
SARS-CoV-2, the etiologic agent of COVID-19, 
rapidly spread worldwide, causing a global pan-

demic with major social and economic disruption. 
Although the effects of COVID-19 have been great-
er in adults, children also are infected with SARS-
CoV-2, and COVID-19 can lead to severe outcomes 
in pediatric patients (1–3). Nevertheless, the spectrum  

of clinical manifestations in children is broad and 
ranges from asymptomatic to mild upper respira-
tory infection to pneumonia or the more severe mul-
tisystem inflammatory syndrome in children (MIS-
C), which typically occurs 2 to 6 weeks after acute  
SARS-CoV-2 infection (4–7).

Since the COVID-19 pandemic began, different 
SARS-CoV-2 variants have circulated worldwide. In 
the United States, the first variant that replaced the 
original strain was the Alpha variant (B 1.1.7) that 
circulated during April–June 2021. The Delta variant 
(B1.617.2) followed soon after and became predomi-
nant during July–mid-December 2021. Since then, dif-
ferent sublineages of Omicron quickly replaced other 
variants as the predominant variant as of September 
2022. These newer variants have demonstrated higher 
transmissibility and have disproportionally affected 
unvaccinated persons and other vulnerable popula-
tions including children; rates of hospitalization have 
increased 5-fold to 10-fold in children, depending 
on the variant and age group (8–13). Epidemiologic 
studies that rely on SARS-CoV-2 circulation patterns 
have provided robust information; however, the role 
of specific SARS-CoV-2 variants on clinical disease se-
verity in children and adolescents with COVID-19 is 
not fully known.

The objective of this study was to assess whether 
distinct SARS-CoV-2 variants were associated with 
differences in clinical and laboratory data and cycle 
threshold (Ct) values (as a surrogate of viral load) in 
children and adolescents with COVID-19. The Na-
tionwide Children’s Hospital (NCH; Columbus, OH, 
USA) Institutional Review Board approved the study 
(#STUDY00002002).
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Since the COVID-19 pandemic began, different SARS-
CoV-2 variants have been identified and associated 
with higher transmissibility than the ancestral nonvari-
ant strain. During January 1, 2021–January 15, 2022, 
we assessed differences in clinical and viral parame-
ters in a convenience sample of COVID-19 outpatients 
and inpatients 0–21 years of age in Columbus, Ohio, 
USA, according to the infecting variant, identified using 
a mutation-specific reverse transcription PCR assay. 
Of the 676 patients in the study, 17.75% were infected 
with nonvariant strains, 18.49% with the Alpha variant, 
41.72% with Delta, and 16.42% with Omicron. Rates of 
SARS-COV-2/viral co-infections were 15.66%–29.41% 
and were comparable across infecting variants. Inpa-
tients with acute Delta and Omicron infections had lower 
SARS-CoV-2 cycle threshold values and more frequent 
fever and respiratory symptoms than those with non-
variant strain infections. In addition, SARS-COV-2/viral 
co-infections and the presence of underlying conditions 
were independently associated with worse clinical out-
comes, irrespective of the infecting variant.
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Methods

Sample Collection and Testing Algorithm
During January 1, 2021–January 15, 2022, we identi-
fied nasopharyngeal (NP) samples from children and 
adolescents <21 years of age that tested positive by 
various nucleic acid amplification tests (NAATs) for 
SARS-CoV-2 at the Clinical Microbiology Laboratory 
at NCH, per standard of care (Appendix, https://
wwwnc.cdc.gov/EID/article/28/11/22-0577-App1.
pdf). Samples positive for SARS-CoV-2 by any of the 
NAATs assays were stored at −20°C.

From all available specimens, we selected a con-
venience sample for variant screening within 1 week 
of storage based on the clinical laboratory testing ca-
pability, sample volumes, and Ct values, consider-
ing a sample adequate when Ct values were <35. We 
used Ct values as a proxy for viral load quantification 
because they have an inverse relationship with quan-
titative viral loads (14).

SARS-CoV-2 Variant Testing
We screened SARS-CoV-2–positive samples by mu-
tation-specific reverse transcription PCR assays for 
Alpha, Beta, Gamma, Omicron, and other variants of 
interest as described (15). We developed a T487K as-
say for screening of the Delta variant (Appendix).

We considered samples positive for P1 but not 
P2 to be negative for the T478K mutation, and sam-
ples positive for both P1 and P2 to be positive for the 
T478K mutation. We designated samples that carried 
both L452R and T478K mutations as the Delta variant. 
Because the Omicron variant appeared in the United 
States in December 2021 when the Alpha variant had 
effectively disappeared (16), we designated samples 
collected during December 1, 2021–January 15, 2022, 
that were positive for Δ69/70 and negative for the 
L452R mutation as Omicron (B.1.1.529).

Patient Selection and Data Collection
We linked identifiers from outpatients and inpa-
tients whose samples underwent SARS-CoV-2 vari-
ant screening with their electronic healthcare records 
(EHRs), extracted pertinent data, and manually re-
viewed clinical data. We included in the inpatient co-
hort 1 patient who tested positive as outpatient but 
eventually required hospitalization within 4 weeks of 
diagnosis; for this patient, we considered for analyses 
the first sample obtained. For patients with multiple 
positive SARS-CoV-2 tests during the study, we in-
cluded in the analyses the first sample collected and 
the data related to the first encounter. We consid-
ered subsequent samples collected for an individual  

patient or subsequent admissions to be duplicates 
and excluded them from analysis.

We described demographic characteristics in-
cluding underlying conditions, the infecting variant 
type, and SARS-CoV-2 Ct values for the COVID-19 
clinical cohort comprised of outpatients and inpa-
tients; we analyzed clinical manifestations, labora-
tory parameters, and clinical outcomes exclusively 
in inpatients with acute COVID-19. We grouped 
underlying conditions into categories including 
respiratory, neurologic, genetic, immunocompro-
mised conditions, renal/gastrointestinal, endocrine, 
and hematologic diseases. We also included obesity, 
defined as presence of age-sex-standardized body 
mass index z-scores >95th percentile, and over-
weight, defined as presence of age-sex-standardized 
body mass index z-scores >85th percentile; these 
values were based on weight (measured at the time 
of SARS-CoV-2 testing) and height registered in the 
EHR within 60 days of cohort entrance. For children 
<2 years of age, we determined the nutritional status 
by z-scores according to weight-for-age and weight-
for-height, considering overweight as 1.0 to <2.0 SD 
and obesity as >2 SD. We grouped obesity and over-
weight as a single variable during data collection. 
To contrast the prevalence of underlying conditions 
between the COVID-19 clinical cohort and the pa-
tient population evaluated at NCH during the same 
period, we used the Pediatric Medical Complexity 
Algorithm (PMCA) version 2.0, which categorized 
patients as having no chronic conditions, noncom-
plex chronic conditions, or complex chronic condi-
tion comorbidities (17).

Statistical Analysis
We used descriptive analysis to summarize patients’ 
characteristics. We analyzed categorical variables by 
χ2 or Fisher exact tests and expressed them in frequen-
cies and percentages. We analyzed continuous vari-
ables by Kruskal-Wallis rank-sum test and expressed 
them as median (interquartile range) because data 
were nonnormally distributed. We conducted mul-
tivariable analyses to identify risk factors associated 
with clinical outcomes in children and adolescents 
with acute COVID-19, including the need for hospi-
talization and, in inpatients, oxygen administration 
and pediatric intensive care unit (PICU) admission. 
We built statistical models using logistic regression; 
in all models, the primary exposure was the infecting 
variant. Other covariates included were age, under-
lying conditions, Ct values, and viral co-infections. 
We evaluated models for collinearity using the gen-
eralized variance inflation factor. We performed  
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statistical analyses in R version 4.0 (The R Project for 
Statistical Computing, https://www.r-project.org) 
and Prism version 9.0 (GraphPad Software, https://
www.graphpad.com) and considered 2-sided p<0.05 
statistically significant.

Results

Shifts in the Circulation of SARS-CoV-2 Strains
During January 1, 2021–January 15, 2022, of 169,908 
samples tested for SARS-CoV-2 from children and 
adolescents of all ages, 15,320 (9.02%) were positive 
by an NAAT assay. (Figure 1). The monthly rate of 
SARS-CoV-2 NAAT positive tests fluctuated through-
out the study, from ≈10.00% in January 2021, when 
the nonvariant strain predominated, to 3.78%–1.70% 
during March–June 2021, coinciding with the circula-
tion of the Alpha variant (p = 0.01). After June there 
was a steady increase in SARS-COV-2 positivity rates 
when Delta predominated. The highest positivity rate 
of 33.05% was reached in January 2022 with the circu-
lation of Omicron (Figure 1).

