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Abstract

(1) Background: SARS-CoV-2 variants clinical presentation and severity may differ in 
children. This systematic review evaluated changes that occurred in pediatric COVID-19 
across successive viral variants. (2) Methods: PubMed/MEDLINE, Embase, and Web of 
Science were searched through 26 September 2026 for comparative studies of SARS-CoV-2 
variants in patients aged 18 years or younger. We assessed their methodological quality 
with the Newcastle–Ottawa Scale (NOS) and their clinical manifestations and severity 
outcomes were synthesized narratively. (3) Results: Twenty-nine studies were included. 
Delta was generally associated with a greater symptomatic burden than Alpha, even though 
the differences in severe outcomes were inconsistent. Omicron was associated with a distinct 
clinical phenotype, more frequent croup and seizures, some of which were reported as 
febrile seizure, while gastrointestinal findings varied across studies. Population-based 
studies generally indicated lower risks of hospitalization or severe disease with Omicron 
than Delta, but findings among hospitalized children were less consistent. Studies of 
Omicron subvariants identified differences in individual symptoms without a consistent 
trend in disease severity. (4) Conclusions: The clinical phenotype of pediatric COVID-19 
evolved across SARS-CoV-2 variants. Omicron was particularly associated with increased 
upper-airway, particularly croup, while several studies also reported increased seizure 
frequency, including febrile seizures. Population-based studies generally suggesting less 
severe disease than Delta infections. Differences in age, study setting, variant ascertainment, 
and outcome definitions should be considered when interpreting these findings.

Keywords: SARS-CoV-2; COVID-19; children; pediatric COVID-19; SARS-CoV-2 variants; 
Omicron; Delta; clinical manifestations; disease severity; hospitalization

1. Introduction
Coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) and emerged in late 2019 spreading into a global 
pandemic [1,2]. The spectrum of SARS-CoV-2 infection ranged from acute symptoms to 
persistent symptoms in some infected children, psychological and social effects of the pan-
demic, and even concerns about neurodevelopment following maternal infection during 
pregnancy [3–7]. Acute COVID-19 has shown a large clinical spectrum, from asymptomatic 
and mild infection to severe respiratory disease [8].
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During early pandemic, fever and cough were among the most frequently reported 
symptoms, but gastrointestinal and other systemic manifestations were also described [9,10]. 
As SARS-CoV-2 evolved, successive variants of the virus had spread and created new 
questions about whether the clinical presentation of pediatric infection also changed over 
time [11,12].

Following the circulation of the original SARS-CoV-2 variant, several other variants have 
emerged. Alpha spread widely from late 2020, while Beta and Gamma circulated prominently 
only in particular regions. Delta became dominant in many parts of the world during 2021, 
before being replaced by Omicron, which emerged toward the end of that year. Omicron 
later diversified into multiple subvariants, including BA.1, BA.2, BA.4/BA.5 and subsequent 
descendants [13–16]. Comparative pediatric studies have reported differences in symptoms 
across variant periods. Infections during the Omicron era have been associated in some cohorts 
with more frequent upper respiratory tract presentations, including croup, while other studies 
have described changes in the frequency of seizures and gastrointestinal symptoms [17–19]. 
These observations suggest that the clinical profile of pediatric COVID-19 may have evolved 
much more than a simple change in the overall number of cases. A previous systematic review 
by Wiedenmann et al. examined the clinical impact of SARS-CoV-2 variants in children using 
evidence available through May 2022 [20]. Since then, additional studies have provided further 
comparisons between Delta and Omicron, as well as data on more recent Omicron subvariants. 
The present review extends this evidence by examining changes in clinical manifestations and 
disease severity across successive variants, including differences between population-based 
and hospitalized pediatric cohorts.

This systematic review aims to describe the evolution of the acute clinical presentation 
of COVID-19 in children across the major SARS-CoV-2 variant eras and also to examine 
how differences in study population, variant identification and outcome definitions affect 
the interpretation of reported changes in pediatric disease severity.

2. Materials and Methods
2.1. Review Design

This systematic review was designed to examine differences in the acute clinical presen-
tation of SARS-CoV-2 infection in children across viral variants. The review was conducted 
and reported in accordance with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 2020 statement. The completed PRISMA 2020 checklist is 
provided in Supplementary Table S1. The review was not registered, and no formal review 
protocol was prepared.

2.2. Search Strategy
We searched PubMed/MEDLINE, Embase and Web of Science from database inception 

to 26 September 2026, using terms related to SARS-CoV-2, COVID-19, children, adolescents, 
variants, and periods of variant predominance. Variant names, including Alpha, Beta, Gamma, 
Delta and Omicron, and relevant Omicron subvariants were included in the search strategy.

Two reviewers independently conducted literature searches in PubMed/MEDLINE, 
Embase, and Web of Science using predefined search terms related to SARS-CoV-2 infection, 
pediatric populations, and viral variants. The searches covered publications from 1 January 
2020 to 26 September 2026.

For PubMed/MEDLINE, the search strategy was: (“COVID-19”[Title/Abstract] 
OR “SARS-CoV-2”[Title/Abstract] OR “coronavirus disease 2019”[Title/Abstract]) AND 
(child*[Title/Abstract] OR pediatric*[Title/Abstract] OR paediatric*[Title/Abstract] OR 
adolescen*[Title/Abstract] OR infant*[Title/Abstract]) AND (variant*[Title/Abstract] OR 
Alpha[Title/Abstract] OR Beta[Title/Abstract] OR Gamma[Title/Abstract] OR Delta[Ti-
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tle/Abstract] OR Omicron[Title/Abstract] OR subvariant*[Title/Abstract] OR lineage*[Ti-
tle/Abstract] OR BA.1[Title/Abstract] OR BA.2[Title/Abstract] OR BA.4[Title/Abstract] 
OR BA.5[Title/Abstract] OR XBB[Title/Abstract] OR JN.1[Title/Abstract]).

For Embase (Elsevier), the search strategy was: (‘COVID-19’,ab OR ‘SARS-CoV-2’,ab 
OR ‘coronavirus disease 2019’,ab) AND (child*,ab OR pediatric*,ab OR paediatric*,ab OR 
adolescen*,ab OR infant*,ab) AND (variant*,ab OR alpha,ab OR beta,ab OR gamma,ab OR 
delta,ab OR omicron,ab OR subvariant*,ab OR lineage*,ab OR ‘ba.1’,ab OR ‘ba.2’,ab OR 
‘ba.4’,ab OR ‘ba.5’,ab OR xbb,ab OR ‘jn.1’,ab).

For Web of Science, the search strategy was: TS = (“COVID-19” OR “SARS-CoV-2” OR 
“coronavirus disease 2019”) AND TS = (child* OR pediatric* OR paediatric* OR adolescen* 
OR infant*) AND TS = (variant* OR Alpha OR Beta OR Gamma OR Delta OR Omicron OR 
subvariant* OR lineage* OR “BA.1” OR “BA.2” OR “BA.4” OR “BA.5” OR XBB OR “JN.1”).

The search terms were adapted to the syntax of each database. No language restrictions 
were applied during the database searches. However, eligibility was restricted to articles 
published in English, and non-English publications were excluded during title and abstract 
screening. No geographical restrictions were applied.

2.3. Eligibility Criteria
Original comparative studies evaluating acute SARS-CoV-2 infection in patients aged 

18 years or younger were eligible for inclusion (The eligibility threshold was defined as 
age 18 years old or younger. Studies reporting broader age ranges were included only 
when data for participants 18 years or younger could be extracted separately.) Eligible 
studies were required to compare at least two SARS-CoV-2 variants or clearly defined 
periods characterized by the predominance of different variants and to report pediatric 
results separately. Studies were eligible if SARS-CoV-2 variants were identified through 
genomic sequencing, variant-specific molecular testing, or clearly defined calendar periods 
corresponding to the predominance of particular variants. For calendar-period studies, 
variant assignment was based on the predominant circulating variant during the study 
period, as reported by the original authors. Studies without a sufficiently defined variant 
comparison were excluded.

Eligible studies reported at least one outcome related to the acute clinical presentation 
or severity of COVID-19. Clinical outcomes included respiratory, neurologic, gastrointesti-
nal, and other acute manifestations. Severity outcomes included emergency-department 
attendance, hospitalization, oxygen requirement or respiratory support, intensive care unit 
(ICU) admission, mechanical ventilation, and mortality.

