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ABSTRACT
Objectives: The aim of this study is to determine the incidence and risk factors associated with COVID- 19 hospitalization 
among unvaccinated children.
Methods: Children aged 0– < 18 years, members of Kaiser Permanente Northern California (KPNC), were followed from March 
1, 2020, until the earliest occurrence of: chart- confirmed COVID- 19 hospitalization, disenrollment from KPNC, age 18 years, 
receipt of COVID- 19 vaccine, death, or study end (December 31, 2022). We calculated the incidence rate of hospitalization by 
SARS- CoV- 2 variant period and by age group. We determined risk factors for hospitalization using Poisson regression. We also 
conducted descriptive analyses of hospitalized cases.
Results: Among 1,107,799 children, 423 were hospitalized for COVID- 19 during follow- up. The incidence of hospitalization in-
creased with each new SARS- CoV- 2 variant and was highest among children aged < 6 months. Among the < 6- month- olds, the 
incidence rate per 100,000 person- months was 7 during predelta, 13.3 during delta, and 22.4 during omicron. Black (RR = 2.05, 
95% CI: 1.33–3.16) and Hispanic children (RR = 1.82, 95% CI: 1.34–2.46) and children with any comorbidities were at high risk 
of hospitalization (RR = 3.81, 95% CI: 2.94–4.95). Overall, 20.3% of hospitalized children were admitted to an intensive care unit 
(ICU), but ICU admission was 36.1% among 12– < 18- year- olds. The majority of ICU admits (91.8%) had no comorbidities.
Conclusion: Children too young to be vaccinated had the highest incidence of COVID- 19 hospitalization, while adolescents 
had the highest proportion of ICU admissions. To prevent severe disease in children and adolescents, everyone eligible should 
be vaccinated.

The findings and conclusions in this paper are those of the authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention (CDC). Mention of a 
product or company name is for identification purposes only and does not constitute endorsement by CDC.  

Abbreviations: ADHD, Attention- deficit hyperactivity disorder; ASD, Autism spectrum disorder; CDC, Centers for Disease Control and Prevention; CI, Confidence interval; COVID- 19, Corona 
virus disease 2019; KPNC, Kaiser Permanente Northern California; ICU, Intensive care unit; MIS- C, Multisystem inflammatory syndrome in children; RR, Risk ratio; SARS- CoV- 2, Severe acute 
respiratory distress syndrome coronavirus 2.
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1   |   Introduction

Since the start of the coronavirus disease 2019 (COVID- 19) pan-
demic in December 2019 through May 2023, approximately 15.6 
million children in the United States have tested positive for 
COVID- 19 [1]. This represents over 17% of all COVID- 19 cases in 
the United States. These numbers underrepresent the true num-
ber of infected cases since many children may have mild disease 
and fail to undergo SARS- CoV- 2 testing or tested positive using 
home tests and were not reported. Seroprevalence data reported 
that SARS- CoV- 2 infection is higher than those reported for 
children [2–4].

Although most children often experience mild illness following 
SARS- CoV- 2 infection, children can develop severe disease re-
quiring hospitalization, admission into an intensive care unit 
(ICU), or die [5–9]. In the weeks following COVID- 19, some 
may develop multisystem inflammatory syndrome in children 
(MIS- C).

Following the introduction of COVID- 19 vaccines in 
December 2020 for persons 16 years and older, the number of 
severe COVID- 19 cases (hospitalization, ICU admission and 
death) among all ages decreased significantly [10]. However, 
after the emergence of the SARS- CoV- 2 B.1.1.529 (Omicron) 
variant in December 2021, hospitalizations among children 
aged <5 years, who were ineligible for vaccination at that 
time, increased more rapidly than did those in other age 
groups [11]. During the earlier period of the Omicron variant, 
COVID- 19 hospitalization rates in infants aged <6 months 
were higher than those of all other age groups except adults 
aged ≥65 years [12]. The expansion of vaccination recom-
mendations to adolescents 12–15 years in May 2021, children 
5–11 years in November 2021, and to children 6 months to 
4 years in June 2022 led to a decrease in severe cases in these 
groups [13].

Although several studies have shown that COVID- 19 
vaccines are effective in preventing infection and severe dis-
ease among children [14–19], vaccine coverage among chil-
dren has been suboptimal compared to adults [20]. According 
to a recent study, approximately half (50.1%) of children aged 
< 18 years in the United States who are eligible for vaccina-
tion received at least 1 dose of COVID- 19 vaccine, and only 
44.2% completed their primary vaccination series. By age 
group, primary series completion was 13.2% in children 
<5 years, 43.9% in children 5–11 years, and 63.3% in adoles-
cents 12–17 years [21].