We performed variant screening on 1,058 (6.91%) 
positive samples for SARS-CoV-2, confirming the local 
circulation of 12 variants. Of those samples, 11.34% (120) 
corresponded to the nonvariant strain, 11.81% to Alpha, 
62.77% to Delta, and 10.49% to Omicron. Thirty-eight 
patients (3.59%) were infected with other variants, in-
cluding Beta, Gamma, Lota, Zeta, Eta, Epsilon, and Mu, 
as well as a single variant of uncertain importance.

Demographic Characteristics of the Clinical Cohort
We included in final analyses sample data from 676 
(63.89%) unique patients, comprising the clinical co-
hort (Table 1; Figure 2). Of the 676 patients, those 
identified during January 1–September 19, 2021, cor-
responded to nonvariant (n = 120, 17.75%), Alpha (n 
= 125, 18.49%), and Delta infections (n = 282, 41.72%). 
Patients identified during December 15, 2021– Janu-
ary 15, 2022, corresponded to Omicron B.1.1.529 in-
fections (n = 111, 16.42%). Patients identified during 
September 20–December 14, 2021, corresponded to 
Delta infections but were not included because sam-
ple size for Delta infections was deemed sufficient.
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Figure 1. Shifts in the circulating SARS-CoV-2 variants identified at Nationwide Children’s Hospital, Columbus, Ohio, USA, by 
percentage of total cases irrespective of patient age, January 2021–January 2022. The others category comprises Beta (n = 12), Iota (n 
= 9), Zeta (n = 7), Eta (n = 2), Epsilon (n = 3), and Mu (n = 2) variants, as well as variants under investigation (n = 2). The black dotted 
line represents the rate of positive tests by month.
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Of the 676 patients, we tested 450 (66.57%) as 
outpatients and 226 (33.43%) in the hospital. Medi-
an age for inpatients (6.6 [IQR 0.5–15.6] years) was 
lower than that for outpatients (9.4 [IQR 3.9–14.2] 
years; p<0.01). In both settings, infections were 
more common in adolescents 12–21 years of age, 
whereas in inpatients, infants were the second most 
common age group represented (30.97%). We ob-
served no differences in sex and race/ethnicity be-
tween inpatients and outpatients. SARS-CoV-2 vac-
cination rates were low (3.01%) and did not differ 
between outpatients and inpatients either. Overall, 
Delta infections were the most common infections 
in inpatients (41.15%) and outpatients (42.00%). Al-
pha infections were more common in outpatients 
(21.78% vs. 11.95% in inpatients) and Omicron in 
inpatients (27.43% vs. 10.89% in outpatients). (Fig-
ure 3; Appendix Table 1).

Of the COVID-19 clinical cohort, 80.0% (538/676) 
had available data regarding underlying conditions. 
Underlying conditions were more prevalent in inpa-
tients (60.18%) than in outpatients (36.54%; p<0.001); 

obesity/overweight was the most common. Com-
pared with the overall population evaluated at NCH 
during the same period (NCH cohort; n = 444,425), the 
prevalence of complex chronic conditions identified 
by the PMCA algorithm was greater in the COVID-19 
clinical cohort (31.56%) than in the overall NCH cohort 
(16.95%), whereas noncomplex chronic conditions 
were more common in the NCH cohort (20.76%) than 
in the clinical cohort (14.52%) (Appendix Table 2).

Clinical Cohort Viral Loads and Viral Co-infections
We assessed differences in SARS-CoV-2 Ct values in 
the clinical cohort according to the infecting variant 
and found comparable values (p = 0.35) (Figure 4, pan-
el A). For 32.10% (217/676) of patients, we performed a 
multiplex respiratory viral panel; we identified SARS-
CoV-2/viral coinfections in 43 patients (19.82%) (Fig-
ure 4, panel B). Rhinovirus/enterovirus (RV/EV) was 
the most common viral coinfection (n = 22) followed by 
respiratory syncytial virus (RSV; n = 7), human meta-
pneumovirus (hMPV; n = 5), endemic coronavirus (n 
= 3), parainfluenza viruses (PIVs; n = 3), adenovirus 
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Table 1. Demographic characteristics of the clinical cohort in study of SARS-CoV-2 variants in children and adolescents, Columbus, 
Ohio, USA* 
Clinical cohort characteristics All patients, n = 676 Outpatients, n = 450 Inpatients, n = 226 p value 
Median age, y (IQR) 8.98 (2.64–14.71) 9.40 (3.90–14.23) 6.55 (0.48–15.60)   
Age group, y     
 <1 102 (15.09) 32 (7.11) 70 (30.97) <0.001 
 1–4 129 (19.08) 96 (21.33) 33 (14.60)  
 5–11 189 (27.96) 157 (34.89) 32 (14.16)  
 12–21 256 (37.87) 165 (36.67) 91 (40.27)  
Sex     
 M 356 (52.66) 230 (51.11) 126 (55.75) 0.25 
 F 320 (47.34) 220 (48.49) 100 (44.25)  
Race/ethnicity n = 587 n = 365 n = 222 0.36 
 White 349 (59.45) 215 (58.90) 134 (60.36)  
 Black 146 (24.87) 92 (25.21) 54 (24.32)  
 Multiracial 38 (6.47) 26 (7.12) 12 (5.41)  
 Hispanic 37 (6.30) 25 (6.85) 12 (5.41)  
 Other 17 (2.90) 7 (1.92) 10 (4.51)  
Underlying conditions† n = 538 n = 312 n = 226 <0.001 
 None 288 (53.53) 198 (63.46) 90 (39.82)  
 Yes 250 (46.47) 114 (36.54) 136 (60.18)  
  Obesity/overweight 141 (26.21) 68 (21.79) 73 (32.30)  
SARS-CoV-2 vaccination status n = 565 n = 361 n = 204 0.62 
 Received >1 dose 17 (3.01) 12 (3.32) 5 (2.45)  
 Not immunized 548 (96.99) 349 (96.68) 199 (97.55)  
SARS-COV-2 variant     
 Nonvariant 120 (17.75) 88 (19.56) 32 (14.16) <0.001 
 Alpha 125 (18.49) 98 (21.78) 27 (11.95)  
 Delta 282 (41.72) 189 (42.00) 93 (41.15)  
 Omicron 111 (16.42) 49 (10.89) 62 (27.43)  
 Other‡ 38 (5.62) 26 (5.78) 12 (5.31)  
*Values are no. (%) except as indicated. Continuous variables were analyzed by Mann-Whitney test. Categorical data were analyzed by Fisher exact test 
or χ2 test. Bold indicates significance. IQR, interquartile range. 
†Underlying conditions included respiratory (asthma, bronchopulmonary dysplasia, cystic fibrosis); cardiac (septal defects, valvopathies; dilated 
cardiomyopathy); endocrinologic (diabetes, dyslipidemia, panhypopituitarism, polyendocrinopathy); hematologic (sickle cell disease, spherocytosis, 
thalassemia, chronic idiopathy thrombocytopenia purpura); immunocompromised conditions (solid or hematopoietic organ transplantation, malignancies–
leukemias, solid tumors, rheumatologic conditions receiving chronic immunosuppressive therapy, primary immunodeficiencies, HIV); neurologic and 
genetic conditions (cerebral palsy, autism, developmental delay); prematurity; renal/gastrointestinal conditions (Hirschsprung’s, duodenal atresia, short 
bowel syndrome, chronic kidney disease, intestinal bowel disease, nephrotic syndrome), and obesity/overweight. 
‡Other variants: Gamma (n = 12); Epsilon (n = 3); Eta (n = 2); Beta (n = 1); Iota (n = 9); Mu (n = 2); variants under investigation, (n = 2); Zeta (n = 7). 
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(n = 3), and influenza viruses (n = 1). We observed no 
differences in the rates of co-infections according to 
the SARS-CoV-2 variant (p = 0.29). However, the type 
of viral coinfection varied throughout the study; RSV, 
hMPV, and influenza co-infections were identified 
only in children with Delta and Omicron infections.

Clinical Characteristics of the Inpatient Cohort
Because complete clinical and laboratory data 
were available for inpatients (n = 226), we further  
analyzed this cohort. We excluded 21 patients, 11 
with MIS-C, because this condition represents a post-
acute complication of COVID-19, and 10 who were 
diagnosed by screening upon admission, leaving 

a total of 205 inpatients with acute COVID-19. Of 
the 11 patients with MIS-C (median age 10.40 [IQR 
2.10–15.70] years), 4 infections were related to the 
nonvariant strain, 2 to the Alpha variant, 3 to Delta, 
and 2 to Omicron. The 10 inpatients identified by 
SARS-CoV-2 screening were hospitalized with other 
infectious processes (i.e., rotavirus or Clostridioides 
difficile enteritis, intraabdominal abscesses, perior-
bital cellulitis) or trauma-related diagnoses.