Studies were excluded if they:
• Combined pediatric and adult or young-adult populations without separately ex-

tractable data for the pediatric population.
• Evaluated a single SARS-CoV-2 variant without an appropriate comparator.
• Did not report acute clinical manifestations or severity outcomes.
• Were case reports, non-comparative case series, reviews, editorials, commentaries, or 

conference abstracts without sufficient extractable data.
• Focused exclusively on multisystem inflammatory syndrome in children (MIS-C), long 

COVID, or other post-acute sequelae.
• Lacked sufficient full-text information to confirm eligibility and reliably extract the 

prespecified data.
• Were a language other than the English language (n = 13).
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2.4. Study Selection and Data Extraction
Records identified through the database searches were screened after we removed the 

duplicates. Studies were included only when the full text provided sufficient information 
to confirm eligibility and extract the required comparative data.

After duplicate removal, titles and abstracts were screened for eligibility, followed 
by full-text assessment of potentially relevant articles. Studies were included only when 
sufficient information was available to confirm eligibility and extract the required com-
parative data. Reasons for full-text exclusion are presented in the PRISMA flow diagram 
(Figure 1). Two reviewers independently screened titles and abstracts, assessed full-text 
eligibility, and extracted data from the included studies. Their results were subsequently 
compared, and any discrepancies were jointly reassessed and resolved by consensus. Poten-
tial overlap between study populations was assessed by comparing study settings, recruit-
ment periods, data sources, and participating institutions. When publications appeared to 
originate from the same underlying cohort, their findings were examined for possible du-
plication and interpreted as related evidence rather than independent observations. Acute 
COVID-19 outcomes were considered separately from MIS-C. Where reported, we also 
distinguished hospitalizations attributable to COVID-19 from admissions with incidental
SARS-CoV-2 detection.

The extracted information included study setting, recruitment period, patient age, 
sample size, method of variant identification, vaccination and prior infection status where 
reported, clinical manifestations, severity outcomes, and outcome definitions. We distin-
guished studies in which variants were identified through sequencing or variant-specific 
testing from those in which variants were assigned according to the predominant variant 
during a calendar period.

2.5. Risk of Bias and Synthesis
Two reviewers independently assessed the methodological quality of the included 

studies using the Newcastle–Ottawa Scale (NOS) for cohort studies. The NOS evaluates 
3 categories: selection of study groups, comparability of groups and ascertainment of out-
comes. It has a maximum score of 9 points. Studies scoring 7–9 points were considered high 
quality, 4–6 points moderate quality and 0–3 points low quality. Disagreements between 
the 2 reviewers were resolved by consensus. The NOS assessment considered the selection 
of study populations, the comparability of variant groups, and the reliability of outcome 
ascertainment. Particular attention was given to adjustment for potential confounders, 
including age, comorbidities, and prior immunity, where relevant and reported.

Findings were synthesized narratively by variant comparison, clinical manifestation, 
and healthcare setting. Outcomes measured among all children with confirmed infection, 
such as hospitalization, were presented separately from outcomes measured only among 
hospitalized children, such as oxygen treatment or intensive care admission. When there 
were conflicting results we considered the differences in study design, population and 
variant identification. Findings from studies with limited adjustment for confounding 
factors, indirect variant assignment based on calendar periods, or heterogeneous outcome 
definitions were interpreted with greater caution. NOS scores were not used as formal 
statistical weights in the narrative synthesis.
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Figure 1. PRISMA 2020 flow diagram of study identification, screening, eligibility assessment,
and inclusion.

No formal assessment of reporting bias or certainty of evidence was performed.

3. Results
3.1. Study Characteristics

We included 29 studies. The included studies compared SARS-CoV-2 variants from the 
Alpha period through Gamma, Delta, Omicron, and subsequent Omicron variants. Several 
studies compared Delta directly with Omicron, while more recent investigations examined 
differences among BA.1/BA.2, BA.5/BQ.1, XBB and later Omicron subvariants. The study 
populations ranged from neonates and young children to adolescents. Methodological 
quality was generally moderate to high, with Newcastle–Ottawa Scale scores ranging from 
5 to 8 points. Thirteen studies were classified as high quality and 16 as moderate quality; 
no study was classified as low quality (Supplementary Table S2). The studies included in 
our manuscript are summarized in Table 1.
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Table 1. Characteristics and main findings of comparative studies evaluating pediatric COVID-19 across SARS-CoV-2 variants.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Somekh et al., 
2021 [21]; Israel

National observational 
analysis; age 0–9 y. 
Hospitalization analysis: 
26,689 early-period and
72,796 later-period infections.

Earlier SARS-CoV-2 variants 
(pre-Alpha) vs. 
Alpha-dominant period; 
calendar-period assignment

Hospitalization: 0.98% vs. 0.52%; RR 
0.53 (95% CI 0.46–0.63). Severe 
outcomes among hospitalized 
children were similar (17/261 (6.5%) 
vs. 26/379 (6.9%)).

Different observation windows 
and denominators; no individual 
sequencing; not primarily a 
symptom-profile study. The 
hospitalization RR is unadjusted; 
severity was assessed among 
hospitalized patients, not all 
infected children. No statistical 
equivalence analysis was 
undertaken for the 
severe-outcome comparison.

6/9

Molteni et al., 
2022 [22]; UK

Prospective app-based cohort; 
symptomatic unvaccinated 
children 5–17 y; Alpha
n = 694, Delta n = 706. Age 
5–11 y: 276 vs. 227; age
12–17 y: 418 vs. 479.

Alpha vs. Delta; 
calendar-period assignment

Median illness duration was 5 days 
in both subvariants (IQR 2–9.75 vs. 
2–9 days). Median symptom count 
increased from 3 to 4 at 5–11 y and 5 
to 6 at 12–17 y. Delta vs. Alpha, 
age-/sex-adjusted symptom odds 
(5–11 y): headache OR 2.31 (95% CI 
1.60–3.33) and fever OR 1.89 
(1.31–2.73); ages 12–17 y: headache 
OR 1.81 (1.36–2.42) and sore throat 
OR 1.87 (1.43–2.45).

Caregiver reporting; 
asymptomatic infections were 
excluded. Symptom ORs refer to 
the 28-day observation window 
and were adjusted for age and 
sex; the study assessed 
significance after 
false-discovery-rate correction. 
Illness-duration medians are 
descriptive, not effect estimates.

5/9

Ben-Tov et al., 
2022 [23]; Israel

Retrospective ambulatory 
database; <16 y; Alpha
n = 32,485, Delta n = 44,130; 
prior infection and 
vaccination excluded

Alpha vs. Delta; 
calendar-period assignment

Symptomatic infection: 12,198/32,485 
(37.5%) vs. 22,007/44,130 (49.9%; 
standardized mean difference [SMD] 
0.25); fever: 4409/32,485 (13.6%) vs. 
14,552/44,130 (33.0%; SMD 0.472). 
Percentages use all confirmed 
SARS-CoV-2 infections within each 
variant-period group as denominators.

Structured telephone 
questionnaires; symptom 
proportions was based on all 
confirmed infections. They report 
standardized mean differences 
for the selected proportions, 
rather than adjusted 
variant-specific ORs and 95% CIs.

6/9
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Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Alteri et al.,
2022 [24]; Italy

Retrospective genomic cohort; 
≤12 y; n = 612 successfully 
sequenced. Variants: original 
B/B.1/B.1.1 n = 30, B.1.177
n = 253, Alpha n = 127, 
Gamma n = 35, Delta n = 139, 
other
n = 28.

Earlier variants, Alpha, 
Gamma, Delta; 
whole-genome sequencing

No consistent association between 
variant and clinical manifestations; 
Alpha negatively associated with 
hospitalization. Alpha was 
associated with lower adjusted odds 
of hospitalization: aOR 0.31 (95% CI 
0.13–0.71; p = 0.006). The relevant 
denominators were n = 524 for 
severity and n = 536 for 
hospitalization, rather than the 
entire sequenced sample.

Clinical severity available for
n = 524 and hospitalization for
n = 536; Gamma n = 35. 
Sequencing selection and 
outcome-specific missing data 
limit comparability; absence of an 
association does not demonstrate 
equivalence. Hospitalization 
regression considered sex, age, 
nationality, residence, viral load, 
symptoms at diagnosis
and comorbidities.

8/9

Edward et al., 
2022 [25]; USA

Retrospective single-center 
cohort; children ≤18 y with 
COVID-19 and available viral 
sequencing; n = 714. Of these, 
n = 711 entered the main 
variant regression after 
excluding three
Beta infections.

Non-VOC vs. Alpha (n = 96), 
Gamma (n = 38), Delta
(n = 119), and Omicron
(n = 215); individual
Illumina sequencing.

After adjustment, Alpha, Delta, and 
Omicron were not independently 
associated with severe COVID-19 
compared with non-VOC infections. 
Gamma was associated with 
hospitalization (OR 6.7, 95% CI 
2.0–22.1), pharmacologic treatment 
(OR 5.7, 1.2–26.8), respiratory 
support (OR 11.9, 2.7–62.4), and 
severe disease (OR 11.7, 2.1–90.5). 
Severe disease was defined as WHO 
Clinical Progression Scale score ≥6.