Although vaccination and natural immunity have altered the 
epidemiology of severe COVID- 19, we continue to see the ap-
pearance of new variants capable of infecting and causing dis-
ease. The objective of this study was to determine the incidence 
of COVID- 19 hospitalization among unvaccinated children in 
the context of widespread vaccine availability, to determine risk 
factors associated with hospitalization, and to describe clinical 
characteristics of cases at admission and medical procedures 
during hospital stay.

2   |   Methods

2.1   |   Study Design, Setting, and Population

The study was a retrospective cohort study conducted at Kaiser 
Permanente Northern California (KPNC), an integrated health-
care system with a stable population of approximately 4.5 mil-
lion members. Among the members, about 1 million are aged 
<18 years. KPNC's clinical databases include comprehensive in-
formation about diagnoses in the outpatient, emergency depart-
ment and inpatient settings, prescriptions and laboratory tests 
that are updated daily, and sociodemographic information. This 
study included children ages <18 years, who were members of 
Kaiser Permanente Northern California between March 1, 2020 
and December 31, 2022.

2.2   |   Outcome

The outcome was hospitalization with a SARS- CoV- 2 infection 
among unvaccinated children confirmed by reverse transcription- 
polymerase chain reaction (PCR) test. Children who tested pos-
itive and were not hospitalized, those who tested negative and 
those who never tested were the comparative group referred to 
here as the nonhospitalized KPNC pediatric population.

We conducted medical chart reviews using a standardized re-
view form to confirm that the hospitalization was related to 
COVID- 19 and not an incidental positive test among patients 
hospitalized for other reasons and to capture clinical presenta-
tion at hospital admission, proportion admitted to an ICU, diag-
noses, procedures, and treatment during hospital stay, median 
length of stay and the discharge disposition. Children whose 
medical record indicated that they were hospitalized due to 
COVID- 19 were considered severe cases.

2.3   |   Demographic Factors and Comorbidities

Demographic factors examined included sex, race/ethnicity, 
and type of insurance (subsidized or nonsubsidized) as a proxy 
for socio- economic status. Comorbidities were classified by 
International Classification of Diseases, Tenth Revision codes 
(ICD 10) and included attention- deficit hyperactivity disorder 
(ADHD; ICD 10 F90 – F98, autism spectrum disorder (ASD; ICD 
10 F80 – F89, cerebral palsy (ICD 10G80 -  G83), diabetes, epilepsy, 
immunocompromised status (ICD 10 D80 – D89), intellectual dis-
ability (ICD 10 F70 – F79), and sleep apnea (ICD 10, G47.3).

2.3.1   |   Statistical Analysis

We followed children from March 1, 2020 until the earliest oc-
currence of the following: chart- confirmed hospitalization for 
COVID- 19, disenrollment from KPNC, reached age 18 years, re-
ceived COVID- 19 vaccine, death, or end of study (December 31, 
2022). We calculated the monthly incidence rate of hospitalization 
by dividing the number of hospitalized cases by the number of 
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person- months at risk. Incidence rates were calculated by SARS- 
CoV- 2 variant circulating period and by age group (<6 months, 
6–11 months, 1 -  < 5 years, 5 -  < 12 years, 12 -  < 18 years). Based on 
California's variant circulation data [22], we defined the predelta 
period as from March 1, 2020 to June 19, 2021, the delta period 
from June 20, 2021 to December 20, 2021, and the omicron period 
from December 21, 2021 to December 31, 2022.

We conducted descriptive analyses of sociodemographic char-
acteristics and comorbidities of hospitalized children and those 
of the nonhospitalized KPNC pediatric population. We used 
Poisson regression to determine sociodemographic and comor-
bidities associated with risk of hospitalization.

The KPNC Institutional Review Board approved and deter-
mined this study to be exempt from human subject review under 
federal regulations. We conducted all analyses with SAS version 
9.4 (SAS Institute, Inc, Cary, North Carolina).

3   |   Results

The study included 1,107,799 children who contributed 
22,147,167 person- months of follow up. During follow- up, we 
identified 899 children who were hospitalized with a SARS- 
CoV- 2 PCR positive test. After review of electronic medical 
charts, 423 (47%) were confirmed to be hospitalized due to 
COVID- 19 and 476 (53%) were incidental cases. Of the chart- 
confirmed hospitalized cases, 103 (24.3%) were <6 months of 
age, 40 (9.5%) were 6–11 months, 139 (32.9%) were between 1 
and <5 years, 80 (18.9%) were between 5 and <12 years, and 61 
(14.4%) were between 12 and <18 years of age (Table 1). For all 
ages, the incidence of hospitalization increased with each new 
SARS- CoV- 2 variant. Incidence was highest among children 
aged < 6 months, with an incidence rate per 100,000 person- 
months of 7.0 during the pre- delta period, 13.3 during the delta 
period and 22.4 during the omicron period.