Of the 205 inpatients with acute COVID-19, a 
total of 26 (12.68%) were infected with the nonvari-
ant strain, 21 (10.24%) with Alpha, 89 (43.41%) with 
Delta, and 59 (28.78%) with Omicron. Ten patients 
were infected with other SARS-CoV-2 variants 
(Epsilon, Eta, Gamma, and Iota); given their low 
representation, they were excluded from further 
analyses, leaving 195 inpatients for comparative  
clinical analyses.

Inpatients infected with Omicron were signifi-
cantly younger (0.88 [IQR 0.13–11.72] years) than 
those infected with Delta (11.11 [IQR 0.69–16.05] 
years; p<0.001). Almost half (46.07%) of inpatients 
with Delta infections were adolescents, whereas 
infants represented 52.54% of Omicron infections 
(Table 2). Most inpatients in all variant groups were 
White, except inpatients with Alpha infections, who 
were mostly Black (57.14%). Underlying conditions 
were prevalent (61.03%); obesity/overweight was the 
most common chronic comorbidity irrespective of the 
infecting variant. Most (97.44%) inpatients were not 
immunized against SARS-CoV-2.
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Figure 2. Flow diagram of 
sample and patient selection for 
SARS CoV-2 variant screening 
of nasopharyngeal samples at 
Nationwide Children’s Hospital, 
Columbus, Ohio, USA, during 
January 1, 2021–January 15, 
2022. After excluding patients 
>22 years of age and duplicate 
entries, 676 patients with positive 
SARS-CoV-2 tests during January 
1–September 19, 2021, and 
December 15, 2021–January 15, 
2022 were included in the clinical 
analyses. Other variants were 
Beta, Iota, Zeta, Eta, Epsilon, 
Gamma, Mu, and other variants 
under investigation.

Figure 3. Distribution of SARS-CoV-2 variants in study of pediatric 
and adolescent patients included in a clinical cohort (n = 676) at 
Nationwide Children’s Hospital, Columbus, Ohio, USA, by age 
group. Bars represent the percentage of each SARS-CoV-2–
specific variant in the different age groups.
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Duration of symptoms at the time of the SARS-
CoV-2 testing was longer in inpatients with Delta in-
fections than in those with nonvariant and Omicron 
infections (p<0.001), yet inpatients with Delta and 
Omicron infections had significantly lower Ct values 
than did those infected with the nonvariant strain (p 
= 0.04) (Figure 4, panel C). Compared with those with 
nonvariant infections, inpatients with Delta and Omi-
cron infections were brought for care with fever and 
respiratory symptoms more frequently (p<0.05). Ab-
solute lymphocyte counts (ALC) and lymphopenia, 
defined as an ALC of <4,500 cells/μL in children <12 
months and <1,500 cells/μL in children >12 months 
of age (18), were more common in inpatients with 
Delta infections (p = 0.01) than those with nonvariant 
strain infections (p = 0.02).

COVID-19 therapy was provided to 42.70% of in-
patients with Delta infections compared with 23.08% 
of those with nonvariant infections or 33.33% of in-
patients infected with the Alpha variant, with no dif-
ferences between groups (p = 0.26). Fifty-six percent 
of inpatients with Delta infections received oxygen, 
compared with ≈40.00% of those with other variants. 
Intensive care unit (ICU) admission was required for 
≈25% of inpatients irrespective of the infecting vari-
ant; however, inpatients with Delta infections stayed 
in the ICU and in the hospital for a median of 1–2 
days longer than those with other variants. These dif-
ferences did not reach statistical significance.

One patient who had morbid obesity and acute 
COVID-19 associated with the Alpha variant died. In 
addition, 12 patients had more severe or unusual clin-
ical manifestations: 6 were nonvaccinated patients 
8–20 years of age with Delta infections whose illness 
manifested with severe myocarditis, pulmonary em-
bolism, pneumothorax, or pneumomediastinum, and 
the other 6 were children <3 years of age with Omi-
cron infections that manifested as croup.

Evaluation of Risk Factors for Severe COVID-19
We performed multivariable analyses to identify 
risk factors associated with disease severity defined 
as need for hospitalization, administration of sup-
plemental oxygen, and PICU admission in patients 
with acute COVID-19. Fifteen children received me-
chanical ventilation, which precluded further mul-
tivariable analyses. Presence of underlying chronic 
conditions (odds ratio [OR] 4.53, 95% CI 1.48–15.10) 
and infants (OR 6.64, 1.34–36.00), but not the infect-
ing SARS-CoV-2 variant or viral co-infections, were  
independently associated with increase odds of hos-
pitalization (Appendix Table 3). In hospitalized pa-
tients, underlying conditions also increased the odds 
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Figure 4. SARS-CoV-2 viral loads and viral co-infections among 
children and adolescents with COVID-19 at Nationwide Children’s 
Hospital, Columbus, Ohio, USA, by the infecting SARS-CoV-2 
variant, January 1, 2021–January 15, 2022. A) Nasopharyngeal 
SARS-CoV-2 viral loads expressed as Ct values according to 
the infecting SARS-CoV-2 variant in the clinical cohort (n = 676). 
Percentage of total infections for each variant is below each bar. B) 
Viral co-infections by SARS-CoV-2 variant during the study period in 
patients that underwent multiplex viral testing. Twelve patients with 
other variants tested negative for viral co-infections (not shown). 
Percentage of total co-infections is above each bar. p value was 
determined by χ2 test. C) Nasopharyngeal SARS-CoV-2 Ct values 
by infecting SARS-CoV-2 variant among inpatients with acute 
COVID-19, excluding patients with MIS-C, SARS-CoV-2 detected 
by screening in inpatients, and those infected with uncommon 
SARS-CoV-2 strains. p value at bottom right represents the overall 
Kruskal-Wallis p value; values above bars indicate ad hoc pairwise 
comparisons by Dunn multiple test correction. For box plots in 
panels A and C, horizontal lines within boxes indicate medians; 
box tops and bottoms indicate interquartile ranges; error bars 
indicate 95% CIs. AdV, adenovirus; HCoV, human coronavirus; 
hPMV, human metapneumovirus; MIS-C, multisystem inflammatory 
syndrome in children; NS, not significant. PIV, parainfluenza virus; 
RSV, respiratory syncytial virus; RV, rhinovirus.
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Table 2. Demographic, laboratory characteristics and clinical outcomes of children and adolescents hospitalized with acute COVID-19 
by SARS-CoV-2 variant, Columbus, Ohio, USA* 

Characteristic 
Clinical inpatient 
cohort, n = 195† 

Nonvariant,  
n = 26 Alpha, n = 21 Delta, n = 89 Omicron, n = 59 p value 

Median age, y (IQR) 5.7 (0.36–15.41) 3.3 (1.25–15.46) 4.1 (0.48–14.84) 11.1 (0.69–16.05) 0.8 (0.13–11.72) 0.01‡ 
Age group, y      <0.001‡ 
 <1 y 67 (34.36) 5 (19.23) 8 (38.10) 23 (25.84) 31 (52.54) 
 1–4 27 (13.85) 10 (38.46) 3 (14.29) 8 (8.99) 6 (10.17) 
 5–11 27 (13.85) 1 (3.85) 2 (9.52) 17 (19.10) 7 (11.87) 
 12–21 74 (37.95) 10 (38.46) 8 (38.07) 41 (46.07) 15 (25.42) 
Sex       
 M 106 (54.36) 15 (57.69) 10 (47.62) 50 (56.18) 31 (52.54) 0.89 
 F 89 (45.64) 11 (42.31) 11 (52.38) 39 (43.82) 28 (47.46)  
Race/ethnic group      0.02‡ 
 White 113 (57.95) 18 (69.23) 8 (38.10) 59 (66.30) 28 (47.46) 
 Black 46 (23.59) 4 (15.39) 12 (57.14) 16 (17.98) 14 (23.73) 
 Multiracial 11 (5.64) 2 (7.69) 1 (4.77) 4 (4.49) 4 (6.78) 
 Hispanic 11 (5.64) 1 (3.85) 0 (0.00) 5 (5.62) 5 (8.48) 
 Other/unknown 14 (7.18) 1 (3.85) 0 (0.00) 5 (5.62) 8 (13.56) 
Underlying conditions§ 119 (61.03) 17 (65.38) 14 (66.67) 58 (65.19) 30 (51.72) 0.3 
 Obesity/overweight 63 (32.30) 6 (23.08) 6 (28.57) 38 (42.70) 13 (22.03) 
 Respiratory 21 (10.77) 3 (11.54) 6 (28.57) 10 (11.24) 2 (3.39) 
 Genetic/neurologic 25 (12.82) 4 (15.38) 1 (4.76) 11 (12.36) 9 (15.25) 
 Cardiac 5 (2.56) 3 (11.54) 0 (0.00) 1 (1.12) 1 (1.69) 
 GI/renal 10 (5.13) 3 (11.54) 1 (4.76) 6 (6.74) 0 (0.00) 
 Other 4 (24.10) 5 (19.23) 5 (23.81) 20 (22.47) 17 (28.81) 
SARS-CoV-2 vaccination 5 (2.82) 0 (0.00) 0 (0.00) 1 (1.13) 4 (6.78) 0.27 
Duration of illness, d 
(IQR) 

