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was performed, and a crescent strength of correlation from Gale (R = 0.355, p < 0.001) to Venturini
(R=0.425,p <0.001), Dong (R = 0.734, p < 0.001), and Kanburoglu (R = 0.859, p < 0.001) was observed.
Conclusions: The percentage of infants with severe COVID-19 varies widely according to the score
systems. A unique clinical score should be designed for neonates and infants with COVID-19.

Keywords: SARS-CoV-2; COVID-19; neonates; infants

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), continues to expand. From its identification
in December 2019 to the time of writing, SARS-CoV-2 has caused COVID-19 in more than
500 million people worldwide and resulted in 6.3 million deaths [1].

COVID-19 clinical manifestations range from asymptomatic infection to severe pneu-
monia with acute respiratory distress syndrome [2,3]. Children are largely spared from
a severe respiratory illness compared to adults; however, a higher risk for progression
to severe COVID-19 has been reported in infants and children with underlying medical
conditions [2-9].

Whereas comorbidities are recognized as risk factors for severe disease progression,
data on age-related poor prognosis are still debated [10].

Among 2143 children reported by Dong et al., 90% ranged from asymptomatic to
moderate COVID-19, with a higher prevalence of severe and critical cases equal to 3.0% in
adolescents and 10.6% in children under 5 years old [7]. Moreover, in a prospective UK
population-based cohort study, Gale et al. showed that neonatal SARS-CoV-2 infection led
to severe disease in 42% of cases and highlighted that 33% of babies required respiratory
support [11].

Conversely, two meta-analyses have contradicted these findings, reporting that SARS-CoV-2
infected neonates are usually asymptomatic or with a mild disease similar to older chil-
dren [12,13]. Moreover, Gotzinger et al., in a retrospective multicenter study, observed that
most neonates requiring intensive care had severe comorbidities comprising cardiac anoma-
lies and prematurity. Overall, 31/35 neonates did not require respiratory support at any
stage, and almost one in five remained entirely asymptomatic. The proportion of neonates
requiring ventilatory support did not differ from that observed in older children [14].

Currently, scientific knowledge investigating the clinical features and outcomes of
COVID-19 in neonates and infants is scarce and contradictory.

In the literature, different classifications have been used to score the severity of
COVID-19 in neonates and children. Dong et al. classified patients who presented hy-
poxemia as severe, and those with any type of organ dysfunction as critical [7]. Gale
et al. considered patients presenting with a combination of clinical symptoms, alteration
of blood cell counts and C-reactive protein, and abnormalities of a chest X-ray as severe
(including critical cases) [11]. Venturini et al. scored patients with respiratory distress or
systemic symptoms (drowsiness, lethargy, seizures, dehydration) as severe, and patients
with pediatric acute respiratory distress syndrome, sepsis-associated organ dysfunction,
septic shock, or coma as critical [15]. Lastly, Kanburoglu et al. included the need for nasal
continuous positive airway pressure in the severe group and considered critical patients
as those needing mechanical ventilation or presenting with disseminated intravascular
coagulopathy or multiple organ dysfunction [16].

Therefore, to better understand COVID-19 in young children, we describe the epidemi-
ological, clinical, and outcome aspects of SARS-CoV-2 infection in neonates and infants
less than 3 months old and compare the different COVID-19 severity scores reported in the
literature for this pediatric population.
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2. Materials and Methods
2.1. Study Design and Data Collection

The present study is a sub-analysis of the data collected from a multicenter pediatric
network including 62 institutions across Italy [17].

All subjects under 90 days of age admitted with a laboratory-confirmed SARS-CoV-2
infection from 26 February 2020 to 4 February 2021 were included. Diagnosis of infection
was established with at least one respiratory specimen positive for SARS-CoV-2 nucleic
acid using a validated real-time reverse-transcriptase polymerase-chain-reaction (RT-PCR)
assay performed at hospital admission.

Data were de-identified, recorded through a targeted registration form by each pedia-
trician involved, and transferred to a specifically designed database anonymously. Patient-
based data included health status, previous medical and vaccination history, laboratory
and microbiological reports, COVID-19-related diagnosis and clinical details, prescriptions,
diagnostic procedures, hospital admissions, and outcome data. A follow-up of at least
2 weeks was required to outline the infection’s outcome. Data collection was allowed by at
least one parent’s written consent for active participation in the study.