Socio- demographically, the proportions of males (56.5% vs. 
51.1%), subsidized insurance (28.1% vs. 17.5%), Black (8.5% vs. 
5.6%),s and Hispanics (38.3% vs. 24.0%) were higher among the 

hospitalized children compared with the nonhospitalized KPNC 
pediatric population. However, the proportion of white children 
(25.1% vs. 27.9%) was lower among the hospitalized children 
than the nonhospitalized KPNC pediatric population (Table 2). 
Among the comorbidities, the proportions of children with 
sleep apnea (10.2% vs. 2.6%), ASD (4.5% vs. 2.8%), cerebral palsy 
(3.8% vs. 0.2%), diabetes (3.8% Vs. 0.3%), epilepsy (6.9% vs. 0.5%), 
and immunocompromised status (4.5% vs. 0.1%) were higher 
among the hospitalized than the nonhospitalized KPNC pedi-
atric population (Table 2). In covariate- adjusted analyses from a 
Poisson regression model, Black children (risk ratio [RR] = 2.05, 
95% confidence interval [CI]: 1.33–3.16), and Hispanic children 
(RR = 1.82, 95% CI: 1.34–2.46) were at significantly higher risk 
of hospitalization compared with White children (Table  3). 
Children with any comorbidities were at higher risk of hospital-
ization compared with those without a comorbidity (RR = 3.81, 
95% CI: 2.94–4.95) (Table 3). Among the individual comorbidi-
ties examined, only ADHD and ASD were not significantly as-
sociated with increased risk of hospitalization.

At hospital admission, 344 (81.3%) children had fever, 198 
(46.8%) had poor feeding, 235 (55.6%) had a cough, and 174 
(41.1%) had shortness of breath or respiratory distress (Table 4).

Among the hospitalized children, nine (2.1%) children were di-
agnosed with myocarditis/pericarditis and the highest propor-
tion of myocarditis/pericarditis (6.6%) was among children ages 
12– < 18 years. Also, 67 (15.8%) children were diagnosed with 
MIS- C, and the highest proportion of MIS- C (36.3%) was among 
children ages 5–11 years.

During hospitalization, 164 (38.8%) children received oxygen 
support without ventilation. This proportion varied by age 
group (Table  4). Among these children, 75 (46%) were treated 
with remdesivir.

Of the hospitalized children, 86 (20.3%) were admitted to an 
ICU. The highest proportion of which was among children ages 
12– < 18 years (35.1%), and the lowest was among children ages 
<6 months (6.8%; Table 4). Among the ICU admits, 16 (18.6%) 
required mechanical ventilation. The majority of ICU admits 

TABLE 1    |    Monthly incidence rates of COVID- 19 hospitalization among unvaccinated children by age group and by circulating SARS- CoV- 2 
variant. Kaiser Permanente Northern California, March 1, 2020 through December 31, 2022.

Incidencea of hospitalization by SARS- CoV- 2 circulating time period

All period: 
March 1, 2020 

to Dec. 31, 2022
Pre- delta period: March 
1, 2020 to June 19, 2021

Delta period: June 20, 
2020 to Dec. 20, 2021

Omicron period: Dec. 21, 
2021 to Dec. 31, 2022

N = 423 N = 105 N = 85 N = 233

Age category n (%) n (%) Incidence rate n (%) Incidence rate n (%) Incidence rate

<6 months 103 (24.3) 24 (22.9) 7.0 18 (21.2) 13.3 61 (26.2) 22.4

6–11 months 40 (9.5) 4 (3.8) 1.2 6 (7.1) 5.1 30 (12.9) 12.7

1 -  < 5 years 139 (32.9) 21 (20.0) 0.8 19 (22.4) 1.8 99 (42.5) 5.2

5 -  < 12 years 80 (18.9) 29 (27.6) 0.6 24 (28.2) 1.3 27 (11.6) 1.4

12 -  < 18 years 61 (14.4) 27 (25.7) 0.6 18 (21.2) 2.7 16 (6.9) 1.6
aIncidence per 100,000 person- months.
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(91.8%) had no comorbidities; only a small proportion of (9.2%) of 
ICU admits had a comorbid condition. Finally, four (0.9%) chil-
dren died due to COVID- 19 complications (Table 4).