3 (1.00–7.00) 3 (1.00–6.00) 2 (1.00–5.00) 5 (2.00–8.00) 2 (1.00–4.00) <0.001‡ 

Clinical manifestations       
 Fever 147 (75.38) 14 (53.85) 16 (76.19) 71 (79.78) 46 (77.97) <0.05‡ 
 Respiratory 160 (82.05) 16 (61.54) 17 (80.95) 75 (84.27) 52 (88.14) 0.03‡ 
  Upper respiratory 70 (43.75) 6 (23.08) 8 (38.10) 28 (31.46) 28 (47.46) 0.11 
  Lower respiratory 90 (56.25) 10 (38.46) 9 (42.86) 47 (52.81) 24 (40.68) 0.39 
 Cardiac 25 (12.82) 5 (19.23) 3 (14.29) 12 (13.48) 5 (8.48) 0.57 
 Gastrointestinal 83 (42.56) 11 (42.31) 9 (42.86) 36 (40.45) 27 (45.77) 0.94 
 Other¶ 47 (24.10) 9 (34.62) 12 (57.14) 28 (31.46) 20 (33.90) 0.17 
ALC, × 103/μL 1.6 (0.93–3.46) 2.2 (1.62–3.69) 1.90 (1.26–3.36) 1.20 (0.87–2.06) 2.7 (0.93–4.38) 0.01‡ 
Lymphopenia 105/170 (61.76) 9 (37.50) 13 (61.91) 57 (72.15) 26 (56.52) 0.02‡ 
CRP, mg/dL, median 
(IQR) 

1.4 (0.50–4.10) 2.50 (0.65–5.75) 0.70 (0.50-.3.40) 1.70 (0.55–3.75) 1.30 (0.50–4.40) 0.62 

Ct, median (IQR) 21.36 
(17.28–27.69) 

27.10 
(20.16–31.98) 

21.67 
(16.64–26.35) 

21.24 
(16.54–27.35) 

20.17 
(17.80–25.26) 

0.04‡ 

COVID-19 targeted 
therapy 

70 (35.90) 6 (23.08) 7 (33.33) 38 (42.70) 19 (32.20) 0.26 

Oxygen supplementation 91 (46.67) 10 (38.46) 9 (42.86) 50 (56.18) 22 (37.29) 0.1 
PICU admission 53 (27.18) 7 (26.92) 5 (23.81) 26 (29.21) 15 (25.42) 0.94  
Duration of PICU stay, d 
(IQR) 

3.48 (1.00–7.46) 1.00 (1.00–2.50) 3.00 (2.00–34.00) 4.00 (1.63–7.65) 4.00 (2.03–5.44) 0.26 

Duration of 
hospitalization, d (IQR) 

2.86 (1.79–7.09) 2.10 (1.72–3.02) 2.89 (1.81–5.00) 3.91 (1.84–7.91) 2.20 (1.45–7.33) 0.17  

*Values are no. (%) except as indicated. Continuous variables were analyzed by analyzed by Kruskal-Wallis test. Categorical data were analyzed by χ2 
test. Bold text indicates statistical significance. ALC, absolute lymphocyte count; CRP, C-reactive protein; GI, gastrointestinal; IQR, interquartile range; 
PICU, pediatric intensive care unit. 
†Patients with multisystem inflammatory syndrome in children, SARS-CoV-2 detected by screening but hospitalized for other reasons, and those infected 
with uncommon SARS-CoV-2 strains were excluded from analyses. 
‡p values represent statistical significance between groups based on Kruskal-Wallis or χ2 test. Ad hoc adjusted p values from pairwise comparisons were 
as follows: age, p<0.01 between Omicron and Delta; duration of illness, Delta vs. nonvariant infections (p = 0.03), Delta vs. Alpha (p not significant); and 
Delta vs. Omicron (p<0.001); fever, nonvariant vs. Delta (p = 0.01), nonvariant vs. Omicron (p = 0.04); respiratory symptoms, nonvariant vs. Delta (p = 
0.03), nonvariant vs Omicron (p < 0.01). Total ALC, Delta vs. nonvariant infections (p = 0.03); lymphopenia, Delta vs. nonvariant infections (p<0.01). Ct 
values: nonvariant vs. Delta (p = 0.03), nonvariant vs Omicron (p = 0.03). 
§Underlying conditions: respiratory (asthma, bronchopulmonary dysplasia, cystic fibrosis); cardiac (septal defects, valvopathies; dilated cardiomyopathy); 
endocrinologic (diabetes, dyslipidemia, panhypopituitarism and polyendocrinopathy); hematologic (sickle cell disease, spherocytosis, thalassemia, chronic 
idiopathy thrombocytopenia purpura); immunocompromised conditions (solid or hematopoietic organ transplantation, malignancies–leukemias, solid 
tumors, rheumatologic conditions receiving chronic immunosuppressive therapy, primary immunodeficiencies, HIV); neurologic and genetic conditions 
(cerebral palsy, autism, developmental delay); prematurity; renal/gastrointestinal conditions (Hirschsprung’s, duodenal atresia, short bowel syndrome, 
chronic kidney disease, intestinal bowel disease, nephrotic syndrome); and obesity/overweight. 
¶Other symptoms: anosmia, fatigue, myalgias, headache, back pain, chills, polyarthralgia, hemoptysis, rash. Lymphopenia defined as ALC of <4,500 
cells/μL in infants, and <1,500 cells/μL in children >12 mo of age (18). 
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for supplemental oxygen administration (OR 2.62 
95% CI 1.01–6.95); viral co-infections increased the 
odds, but the difference was not significant (OR 2.75, 
95% CI 0.98–8.17; p = 0.06) (Appendix Table 4). In ad-
dition, OR for PICU admission was higher in inpa-
tients with SARS-CoV-2/viral co-infections (OR 2.89, 
95% CI 1.03–8.99) (Appendix Table 5).

Discussion
The emergence of distinct SARS-CoV-2 variants since 
the beginning of the COVID-19 pandemic and the 
questionable differences in severity among variants 
in children remains poorly understood. To date, most 
of the studies describing the clinical effects of SARS-
CoV-2 variants have been conducted in adults or de-
rived from national or regional estimates, without a 
direct nexus between the specific SARS-CoV2 variant 
and the patient’s clinical phenotype (19–22). In this 
study, we linked the PCR-identified SARS-CoV-2 vari-
ant and patient clinical characteristics. We found that 
children and adolescents hospitalized for acute Delta 
and Omicron infections had lower SARS-CoV-2 Ct val-
ues and experienced fever and respiratory symptoms 
more frequently than did inpatients infected with pre-
vious variants. In adjusted analyses, presence of un-
derlying conditions and viral co-infections, but not the 
infecting variant, were associated with worse clinical 
outcomes. Overall, these data suggested that differ-
ent SARS-CoV-2 variants are associated with distinct 
clinical manifestations; however, clinical risk factors 
remain important determinants of COVID-19 severity.

We documented the local circulation of 12 SARS-
CoV-2 variants appearing temporally in waves that 
coincided with national reports (19). First, the Alpha 
variant circulated until June 2021, followed by Del-
ta during July–December 2021, and more recently 
Omicron. In our study, the highest positivity rate for 
SARS-CoV-2 occurred in January 2022, when Omi-
cron predominated, which mirrors findings of na-
tional reports (23,24) and supports the high transmis-
sibility of this variant (25,26). The rates and pattern of 
viral co-infections with SARS-CoV-2 in our cohort are 
similar to those described previously (27–29). Where-
as rhinovirus/enterovirus was the most common vi-
ral coinfection identified throughout the study, coin-
fections with enveloped viruses (coronavirus, RSV, 
PIV, hMPV, or influenza) increased as nonpharma-
cologic interventions to prevent SARS-COV-2 infec-
tions were discontinued (30). The atypical RSV season 
documented in summer 2021 (31,32) coinciding with 
the Delta wave was also evident in our cohort; most 
children with RSV/SARS-CoV-2 co-infections were 
identified during July–December 2021.