2.2. Evaluation of COVID-19 Outcomes and Severity Scores Assessment

The severity of COVID-19 was scored as mild/moderate or severe/critical following
the classification reported in the literature by Dong, Gale, Venturini and Kanburoglu [7,11,15,16]
(Table 1).

Table 1. Characteristics of different scores.

Dong et al. [7]

Gale et al. [11]

Venturini et al. [15]

Kanburoglu et al. [16]

Symptoms of acute
upper respiratory tract

Fever and/or fatigue
and/or upper airways

Upper respiratory tract
infection or fever, no

Mild infocti dicosti symptoms without feeding difficulty and no
infec g,r;n (I))iorlngses ve radiological /ultrasound obvious hypoxemia, and no
findings risk of late neonatal sepsis
Pneumonia without :
hypoxemia and al:fgf(l;:ﬂd/g; ;?;‘lg:es Hospitalization due to
shortness of breath symptoms I(DCI:())ugh or 13/111 d feeding difficulty or risk of
Moderate Chest computed respiratory distress) and/or late neonatal sepsis, but no
tomography p fy di d obvious hypoxemia or no
abnormalities without poor feeding an /Or. need for nasal continuous
clinical signs pneumonia identified with positive airway pressure
and symptoms chest X-ray or ultrasound
At least two of the
following: (1) any of Fever and cough, plus at
hyperthermia, apnea, cough, least one of the following:
tachypnoea, respiratory (1) oxygen saturation on
distress or recession, finger pulse <92% on room
Oxygen saturation is supplemental oxygen air; (2) severe respiratory Oxygen saturation <92% or
Severe <92% with other requirement, poor feeding distress, cyanosis, need for nasal continuous
hypoxia manifestations ~ or vomiting, or diarrhea; (2)  intermittent apnea; (3) fast positive airway pressure
any of low white blood cell breathing; (4) systemic
count, low lymphocyte symptoms: drowsiness,
count, or raised C-reactive lethargy, seizures,
protein concentration; and dehydration
(3) abnormal chest X-ray
Acute respiratory
distress syndrome, Pedjiatric acute respi
. A piratory . o
respiratory failure, : Mechanical ventilation or
hock, encephalopath distress syndrome, disseminated intravascular
Critical shock, encephia‘opathy, sepsis-associated organ

myocardial injury or
heart failure,
coagulation dysfunction,
and acute kidney injury

dysfunction, septic
shock, coma

coagulopathy or multiple
organ dysfunction
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To assess the predictive value of the four scores, we stratified all enrolled patients a
posteriori based on their needing for pharmacological, oxygen, and intensive support and
on their outcomes as specified below, then compared them to each other.

A severity score was adopted to assess clinical outcomes of COVID-19 as follows:

- SCORE 1—<linical and/or radiological diagnosis of pneumonia with normal oxygen
levels or mild specific involvement of a single organ/apparatus without specific
pharmacological support, requiring hospitalization without ICU admission.

- SCORE 2—acute respiratory distress syndrome requiring low or high flow (HFNC)
oxygen therapy without ICU admission, or moderate specific involvement of a sin-
gle organ/apparatus with the need of specific pharmacological support, requiring
hospitalization without ICU admission.

- SCORE 3—severe acute respiratory illness (SARI) (SpO2 < 92% associated with tachyp-
nea and other signs of respiratory failure requiring non-invasive or invasive mechani-
cal ventilation, or critical involvement of a single organ/apparatus with the need of
specific pharmacological support with ICU admission.

- SCORE 4—Death

Patients who did not satisfy the 1, 2, 3, and 4 criteria were considered mild COVID-19
cases (score 0).

2.3. Statistical Analyses

Statistical analysis was performed using IBM SPSS Statistics 25.0 (IBM Corp. Armonk,
NY, USA). Statistical significance was set at p < 0.05. All p-values were 2-tailed. In the
descriptive analysis, categorical variables were expressed as percentages and continuous
variables as median and interquartile range (IQR). Categorical variables were assessed in a
RxC table with chi-squared or Fisher exact test as appropriate. The correlation between
neonates’ clinical severity scores and the four scores mentioned above was measured using
Pearson’s R Coefficient.