4   |   Discussion

In this large, population- based study, the incidence of con-
firmed COVID- 19 hospitalization among unvaccinated chil-
dren ages 0– < 18 years varied by age group and by circulating 

SARS- CoV- 2 variant. The incidence of hospitalization was 
highest among children aged < 6 months, followed by those 
aged 6–11 months. Within each age group, the incidence of 
hospitalization increased with the occurrence of each new 
SARS- CoV- 2 variant. These data suggest that younger chil-
dren who are not eligible for vaccination are at the highest risk 
of hospitalization. One effective way to protect these younger 
children is through maternal vaccination during pregnancy 
which provides passive immunity to infants. We and others 
have shown that COVID- 19 vaccination during pregnancy 

TABLE 2    |    Characteristics of unvaccinated children hospitalized for COVID- 19 and nonhospitalized children age <18 years.a Kaiser Permanente 
Northern California. March 1, 2020 to December 31, 2022.

Unvaccinated COVID- 19 
hospitalized children N = 423

Nonhospitalized 
children N = 1,107,376

n (%) n (%)

Sex

Female 183 (43.3) 540,432 (48.8)

Male 239 (56.5) 566,275 (51.1)

Other 1 (0.2) 37 (0.0)

Unknown 0 (0.0) 632 (0.1)

Type of insurance

Nonsubsidized 254 (60.0) 692,725 (62.6)

Subsidized 119 (28.1) 194,006 (17.5)

Unknown 50 (11.8) 220,645 (19.9)

Race/ethnicity

Asian 64 (15.1) 198,558 (17.9)

Black 36 (8.5) 61,827 (5.6)

Hawaiian/Pacific Islander 3 (0.7) 9097 (0.8)

Hispanic 162 (38.3) 266,118 (24.0)

Multiracial 12 (2.8) 28,213 (2.5)

Native American/Alaskan 1 (0.2) 2786 (0.3)

White 106 (25.1) 309,351 (27.9)

Unknown 39 (9.2) 231,426 (20.9)

Comorbidities

Attention- deficit hyperactivity disorder 
(ADHD)

24 (5.7) 73,904 (6.7)

Sleep apnea 43 (10.2) 29,096 (2.6)

Autism spectrum disorders (ASD) 19 (4.5) 31,330 (2.8)

Cerebral Palsy 16 (3.8) 1831 (0.2)

Diabetes 16 (3.8) 3090 (0.3)

Epilepsy 29 (6.9) 5527 (0.5)

Intellectual disability 11 (2.6) 2075 (0.2)

Immunocompromised status 19 (4.5) 1374 (0.1)

None of the above comorbidities 312 (73.8) 982,245 (88.7)
aIncludes children who tested positive or negative and not hospitalized and those not tested for COVID.
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is highly effective at protecting infants against SARS- CoV- 2 
infection and severe disease including hospitalization during 
the first 6 months of life [23–26].

In this study, we found that children aged 12–17 years had the 
lowest incidence of hospitalization. However, they had the high-
est proportion of admission to an ICU and of requiring oxygen 
support during hospitalization. These results suggest that while 
older children might be less likely to be hospitalized compared 
to younger children, when they do get hospitalized, they require 
a higher level of care.

Previous studies have reported that the Omicron variant was 
more transmissible and does not cause severe disease among 
adults [27–29]. However, in this study, we found that the inci-
dence of hospitalization increased with the occurrence of each 
variant and the incidence was highest during the Omicron pe-
riod. We do not know whether children were more susceptible 
to severe disease or whether the high volume of infection led to 
more severe disease among children.

Like previous COVID- 19 studies in the general population 
[30–32] and among children [33–37], we also found that Black 
and Hispanic children and those with a comorbid condition had 
a higher risk of hospitalization. These results suggest that like 
adults, children from minority race/ethnic groups are dispro-
portionally affected by severe COVID- 19.

Our results show that children hospitalized due to COVID- 19 can 
develop life- threatening disease. We found that 20% of hospital-
ized children were admitted to an ICU, 16% were diagnosed with 
MIS- C, 4% required mechanical ventilation, 2% were diagnosed 
with myocarditis, and 0.9% died. Among the 5–11- year- olds, 36% 
were diagnosed with MIS- C. Our 20% ICU admission among 
those hospitalized was lower than that reported by a recent study 
which found 41% ICU admission among COVID- 19 hospitaliza-
tion in children [38]. This high proportion may be due to the in-
clusion of some hospitalizations resulting in ICU admission not 
due to COVID- 19 because the study did not assess the reason for 
hospitalization as we did through medical record reviews.

Although we found that children with medical comorbidities 
were at higher risk of hospitalization than those without, only 
9% of children admitted to an intensive care unit had a co-
morbidity. Contrary to popular belief that only children with 
comorbidities are at risk of severe COVID- 19, our data suggest 
that any child can be at risk of severe disease requiring in-
tensive care because the proportion of comorbidities among 
the children admitted to an ICU was small and most children 
admitted to an ICU had no comorbidities. Although the World 
Health Organization recommends a risk based COVID- 19 
vaccination for children [39], our results suggest that all 
children can benefit from vaccination to reduce their risk of 
hospitalization.