Individual sequencing is a major 
strength; observational 
single-center study. Models 
adjusted for age, Black race, 
Hispanic ethnicity, high-risk 
conditions and community 
COVID-19 incidence. Incidental 
positive tests were not classified 
as COVID-19-related 
hospitalization.

8/9
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Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Shoji et al. [26], 
2022a; Japan

National inpatient registry; 
<18 y; pre-Delta n = 950, 
Delta n = 349

Pre-Delta vs. Delta; 
calendar-period assignment

ICU admission: 1/950 (0.1%) vs. 
5/349 (1.4%) (p = 0.006); no deaths, 
mechanical ventilation or ECMO

Hospitalized population; Delta 
group younger and with more 
underlying disease; overlap with 
Shoji 2022b. Crude comparison; 
adjustment variables and a 
confidence interval for the ICU 
contrast were not reported for 
this result.

6/9

Thelwall et al., 
2022 [27]; 
England

National linked-record cohort; 
≤15 y; Alpha n = 31,182, 
Delta n = 115,795

Alpha vs. Delta; genotyped or 
sequenced infections

Within 14 days of a positive PCR test, 
hospitalization excluding injury was 
580/31,182 (1.9%, 95% CI 1.7–2.0%) 
vs. 2892/115,795 (2.5%, 95% CI 
2.4–2.6%). among symptomatic 
children: 1.5% vs. 1.6%; no deaths 
within 60 days. Reported risk 
difference (Alpha minus Delta): 
−0.6 percentage points (95% CI −0.8 
to −0.5).

Administrative outcomes; 
changing testing policies. 
Hospitalization was not 
restricted to admissions clinically 
adjudicated as caused by 
COVID-19; risks are reported per 
confirmed infection rather than 
per hospital admission.

8/9

Shoji et al.,
2022 [28]; Japan

National inpatient registry; 
<18 y; Delta n = 458, Omicron 
n = 389

Delta vs. Omicron; 
calendar-period assignment

Seizures: 2.0% vs. 6.2%; vomiting: 
8.5% vs. 16.7%; noninvasive oxygen: 
3.7% vs. 7.2% (p = 0.031); ICU 1.5% 
in both (p = 1.0).

Hospitalized denominator; age, 
comorbidity and vaccination 
differed. Noninvasive oxygen 
included nasal cannula, face 
mask, reservoir mask and 
high-flow oxygen. The 
nonsignificant ICU comparison 
does not establish equivalence. 
Possible population overlap with 
Shoji 2022a.

6/9
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Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Iijima et al.,
2022 [29]; Japan

Single-center retrospective 
study; symptomatic children 
0–17 y without underlying 
disease; pre-Omicron n = 106, 
Omicron n = 113

Delta-dominant vs. Omicron; 
calendar-period assignment

Age 0–4 y: croup/hoarseness 1.5% 
vs. 11.1%; age 5–11 y: vomiting 
21.7% vs. 47.2%. Croup was 
diagnosed in children presenting 
with hoarseness; comparisons were 
age-specific, not based on the overall 
106/113 denominators.

Age-specific denominators; 
selected healthy symptomatic 
population. No invasive 
ventilation or deaths occurred. 
Age-stratified symptom results 
were descriptive; the overall 
group totals (106/113) must not 
be used as age-stratum 
denominators.

5/9

Akaishi & Ishii, 
2022 [30]; Japan

Testing-center cohort; age
0–3 y; Delta n = 64, Omicron
n = 208. PCR-positive 
children (out of 491 and
602 tested in these periods, 
respectively).

Delta vs. Omicron; 
period-based comparison

Cough: 29.7% vs. 43.8% (pairwise
p = 0.045); other symptoms
broadly similar

Symptoms assessed 4–5 days 
after contact. Unadjusted, 
symptom-specific comparisons; a 
nonsignificant result is not 
evidence of equivalent symptoms. 
The study also reports positive 
likelihood ratios for RT-PCR 
positivity, but these do not 
directly compare
Delta and Omicron.

6/9

Yılmaz Çelebi 
et al., 2022 [31]; 
Turkey

Single-center observational 
cohort; symptomatic 
SARS-CoV-2-positive children 
aged 15 days–17 y; n = 680

Individual variant analysis: 
Alpha n = 329, Beta/Gamma 
n = 17, Delta n = 165, no 
variant detected n = 169

Hospitalization was more frequent 
with Delta (19.4%) than Alpha 
(9.4%, p = 0.002) or infections with 
no detected variant (10.1%,
p = 0.016). Hospitalization was 18% 
in the combined Beta/Gamma group. 
Delta was associated with 
significantly higher hospitalization 
than Alpha and
variant-negative infections.

Individual variant testing; very 
small combined Beta/Gamma 
group (n = 17); single-center 
study. Hospitalization was 
evaluated among symptomatic 
test-positive patients; 
comparisons were unadjusted, 
and no adjusted OR/95% CI was 
reported for the group contrasts.

6/9
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Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Wang et al.,
2022 [32]; USA

Retrospective TriNetX cohort; 
<5 y; no documented prior 
infection; 22,769 matched 
children/group.

Delta vs. Omicron; 
calendar-period assignment.

Omicron associated with lower 
14-day risks of ED attendance, 
hospitalization, ICU admission and 
mechanical ventilation. Within
14 days of diagnosis, Omicron vs. 
Delta: ED attendance 4637/22,769 
(20.36%) vs. 5602/22,769 (24.60%), 
HR 0.84 (95% CI 0.80–0.87); 
hospitalization 401/22,769 (1.76%) 
vs. 741/22,769 (3.25%), HR 0.66 
(0.58–0.74); ICU admission 
38/22,769 (0.17%) vs. 115/22,769 
(0.51%), HR 0.35 (0.25–0.51); 
mechanical ventilation 10/22,769 
(0.04%) vs. 51/22,769 (0.22%), HR 
0.15 (0.07–0.33).

EHR ascertainment; residual 
confounding; 
propensity-matched analysis. 
Matching included age, sex, 
race/ethnicity, social 
determinants and recorded 
comorbidities; the comparison 
estimates postinfection risk, not 
severity among already 
hospitalized children. These are 
reported time-to-event HRs, not 
risk ratios; the analysis used 
matched EHR cohorts.

8/9

Butt et al.,
2022 [33]; Qatar

National retrospective 
propensity-matched study; 
<18 y; unvaccinated, no 
documented previous 
infection; 985 matched pairs

Delta vs. Omicron; 
calendar-period proxy 
supported by national 
genomic/genotyping 
surveillance

Omicron associated with markedly 
lower moderate/severe disease: aOR 
0.12 (95% CI 0.07–0.18). Severity 
was based on hospitalization, ICU 
admission or mechanical ventilation 
within 14 days, or death within 
28 days of diagnosis.

Population-based comparison; 
variant assignment not based on 
individual sequencing. 
Propensity-score matching was 
used; the reported aOR concerns 
moderate-or-worse disease, not a 
claim of equivalence for rare 
critical outcomes.

8/9
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Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Taytard et al.,
2022 [34]; France

Single-center observational 
study; hospitalized 
SARS-CoV-2-positive children 
aged 0–18 y; n = 53.

Delta wave n = 14 vs. 
Omicron wave n = 39; 
calendar-period assignment, 
with variant-specific testing 
confirming Delta in 7/14 and 
Omicron in 22/39.

Omicron patients were more 
frequently <5 y (90% vs. 71%). 
Median maximum temperature was 
higher with Omicron (39.2 °C vs. 
38.5 °C, p = 0.03); diarrhea (33% vs. 
0%, p = 0.01) and refusal to eat (46% 
vs. 7%, p = 0.01) were more frequent, 
whereas hemoptysis occurred only 
during Delta (21% vs. 0%, p = 0.02). 
All percentages describe the 
hospitalized study groups, not 
infection-population risks.

Small single-center hospitalized 
cohort; only 50% of Delta and 
56% of Omicron cases had 
individual variant confirmation; 
frequent respiratory viral 
coinfections; groups differed in 
age distribution and underlying 
conditions. Outcome contrasts 
are descriptive/unadjusted.

5/9

Whittaker et al., 
2022 [35]; Norway

National population-based 
cohort; <18 y; unvaccinated, 
no previous documented 
infection; Alpha n = 10,538, 
Delta n = 42,362, Omicron 
BA.1 n = 82,907

Alpha vs. Delta vs. Omicron 
BA.1; variant-wave/calendar 
assignment supported by 
national surveillance

Acute-COVID hospitalization: 21, 28 
and 48 cases; Delta vs. Alpha aRR 
0.53 (95% CI 0.30–0.93); Omicron vs. 
Alpha aRR 0.40 (0.24–0.68); 
Omicron vs. Delta aRR 0.76 (95% CI 
0.47–1.23), not statistically 
significant. Omicron vs. Delta crude 
RR 0.26 (95% CI 0.10–0.63); adjusted 
Omicron vs. Alpha MIS-C risk aRR 
0.09 (0.03–0.27).

