia. Most of the admitted neonates were 
referred from other hospitals. The hospital does not 
have an obstetrics department, and deliveries occur 
sporadically. The criteria for neonatal intensive or 



Tamayo-Múnera et al. – COVID-19 presentation in newborns     J Infect Dev Ctries 2023; 17(10):1401-1406. 

1402 

intermediate care were defined according to the 
Colombian National Criteria for Neonatal Care [7].  

 
Population 

All neonates under 30 days old and preterm infants 
with 44 weeks of corrected gestational age who had 
confirmed SARS-CoV-2 infection with a positive 
antigen or reverse transcriptase polymerase chain 
reaction (RT-PCR) test and attended between March 
2020 and March 2022 were included. The institutional 
protocol for diagnosing SARS-CoV-2 infection 
requires an initial positive test (RT-PCR or antigen); 
hospitalized patients with an initial negative test are 
tested a second time with RT-PCR 48 or 72 hours after 
the first test.  

 
Definitions 

Apnea: The American Academy of Pediatrics 
defines neonatal apnea as the cessation of respiratory 
movements for more than 20 seconds or a shorter 
episode associated with bradycardia, cyanosis, or pallor 
[8].  

Bronchiolitis refers to airway inflammation and 
obstruction of the lower respiratory tract, and is caused 
almost exclusively by a viral infection in children 
younger than 2 years and most commonly in the first 
year of life [9,10]. 

Severity of COVID-19 in newborns [11]: 
• Mild infection: A newborn with altered 

temperature regulation, cough, nasal 
congestion, mild hypoxemia, decreased 
appetite, diarrhea, or vomiting without 
dehydration.  

• Severe infection: A newborn with tachypnea, 
hypoxemia, respiratory distress, apneas, 
inability to eat, dehydration, or bloody stools.  

• Critical infection: A newborn with an altered 
level of consciousness, respiratory failure, need 
for mechanical ventilation, septic shock, or 
multiple organ dysfunction.  

Classification of bronchiolitis severity: The Wood-
Downes-Ferres severity score was used. Based on this 
score, this disease was classified as mild (1-3 points), 
moderate (4-7 points), or severe (8-14 points) [12].  

 
Data collection 

All medical records of neonates with SARS-CoV-2 
infection admitted to the neonatal/pediatric unit during 
the first two years of the pandemic were reviewed. The 
data were collected using the RedCap platform, on 
which a form was designed with demographic data 
including the following variables: date of birth, 
gestational age, postnatal age, and gender; clinical 
variables such as the onset of symptoms, presenting 
symptoms of the disease, epidemiological contacts, and 
comorbidities; care setting (hospitalization, emergency 
room, NICU, ambulatory care); complications such as 
respiratory failure, shock, and the use of hemodynamic 
or ventilatory support; laboratory and diagnostic 
imaging results; length of stay; and outcome (death or 
discharge). 

 
Statistical analysis 

A descriptive analysis was performed. Qualitative 
variables were presented as frequencies and 
proportions, and the normality of quantitative variables 
was evaluated using the Shapiro-Wilk test. They were 
reported as the median or mean and interquartile range 
(IQR) or standard deviation (SD). The data were 
analyzed using RStudio Version 2022.02.2. This study 
was approved by the Institutional Ethics Committee. 

 
Results 

During the two years of the study, 410 patients were 
admitted to the neonatal unit, 26 (6.3%) of whom had a 
confirmed SARS-CoV-2 infection. The median age was 
22.5 days (IQR 17.5 - 32), with a minimum age of onset 
of 9 days and a maximum of 90 days (corresponding to 
a 26-week premature infant with a corrected gestational 

Table 1. Demographic and clinical presentation variables in 
newborns with COVID-19 infection. 
Variable N = 26 

Age (days), median (IQR) 22.5 days 
(17.5 - 32) 

Female gender, n (%) 13 (50) 
Comorbidities, n (%) a 11 (34) 
Prematurity 9 (31) 
Bronchopulmonary dysplasia 3 (12) 
Pierre Robin syndrome 1 (4) 
ABO incompatibility 1 (4) 
Initial symptoms, n (%) b  
Cough and rhinorrhea 17 (65) 
Fever 10 (38) 
Respiratory distress 7 (27) 
Apnea 6 (23) 
Cyanosis 5 (19) 
Hypoactivity 4 (15) 
Vomiting 4 (15) 
Hypotonia 3 (12) 
Irritability 2 (8) 
Diarrhea 1 (4) 
Length of hospital stay (days), median (IQR) 5 (3 - 6) 
Length of PCCU stay (days), median (IQR) 1 (1 – 3) 
Length of basic neonatal care stay (days), 
median (IQR) 2 (1 – 5) 