We observed a U-shaped age distribution of CO-
VID-19 in children, which was previously reported 
(33,34). Within all age groups, patients 12–21 years of 
age were 37.87% of all patients and 40.27% of those 
who were hospitalized, especially with Delta, Alpha, 
and nonvariant infections. On the other hand, half 
of Omicron infections were documented in infants, 
compared with 20%–30% of infant infections with 
previous variants. These findings are consistent with 
other US and UK studies that reported an increased 
proportion of infants and young children hospi-
talized with COVID-19 during the Omicron wave 
(23,24). In our cohort, although the predominant race 
was White (59%), a significant number of Black and 
Hispanic children were affected irrespective of the in-
fecting variant, confirming previous studies (29,35). 
Obesity has been consistently associated with severe 
COVID-19 in adults (35–37); we found that in chil-
dren, obesity/overweight was the underlying condi-
tion most commonly associated with worse clinical 
outcomes irrespective of the infecting variant. Almost 
none of the children hospitalized with COVID-19 
were vaccinated, reflecting national trends (23,38).

Studies conducted in adults suggested that in-
fections with the Delta variant were associated with 
more severe disease and higher viral loads than infec-
tions with previous variants (25,39–45). On the other 
hand, subsequent reports using national US trends or 
EHR data not linked to specific variants showed that 
disease severity in children during the Delta wave 
was comparable to that described with the circulation 
of previous variants (19,22). In our study we found 
that PCR-typed Delta infections were associated with 
lower Ct values, more frequent fever and respiratory 
symptoms, and higher rates of lymphopenia than 
infections caused by the original strain. Moreover, 
a great proportion of children and adolescents with 
severe manifestations were infected with the Delta 
variant. On the other hand, children infected with 
Omicron were younger than in previous waves and 
had lower Ct values; nearly half (47.46%) experienced 
upper respiratory symptoms including croup, which 
was anecdotally reported earlier in the pandemic 
(46,47). Although information about preexisting anti-
bodies or other host factors was not available in these 
children, the differences in clinical manifestations by 
variant might partially reflect the evolution and fit-
ness of SARS-CoV-2 associated with differences in 
transmissibility or pathogenicity.

A recent retrospective study conducted in children 
<5 years of age with COVID-19 showed that those 
identified during the Omicron surge were younger 
and had a lower risk for severe disease than children 
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identified during the Delta wave (48). Similarly, anoth-
er large retrospective study showed that rates of hos-
pitalization in US children 0–4 years of age during the 
initial wave of Omicron (late December 2021–February 
2022) were 5 times higher than with the circulation of 
Delta, yet clinical disease severity was worse during 
the Delta wave (23,24). Contrary to those studies, we 
found that rates of PICU admission were similar be-
tween children with Omicron and those infected with 
all other variants. We also found that a higher propor-
tion of RSV and hMPV/SARS-CoV-2 co-infections 
were identified in children with Omicron and that 
SARS-CoV-2/viral co-infections were associated with 
increased odds of PICU admission. Our study is likely 
underpowered to determine whether it is plausible 
that RSV or hMPV co-infections could have played a 
role in the higher rates of PICU admission observed in 
children with Omicron infection.

One patient in our study who was infected with 
the Alpha variant and with multiple chronic condi-
tions died. Although death associated with COVID-19 
 in children is low, >1,400 children and adolescents 
0–18 years of age have died of COVID-19 in the Unit-
ed States as of September 2022 (49,50).

The first limitation of our study is that not all 
samples that tested positive for SARS-CoV-2 by 
NAAT underwent variant screening. The percent-
age of monthly samples screened varied based upon 
sample volumes and the availability of the person-
nel at the NCH clinical laboratory. Therefore, dur-
ing months of high SARS-CoV-2 activity, a smaller 
percentage of samples underwent variant testing. In 
addition, clinical data from 350 patients with Delta 
infections identified during September–December 
2021 were not collected because we had a sufficient 
sample size for Delta infections. Although the cohort 
we analyzed was a convenience sample, it is repre-
sentative of the overall population evaluated in our 
center during the pandemic. Another limitation is 
related to the retrospective nature of data collection, 
which affected the outpatient cohort. We reviewed 
all patient records manually, but data regarding 
clinical manifestations or duration of symptoms 
were not available for all outpatients. Thus, to miti-
gate the impact of missing data, we analyzed clinical 
variables exclusively in inpatients.

In summary, our findings confirmed the local cir-
culation of different SARS-CoV-2 variants over time  
infecting children and adolescents treated at a chil-
dren’s hospital in Ohio, USA. Infections caused by Del-
ta and Omicron variants were associated with lower Ct 
values and with more frequent fever and respiratory 
symptoms than for infections with the original strain; 

at least one fourth of hospitalized children required 
ICU admission, irrespective of the infecting variant. 
These findings suggest that children are susceptible to 
SARS-CoV-2 infection by any of the circulating vari-
ants and that they can develop severe disease. The 
data also emphasize that active monitoring of the shift 
in SARS-CoV-2 variants is critical to understand their 
clinical effects and implications for managing COV-
ID-19 in children.

Acknowledgments
We thank Swan Bee Liu for her help curating the EHR data.

This work was supported by intramural funds from the 
Department of Pathology at Nationwide Children’s  
Hospital and the Center from Vaccines and Immunity. 
A.M. and O.R. are supported in part by the NIH grant 
UO1AI131386.

About the Author
Dr. Quintero is a pediatric infectious disease fellow at 
Nationwide Children’s Hospital. Her primary research 
interests are related to the impact of SARS-CoV-2  
infections in children and to identify biomarkers predictive 
of severe disease.

References
  1. Brodin P. Immune determinants of COVID-19 disease  

presentation and severity. Nat Med. 2021;27:28–33.  
https://doi.org/10.1038/s41591-020-01202-8

  2. Ludvigsson JF. Systematic review of COVID-19 in children 
shows milder cases and a better prognosis than adults. Acta 
Paediatr. 2020;109:1088–95. https://doi.org/10.1111/apa.15270

  3. Arunachalam PS, Wimmers F, Mok CKP, Perera RAPM, 
Scott M, Hagan T, et al. Systems biological assessment of  
immunity to mild versus severe COVID-19 infection in  
humans. Science. 2020;369:1210–20. https://doi.org/10.1126/
science.abc6261

  4. Godfred-Cato S, Bryant B, Leung J, Oster ME, Conklin L, 
Abrams J, et al.; California MIS-C Response Team.  
COVID-19-associated multisystem inflammatory syndrome 
in children—United States, March–July 2020. MMWR Morb 
Mortal Wkly Rep. 2020;69:1074–80. https://doi.org/10.15585/ 
mmwr.mm6932e2

  5. Belay ED, Abrams J, Oster ME, Giovanni J, Pierce T, Meng L, 
et al. Trends in geographic and temporal distribution of US 
children with multisystem inflammatory syndrome during 
the COVID-19 pandemic. JAMA Pediatr. 2021;175:837–45. 
https://doi.org/10.1001/jamapediatrics.2021.0630

  6. Dufort EM, Koumans EH, Chow EJ, Rosenthal EM,  
Muse A, Rowlands J, et al.; New York State and Centers for 
Disease Control and Prevention Multisystem Inflammatory 
Syndrome in Children Investigation Team. Multisystem 
inflammatory syndrome in children in New York State.  
N Engl J Med. 2020;383:347–58. https://doi.org/10.1056/
NEJMoa2021756

  7. Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM, 
Son MBF, et al.; Overcoming COVID-19 Investigators; CDC 

2278 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 11, November 2022



SARS-CoV-2 in Children and Adolescents by Variant

COVID-19 Response Team. Multisystem inflammatory 
syndrome in U.S. children and adolescents. N Engl J Med. 
2020;383:334–46. https://doi.org/10.1056/NEJMoa2021680

  8. Chen J, Wang R, Wang M, Wei GW. Mutations strengthened 
SARS-CoV-2 infectivity. J Mol Biol. 2020;432:5212–26. 
https://doi.org/10.1016/j.jmb.2020.07.009

  9. Walensky RP, Walke HT, Fauci AS. SARS-CoV-2 variants of 
concern in the United States—challenges and opportunities.  
JAMA. 2021;325:1037–8. https://doi.org/10.1001/
jama.2021.2294