Acute COVID and MIS-C should 
be considered separately. 
Hospitalization was defined as 
due to acute COVID-19 rather 
than an incidental infection. 
Adjusted risk ratios accounted for 
demographic characteristics and 
comorbidities.

8/9

Han et al.,
2023 [36]; South 
Korea

Retrospective hospital cohort; 
Delta n = 527, Omicron
n = 306 with observed ages 
0–17 y

Delta vs. Omicron; period 
assignment

Croup: 0.8% vs. 13.4%; febrile 
seizures: 0.8% vs. 8.8%; fever: 78.0% 
vs. 89.9%; pneumonia: 12.9% vs. 
4.2%. Croup was defined by barking 
cough and stridor; pneumonia 
required compatible clinical findings 
and radiographic infiltrates.

The complete source cohort 
included n = 1163 (pre-Delta
n = 330, Delta n = 527, Omicron 
n = 306) and used an age cutoff 
younger than 19 years.

5/9
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Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Sumner et al., 
2023 [37]; Canada

Prospective cohort at 14 
pediatric EDs; <18 y; n = 1440 
SARS-CoV-2-positive 
participants. Original type
n = 409, Alpha n = 242, Delta 
n = 321, Omicron n = 468.

Original-type, Alpha, Delta, 
Omicron; laboratory variant 
data where available, 
otherwise period inference

Versus original type: fever. Delta 
aOR 1.93 (95% CI 1.33–2.78), 
Omicron aOR 2.00 (1.43–2.80); 
cough Delta aOR 1.57 (1.13–2.17), 
Omicron aOR 1.42 (1.06–1.91). 
Hospital/ICU admission not 
significantly different

Most variants inferred; 
symptom-specific denominators 
vary. Mixed-effects models 
adjusted for age, sex, illness 
duration and hospitalization at 
index/follow-up, with study site 
as random effect. Only 388/1440 
(26.9%) underwent variant 
testing; symptom-specific 
missingness explains
varying denominators.

7/9

Sahin et al.,
2023 [38]; Turkey

Retrospective single-center 
cohort; symptomatic 
hospitalized children aged
1 month–18 years; n = 283 
(nonvariant 63, Alpha 24, 
Delta 93, Omicron 103)

Nonvariant vs. Alpha vs. 
Delta vs. Omicron; variants 
assigned according to 
nationally predominant 
calendar periods

Respiratory symptoms were less 
frequent during Omicron than the 
nonvariant period (41.7% vs. 65.1%, 
p = 0.024), and gastrointestinal 
symptoms were less frequent during 
Omicron than Delta (22.3% vs. 
41.9%, p = 0.018). Neurological 
symptoms were more frequent 
during Omicron than Delta (31.1% 
vs. 14.0%, p = 0.03). Seizures 
occurred in 22.3% during Omicron 
vs. 10.0% in the combined 
pre-Omicron period (p = 0.005). 
Oxygen support and PICU 
admission did not differ significantly 
across periods.

Omicron patients were 
substantially younger; no 
individual variant identification; 
hospitalized population only; 
single center. Group comparisons 
are descriptive, not
equivalence analyses.

5/9
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Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Bahl et al.,
2023 [39]; USA

Multicenter observational 
cohort from a regional 
healthcare system;
4517 pediatric ED visits
with COVID-19; 
566 hospitalizations. 
Hospitalized groups: Alpha
n = 138, Delta n = 179, 
Omicron n = 249.

Alpha-, Delta-, and 
Omicron-predominant 
periods

Composite severe outcome among 
hospitalized children: 36.2% 
(Alpha), 27.4% (Delta), 18.8% 
(Omicron). Omicron vs. Alpha aOR 
0.35 (95% CI 0.21–0.60); Delta vs. 
Alpha aOR 0.68 (0.41–1.12), not 
statistically significant.

Variant assigned by predominant 
calendar period; composite 
severe outcome included ICU 
admission, mechanical 
ventilation, MIS-C, myocarditis, 
or death; viral coinfection 
influenced severity. Regression 
adjusted for age group, sex, race, 
BMI and vaccination status; 
children with COVID-19 as a 
secondary diagnosis
were excluded.

7/9

Kenney et al.,
2023 [40]; USA

Retrospective tertiary 
children’s hospital cohort 
with expert case adjudication; 
hospitalized 
SARS-CoV-2-positive children 
and MIS-C cases

Delta vs. Omicron BA.1.1 
waves; calendar-period 
assignment

Incidental SARS-CoV-2 detection 
increased during Omicron (34% vs. 
19%). Respiratory admissions 
predominated during Delta, 
whereas Omicron presentations 
included more diverse phenotypes, 
including croup and seizures. ICU 
use and length of stay were 
significantly lower during Omicron 
for acute COVID-19 and MIS-C.

Expert adjudication 
distinguished incidental infection 
from COVID-19-related 
hospitalization; single-center 
hospitalized cohort. Incidental 
infections, acute COVID-19 and 
MIS-C must be treated as distinct 
diagnostic groups; 
incidental-case percentages are 
not estimates of acute
disease severity.

6/9
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Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Choi et al.,
2023 [41];
South Korea

Multicenter retrospective 
cohort; 5 university hospitals; 
hospitalized children ≤18 y;
n = 612

Delta-predominant (n = 211) 
vs. Omicron-predominant
(n = 401); periods defined by 
>90% national variant 
predominance.

Moderate and severe forms were 
more frequent during Omicron than 
Delta (21.2% vs. 11.8%, p = 0.034). 
Moderate illness increased 
particularly among children aged 
0–4 y (14.2% vs. 3.4%) and 5–11 y 
(18.6% vs. 4.2%). Croup: 0.5% vs. 
11.0%; seizures: 2.8% vs. 13.2% 
(Delta vs. Omicron). Among 
patients with serious illness, 
comorbidity association was aOR 
5.36 (95% CI 1.30–19.43) in Delta 
and 3.42 (1.84–6.30) in Omicron; 
these ORs describe within-period 
risk factors, not the variant contrast.

Hospitalized population; 
Omicron patients substantially 
younger and had more medical 
complexity; calendar-period 
variant assignment. Moderate 
disease included lower 
respiratory tract infection 
without oxygen or selected 
croup/seizure manifestations; 
models considered age group, 
medical complexity and 
underlying disease.

6/9

Pokorska-Śpiewak 
et al., 2024 [42]; 
Poland

Multicenter observational 
study of hospitalized children 
with COVID-19; n = 1098

Early Omicron BA.1/BA.2 
period (n = 575) vs. late 
Omicron 
BA.5/BA.2.75/BQ.1/XBB.1.5 
period (n = 523)

Fever was more frequent during late 
vs. early Omicron (87% vs. 79%,
p = 0.0002), as was croup (3.0% vs. 
1.2%, p = 0.03). Febrile seizures did 
not differ significantly (1.5% vs. 
0.87%, p = 0.31). Pulmonary lesions 
occurred in 6.5% vs. 4.0% (p = 0.06). 
No deaths, ARDS, or ICU 
admissions occurred
in either period.

Subvariants assigned according 
to periods of predominance 
rather than individual 
sequencing; hospitalized 
population; multiple subvariants 
grouped within each period. 
Comparisons were descriptive 
and not powered as equivalence 
tests; the absence of deaths or 
ICU admissions cannot establish 
identical risks.

6/9
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Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Ng et al., 2024 
[19]; Malaysia

Retrospective multicenter 
hospitalized cohort;
5 hospitals; ≤12 y; Delta
n = 668, Omicron n = 699;
558 matched pairs.

Delta vs. Omicron; calendar 
periods with >90% national 
predominance; no
individual sequencing

Croup OR 10.87 (95% CI 2.54–46.59); 
LRTI OR 2.32 (95% CI 1.48–3.64); 
seizures OR 8.39 (95% CI 
5.04–13.99); moderate/severe 
disease OR 6.14 (95% CI 4.72–7.99). 
Severe disease alone: 2.2% vs. 1.3%, 
NS. Moderate/severe disease was 
graded using an adapted WHO 
ordinal scale.

Hospitalized denominator; 
vaccination, prior infection and 
coinfection excluded; moderate 
category included treatment 
requirements. The ORs were 
derived from matched groups; 
elevated use of IV fluids, steroids 
and oxygen can influence 
treatment-based severity 
classifications. The lack of 
significance for severe disease 
alone does not
establish equivalence.