One of the most effective ways to prevent severe COVID- 19 in 
the general population has been vaccination [40, 41], which 
have been available for children as young as 6 months since 
June 2022 and for older children since May 2021. However, vac-
cine uptake in the pediatric population has been suboptimal. 
Previous studies reported that COVID- 19 symptoms are mild 
among vaccinated people compared with unvaccinated people 
[42, 43]. Although the present study did not compare hospital-
ization among vaccinated and unvaccinated people, the results 
provide further evidence that it is important for parents to vacci-
nate their children to prevent severe COVID- 19.

The study was strengthened by using longitudinal medical re-
cord data, which allowed us to follow the children until they 
were hospitalized for COVID- 19, or vaccinated, at which point 
they were censored. Thus, the results apply to children who were 
not vaccinated. The availability of medical charts allowed us to 
manually review all potential COVID- 19 hospitalized cases and 
confirm that the hospitalization was due to COVID- 19 symp-
toms instead of testing positive during a hospitalization unre-
lated to COVID- 19. The study was also strengthened by its large 
size and diverse race and ethnicity.

This study has limitations worth noting. The estimation of 
the incidence rate of hospitalization censored children when 
they were vaccinated. Therefore, the study results do not 
apply to the vaccinated population. The goal of this study 
was not to compare rate and disease severity between vacci-
nated and unvaccinated children. The goal was to determine 
and characterize rates of disease among unvaccinated only. 
Further studies are needed to do such comparison. We also 
only counted the first hospitalization by child and did not as-
sess multiple hospitalizations. Although the study included a 
large population, there were too few cases to fully adjust the 

TABLE 3    |    Risk Factors associated with COVID- 19 hospitalization 
among unvaccinated children ages <18 years. Kaiser Permanente 
Northern California. March 1, 2020 to December 31, 2022.

Risk factors
Adjusted relative 

riska (95% CI)

Asian 1.15 (0.79–1.67)

Black 2.05 (1.33–3.16)

Hawaiian/Pacific Islander 1.52 (0.48–4.84)

Hispanic 1.82 (1.34–2.46)

Multiracial 1.41 (0.70–2.83)

Native American/Alaskan 1.75 (0.24–12.62)

Unknown 0.42 (0.22–0.80)

White Reference

Attention- deficit hyperactivity 
disorder

0.48 (0.267–0.87)

Sleep apnea 3.62 (2.35–5.56)

Autism spectrum disorders (ASD) 1.19 (0.66–2.15)

Cerebral Palsy 4.57 (1.89–11.04)

Diabetes 13.99 (7.51–26.07)

Epilepsy 5.79 (2.93–11.44)

Immunocompromised status 16.86 (7.90–35.98)

Intellectual disability 1.71 (0.59–4.90)

Any of the above comorbidities 3.81 (2.94–4.95)
aEach variable was adjusted for the others.
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analysis beyond age, a limited set of comorbidities, and race/
ethnicity. Similarly, despite the incidence of hospitalization 
increasing with each new variant, we were also not able to de-
termine whether the incidence of ICU admission or other clin-
ical conditions increased over time. The study was not able to 
disentangle whether infants <6 months with positive SARS- 
CoV- 2 test were hospitalized for observation or whether they 

were hospitalized because of severe disease. The proportion 
of children hospitalized who received remdesivir was small, 
and the study was not able to determine why the majority of 
children who were hospitalized did not receive remdesivir. 
Finally, for children less than 6 months of age, we did not ad-
just the incidence of hospitalization for maternal COVID- 19 
vaccination status.

TABLE 4    |    Clinical presentation at hospital admission, diagnoses, procedures, and treatments during hospitalization. Kaiser Permanente 
Northern California March 1, 2020 to December 31, 2022.

All ages 
N = 423

Age groups

<6 months 
N = 103

6–11 months 
N = 40

1–< 5 years 
N = 139

5–11 years 
N = 80

12–< 18 
years N = 61

n (%) n (%) n (%) n (%) n (%) n (%)

Clinical presentation at admission

Fever 344 (81.3) 85 (82.5) 32 (80.0) 119 (85.6) 68 (85.0) 40 (65.6)

Poor feeding/anorexia 198 (46.8) 53 (51.5) 22 (55.0) 71 (51.1) 35 (43.8) 17 (27.9)

Cough 235 (55.6) 56 (54.4) 28 (70.0) 82 (59.0) 35 (43.8) 34 (55.7)