Death from COVID-19, n (%) 1 (4) 
a Patients may have more than one comorbidity; b Patients may have more 
than one symptom. IQR: interquartile range; PCCU: Pediatric Critical 
Care Unit.  
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age of 41 + 3 weeks). The median gestational age was 
41.5 weeks (IQR 38-44). The median hospital stay was 
five days with a minimum of two days and a maximum 
of 38 days. The median stay in the critical care unit was 
one day and two days for basic care. Forty-two percent 
of the patients in this group had comorbidities, as 
described in Table 1, along with presenting symptoms. 
The mortality rate in this study was 4% (N = 1). 

The main admitting diagnosis among the 
hospitalized patients was a brief resolved unexplained 
event (BRUE), which occurred in up to 42% (n = 11), 
and was related to apnea in 55% of these cases and 
cyanosis in 45% (Table 2). However, once the workout 
was completed for these patients, eight of the patients 
admitted for BRUE met the diagnosis of COVID-19 
acute upper respiratory disease, and three met the 
definition of COVID-19 bronchiolitis. The second most 
common diagnosis was late-onset sepsis. Regarding 
severity, a large proportion of the patients had a mild 
infection (65%, n = 17), 31% (n = 8) had a severe 
infection and only one patient had a critical infection, 
accounting for 4%. A second test was required for 
diagnosis in 12% (n = 3) of patients. Only one case was 
considered an incidental finding in a newborn 
diagnosed with pyloric hypertrophy who presented with 
gastrointestinal symptoms and developed a systemic 
inflammatory response after surgery. The infant had a 
history of close contact with a relative with active 
COVID-19 infection, which led to testing.  

The laboratory and diagnostic imaging 
characteristics of patients are presented in Table 3. As 
part of the imaging studies performed, seven patients 
had echocardiograms, with the described findings and 
chest images ranging from normal chest X-rays to 
pneumothorax. 

According to the admission and severity criteria 
established by the Colombian Association of 
Neonatology, five (19%) patients required admission to 
the neonatal intensive care unit for acute respiratory 
failure (critical COVID-19 infection) and severe 
COVID-19 infection. Eighteen of the admitted patients 
had intermediate neonatal unit criteria and only three 
were admitted to basic care from onset.  

Three patients (12%) had complications: one with 
acute respiratory distress syndrome (ARDS) and two 
(8%) with acute respiratory failure requiring a high-
flow nasal cannula. The patient with severe ARDS also 
had acute kidney failure but did not require renal 
replacement therapy. Myocarditis was not diagnosed or 
suspected in any of the patients. The treatments are 
listed in Table 4.  

The only fatality reported was a 40-week newborn 
with a history of uncomplicated hospital delivery that 
was admitted at nine days old due to nasal congestion, 
respiratory distress, and fever, with oxygen 
requirements on admission to the hospital. He was 
diagnosed with COVID-19 bronchiolitis and was 

Table 2. Clinical presentation characteristics of newborns with 
COVID-19 infection. 
Variable n (%) 
Admitting diagnosis, n (%) a  
BRUE 11 (42) 
Apnea 6 (55) 
Cyanosis 5 (45) 
Late-onset neonatal sepsis 9 (35) 
Acute bronchiolitis 3 (12) 
Acute respiratory infection 2 (7) 
Pyloric hypertrophy 1 (4) 
Final diagnosis, n (%)  
COVID-19 acute respiratory infection 16 (62) 
COVID-19 acute bronchiolitis 5 (20) 
Late-onset neonatal sepsis 3 (12) 
Acute sepsis and bronchiolitis 1 (3) 
Severe COVID-19 pneumonia with ARDS 1 (3) 
COVID-19 infection characteristics, n (%) 
Mild 17 (65) 
Severe 8 (31) 
Critical 1 (4) 
First test, n (%)  
Positive 23 (88) 
Negative 3 (12) 

a Patients may have more than one diagnosis. ARDS: acute respiratory 
distress syndrome. 