8/9

Gale et al.,
2024 [43]; UK

Prospective national inpatient 
surveillance; neonates <28 d; 
n = 344: wildtype 146,
Alpha 123, Delta 57,
Omicron 18

Dominant variant periods

During Delta, 27/57 required 
invasive ventilation; all four 
SARS-CoV-2-attributed deaths 
occurred during Delta. Across all 
periods, respiratory support was 
required in 153/342 neonates 
(44.7%); SARS-CoV-2-attributed 
mortality was 4/344 (1.2%, 95% CI 
0.3–3.0%).

Neonatal population should be 
interpreted separately; 
prematurity and maternal illness 
contributed; very small Omicron 
group. Seven additional neonatal 
deaths were judged unrelated to 
SARS-CoV-2.

7/9

Scutari et al.,
2024 [44]; Italy

Retrospective genomic cohort; 
≤12 y; n = 657: BA.1 221, BA.2 
266, BA.5 156, BQ.1 14

Omicron subvariants; 
whole-genome sequencing

Moderate/severe disease: 14.9%, 
6.4%, 1.9%, 7.1% (p < 0.001); 
hospitalization differences NS
(p = 0.090)

BQ.1 group very small; age and 
comorbidity affect comparisons. 
The nonsignificant 
hospitalization comparison does 
not establish equal 
hospitalization risks. Genomic 
selection depended on sample 
adequacy/high viral load.

8/9
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Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Andersen et al., 
2025 [45]; USA

Retrospective inpatient 
database; <5 y; n = 10,316: 
pre-Delta 308, Delta 2241, 
Omicron 7767

Pre-Delta, Delta, Omicron; 
period assignment

ICU: 20%, 21%, 21% (p = 0.77); 
invasive ventilation: 7%, 8%, 7%
(p = 0.35); median LOS 2 days in 
each period. Oxygen: 13%, 16%, 18% 
(p = 0.06); in-hospital death: 2/308 
(0.7%), 19/2241 (0.9%), 27/7767 
(0.4%).

Inpatient denominator; broad 
Omicron period; does not 
estimate hospitalization risk per 
infection. Crude period 
comparisons, not adjusted 
variant effect estimates; 
nonsignificant p-values cannot 
establish equivalence.

6/9

Gonçalves et al., 
2025 [46]; Brazil

National severe acute 
respiratory syndrome 
registry; <2 y; n = 11,153: 
wildtype 3706, Gamma 2941, 
Delta 795, Omicron 3711

Wild-type, Gamma, Delta, 
and Omicron; dominant 
periods based on national 
genomic surveillance

Omicron vs. Delta: dyspnea aOR 
1.30 (95% CI 1.09–1.56); diarrhea 
aOR 0.71 (0.61–0.97); intubation 
aOR 0.77 (0.60–0.99); death aOR 0.71 
(0.49–1.03). Omicron vs. wild-type: 
death aOR 0.43 (0.35–0.53). The 
Omicron–Delta mortality CI 
crosses 1 and therefore is not 
evidence of a significant difference.

Selected severe respiratory cases; 
outcome-specific missing data. 
Omicron–Delta models adjusted 
for ethnicity, age, and cardiac and 
hepatic diseases; 
outcome-specific denominators 
differ because of missing records. 
Comparisons for each outcome 
use its own nonmissing 
denominator.

8/9

https://doi.org/10.3390/v18111227

https://doi.org/10.3390/v18111227


Viruses 2026, 18, 1227 17 of 29

Table 1. Cont.

Study, Country Design and Population Variant Comparison and 
Ascertainment Main Findings Key Considerations NOS Score

Scutari et al.,
2025 [47]; Italy

Retrospective genomic cohort; 
age 0–17 y; n = 458; 
predominantly infants

BA.2-like, BA.5-like, XBB and 
JN.1; sequencing

Upper-airway presentation 73.8% 
overall; hospitalization predictors 
included comorbidity aOR 5.59
(95% CI 3.22–9.71), lower-airway 
manifestations aOR 3.16 (1.02–9.81), 
and upper-airway manifestations 
aOR 0.25 (0.13–0.46), each versus its 
reported reference category. For 
individual lineages, e.g., JN.1, aOR 
1.60 (0.39–6.58), no statistically 
significant hospitalization 
association was identified. The 
comorbidity estimate relates to 
hospitalization risk and is not an 
estimate of the effect of any 
particular variant.

Overall symptoms not 
variant-specific; high-viral-load 
sequencing selection; imprecise 
variant estimates. The 
multivariable model included 
age, lineage, clinical presentation 
and comorbidity; nonsignificant 
lineage findings do not imply 
equivalence. The 
Omicron-sublineage odds ratios 
were estimated in a multivariable 
model; wide confidence intervals 
limit inference about 
between-lineage severity.

8/9

Yamaguchi et al., 
2026 [48]; Japan

Retrospective observational 
ED cohort; <16 y; n = 4085: 
BA.1/BA.2 599, BA.5/BQ.1 
2943, XBB 543

BA.1/BA.2 vs. BA.5/BQ.1 vs. 
XBB; calendar-period 
assignment according to 
dominant subvariant

Cough: 37.9%, 39.1%, 46.0%
(p = 0.00587); nasal discharge: 
24.9%, 24.7%, 30.2% (p = 0.02654); 
vomiting: 9.5%, 13.8%, 12.0%
(p = 0.0119). No significant 
difference in dyspnea or seizures

Antigen-confirmed infection; 
vaccination status not collected; 
symptom study rather than 
robust severity comparison. 
These are descriptive ED-patient 
proportions; no adjusted effect 
estimates/95% CIs are presented 
for the listed comparisons.

5/9
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Two publications by Shoji et al. were included. The first (Shoji et al. [26], 2022a) 
compared pediatric hospitalizations during the pre-Delta and Delta periods and the second 
study (Shoji et al., 2022 [28]) compared the Delta and Omicron periods. As both analyses 
used the Japanese national inpatient registry, some overlap in the Delta-period population 
is possible. Their findings were therefore considered as related evidence rather than entirely 
independent cohorts.

3.2. Clinical Presentation Before Omicron
Studies comparing pre-Omicron variants suggested that Delta variant was associated 

with higher frequency of symptomatic illness than Alpha variant, but findings were not 
uniform across settings. In an Israeli ambulatory cohort published by Ben-Tov et al. in 2022, 
symptomatic infection increased from 37.5% during Alpha to 49.9% during Delta, while fever 
prevalence increased from 13.6% to 33.0% [23]. In the UK prospective COVID Symptom 
Study published by Molteni et al. (2022), symptoms were recorded longitudinally through 
the ZOE COVID Study mobile application. The analysis included 694 symptomatic SARS-
CoV-2-positive children during the Alpha-predominant period and 706 during the Delta-
predominant period. Median illness duration was 5 days in both periods, but symptom 
burden was slightly greater during Delta. In children aged 5–11 years, the median number 
of symptoms increased from 3 (IQR 2–5) with Alpha to 4 (IQR 2–7) with Delta, while among 
those aged 12–17 years it increased from 5 (IQR 3–8) to 6 (IQR 3–9). Several individual 
symptoms were more frequent during Delta, including headache, rhinorrhea, sore throat, 
dysosmia, fever, dizziness, chills or shivering, eye soreness, and hoarse voice. For example, 
among children aged 5–11 years, headache increased from 39.9% during Alpha to 60.8% 
during Delta, while fatigue increased from 38.8% to 48.9% [22]. An Italian sequencing study 
published by Alteri et al. (2022) in the same period of time found no consistent association 
between viral variant (Alpha, Gamma, and Delta) and specific clinical manifestations, but 
Alpha (B.1.1.7) was negatively associated with hospitalization [24]. Yılmaz Çelebi et al. 
(2022) evaluated 680 symptomatic RT-PCR-positive children in Turkey who underwent 
individual SARS-CoV-2 variant analysis. Hospitalization occurred in 19.4% of children 
with Delta, compared with 9.4% with Alpha and 10.1% among children in whom variant 
analysis was negative. The hospitalization rate was also relatively high in the combined 
Beta/Gamma group (18%), although this group included only 17 children [31].