Diarrhea 90 (21.3) 14 (13.6) 12 (30.0) 27 (19.4) 29 (36.3) 8 (13.1)

Vomiting 149 (35.2) 21 (20.4) 15 (37.5) 59 (42.4) 34 (42.5) 20 (32.8)

Respiratory distress 174 (41.1) 31 (30.1) 24 (60.0) 62 (44.6) 28 (35.0) 29 (47.5)

Abdominal pain 71 (16.8) 1 (1.0) 0 (0.0) 25 (18.0) 32 (40.0) 13 (21.3)

Congestion/runny nose 173 (40.9) 51 (49.5) 26 (65.0) 67 (48.2) 16 (20.0) 13 (21.3)

Headache 55 (13.0) 1 (1.0) 1 (2.5) 9 (6.5) 25 (31.3) 19 (31.1)

Diagnoses during hospitalization

Sore throat 51 (12.1) 2 (1.9) 2 (5.0) 14 (10.1) 20 (25.0) 13 (21.3)

Myocarditis/pericarditis 9 (2.1) 0 (0.0) 0 (0.0) 2 (1.4) 3 (3.8) 4 (6.6)

Multisystem inflammatory 
syndrome in children

67 (15.8) 2 (1.9) 2 (5.0) 26 (18.7) 29 (36.3) 8 (13.1)

Procedure and treatment during hospital stay

Acute respiratory distress 
syndrome

7 (1.7) 0 (0.0) 1 (2.5) 2 (1.4) 3 (3.8) 1 (1.6)

Mechanical ventilation 17 (4.0) 2 (1.9) 1 (2.5) 8 (5.8) 3 (3.8) 3 (4.9)

Oxygen support without 
ventilation

164 (38.8) 22 (21.4) 20 (50.0) 61 (43.9) 32 (40.0) 29 (47.5)

Extracorporeal membrane 
oxygenation

1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.3) 0 (0.0)

Remdesivir treatment 98 (23.2) 12 (11.7) 9 (22.5) 23 (16.5) 24 (30.0) 30 (49.2)

Hospital length of stay (days): 
Median (IQR)

2 (1,3) 1 (1,2) 1 (0,2) 1 (0,3) 3 (2,5) 3 (1,5)

Admitted to an intensive care unit 86 (20.3) 7 (6.8) 7 (17.5) 31 (22.3) 19 (23.8) 22 (36.1)

Any comorbid condition among 
the ICU admits

39 (9.2) 0 (0.0) 1 (2.5) 14 (10.1) 14 (17.5) 10 (16.4)

Discharged disposition

Discharged to home 419 (99.1) 103 (100.0) 40 (100.0) 138 (99.3) 78 (97.5) 60 (98.4)

Died 4 (0.9) 0 (0.0) 0 (0.0) 1 (0.7) 2 (2.5) 1 (1.6)
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5   |   Conclusion

The incidence of hospitalization among unvaccinated children 
increased over time with the appearance of new SARS- CoV- 2 
variants. Incidence was highest among children <6 months of 
age who are not eligible for current recommended vaccines. 
The proportion of complications requiring ICU admission was 
higher among children eligible for vaccination. To prevent se-
vere disease in children and adolescents, everyone eligible in-
cluding pregnant persons should be vaccinated.

Author Contributions

Ousseny Zerbo: conceptualization, investigation. Julius Timbol: for-
mal analysis, data curation. John R. Hansen: formal analysis. Kristin 
Goddard: administrative support and chart reviews, validation. Evan 
Layefsky: administrative support and chart reviews, methodology. Pat 
Ross: administrative support and chart reviews, methodology. Bruce 
Fireman: conceptualization, investigation. Dao Nguyen: supervision, 
provided clinical input. Tara L. Greenhow: supervision. Nicola P. 
Klein: conceptualization, investigation.

Acknowledgments

The authors thank Eduardo Azziz- Baumgartner from the Centers for 
Disease Control and Prevention for his comments and suggestions on 
earlier drafts of the manuscript.

Disclosure

Dr. Klein has received research support from Pfizer for COVID vac-
cine clinical trials and research support from GlaxoSmithKline, Sanofi 
Pasteur, Merck, Pfizer, and Protein Science (now Sanofi Pasteur) for un-
related studies.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The datasets generated during and/or analyzed during the current 
study are not publicly available due to potentially identifiable infor-
mation (e.g., dates of diagnoses) and KPNC privacy regulations. They 
are available from the corresponding author upon reasonable request 
and contingent on appropriate human subjects approval and data use 
agreements.

Peer Review

The peer review history for this article is available at https:// www. webof 
scien ce. com/ api/ gatew ay/ wos/ peer-  review/ 10. 1111/ irv. 70022 .