Table 3. Laboratory and diagnostic imaging findings in 
newborns with confirmed COVID-19 infection. 
Variable Result 
Laboratory tests  
CRP, median (IQR) 0.05 (0.03 - 0.16) 
Leukocytes, mean (SD) 7,965 (2,695) 
Neutrophils, median (IQR) 2,500 (1,372 - 2,888) 
Lymphocytes, mean (SD) 3,982 (1,831) 
Hemoglobin, mean (SD) 13.4 (2.44) 
Platelets, mean (SD) 406,650 (187,898) 
Sodium, mean (SD) 137.5 (2.9) 
Diagnostic imaging  
Chest x-ray a, n (%) 15 (58) 
Normal 7 (27) 
Interstitial pattern 7 (27) 
Air trapping 3 (12) 
Atelectasis 2 (8) 
Alveolar pattern 1 (4) 
Pneumothorax 1 (4) 
Echocardiogram a, n (%) 7 (19) 
Patent foramen ovale 5 (19) 
Closing ductus arteriosus 4 (15) 
Mild pulmonary branch stenosis 4 (15) 
Mild pulmonary hypertension 1 (4) 
Severe pulmonary hypertension 1 (4) 
Right ventricular dysfunction 1 (4) 

a: Patients may have more than one finding. IQR: interquartile range; SD: 
standard deviation; CRP: C-reactive protein. 
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started on dexamethasone. Late-onset neonatal sepsis 
was suspected, and no viral co-infection was found. 
During the stay, his respiratory condition deteriorated, 
and pneumothorax was found with secondary 
respiratory failure and invasive mechanical ventilation. 
The disease progressed to ARDS, with hypoxemia 
refractory to conventional mechanical ventilation, 
starting with high-frequency mechanical ventilation 
and inhaled nitric oxide. He also had a catecholamine-
refractory shock with an inotropic score of 21.5; 
echocardiographic findings indicated severe pulmonary 
hypertension, right ventricular dysfunction, and patent 
ductus arteriosus. The patient was diagnosed with acute 
kidney injury without the need for dialysis. The total 
length of hospital stay for this patient was 12 days. 
Death was directly related to COVID-19 disease. 

 
Discussion 

This was a descriptive study of a neonatal 
population with documented SARS-CoV-2 infection 
admitted to a tertiary care hospital in a middle-income 
country during the two years of the COVID-19 
pandemic. SARS-CoV-2 infection was documented in 
6.3% of newborns admitted to the neonatal unit, whose 
main clinical characteristic was apnea or cyanosis, 
followed by late-onset neonatal sepsis, acute 
bronchiolitis, and only one incidental finding due to 
another disease. Most cases were considered mild, with 
only one associated death representing 4% of the series. 
Prematurity was the main comorbidity associated with 
positive cases but not with death.  

Most of the literature to date on SARS-CoV-2 
infection in newborns comes from cases and case series, 
such as those first reported in China and more recent 
ones like those reported in Turkey [13,14]. Our 
population had a 6.3% incidence, which differs from 
reports such as a recent systematic review that included 
72 studies with 236 newborns (mostly case reports or 
series and descriptive studies) [3], with the largest 
sample derived from the United Kingdom reporting a 
0.6% incidence, and a percentage of these cases being 
infants born to COVID-19 positive mothers [15]. It also 
differs from other studies, such as the one in Brazil, 

which sought to evaluate the epidemiological 
characteristics of one of the populations most affected 
by COVID-19, reporting a 23.3% incidence of SARS-
CoV-2 infection in newborns [16], or a study published 
more recently in Turkey, with the highest number of 
cases worldwide, including 176 cases from 44 neonatal 
intensive care units [14]. Colombian data reported by 
the National Institute of Health show 2,158 cases in the 
newborn population thus far during the pandemic, 
mostly late-onset (after day 8, 72.5%), with 0.4% 
mortality directly due to COVID-19 infection [17].  

One of the significant findings of our study, which 
differs from some case series and descriptive studies in 
this population to date, is the initial clinical presentation 
with apnea or cyanosis, requiring inpatient monitoring 
and additional studies, which accounted for 42% of our 
cases. Respiratory syncytial virus and other respiratory 
infections in children and newborns are known to 
present with cyanosis and apnea [18–20]; however, this 
presentation has not been related to COVID-19 
infection. This relationship has been described in scarce 
and isolated case reports, which included premature and 
term infants without comorbidities or with 
comorbidities such as hypoxic-ischemic 
encephalopathy who presented with critical disease 
[21–24]. The most significant case series thus far 
describes five patients with apnea as a manifestation of 
COVID-19; four of the cases had no comorbidities and 
occurred in term newborns, except for one patient with 
a gestational age of 34 weeks [25]. The initial diagnosis 
for these children was BRUE, since the etiology was not 
clear at admission, corresponding to 42% of the patients 
who were later diagnosed with COVID-19 [26]. To our 
knowledge, this is the largest number of patients 
reported to date with this manifestation of neonatal 
COVID-19 infection. Unlike the series described, in 
which no patient comorbidities were reported, 45% of 
the patients in our series with cyanosis or apnea as the 
initial presentation had comorbidities (with prematurity 
being the most common in up to 36% of the patients), 
although most did not. Unlike some previously reported 
cases of critical disease, no other complications 
occurred in this presentation. 