3. Results
3.1. Patient Characteristics

The present analysis included 216 infants below 90 days of age admitted to 35 hospitals.
In total, 124 infants were male (57.4%). At diagnosis, the median age was 43 days (IQR
25-64), and 59/216 (27.3%) patients were newborns. Two infants were born from a positive
mother and tested positive in the first 48 h of life. Overall, 138 (63.9%) infants had known
contact with SARS-CoV-2; mothers resulted SARS-CoV-2 positive in 169/216 (78.2%) cases.
Six (2.8%) cases had a suspected nosocomial infection (Table 2).

Eighteen (8.3%) patients presented underlying diseases, 17/216 (7.9%) were preterms
(range 31-36 + 6 weeks of gestational age), and 4/216 (1.8%) patients were on chronic
pharmacological treatment (Table 1).

Fifteen (6.9%) infants were asymptomatic and admitted for clinical observation due to
young age during the first and second wave of the COVID-19 pandemic, whereas 201/216
(93%) infants presented at least one symptom (Table 2). The most common symptom was
fever, followed by coryza, poor feeding, cough, and gastrointestinal manifestation. Eight
patients (4%) presented only gastrointestinal symptoms. None had rash (Table 3).

Ninety-eight patients were tested for concomitant viral infections; nine were positive,
as reported in Table 3. None of them presented severe or critical COVID-19.

Blood tests were normal in most infants. Chest X-ray was performed in only 78/201
symptomatic infants and showed pathological findings in 42 cases (53.8%) (Table 2).

The median length of hospital stay was 4 days (IQR 3-7). Seven patients were admitted
for reasons unrelated to COVID-19 (three for urinary tract infections, one for retinoblastoma,
one for inguinal swelling, and one for edema of the pubic area).
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Table 2. Patients’ characteristics.

Characteristics Number (%)
Age at diagnosis
<2 days 3(1.4)
2-7 days 6(2.8)
8-14 days 11 (5.1)
15-21 days 21 (9.7)
22-28 days 18 (8.3)
>28 days 157 (72.7)
Underlying disease 18 (8.3)
Congenital heart disease 10 (6.1)
Congenital hypothyroidism 3(14)
Other * 5(2.3)
Preterms 17 (7.9)
<32 weeks 1(0.5)
32-33 weeks 1(0.5)
34-36 15 (6.9)
Underlying treatments 4(1.8)
Carnitine 1(0.5)
Levothyroxine 3(1.4)
Known SARS-CoV-2 contact 138 (63.9)
Immediate family member 127 (58.8)
Healthcare workers 6(2.8)
Other 5(2.3)

* Visceromegaly (1), Neonatal jaundice (1), Neonatal Lupus (1), Metabolic disorder (1), Intraventricular hemor-

rhage (1).

Table 3. Clinical characteristics.

Characteristics Number (%)
Clinical characteristics

Fever 172 (79.6)

Coryza 58 (26.9)

Poor feeding 51 (23.6)
Cough 42 (19.4)
Diarrhea 28 (13.0)
Vomiting 15 (6.9)
Irritability 10 (4.6)
Lethargy 9(42)
Respiratory distress 7(3.2)
Pharyngitis 6(2.8)
Conjunctivitis 5(2.3)
Apnea 4(1.8)
Febrile seizures 2(0.9)
Asymptomatic 15 (6.9)

Laboratory findings (data available)

Leukocytosis (210) 21 (9.7)
Lymphocytopenia (210) 10 (4.6)
Increased ESR (127) 3(14)
Increased CRP (210) 34 (15.7)
Increased ALT (167) 19 (8.8)
Increased LDH (141) 35 (16.2)
Increased ferritin (141) 30 (13.9)
Increased CK (134) 6 (2.8)
Increased Troponin (124) 21(9.7)
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Table 3. Cont.