Differences in severe outcomes were also heterogeneous. Among sequenced infections 
in England, hospitalization after exclusion of injury-related admissions increased from 1.9% 
during Alpha to 2.5% during Delta, although the difference was small when restricted to 
symptomatic children (1.5% vs. 1.6%) [27]. In the Japanese national inpatient registry, 
ICU admission increased from 0.1% in the pre-Delta period to 1.4% during Delta, with 
no deaths, mechanical ventilation, or extracorporeal membrane oxygenation (ECMO) re-
ported in either period [26]. A US sequencing-based cohort provided additional evidence 
regarding differences among earlier variants. Edward et al. (2022) evaluated 714 children 
aged ≤18 years whose SARS-CoV-2 samples underwent individual Illumina sequencing. 
After adjustment for age, race, ethnicity, high-risk medical conditions, and community 
COVID-19 incidence, Alpha, Delta, and Omicron were not independently associated with 
increased disease severity compared with non-VOC infections. In contrast, Gamma was 
associated with higher odds of hospitalization (OR 6.7, 95% CI 2.0–22.1), pharmacologic 
treatment (OR 5.7, 95% CI 1.2–26.8), respiratory support (OR 11.9, 95% CI 2.7–62.4), and 
severe disease according to the WHO Clinical Progression Scale (OR 11.7, 95% CI 2.1–90.5). 
However, one of the limitations is that only 38 Gamma infections were identified, resulting 
in wide confidence intervals [25]. In the study published by Yılmaz Çelebi et al. Delta was 

https://doi.org/10.3390/v18111227

https://doi.org/10.3390/v18111227


Viruses 2026, 18, 1227 19 of 29

associated with a significantly higher hospitalization rate than Alpha and variant-negative 
infections [31].

3.3. Changes in Clinical Manifestations During the Omicron Period
Across studies comparing Delta and Omicron, several differences were observed in the clini-

cal presentation of pediatric COVID-19, particularly in respiratory and neurologic manifestations.

3.3.1. Respiratory Manifestations
One of the most consistent clinical differences after the emergence of Omicron involved 

upper-airway manifestations, particularly croup. In a Korean hospital cohort, croup in-
creased from 0.8% during Delta to 13.4% during Omicron, whereas pneumonia decreased 
from 12.9% to 4.2% [36]. Iijima et al. reported similar finding with an increase croup from 
1.5% to 11.1% among children aged 0–4 years during the Omicron period [29]. Among
558 matched pairs from a Malaysian cohort, Omicron was associated with more croup 
(3.8% vs. 0.4%; OR 10.87, 95% CI 2.54–46.59) and lower respiratory tract infection (11.6% 
vs. 5.4%; OR 2.32, 95% CI 1.48–3.64) than Delta, however this comparison was restricted to 
hospitalized children [19].

In a Canadian multicenter emergency-department cohort, both Delta and Omicron 
were associated with increased odds of fever and cough compared with original-type 
SARS-CoV-2, but hospital and ICU admission did not differ significantly across variants.

Akaishi et al. (2022) found similar overall clinical presentation among Japanese chil-
dren aged 0–3 years between the Delta and Omicron periods. The rates of fever, rhinorrhea, 
sore throat, vomiting, diarrhea, and headache did not differ significantly between the 
two periods, whereas cough increased from 29.7% during Delta to 43.8% during Omicron 
(pairwise p = 0.045) [30].

Kenney et al. (2023) also observed a change in the spectrum of clinical presentations 
among hospitalized US children during the Omicron BA.1.1 wave. Respiratory-related 
admissions were more prominent during Delta and presentations during Omicron were 
more heterogeneous and included an increased representation of croup and seizures [40].

3.3.2. Neurologic Manifestations
Neurologic manifestations, particularly seizures, were repeatedly reported more fre-

quently during Omicron. In the Japanese national inpatient registry, seizures at presentation 
increased from 2.0% during Delta to 6.2% during Omicron [28]. In a Korean cohort, febrile 
seizures increased from 0.8% to 8.8% [36]. This pattern was particularly more pronounced 
in the Malaysian cohort published by Ng et al. (2024), in which seizures occurred in 
21.9% of Omicron admissions compared with 3.2% of Delta admissions (OR 8.39, 95% 
CI 5.04–13.99) [19]. A similar shift toward neurological manifestations was observed by 
Sahin et al. (2023) among 283 hospitalized children in Turkey. Neurological symptoms 
were more frequent during the Omicron than the Delta period (31.1% vs. 14.0%, p = 0.03). 
Seizures were particularly prominent, occurring in 23/103 (22.3%) children during Omicron 
compared with 18/180 (10.0%) during the combined pre-Omicron periods (p = 0.005). 
Altered mental status was reported only during Omicron (3.9% vs. 0%, p = 0.017) [38].

3.3.3. Gastrointestinal Manifestations
Gastrointestinal findings were less consistent. Vomiting increased from 8.5% during 

Delta to 16.7% during Omicron in the Japanese inpatient registry and from 21.7% to 47.2% 
among children aged 5–11 years in the Iijima cohort [28,29]. In a Brazilian national registry 
that included 11,153 children younger than 2 years-old with SARS-CoV-2-associated severe 
acute respiratory syndrome, diarrhea was less frequently associated with Omicron than 
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with Delta after adjustment for potential confounders (aOR 0.71 (95% CI 0.61–0.97)) [46]. 
Sahin et al. (2023) reported a decrease in gastrointestinal symptoms among 283 hospitalized 
children in Turkey, from 41.9% during Delta to 22.3% during Omicron (p = 0.018) [38]. 
Gastrointestinal manifestations also differed in the study published by Taytard et al. (2022), 
with diarrhea occurring in 33% of Omicron admissions compared with none during Delta 
(p = 0.01), and refusal to eat in 46% versus 7%, respectively (p = 0.01) [34].

3.4. Hospitalization and Severe Outcomes During Delta and Omicron
Population-based studies generally suggested a lower risk of severe outcomes with 

Omicron than Delta, although this was not consistently observed among cohorts restricted 
to hospitalized children.

In Qatar, Butt et al. (2022) compared 985 matched pairs of unvaccinated children with-
out documented previous infection and found substantially lower odds of moderate/severe 
disease with Omicron than Delta (aOR 0.12, 95% CI 0.07–0.18) [33]. Similar reductions 
in acute clinical outcomes were reported by Wang et al. (2022) in a large US electronic 
health-record cohort of children younger than five years. After matching children with 
Omicron and Delta infections for age, sex, race and ethnicity, and relevant comorbidities, 
Omicron was associated with significantly lower 14-day risks of emergency-department 
attendance, hospitalization, ICU admission, and mechanical ventilation compared with 
Delta [32].

A study from Norway by Whittaker et al. (2022) reported that among 135,807 unvacci-
nated children without previous documented infection, acute COVID-19 hospitalization 
occurred in 21/10,538 Alpha, 28/42,362 Delta, and 48/82,907 Omicron BA.1 infections. Com-
pared with Alpha, the adjusted risk was lower during both Delta (aRR 0.53) and Omicron 
(aRR 0.40), while no clear difference in acute-COVID hospitalization was observed between 
Omicron and Delta. The risk of multisystem inflammatory syndrome in children (MIS-C), 
however, was lower during Omicron than Delta, with MIS-C being diagnosed in 14 of
42,362 children during the Delta wave (0.03%) compared with 7 of 82,907 during the Omi-
cron BA.1 wave (0.008%). After adjustment for demographic characteristics and underlying 
comorbidities, the risk of MIS-C was approximately 74% lower during Omicron than during 
Delta (aRR 0.26, 95% CI 0.10–0.63) [35].

Bahl et al. (2023) examined 4517 pediatric emergency-department encounters across 
Alpha-, Delta-, and Omicron-predominant periods in a large US healthcare system, of which 
566 resulted in hospitalization. Hospital admissions increased numerically across the three 
periods, from 138 during Alpha and 179 during Delta to 249 during Omicron. Despite this 
increase, the adjusted odds of the composite severe-disease outcome were significantly 
lower during Omicron than during Alpha (aOR 0.35, 95% CI 0.21–0.60) [39].

In the Malaysian matched cohort, the moderate/severe disease was more frequent 
during Omicron than Delta (64.9% vs. 23.1%; OR 6.14, 95% CI 4.72–7.99), largely reflecting 
greater treatment requirements. However, severe disease alone did not differ significantly 
(1.3% vs. 2.2%), nor did PICU admission or mechanical ventilation [19]. Similar results 
were described by Choi et al. (2023) in a multicenter South Korean cohort of 612 hospi-
talized children, including 211 during the Delta-predominant period and 401 during the 
Omicron-predominant period. The proportion classified as having serious illness, defined 
as moderate, severe, or critical disease, was higher during Omicron than Delta (21.2% vs. 
11.8%, p = 0.034). The increase was particularly evident for moderate illness among children 
aged 0–4 years (14.2% vs. 3.4%) and 5–11 years (18.6% vs. 4.2%) [41].

In the Canadian multicenter emergency-department cohort, Sumner et al. (2023) 
found no significant differences across SARS-CoV-2 variants in either hospitalization or 
ICU admission [37]. Similarly, in a US study restricted to hospitalized children younger 
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than five years, Andersen et al. (2025) found comparable rates of ICU admission across 
the pre-Delta, Delta, and Omicron periods (20%, 21%, and 21%, respectively; p = 0.77). 
Invasive mechanical ventilation was also similar across the three periods (7%, 8%, and 7%, 
respectively; p = 0.35) [45].