Another COVID-19 manifestation was fever, which 
led to the suspicion of late-onset neonatal sepsis that 
occurred in 38% of the patients and was confirmed in 
12% of the total population. In another series of patients 
aged < 60 days who were hospitalized for sepsis, almost 
40% had SARS-CoV-2 infection, with fever being the 
most relevant symptom [27]. The most recent 
systematic review of COVID-19, which included 236 
newborns, reported fever as one of the main symptoms 

Table 4. Treatment received by patients. 
Variable n (%) 
Oxygen 11 (42) 
Simple nasal cannula or mask 8 (31) 
High-flow cannula 2 (8) 
Invasive ventilation 1 (4) 
Prone ventilation 1 (4) 
Vasopressor support 1 (4) 
Antibiotic 11 (42) 
Dexamethasone for COVID-19 1 (4) 
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(found in up to 43.2% of cases), along with respiratory 
symptoms such as cough, respiratory distress, and 
tachypnea (46.6%), gastrointestinal symptoms (35.2%), 
neurological symptoms (primarily lethargy) (23.7%), 
and dermatological and cardiovascular symptoms [3]. 
This variety and frequency of symptoms are similar to 
those reported in our study for most of them (fever and 
gastrointestinal symptoms), and differs from a 
multicenter descriptive study of 178 patients in Turkey, 
whose main presentation was fever (in up to 64% of 
cases) [14].  

Finally, there was only one death in our study, 
which corresponds to 4% of the described population, 
unlike the 0.4% reported in Colombia by the National 
Institute of Health [17], which could be related to the 
sample size. A systematic review published by García 
et al. reported a 1.7% mortality rate in populations from 
high- and low-income countries [3]. However, 
compared with the mortality from other countries with 
similar limited resource conditions, this mortality rate 
is lower, considering that studies such as Shah et al. 
reported 16.7% fatalities in a neonatal population, 
which is somewhat different from the patients presented 
in Turkey with 0.6% mortality and Brazil with 0.8% 
[14,16,28]. The latter was similar to what has been 
reported for high-income countries, such as the United 
Kingdom, with a 2% mortality rate; however, this was 
not related to COVID-19 infection, as in our series [15]. 
The differences in mortality between these populations 
are caused by multiple factors, ranging from the sample 
size to the type of neonatal population cared for, 
together with the treatment arsenal provided. In our 
setting, no vertical transmission was found, as there 
were no deliveries at our institution.  

The strengths of this study include the fact that it 
exclusively describes newborn patients cared for at a 
tertiary care center, where patients with or without 
comorbidities could be captured, and inpatient 
observation and follow-up were possible. In addition, it 
is the largest series reported with an initial diagnosis of 
BRUE manifesting as apnea or cyanosis as a COVID-
19 presentation, which led us to include it in the 
differential diagnosis of patients admitted with a 
diagnosis of BRUE. The weaknesses that could affect 
the case descriptions in this study include the fact that 
it deals with a neonatal population that is likely to be 
present at an older postnatal age. Therefore, early onset 
and vertically transmitted cases reported in other 
studies may have been lost, with the age of symptom 
onset in this population being 22.5 days [14,27]. 

  

Conclusions 
This study describes the largest population of 

newborn COVID-19 patients initially presenting with 
cyanosis or apnea. These symptoms can be considered 
a clinical manifestation of SARS-CoV-2 infection in 
newborns, which suggests the need to include them in 
the initial diagnostic tests, as is done with other viral 
respiratory infections. Although most studies have 
reported that neonatal COVID-19 infections are mild to 
moderate, it should be noted that some of these patients 
may have serious complications requiring specialized 
care. A stricter, multicenter record of neonatal 
presentations in middle-income countries is needed to 
expand the description of these types of presentations, 
which may change according to geographic and 
socioeconomic conditions, and to establish diagnostic 
suspicion patterns with a better assessment of severity 
and associated mortality. 
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