References

1. American Academy of Pediatrics and the Children's Hospital As-
sociation. “Children and COVID- 19:State Data Report. A joint report 
from the American Academy of Pediatrics and the Children's Hospital 
Association,” accessed October 5, 2022, https:// downl oads. aap. org/ 
AAP/ PDF/ AAPan dCHA-  Child renan dCOVI D-  19Sta teDat aRepo rt9. 29. 
22FIN AL. pdf?_ ga= 2. 25500 0394. 33555 0773. 16650 01859 -  37032 6403. 
16367 40765 .

2. B. K. Smith, A. B. Janowski, J. E. Danis, et  al., “Seroprevalence of 
SARS- CoV- 2 Antibodies in Children and Adults in St. Louis, Missouri, 
USA,” mSphere 6, no. 1 (2021): e01207- 20, https:// doi. org/ 10. 1128/ 
mSphe re. 01207 -  20.

3. J. M. Carreno, A. L. Wagner, B. Monahan, et al., “SARS- CoV- 2 Sero-
survey Across Multiple Waves of the COVID- 19 Pandemic in New York 
City Between 2020- 2023,” Nature Communications 15, no. 1 (2024): 
5847, https:// doi. org/ 10. 1038/ s4146 7-  024-  50052 -  2.

4. S. C. O'Brien, L. D. Cole, B. A. Albanese, et al., “SARS- CoV- 2 Sero-
prevalence Compared With Confirmed COVID- 19 Cases Among Chil-
dren, Colorado, USA, May- July 2021,” Emerging Infectious Diseases 
29, no. 5 (2023): 929–936, https:// doi. org/ 10. 3201/ eid29 05. 221541.

5. L. R. Feldstein, E. B. Rose, S. M. Horwitz, et  al., “Multisystem In-
flammatory Syndrome in U.S. Children and Adolescents,” new England 
Journal of Medicine 383, no. 4 (2020): 334–346, https:// doi. org/ 10. 1056/ 
NEJMo a2021680.

6. L. R. Feldstein, M. W. Tenforde, K. G. Friedman, et al., “Character-
istics and Outcomes of US Children and Adolescents With Multisystem 
Inflammatory Syndrome in Children (MIS- C) Compared With Severe 
Acute COVID- 19,” Jama 325, no. 11 (2021): 1074–1087, https:// doi. org/ 
10. 1001/ jama. 2021. 2091.

7. F. P. Havers, M. Whitaker, J. L. Self, et  al., “Hospitalization of Ad-
olescents Aged 12–17 Years With Laboratory- Confirmed COVID- 19 
-  COVID- NET, 14 States, March 1, 2020- April 24, 2021,” MMWR Mor-
bidity and Mortality Weekly Report 70, no. 23 (2021): 851–857, https:// 
doi. org/ 10. 15585/  mmwr. mm7023e1.

8. L. Kim, M. Whitaker, A. O'Halloran, et  al., “Hospitalization Rates 
and Characteristics of Children Aged <18 Years Hospitalized With 
Laboratory- Confirmed COVID- 19 -  COVID- NET, 14 States, March 1–
July 25, 2020,” MMWR Morbidity and Mortality Weekly Report 69, no. 32 
(2020): 1081–1088, https:// doi. org/ 10. 15585/  mmwr. mm6932e3.

9. L. E. Preston, J. R. Chevinsky, L. Kompaniyets, et al., “Characteristics 
and Disease Severity of US Children and Adolescents Diagnosed With 
COVID- 19,” JAMA Network Open 4, no. 4 (2021): e215298, https:// doi. 
org/ 10. 1001/ jaman etwor kopen. 2021. 5298.

10. S. M. Moghadas, T. N. Vilches, K. Zhang, et al., “The Impact of Vac-
cination on Coronavirus Disease 2019 (COVID- 19) Outbreaks in the 
United States,” Clinical Infectious Diseases 73, no. 12 (2021): 2257–2264, 
https:// doi. org/ 10. 1093/ cid/ ciab079.

11. K. J. Marks, M. Whitaker, N. T. Agathis, et  al., “Hospitalization 
of Infants and Children Aged 0–4 Years With Laboratory- Confirmed 
COVID- 19 -  COVID- NET, 14 States, March 2020–February 2022,” 
MMWR. Morbidity and Mortality Weekly Report 71, no. 11 (2022): 429–
436, https:// doi. org/ 10. 15585/  mmwr. mm7111e2.

12. S. Hamid, K. Woodworth, H. Pham, et al., “COVID- 19- Associated 
Hospitalizations Among U.S. Infants Aged <6 Months -  COVID- NET, 
13 States, June 2021–August 2022,” MMWR. Morbidity and Mortality 
Weekly Report 71, no. 45 (2022): 1442–1448, https:// doi. org/ 10. 15585/  
mmwr. mm7145a3.