3.5. Age-Specific Findings and Omicron Subvariants
Age substantially influenced the interpretation of variant-associated severity. Neonates 

represented a distinct high-risk population. In the UK national surveillance, 27 of 
57 neonates hospitalized during the Delta period required invasive ventilation, and all 
four deaths attributed to neonatal SARS-CoV-2 infection occurred during Delta [43]. How-
ever, prematurity, maternal COVID-19, and the very small Omicron sample complicated 
direct variant comparisons.

Among 657 sequenced infections in Italian children aged ≤12 years, moderate/severe 
presentations occurred in 14.9% with BA.1, 6.4% with BA.2, 1.9% with BA.5, and 7.1% 
with BQ.1, although hospitalization did not differ significantly across variants [44]. A 
subsequent Italian genomic cohort encompassing BA.2-like, BA.5-like, XBB, and JN.1 infec-
tions found no statistically significant adjusted association between individual variants and 
hospitalization [47].

Pokorska-Śpiewak et al. (2024) compared 1098 children hospitalized during the pre-
dominance of early and later Omicron subvariants in Poland. The early-Omicron group 
included 575 children hospitalized between January and June 2022, when BA.1 and BA.2 
predominated, whereas 523 children were hospitalized between July 2022 and April 2023, 
during the predominance of BA.5, BA.2.75, BQ.1, and XBB.1.5. Fever was significantly more 
frequent during the later Omicron period (87.0% vs. 79.0%), as was croup (3.0% vs. 1.2%, 
p = 0.03). In contrast, febrile seizures remained uncommon and did not differ significantly 
between the two periods (1.5% vs. 0.87%). Radiological pulmonary lesions were also infre-
quent, occurring in 6.5% of children during the later Omicron period compared with 4.0% 
during early Omicron. Despite these differences in clinical presentation, outcomes were 
favorable in both groups: no deaths, acute respiratory distress syndrome, or ICU admissions 
were reported. The authors also observed a longer mean duration of hospitalization and 
greater use of antiviral treatment during the later Omicron period [42].

More recent Japanese data also suggest that Omicron variants may differ in symptom 
profile without clear evidence of major differences in severity. In the Kobe emergency-
department cohort of 4085 children, cough occurred in 37.9% during BA.1/BA.2, 39.1% 
during BA.5/BQ.1, and 46.0% during XBB, while nasal discharge was also more frequent 
during XBB. Vomiting was more frequent during BA.5/BQ.1 than BA.1/BA.2 [48].

4. Discussion
Our systematic review provides an updated synthesis of the clinical manifestations 

and severity of pediatric SARS-CoV-2 infection across successive viral variants, from 
early and pre-Alpha strains through Alpha, Gamma, Delta, Omicron, and more recent
Omicron subvariants.

4.1. Changes in Clinical Presentation Across SARS-CoV-2 Variants
Our findings suggest that changes in SARS-CoV-2 variants were accompanied by 

measurable changes in the clinical phenotype of infection in children.
Comparisons between Alpha and Delta generally showed a greater symptomatic bur-

den during Delta. Ben-Tov et al. reported an increase in symptomatic infection and fever 
during Delta, while Molteni et al. found a modest increase in the number of reported 
symptoms, including headache and fever, although the median illness duration remained 
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5 days during both periods [22,23]. This pattern was also supported by Yılmaz Çelebi et al., 
who used individual variant testing and found that hospitalization was approximately twice 
as frequent among children with Delta as among those with Alpha (19.4% vs. 9.4%) [31]. 
These findings suggest that the transition from Alpha to Delta affected the clinical expres-
sion of pediatric infection in some setting even when differences in severe outcomes were 
relatively modest.

Evidence regarding Gamma was more limited. The sequencing-based study by Ed-
ward et al. identified Gamma as being associated with substantially higher adjusted odds 
of hospitalization, respiratory support, and severe disease compared with non-VOC infec-
tions, but the wide confidence intervals surrounding these estimates, resulting partly from 
the relatively small number of Gamma infections, warrant caution [25]. These findings 
are consistent with the previous pediatric systematic review by Wiedenmann et al., in 
which more severe disease was particularly reported with Delta and Gamma variants [20]. 
We should also mention that their review included evidence available only through May 
2022, whereas ours incorporates subsequent Delta–Omicron comparisons and more recent 
Omicron subvariants.

The transition to Omicron produced some changes in clinical presentation. There were 
several geographically independent studies that identified an increased in the frequency of croup 
or croup-like illness. This finding was observed across Asian, European, and North American 
populations, although the absolute frequencies differed substantially [29,36,40,42]. A possible 
biological explanation may be differences in respiratory tract replication. Experimental work by 
Hui et al. demonstrated that Omicron replicated more efficiently in ex vivo human bronchial 
tissue but less efficiently in the lung parenchyma than earlier SARS-CoV-2 variants [49]. In 
contrast with our other findings in the Malaysian cohort reported by Ng et al., lower respiratory 
tract infection was more frequent among hospitalized children with Omicron than among those 
with Delta [19]. The respiratory phenotype therefore appears to depend substantially on age, 
study setting, and the population from which patients were selected.

4.2. Neurologic and Gastrointestinal Manifestations During Omicron
A second relatively consistent finding was the increased frequency of seizures dur-

ing the Omicron period. Increased seizures or febrile seizures were reported in sev-
eral independent cohorts from Japan, South Korea, Malaysia, Turkey, and the United 
States [19,28,36,38,40]. This association was more pronounced in the Malaysian matched 
cohort reported by Ng et al., in which seizures were substantially more frequent with 
Omicron than Delta (21.9% vs. 3.2%) and in the Turkish study by Sahin et al. that found 
seizures in 22.3% of hospitalized children during Omicron compared with 10.0% during 
the combined pre-Omicron periods [19,38]. The interpretation requires caution because 
Omicron cohorts frequently contained a larger proportion of infants and young children, 
who inherently have a greater susceptibility to febrile seizures. Sahin et al., for example, 
reported a markedly younger population during the Omicron period [38]. Age distribution 
may therefore explain part of the observed increase. Furthermore, studies did not use 
identical definitions: some reported all seizures at presentation, whereas others specifically 
identified febrile seizures. Febrile seizures should be distinguished from other neurological 
manifestations, and their increased frequency does not necessarily indicate direct central 
nervous system involvement.

Gastrointestinal manifestations showed substantially less consistency. Vomiting in-
creased during Omicron in the Japanese cohorts reported by Shoji et al. and Iijima et al., 
particularly among school-aged children in the latter study, whereas Sahin et al. reported 
fewer gastrointestinal symptoms during Omicron than Delta [28,29,38]. Gonçalves et al. 
also found lower adjusted odds of diarrhea with Omicron than Delta among Brazilian 
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children younger than two years with severe acute respiratory syndrome [46]. Taytard et al. 
similarly reported more gastrointestinal involvement among hospitalized French children 
during Omicron than Delta, including diarrhea in 33% versus 0% and refusal to eat in 46% 
versus 7%, but the small sample size warrants caution [34]. Differences in age, disease 
severity, healthcare setting, and definitions of gastrointestinal involvement probably con-
tributed to this heterogeneity. Therefore, unlike croup and seizures, the available evidence 
does not support a single consistent Omicron-associated gastrointestinal phenotype.

4.3. Disease Severity Across Delta and Omicron Variants
The relationship between viral variant and disease severity was more complex than 

the differences in symptom profile. At the population level, the most consistent finding was 
a reduction in severe outcomes during Omicron compared with Delta. In Qatar, Butt et al. 
found substantially lower adjusted odds of moderate or severe disease with Omicron than 
Delta among matched unvaccinated children without documented previous infection [33]. 
Similar reductions in acute healthcare outcomes were observed by Wang et al. in a large 
US cohort of children younger than five years, while Whittaker et al. reported very low 
absolute risks of acute COVID-19 hospitalization during both Delta and Omicron in Norway 
and a substantially lower risk of MIS-C during Omicron [32,35].

Findings from hospitalized pediatric populations were notably less consistent. Ng 
et al. reported substantially higher odds of the combined moderate/severe category during 
Omicron, while Choi et al. also found a greater proportion of moderate, severe, or critical 
disease among hospitalized South Korean children during the Omicron period [19,41].