10. Maslo C, Friedland R, Toubkin M, Laubscher A, Akaloo T, 
Kama B. Characteristics and outcomes of hospitalized  
patients in South Africa during the COVID-19 Omicron wave 
compared with previous waves. JAMA. 2022;327:583–4. 
https://doi.org/10.1001/jama.2021.24868

11. Jansen L, Tegomoh B, Lange K, Showalter K, Figliomeni J, 
Abdalhamid B, et al. Investigation of a SARS-CoV-2 B.1.1.529 
(Omicron) variant cluster—Nebraska, November–Decem-
ber 2021. MMWR Morb Mortal Wkly Rep. 2021;70:1782–4. 
https://doi.org/10.15585/mmwr.mm705152e3

12. Delahoy MJ, Ujamaa D, Whitaker M, O’Halloran A,  
Anglin O, Burns E, et al.; COVID-NET Surveillance Team. 
Hospitalizations associated with COVID-19 among children 
and adolescents—COVID-NET, 14 States, March 1, 2020– 
August 14, 2021. MMWR Morb Mortal Wkly Rep. 2021; 
70:1255–60. https://doi.org/10.15585/mmwr.mm7036e2

13. Siegel DA, Reses HE, Cool AJ, Shapiro CN, Hsu J,  
Boehmer TK, et al.; MAPW1. Trends in COVID-19 cases, 
emergency department visits, and hospital admissions 
among children and adolescents aged 0–17 years—United 
States, August 2020–August 2021. MMWR Morb Mortal 
Wkly Rep. 2021;70:1249–54. https://doi.org/10.15585/
mmwr.mm7036e1

14. Walker AS, Pritchard E, House T, Robotham JV, Birrell PJ, 
Bell I, et al.; COVID-19 Infection Survey team. Ct threshold 
values, a proxy for viral load in community SARS-CoV-2 
cases, demonstrate wide variation across populations and 
over time. eLife. 2021;10: e64683. https://doi.org/10.7554/
eLife.64683

15. Wang H, Jean S, Eltringham R, Madison J, Snyder P, Tu H,  
et al. Mutation-specific SARS-CoV-2 PCR screen: rapid  
and accurate detection of variants of concern and the  
identification of a newly emerging variant with spike  
L452R mutation. J Clin Microbiol. 2021;59:e0092621. 
https://doi.org/10.1128/JCM.00926-21

16. Nextstrain: real-time tracking of pathogen evolution.  
2022 [cited 2022 Jan 28]. https://nextstrain.org

17. Simon TD, Cawthon ML, Popalisky J, Mangione-Smith R; 
Center of Excellence on Quality of Care Measures for  
Children with Complex Needs (COE4CCN). Development 
and validation of the Pediatric Medical Complexity  
Algorithm (PMCA) version 2.0. Hosp Pediatr. 2017;7:373–7. 
https://doi.org/10.1542/hpeds.2016-0173

18. Régent A, Kluger N, Bérezné A, Lassoued K, Mouthon L. 
Lymphocytopenia: aetiology and diagnosis, when to think 
about idiopathic CD4(+) lymphocytopenia? [in French].  
Rev Med Interne. 2012;33:628–34.

19. Iuliano AD, Brunkard JM, Boehmer TK, Peterson E, Adjei S, 
Binder AM, et al. Trends in disease severity and health care 
utilization during the early omicron variant period compared 
with previous SARS-CoV-2 high transmission periods—
United States, December 2020–January 2022. MMWR Morb 
Mortal Wkly Rep. 2022;71:146–52. https://doi.org/10.15585/
mmwr.mm7104e4

20. Wolter N, Jassat W, Walaza S, Welch R, Moultrie H,  
Groome M, et al. Early assessment of the clinical severity of 

the SARS-CoV-2 omicron variant in South Africa: a data  
linkage study. Lancet. 2022;399:437–46. https://doi.org/ 
10.1016/S0140-6736(22)00017-4

21. Meo SA, Meo AS, Al-Jassir FF, Klonoff DC. Omicron  
SARS-CoV-2 new variant: global prevalence and biological 
and clinical characteristics. Eur Rev Med Pharmacol Sci. 
2021;25:8012–8.

22. Forrest CB, Burrows EK, Mejias A, Razzaghi H, Christakis D, 
Jhaveri R, et al. Severity of acute COVID-19 in children 
<18 years old March 2020 to December 2021. Pediatrics. 
2022;149:e2021055765. https://doi.org/10.1542/ 
peds.2021-055765

23. Marks KJ, Whitaker M, Anglin O, Milucky J, Patel K,  
Pham H, et al.; COVID-NET Surveillance Team.  
Hospitalizations of children and adolescents with  
laboratory-confirmed COVID-19—OVID-NET, 14 states, 
July 2021–January 2022. MMWR Morb Mortal Wkly Rep. 
2022;71:271–8. https://doi.org/10.15585/mmwr.mm7107e4

24. Marks KJ, Whitaker M, Agathis NT, Anglin O, Milucky J,  
Patel K, et al.; COVID-NET Surveillance Team.  
Hospitalization of infants and children aged 0-4 years with 
laboratory-confirmed COVID-19—COVID-NET, 14 states, 
March 2020–February 2022. MMWR Morb Mortal Wkly Rep. 
2022;71:429–36. https://doi.org/10.15585/mmwr.mm7111e2

25. Karim SSA, Karim QA. Omicron SARS-CoV-2 variant: a new 
chapter in the COVID-19 pandemic. Lancet. 2021;398:2126–8. 
https://doi.org/10.1016/S0140-6736(21)02758-6

26. Thakur V, Ratho RK. OMICRON (B.1.1.529): A new  
SARS-CoV-2 variant of concern mounting worldwide fear. 
J Med Virol. 2022;94:1821–4. https://doi.org/10.1002/
jmv.27541

27. Si Y, Zhao Z, Chen R, Zhong H, Liu T, Wang M, et al.  
Epidemiological surveillance of common respiratory viruses 
in patients with suspected COVID-19 in southwest China. 
BMC Infect Dis. 2020;20:688. https://doi.org/10.1186/
s12879-020-05392-x

28. Lai CC, Wang CY, Hsueh PR. Co-infections among patients 
with COVID-19: The need for combination therapy with 
non–anti-SARS-CoV-2 agents? J Microbiol Immunol Infect. 
2020;53:505–12. https://doi.org/10.1016/j.jmii.2020.05.013

29. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, 
McGinn T, Davidson KW, et al.; the Northwell COVID-19 
Research Consortium. Presenting characteristics,  
comorbidities, and outcomes among 5,700 patients  
hospitalized with COVID-19 in the New York City 
area. JAMA. 2020;323:2052–9. https://doi.org/10.1001/
jama.2020.6775

30. Park S, Michelow IC, Choe YJ. Shifting patterns of  
respiratory virus activity following social distancing  
measures for coronavirus disease 2019 in South Korea. J 
Infect Dis. 2021;224:1900–6. https://doi.org/10.1093/infdis/
jiab231

31. Hernández-Rivas L, Pedraz T, Calvo C, San Juan I,  
Mellado MJ, Robustillo A. Respiratory syncytial virus outbreak 
during the COVID-19 pandemic. How has it changed?  
Enferm Infecc Microbiol Clin. 2021. 10.1016/j.eimc.2021. 
12.003 https://doi.org/10.1016/j.eimc.2021.12.003

32. Ohnishi T, Kawano Y. Resurgence of respiratory syncytial 
virus infection during an atypical season in Japan. J Pediatric 
Infect Dis Soc. 2021;10:982–3. https://doi.org/10.1093/ 
jpids/piab065

33. DeBiasi RL, Song X, Delaney M, Bell M, Smith K,  
Pershad J, et al. Severe coronavirus disease-2019 in  
children and young adults in the Washington, DC,  
metropolitan region. J Pediatr. 2020;223:199–203.e1.  
https://doi.org/10.1016/j.jpeds.2020.05.007

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 11, November 2022 2279



RESEARCH

34. Hobbs CV, Woodworth K, Young CC, Jackson AM,  
Newhams MM, Dapul H, et al.; Overcoming COVID-19 
Investigators. Frequency, characteristics and complications 
of COVID-19 in hospitalized infants. Pediatr Infect Dis J. 2022; 
41:e81–6. https://doi.org/10.1097/INF.0000000000003435

35. Yue H, Bai X, Wang J, Yu Q, Liu W, Pu J, et al.; Gansu 
Provincial Medical Treatment Expert Group of COVID-19. 
Clinical characteristics of coronavirus disease 2019 in  
Gansu province, China. Ann Palliat Med. 2020;9:1404–12. 
https://doi.org/10.21037/apm-20-887