Characteristics Number (%)
Concomitant viral infection (98 tested) 9(9.2)
Adenovirus 1(1.0)
Rhinovirus 4(4.1)
Bocavirus 1(1.0)
RSV 331
Influenza 1(1.0)
Enterovirus 2 (2.0)
Chest X-ray performed 78 (36.1)
Normal 36 (46.2)
Parenchymal opacity 8 (10.3)
Interstitial pattern 20 (25.6)
Parenchymal and interstitial pattern 14 (17.9)

Twenty-two (9.7%) patients presented with moderate/severe clinical presentation,
including 15 (6.9%) with pneumonia and 7 (3.2%) with SARI (Table 3). Two infants pre-
sented initial features of Multisystem inflammatory Syndrome but did not fully meet MIS-C
criteria [18]. Ten (4.6%) infants required respiratory support, and only one patient needed
HENC oxygen therapy and invasive ventilation. Five patients (2.3%) were admitted to
the ICU. All patients recovered, but three presented sequelae (one coronary artery di-
latation, one Horner syndrome, and one reduced motility of the right arm). Excluding
paracetamol and rehydration, 33 (15.3%) infants received treatment, including antibiotics
and corticosteroids (Table 3). A 78-day-old infant was treated with hydroxychloroquine
in March 2020, whereas no patients received remdesivir, heparin, immunoglobulin, or
immunomodulatory drugs.

According to the severity score described above, almost 90% of patients were classified
as 0 and none as 4 (Table 4).

Table 4. Treatment and outcomes.

Characteristics Number (%)
Moderate/severe clinical presentation 22 (10.2)
Pneumonia 15 (6.9)
SARI 7(3.2)
Sepsis 4 (1.8)
Multisystem inflammatory syndrome 2(0.9)
Myocarditis 1(0.5)
Coma 1(0.5)
Horner Syndrome 1(0.5)
Respiratory support 10 (4.6)
Supplemental oxygen 8(3.7)
HFNC oxygen therapy 1(0.5)
Invasive ventilation 1(0.5)
Treatment 33 (15.3)
Hydroxychloroquine 1(0.5)
Macrolides 8 (3.7)
Other antibiotics 20 (9.3)
Corticosteroids 4(1.9)
Severity score
0 193 (89.3)
1 15 (6.9)
2 3(1.4)
3 5(2.3)
4 0(0.0)
ICU admission 5(2.3)
Sequelae 3(1.4)

Death 0(0.0)
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3.2. Correlation between Different Severity Scores and Our Clinical Outcomes

Overall, infants presented with severe/critical disease were 39/216 (18%) according
to Venturini, 13/216 (6%) according to Dong, 9/216 (4.2%) according to Kanburoglu, and
64/216 (29.6%) according to Gale severity classification (Table 5).

Table 5. Severity classifications according to different definitions.

Dong et al. [7] Kanburoglu et al. [11] Gale et al. [15] Venturini et al. [16]
% (n) % (n) % (n) % (n)

All Infants (n 216)

Severe 5.1% (11) 3.7% (8) 29.6% (64) 17.1% (37) p <0.001

Critical 0.9% (2) 0.5% (1) 0.5% (2) p=0.764
Newborns (n 59)

Severe 6.8% (4) 6.8% (4) 28.8% (17) 25.4% (15) p <0.001

Critical 1.7% (1) 1.7% (1) 1.7% (1) p=1

To better evaluate the accuracy of the different classifications included in the study,
we performed a correlation analysis between the Dong, Kanburoglu, Gale, and Venturini
classifications and the severity score assigned to all enrolled subjects according to clin-
ical presentation. We observed a different strength of correlation between Gale (weak
correlation, R = 0.355, p < 0.001), Venturini (moderate correlation, R = 0.425, p < 0.001),
Dong (strong correlation, R = 0.734, p < 0.001), and Kanburoglu classification (very strong
correlation, R = 0.859, p < 0.001) and the severity score used in the present study. Sensibility
was 100% for all the scoring systems, while specificity increased from Gale classification
(71.6%) to Venturini (83.9%), Dong (96.2%), and Kanburoglu (98.1%, Figure 1).
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Figure 1. Distribution of patients classified as mild/moderate (blue bars) vs severe/critical (green
bars) according to the Venturini (A) Dong (B) Kanburoglu (C), and Gale (D) severity scores among
the a posteriori severity score assigned to all 216 enrolled subjects based on their clinical presentation
and outcomes.
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A subanalysis was conducted considering only neonates (aged < 28 days), which
confirmed the different performances of the scoring systems. Gale classification displayed
a non-significant correlation with our clinical severity score (R = 0.239, p = 0.068), while
Venturini correlated moderately (R = 0.485, p < 0.001), and both Dong (R = 0.905, p < 0.001)
and Kanburoglu correlated very strongly (R = 0.905, p < 0.001) (Figure 2).