Interpretation of these findings depends substantially on the population in which 
outcomes were assessed. Population-based cohorts address the probability that an in-
fected child will subsequently require hospitalization or develop severe disease. In contrast, 
hospital-based studies begin after the decision to admit has already occurred and there-
fore describe the clinical spectrum conditional on hospitalization. Changes in admission 
thresholds, age distribution, healthcare-seeking behavior, testing practices, and inciden-
tal SARS-CoV-2 detection can substantially alter the composition of hospitalized cohorts. 
Consequently, a variant associated with a lower population-level risk of hospitalization 
may nevertheless account for a hospitalized population with a different or apparently more 
severe clinical profile. The definition of severity also differed considerably between studies. 
In the Malaysian cohort reported by Ng et al., the increased frequency of the combined mod-
erate/severe category during Omicron was accompanied by greater treatment requirements, 
whereas severe disease considered separately, PICU admission, and mechanical ventilation 
did not show a significant increase [19]. Thus, treatment-defined or composite severity 
categories should not automatically be interpreted as evidence of greater intrinsic viru-
lence. Another important issue is incidental infection. During periods of high community 
transmission, routine testing of hospitalized children can identify SARS-CoV-2 infection un-
related to the reason for admission. Kenney et al. found that incidental detection increased 
from 19% during Delta to 34% during Omicron. Failure to distinguish hospitalization with 
SARS-CoV-2 from hospitalization because of COVID-19 may therefore distort comparisons 
of severity across waves. This distinction is particularly important for Omicron because of 
its exceptionally high community incidence [40].

4.4. Age as an Important Factor of Variant-Associated Disease
Age emerged as an important determinant of both clinical presentation and apparent 

severity. Infants and younger children were disproportionately represented in several 
Omicron cohorts that may potentially reflect both biological susceptibility and changes in 
the clinical phenotype [36,38,41]. The increased frequency of croup during Omicron is 
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particularly relevant to preschool-aged children, while differences in age distribution may 
also contribute to the observed increase in febrile seizures. Butt et al. additionally found 
that children aged 6–11 years and 12 to <18 years had lower adjusted odds of moderate or 
severe/critical disease than children younger than six years. These findings reinforce the 
need to consider age when comparing variant periods rather than treating the pediatric 
population as a homogeneous group [33].

Neonates represent an especially distinct population. UK national surveillance demon-
strated substantial respiratory support requirements among hospitalized neonates during 
the Delta period, including invasive ventilation and deaths attributed to neonatal SARS-
CoV-2 infection [43]. However, the interpretation of variant effects in neonates is partic-
ularly difficult because prematurity, maternal infection, perinatal transmission, and the 
small number of infections during some variant periods may strongly influence outcomes. 
Variant-specific conclusions in this age group therefore remain less certain than those for 
older children.

4.5. Evolution Within the Omicron Period
The available evidence suggests that differences exist among Omicron subvariants, but 

these differences are more apparent for individual symptoms than for major severity out-
comes. In the Polish multicenter cohort reported by Pokorska-Śpiewak et al., later Omicron 
subvariants were associated with higher frequencies of fever and croup than BA.1/BA.2, 
while febrile seizures did not differ significantly and no deaths, ARDS, or ICU admissions 
occurred in either period [42]. Italian sequencing data reported by Scutari et al. (2024) 
similarly demonstrated differences in the proportion of moderate/severe presentations 
among BA.1, BA.2, BA.5, and BQ.1 infections, but hospitalization did not differ significantly 
among subvariants [44]. Another Italian genomic study published also by Scutari et al. at 
one year distance (2025) that consist of a cohort encompassing BA.2-like, BA.5-like, XBB, and 
JN.1 infections likewise found no statistically significant adjusted association between indi-
vidual subvariant and hospitalization, whereas comorbidity remained strongly associated 
with hospitalization [47]. Japanese data from Yamaguchi et al. also suggest a continuous 
evolution of the symptom profile, with differences in cough, nasal discharge, and vomiting 
across BA.1/BA.2, BA.5/BQ.1, and XBB periods [48]. All together these findings suggest 
that Omicron should not be treated as a single clinically homogeneous period. Nevertheless, 
current pediatric evidence does not demonstrate a consistent progression toward increasing 
or decreasing severity across successive Omicron subvariants.

Future advances in SARS-CoV-2 variant identification may also benefit from emerg-
ing biosensing technologies based on two-dimensional materials [50]. These materials 
have promising electronic and optical properties, as demonstrated by studies of ultrathin 
tellurium nanosheets. More recently, a graphene-based photoelectrochemical biosensing 
platform combined with CRISPR/Cas12a demonstrated highly specific detection of genetic 
sequences associated with the Omicron BA.5 variant [51].

Differences in the classification of COVID-19-related and incidental hospitalizations 
may have influenced comparisons across variant periods. Nonsignificant findings should 
not be interpreted as evidence of equivalence between variants, particularly when event 
numbers were small or estimates were imprecise.

4.6. Strengths and Limitations
The strengths of this review are the following, it focuses specifically on direct com-

parisons between SARS-CoV-2 variants or clearly defined variant-predominant periods 
rather than describing isolated waves independently. It incorporates evidence from different 
healthcare settings and geographical regions and extends previous pediatric reviews to 
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include more recent Omicron subvariants. Studies using individual sequencing or variant-
specific testing were distinguished from those relying on calendar-period assignment, and 
population-level severity outcomes were considered separately from outcomes among 
already hospitalized children. This distinction was important for interpreting apparently 
conflicting findings.

Several limitations should also be acknowledged. Most included studies were obser-
vational, and comparisons were often based on sequential variant-predominant periods. 
Changes in population immunity, vaccination coverage, previous infection, testing practices, 
and hospitalization thresholds may therefore have influenced the observed differences. 
Variant ascertainment was also heterogeneous, ranging from individual sequencing or 
molecular testing to assignment based on calendar periods, with a potential for misclassifi-
cation during periods of variant cocirculation. The potential for variant misclassification 
depended on the timing of the study periods. For example, Thelwall et al. reported that 
Delta accounted for less than 5% of sequenced SARS-CoV-2 infections in England in early 
April 2021, but more than 95% by June 2021 [27]. This rapid change suggests that studies 
using calendar periods close to the transition between variants may have included infec-
tions caused by different variants. Such misclassification would generally reduce observed 
differences in symptoms or severity if it occurred similarly across groups. However, the 
magnitude of this bias could not be reliably estimated because variant proportions within 
the pediatric study populations were not consistently available.

Considerable heterogeneity was also present in study populations and outcome def-
initions. Studies ranged from population-based cohorts to emergency-department and 
hospitalized populations, while definitions of disease severity and individual manifesta-
tions were not uniform. Age distributions also differed between variant periods, particularly 
during Omicron, when younger children were frequently overrepresented. This may have 
influenced the reported differences in clinical presentation, as manifestations such as croup 
are more common in younger children, regardless of the SARS-CoV-2 variant [35,41]. Age 
differences may also have affected comparisons of disease severity, since the risk of hospi-
talization and respiratory support varies across pediatric age groups [35]. Therefore, some 
of the observed changes between variants may reflect differences in age composition rather 
than variant-specific effects. However, the extent of age-related confounding could not be 
reliably quantified across studies because age-stratified or age-adjusted comparisons were 
not consistently available.

The NOS assessment highlighted differences in methodological quality, particularly 
regarding adjustment for potential confounders. Findings from studies with limited adjust-
ment or indirect variant identification were therefore interpreted more cautiously, especially 
when results regarding hospitalization or disease severity were inconsistent. These differ-
ences limited direct comparisons across studies and precluded meaningful quantitative 
pooling, supporting the use of a narrative synthesis.

Another limitation concerns the distinction between hospitalization due to COVID-
19 and hospitalization with an incidental SARS-CoV-2 infection. This may have affected 
comparisons of disease severity, particularly when admission screening practices differed 
between variant periods. Kenney et al. reported a higher proportion of incidental infections 
during Omicron than Delta (34% vs. 19%) and separately analyzed hospitalization rates 
after excluding incidental cases [40]. Future studies should distinguish these groups and to 
perform where possible sensitivity analyses excluding incidental infections or admissions 
unrelated to COVID-19. Comparing results before and after these exclusions would help de-
termine whether incidental infections influenced the observed differences in hospitalization 
and severity across variants.
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5. Conclusions
The clinical presentation of pediatric COVID-19 changed across successive SARS-CoV-2 

variants. Delta was generally associated with a greater symptomatic burden than Alpha. 
Omicron was characterized by a shift in clinical phenotype with an increased frequency in 
upper-airway manifestations such as croup. Several studies also reported increased seizure 
frequency, including febrile seizures, although these findings should not be interpreted 
as evidence of direct central nervous system involvement. Gastrointestinal manifestations 
were less consistent across studies.

At the population level, Omicron was generally associated with a lower risk of hospital-
ization and severe outcomes than the Delta variant, although findings were less consistent 
among children already hospitalized. Differences in study setting, age distribution, prior 
immunity, variant ascertainment, and definitions of severity are important when interpret-
ing these apparently conflicting results. Available evidence on later Omicron subvariants 
suggests variation in individual symptoms but no consistent trend in disease severity. Con-
tinued pediatric surveillance combining genomic characterization with standardized clinical 
outcomes is needed to define the clinical impact of emerging SARS-CoV-2 variants.
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