36. Zhou Y, Chi J, Lv W, Wang Y. Obesity and diabetes as  
high-risk factors for severe coronavirus disease 2019  
(COVID-19). Diabetes Metab Res Rev. 2021;37:e3377. 
https://doi.org/10.1002/dmrr.3377

37. Petrakis D, Margină D, Tsarouhas K, Tekos F, Stan M, Niki-
tovic D, et al. Obesity—a risk factor for increased COVID19 
prevalence, severity and lethality. Mol Med Rep. 2020;22:9–
19. https://doi.org/10.3892/mmr.2020.11127

38. León TM, Dorabawila V, Nelson L, Lutterloh E, Bauer UE, 
Backenson B, et al. COVID-19 cases and hospitalizations 
by COVID-19 vaccination status and previous COVID-19 
diagnosis—California and New York, May–November 2021. 
MMWR Morb Mortal Wkly Rep. 2022;71:125–31.  
https://doi.org/10.15585/mmwr.mm7104e1

39. Wang Y, Chen R, Hu F, Lan Y, Yang Z, Zhan C, et al.  
Transmission, viral kinetics, and clinical characteristics of  
the emergent SARS-CoV-2 Delta VOC in Guangzhou,  
China. EClinicalMedicine. 2021;40:101129. https://doi.org/ 
10.1016/j.eclinm.2021.101129

40. Despres HW, Mills MG, Shirley DJ, Schmidt MM, Huang ML, 
Jerome KR, et al. Measuring infectious SARS-CoV-2 in 
clinical samples reveals a higher viral titer:RNA ratio for 
Delta and Epsilon vs. Alpha variants. Proc Natl Acad Sci 
U S A. 2022;119:e2116518119. https://doi.org/10.1073/
pnas.2116518119

41. Smith DR, Singh C, Green J, Lueder MR, Arnold CE, 
Voegtly LJ, et al. Genomic and virological characterization 
of SARS-CoV-2 variants in a subset of unvaccinated and 
vaccinated U.S. military personnel. Front Med (Lausanne). 
2022;8:836658. https://doi.org/10.3389/fmed.2021.836658

42. Mlcochova P, Kemp SA, Dhar MS, Papa G, Meng B,  
Ferreira IATM, et al.; Indian SARS-CoV-2 Genomics  
Consortium (INSACOG); Genotype to Phenotype Japan 
(G2P-Japan) Consortium; CITIID-NIHR BioResource  
COVID-19 Collaboration. SARS-CoV-2 B.1.617.2 Delta  
variant replication and immune evasion. Nature. 2021;599: 
114–9. https://doi.org/10.1038/s41586-021-03944-y

43. Luo CH, Morris CP, Sachithanandham J, Amadi A,  
Gaston D, Li M, et al. Infection with the SARS-CoV-2 Delta 
variant is associated with higher infectious virus loads 

compared to the Alpha variant in both unvaccinated and 
vaccinated individuals. Clin Infect Dis. 2022;75:e715–9 25. 
https://doi.org/10.1093/cid/ciab986

44. Harvey WT, Carabelli AM, Jackson B, Gupta RK,  
Thomson EC, Harrison EM, et al.; COVID-19 Genomics UK 
(COG-UK) Consortium. SARS-CoV-2 variants, spike  
mutations and immune escape. Nat Rev Microbiol. 
2021;19:409–24. https://doi.org/10.1038/s41579-021-00573-0

45. Twohig KA, Nyberg T, Zaidi A, Thelwall S, Sinnathamby MA, 
Aliabadi S, et al.; COVID-19 Genomics UK (COG-UK)  
consortium. Hospital admission and emergency care  
attendance risk for SARS-CoV-2 delta (B.1.617.2) compared 
with alpha (B.1.1.7) variants of concern: a cohort study. 
Lancet Infect Dis. 2022;22:35–42. https://doi.org/10.1016/
S1473-3099(21)00475-8

46. Murata Y, Tomari K, Matsuoka T. Children with croup and 
SARS-CoV-2 infection during the large outbreak of Omicron. 
Pediatr Infect Dis J. 2022;41:e249. https://doi.org/10.1097/
INF.0000000000003484

47. Sharma S, Agha B, Delgado C, Walson K, Woods C,  
Gonzalez MD, et al. Croup associated with SARS-CoV-2: 
pediatric laryngotracheitis during the Omicron surge.  
J Pediatric Infect Dis Soc. 2022;11:371–4. https://doi.org/ 
10.1093/jpids/piac032

48. Wang L, Berger NA, Kaelber DC, Davis PB, Volkow ND,  
Xu R. Incidence rates and clinical outcomes of  
SARS-CoV-2 infection with the Omicron and Delta  
variants in children younger than 5 years in the US.  
JAMA Pediatr. 2022;176:811–3. https://doi.org/10.1001/
jamapediatrics.2022.0945

49. Haas EJ, Angulo FJ, McLaughlin JM, Anis E, Singer SR, 
Khan F, et al. Impact and effectiveness of mRNA BNT162b2 
vaccine against SARS-CoV-2 infections and COVID-19 cases, 
hospitalisations, and deaths following a nationwide  
vaccination campaign in Israel: an observational study  
using national surveillance data. Lancet. 2021;397:1819–29. 
https://doi.org/10.1016/S0140-6736(21)00947-8

50. Danza P, Koo TH, Haddix M, Fisher R, Traub E, OYong K,  
et al. SARS-CoV-2 infection and hospitalization among 
adults aged ≥18 years, by vaccination status, before and  
during SARS-CoV-2 B.1.1.529 (Omicron) variant  
predominance—Los Angeles County, California, November 
7, 2021–January 8, 2022. MMWR Morb Mortal Wkly Rep. 
2022;71:177–81. https://doi.org/10.15585/mmwr.mm7105e1

Address for correspondence: Asuncion Mejias or Huanyu Wang, 
Nationwide Children’s Hospital, 700 Children’s Dr, Columbus, 
OH 43205, USA; email: Asuncion.Mejias@nationwidechildrens.org 
or Huanyu.Wang@Nationwidechildrens.org

2280 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 11, November 2022



 

Page 1 of 3 

Article DOI: https://doi.org/10.3201/eid2811.220577 

Differences in SARS-CoV-2 Clinical 
Manifestations and Disease Severity in 

Children and Adolescents by the Infecting 
Variant 

Appendix 

SARS-CoV-2 Testing at NCH 

The nucleic acid amplification tests (NAATs) for SARS-CoV-2 detection used by the 

Clinical Microbiology Laboratory at Nationwide Children’s Hospital (NCH) per standard of care 

were included the BioFire FilmArray Respiratory Panel RP2.1 (BioFire, 

https://www.biofiredx.com), Xpert XpressCoV-2 PCR (Cepheid, 

https://www.thermofisher.com), Hologic SARS-CoV-2 assay (https://www.hologic.com), 

BioGX SARS-CoV-2 assay (https://www.biogx.com), and the CDC-modified PCR assay 

developed at NCH (1). 

SARS-CoV-2 Delta Variant Identification 

Briefly, 5 μL of the total nucleic acid eluate was added to a 20-μL total-volume reaction 

mixture (1× TaqPath 1-Step RT-qPCR Master Mix, CG [Thermo Fisher Scientific, 

https://www.thermofisher.com]), with 0.9 μM each primer (S-T478K F: 5′-

TGAGAGAGATATTTCAACTGAAATCTATCAG-3′ and S-T478K R: 5′-

AGGAAAGTAACAATTAAAACCTTAACACCA −3′) and 0.2 μM each probe (S-T478 P1: 5′-

FAM- CCGGTAGCAcACCT –MGB-3′and S-T478K P2: 5′-VIC- CGGTAGCAaACCT –MGB-

3′). The RT-PCR assay was analyzed in the ABI 7500 thermocycler (Life Technologies, 

https://www.thermofisher.com). The reaction was carried out under the following running 

conditions: 25°C for 2 min, then 50°C for 15 min, followed by 10 min at 95°C and 45 cycles of 

95°C for 15 s and 65°C for 1 min. Samples displaying typical amplification curves above the 

threshold were considered positive. 

https://doi.org/10.3201/eid2811.220577
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Appendix Table 1. Clinical cohort by age group and infecting SARS-CoV-2 variant, Nationwide Children’s Hospital, Columbus, 
Ohio, USA, January 1, 2021–January 15, 2022* 

Infecting variant 
Infants, n = 102 

(15.09%) 
1–4 y, n = 129 

(19.08%) 
5–11 y, n = 189, 

(27.96%) 
12–21 y, n = 256 

(37.87%) p value 
Nonvariant 12 (11.77%) 31 (24.03%) 33 (17.46%) 44 (17.19%)  
Alpha 19 (18.63%) 22 (17.05%) 27 (14.29%) 57 (22.27%) 

 

Delta 34 (33.33%) 52 (40.31%) 93 (49.21%) 103 (40.23%) <0.001 
Omicron 35 (34.31%) 14 (10.85%) 25 (13.23%) 37 (14.45%) 

 

Others† 2 (1.96%) 10 (7.75%) 11 (5.82%) 15 (5.86%) 
 

*Bold indicates significance. Categorical data analyzed by χ2 test.  
‡Other variants include: Beta, Iota, Zeta, Eta, variants of interest, Epsilon, Gamma and Mu. 