A Venturini B Dong
50
B MidModerate | B MidModerate
W severe/Critical B Severe/Critical
501
407
° 2
5 5 401
B 3 =
© ©
o o
s ‘s 3+
et =
2 2
20
£ E
E g 20
10-]
10
o o
0 1 2 3 0 1 2 3
Severity Severity
. Kanburoglu D Gale
B Mild/Moderate 40 B Mild/Moderate
B Severe/Critical B Severe/Critical
501
§i] 8
c 3
% 40 g
o
o o
e
[} s
ol -
g oo 8 o
E E
3 E
=z =z
201
10
101
o~
.
0 1 2 3 0 H P 3
Severity Severity

Figure 2. Distribution of patients classified as mild/moderate (blue bars) vs severe/critical (green
bars) according to the Venturini (A) Dong (B) Kanburoglu (C), and Gale (D) severity classifications
among the a posteriori severity score assigned to 59 subjects under 28 days of age based on their
clinical presentation and outcomes.

4. Discussion

This study is one of the most extensive series of infants less than 90 days of age
admitted to Pediatric Italian Hospitals with laboratory-confirmed SARS-CoV-2 infection.

Our results suggest that the prognosis of COVID-19 in young children aligns with
current published reports, with mild symptoms in most of the infected infants (48.1%),
similar to older children [19,20]. Furthermore, these results are similar to a recent review
and meta-analysis of more than 1200 children aged less than 5 years by Mejbah Uddin
Bhuiyan et al., where half of the cases were aged less than 1 year, and a large proportion of
the younger children were asymptomatic or had mild symptoms [21].

According to similar reports from other newborn and infant series [13,21,22], fever
was the most reported sign (80%); rhinorrhea (27%) and cough (19%) were also described.
Unlike adults, infants were more likely to present gastrointestinal symptoms such as
diarrhea (13%) and vomiting (7%), as reported in older children.

Moderate to severe symptoms, such as poor feeding (24%), lethargy (4%), and respira-
tory distress (3%), were less frequently reported in line with current literature [23,24].
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Gale reported that perinatal infection in the first 7 days after birth from a mother
with SARS-CoV-2 infection is rare despite a national policy promoting keeping mother
and neonate together [11]. In our cohort, 9/59 babies developed the infection in the first
7 days (early-onset neonatal COVID-19), and 50/59 between 7 and 28 days after birth
(late-onset neonatal COVID-19). Whereas early-onset neonatal COVID-19 is likely related
to congenital /intrapartum and perinatal transmission occurring within the first 3 days
of life [25], late-onset neonatal COVID-19 is mainly associated with neonatal exposure to
maternal respiratory secretions, household contacts, or, in rare cases, to infected healthcare
workers during the first 28 days after birth. In line with this observation, and as already
reported [20], we identified a familial history of positive contact in 58.8% of the cases, as
children are likely to develop COVID-19 due to household transmission when a family
member is positive for SARS-CoV-2. In our cohort, few nosocomial cases were present
(2.8%), underlining the need for adequate personal protective equipment and virologic tests
to assess healthcare workers’ infection status as a critical element in SARS-CoV-2 infection
prevention and controls.

A previous review [19] showed that leukocytosis, lymphopenia, thrombocytopenia,
and elevated inflammatory markers were the main laboratory evidence of COVID-19
infection in infants. In our cohort, instead, full blood cell count was normal in most patients,
with only 9.7% of leukocytosis and 4.6% of lymphopenia. This result seems to be in
contrast with adult data, where lymphocytopenia has been noted in up to 80% of critically
ill subjects [2]. The limited number of severe clinical COVID-19 diseases may partly
explain the low number of lymphopenias in children. Moreover, our results suggested
that inflammatory markers may be abnormal only in a few patients: CRP was increased
by 15.7%, ferritin by 13.9%, and LDH by 16.2%. Other reported laboratory findings were a
high level of CPK (2.8%) and liver enzymes (8.8%), even if in our cohort, they were less
altered than in other authors’ reports [26]. Lastly, an increased troponin level was detected
in 9.7% of cases.