 
 
 
Appendix Table 2. Contrast of race/ethnicity and underling chronic conditions between the COVID-19 clinical cohort and overall 
population 0–21 y of age evaluated during the study period, Nationwide Children’s Hospital, Columbus, Ohio, USA, January 1, 
2021–January 15, 2022* 
Variables COVID-19 clinical cohort, n = 676 NCH cohort, n = 444,425 p value 
Race/ethnicity   0.01 
 White 359 (53.19%) 247,232 (55.63%)  
 Black or African American 148 (21.93%) 99,875 (22.47%)  
 Multiple race 45 (6.67%) 28,946 (6.51%)  
 Asian 18 (2.67%) 16,674 (3.75%)  
 Others/unknown 105 (15.53%) 50,793 (11.43%)  
 Hispanic 31 (4.59%) 27,321 (6.15%)  
Underlying diseases (PMCA)     <0.001 
 None 364 (53.93%) 265,682 (59.78%)  
 Noncomplex chronic 98 (14.52%) 92,243 (20.76%)  
 Complex chronic 213 (31.56%) 75,339 (16.95%)  
*Categorical data analyzed by χ2 test. PMCA, Pediatric Medical Complexity Algorithm. 

 
 
 
 
Appendix Table 3. Adjusted odds for hospitalization in children and adolescents with acute COVID-19, Nationwide Children’s 
Hospital, Columbus, Ohio, USA, January 1, 2021–January 15, 2022* 

Variables  
Univariable analyses Multivariable analyses 

OR (95% CI) p value RR (95% CI) p value 
Age groups†      
 Infants 62 (34.62%) 3.42 (0.93–13.10) 0.06 6.64 (1.34–36.00) 0.02 
 1–4 y 31 (17.32%) 4.35 (0.90–31.8)0 0.09 5.39 (0.85–49.00) 0.09 
 12–21 y 60 (33.52%) 1.34 (0.41–4.03) 0.61 0.97 (0.22–3.77) 0.96 
Variants‡      
 Alpha 26 (14.53%) 0.54 (0.14–1.90) 0.34 0.66 (0.15–2.83) 0.58 
 Delta 74 (41.34%) 1.72 (0.48–5.57) 0.38 2.49 (0.61–9.86) 0.19 
 Omicron 53 (29.61%) 6.07 (1.21–44.8) 0.04 5.95 (1.02–48.80) 0.06 
Low Ct values§ 96 (53.63%) 0.53 (0.21–1.29) 0.17 0.32 (0.09–0.93) 0.04 
Viral co-infections 35 (19.55%) 0.54 (0.21–1.49) 0.21 0.37 (0.11–1.23) 0.10 
Underlying conditions 96 (53.63%) 1.74 (0.74–4.28) 0.21 4.53 (1.48–15.10) <0.01 
*Odds of hospitalization was assessed in the cohort of patients that underwent multiplex viral testing (n = 179). Patients with MIS-C, SARS-CoV-2 
detected by screening but hospitalized for other reasons, and patients infected with uncommon SARS-CoV-2 strains were excluded from analyses. 
Bold text indicates statistical significance. Ct, cycle threshold; OR, odds ratio; RR; risk ratio, 
†Reference for age groups is 5–11 y of age. 
‡Reference for variants is the nonvariant. 
§Ct values were dichotomized by the median Ct values for each variant (Alpha, 23.1; Delta, 21.9; Omicron 20.3 Ct). High Ct values were used as a 
reference. 
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Appendix Table 4. Adjusted odds of oxygen supplementation in inpatients with acute COVID-19, January 1, 2021–January 15, 
2022* 

Characteristic n = 140† 
Univariable analyses Multivariable analyses 

OR (95% CI) p value OR (95% CI) p value 
Age group‡      
 Infants 56 (40.00%) 0.20 (0.06–0.61) <0.01 0.48 (0.11–1.95) 0.31 
 1–4 y 24 (17.14%) 0.27 (0.07–0.95) 0.05 0.39 (0.09–1.63) 0.20 
 12–21 y 42 (30.00%) 0.77 (0.21–2.51) 0.67 1.08 (0.28–3.81) 0.91 
Variants§      
 Alpha 15 (10.71%) 0.77 (0.18–3.23) 0.72 0.69 (0.14–3.32) 0.65 
 Delta 62 (44.29%) 1.13 (0.36–3.55) 0.83 1.03 (0.28–3.73) 0.96 
 Omicron 48 (34.29%) 0.63 (0.19–2.01) 0.43 0.63 (0.17–2.35) 0.50 
Low Ct values¶ 80 (57.14%) 1.00 (0.51–1.96) 1.00 1.19 (0.55–2.60) 0.66 
Viral co-infections 25 (17.86%) 1.64 (0.96–4.05) 0.27 2.75 (0.98–8.17) 0.06 
Underlying 
conditions 

80 (57.14%) 3.79 (1.89–7.85) <0.01 2.62 (1.01–6.95) 0.04 

*Odds of oxygen supplementation was assessed in the cohort of inpatients with acute COVID-19 that underwent multiplex viral testing (n = 140). 
Patients with MIS-C, SARS-CoV-2 detected by screening but hospitalized for other reasons, and patients infected with uncommon SARS-CoV-2 
strains were excluded from analyses. Bold indicates statistical significance. OR, odds ratio. 
†Including inpatients with symptomatic COVID-19 infected with the nonvariant, Alpha, Delta or Omicron strains who had a viral respiratory panel 
performed. 
‡Reference for age groups is 5–11 y. 
§Reference for variants is the nonvariant. 
¶Ct values were dichotomized by the median Ct values for each variant (Alpha, 23.1; Delta, 21.9; Omicron 20.3 Ct). High Ct values were used as a 
reference. 

 
 
 
 
 
Appendix Table 5. Adjusted odds for PICU admission in inpatients with symptomatic COVID-19, January 1, 2021–January 15, 
2022* 

Characteristic n = 140† 
Univariable analyses Multivariable analyses 

OR [95% CI] p value OR [95% CI] p value 
Age groups‡      
 Infants 56 (40.00%) 0.20 [0.06–0.60] <0.01 0.35 [0.08–1.49] 0.16 
 1–4 y 24 (17.14%) 0.33 [0.09–1.16] 0.09 0.33 [0.07–1.39] 0.14 
 12–21 y 42 (30.00%) 0.66 [0.21–2.00] 0.46 0.86 [0.26–2.89] 0.81 
Variants§      
 Alpha 15 (10.71%) 0.42 [0.08–1.86] 0.26 0.37 [0.07–1.84] 0.23 
 Delta 62 (44.29%) 0.63 [0.20–2.01] 0.42 0.53 [0.14–1.95] 0.34 
 Omicron 48 (34.29%) 0.47 [0.14–1.57] 0.21 0.49 [0.13–1.88] 0.29 
Low Ct values¶ 80 (57.14%) 0.79 [0.39–1.60] 0.50 0.91 [0.41–2.00] 0.81 
Viral co-infections 25 (17.86%) 2.11 [0.84–5.12] 0.10 2.89 [1.03–8.33] 0.04 
Underlying conditions 80 (57.14%) 3.11 [1.47–6.94] <0.01 2.01 [0.70–5.91] 0.20 
*Odds of PICU admission was assessed in the cohort of inpatients with acute COVID-19 that underwent multiplex viral testing (n = 140). Patients 
with MIS-C, SARS-CoV-2 detected by screening but hospitalized for other reasons, and patients infected with uncommon SARS-CoV-2 strains were 
excluded from analyses. Bold indicates statistical significance. OR, odds ratio; PICU, pediatric intensive care unit. 
†Including inpatients with symptomatic COVID-19 infected with the nonvariant, Alpha, Delta or Omicron strains who had a viral respiratory panel 
performed. 
‡Reference for age groups is 5–11 y of age. 
§Reference for variants is the nonvariant. 
¶Ct values were dichotomized by the median Ct values for each variant (Alpha, 23.1; Delta, 21.9; Omicron 20.3 Ct). High Ct values were used as a 
reference. 
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