Chest X-rays were performed in 36.1% of infants and were abnormal in half of them.
As for adults, the most frequent radiological findings were nonspecific peri-bronchial
opacities and parenchymal and interstitial patterns.

Management remains supportive for neonates infected with COVID-19 and includes
supplemental oxygen, respiratory support, fluid infusion, and temperature control. Cur-
rently, evidence for using antiviral medications and steroids in neonatal COVID-19 is
lacking. Appropriate respiratory support, such as CPAP, is recommended in case of respira-
tory distress. Endotracheal intubation is more likely indicated for neonate-specific lung
diseases (such as surfactant deficiency and meconium aspiration syndrome) rather than
COVID-19 [26].

In our cohort, symptomatic treatment alone was used in most cases. Except for an-
tipyretics, 33/216 patients received drugs, with most patients (28/33) receiving antibiotics,
both for mild and severe cases. Mejbah Uddin Bhuiyan et al. [21] already reported that 71%
of children younger than 5 years were treated with antibiotics despite having a confirmed
diagnosis of COVID-19. No patients were treated with convalescent plasma or remde-
sivir, and only one infant received hydroxychloroquine during the first COVID-19 wave.
Only 4.6% of all patients required respiratory support, and in one late preterm 19-day-old
newborn, invasive ventilation was adopted.

Admissions to the hospital were mainly due to young age. When patients were strati-
fied by different age groups, newborns were not at higher risk of severe and critical infection
compared with others (39/157 (24.8%) infants vs 16/59 (27.1%) neonates). However, some
previous studies have reported that neonates would have a more severe illness (in 12% of
infected neonates) than older children (3% of older children required intensive care unit
care) [6-9].

Interestingly, the percentage of severe/critical infants and neonates varied according
to the different classifications adopted in other studies. Using the classification by Dong
and Kanburoglu, we found similar results regarding the percentage of infants with severe
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COVID-19. Conversely, Venturini and Gale’s classifications seem to have less specificity
and a higher possibility of overestimating severity in this population. Indeed, both the
Gale and Venturini COVID-19 severity scores have been included in clinical parameters
and laboratory findings that could frequently be abnormal in infants with respiratory tract
infection, even when not severe (such as tachypnea, poor feeding, leukopenia, elevated
CRP) [7,11,15,16].

For the first time, an a posteriori scoring system on clinical, radiological features,
and outcomes of SARS-CoV-2 infection was applied in order to identify which of the four
scores reported in the literature could better predict the objective severity of COVID-19
in neonates.

Our results showed that the clinical severity of COVID-19 in newborns and infants
could vary according to the classifications used.

This finding remarks on the ambiguous definition and classification of COVID-19 in
young children and points out the need for a unique, valid a priori score system for the
different pediatric age groups.

This study had several limitations. First, the limited number of enrolled severe
COVID-19 cases could have influenced the statistical power of our correlation analysis
between severity scores. Our results highlight the needing for a unique scoring system for
COVID-19 in the pediatric population. However, further studies are needed to validate
our findings due to the small sample size. In addition, we could not evaluate any possible
permanent long-term sequelae in infected infants by collecting data regarding only the
acute phase of infection. Lastly, our cohort did not include data related to the new B.1.1.529
(Omicron) variant of concern (VOC), which is now the dominant SARS-CoV-2 variant
worldwide. During the Omicron wave, we faced a significant increase in pediatric COVID-
19 cases. Therefore, our results could underestimate the real burden of COVID-19 in infants;
however, preliminary data have reported a low disease severity rate and omicron-related
hospitalizations in adults and children compared to previous variants [27,28].

In light of this, further studies are needed to confirm the risk of COVID-19 severity in
neonates and infants during the current Omicron era.

5. Conclusions

In conclusion, this study confirms that severe clinical manifestations are rare in
neonates and young infants infected by SARS-CoV-2. However, some of them might
require sustained or intensive hospital care, suggesting the need for a unique validated
COVID-19 severity scoring system for neonates and infants. Furthermore, the percentage
of infants with severe COVID-19 varies widely according to different authors. Therefore,
further studies should be conducted to confirm our findings and design a unique clinical
score valid worldwide for neonates and infants with COVID-19.
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