13. J. R. Head, P. A. Collender, T. M. Leon, et al., “COVID- 19 Vaccina-
tion and Incidence of Pediatric SARS- CoV- 2 Infection and Hospitaliza-
tion,” JAMA Network Open 7, no. 4 (2024): e247822, https:// doi. org/ 10. 
1001/ jaman etwor kopen. 2024. 7822.

14. E. J. Anderson, C. B. Creech, V. Berthaud, et  al., “Evaluation of 
mRNA- 1273 Vaccine in Children 6 Months to 5 Years of Age,” new En-
gland Journal of Medicine 387, no. 18 (2022): 1673–1687, https:// doi. org/ 
10. 1056/ NEJMo a2209367.

15. K. E. Fleming- Dutra, A. Britton, N. Shang, et  al., “Association of 
Prior BNT162b2 COVID- 19 Vaccination With Symptomatic SARS- 
CoV- 2 Infection in Children and Adolescents During Omicron Predom-
inance,” Jama 327, no. 22 (2022): 2210–2219, https:// doi. org/ 10. 1001/ 
jama. 2022. 7493.

16. F. L. Khan, J. L. Nguyen, T. G. Singh, et al., “Estimated BNT162b2 
Vaccine Effectiveness Against Infection With Delta and Omicron Vari-
ants Among US Children 5 to 11 Years of Age,” JAMA Network Open 
5, no. 12 (2022): e2246915, https:// doi. org/ 10. 1001/ jaman etwor kopen. 
2022. 46915 .

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/irv.70022
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/irv.70022
https://downloads.aap.org/AAP/PDF/AAPandCHA-ChildrenandCOVID-19StateDataReport9.29.22FINAL.pdf?_ga=2.255000394.335550773.1665001859-370326403.1636740765
https://downloads.aap.org/AAP/PDF/AAPandCHA-ChildrenandCOVID-19StateDataReport9.29.22FINAL.pdf?_ga=2.255000394.335550773.1665001859-370326403.1636740765
https://downloads.aap.org/AAP/PDF/AAPandCHA-ChildrenandCOVID-19StateDataReport9.29.22FINAL.pdf?_ga=2.255000394.335550773.1665001859-370326403.1636740765
https://downloads.aap.org/AAP/PDF/AAPandCHA-ChildrenandCOVID-19StateDataReport9.29.22FINAL.pdf?_ga=2.255000394.335550773.1665001859-370326403.1636740765
https://doi.org/10.1128/mSphere.01207-20
https://doi.org/10.1128/mSphere.01207-20
https://doi.org/10.1038/s41467-024-50052-2
https://doi.org/10.3201/eid2905.221541
https://doi.org/10.1056/NEJMoa2021680
https://doi.org/10.1056/NEJMoa2021680
https://doi.org/10.1001/jama.2021.2091
https://doi.org/10.1001/jama.2021.2091
https://doi.org/10.15585/mmwr.mm7023e1
https://doi.org/10.15585/mmwr.mm7023e1
https://doi.org/10.15585/mmwr.mm6932e3
https://doi.org/10.1001/jamanetworkopen.2021.5298
https://doi.org/10.1001/jamanetworkopen.2021.5298
https://doi.org/10.1093/cid/ciab079
https://doi.org/10.15585/mmwr.mm7111e2
https://doi.org/10.15585/mmwr.mm7145a3
https://doi.org/10.15585/mmwr.mm7145a3
https://doi.org/10.1001/jamanetworkopen.2024.7822
https://doi.org/10.1001/jamanetworkopen.2024.7822
https://doi.org/10.1056/NEJMoa2209367
https://doi.org/10.1056/NEJMoa2209367
https://doi.org/10.1001/jama.2022.7493
https://doi.org/10.1001/jama.2022.7493
https://doi.org/10.1001/jamanetworkopen.2022.46915
https://doi.org/10.1001/jamanetworkopen.2022.46915


8 of 8 Influenza and Other Respiratory Viruses, 2024

17. N. P. Klein, M. S. Stockwell, M. Demarco, et  al., “Effectiveness of 
COVID- 19 Pfizer- BioNTech BNT162b2 mRNA Vaccination in Pre-
venting COVID- 19- Associated Emergency Department and Urgent 
Care Encounters and Hospitalizations Among Nonimmunocompro-
mised Children and Adolescents Aged 5–17 Years -  VISION Network, 
10 States, April 2021–January 2022,” MMWR Morbidity and Mortal-
ity Weekly Report 71, no. 9 (2022): 352–358, https:// doi. org/ 10. 15585/  
mmwr. mm7109e3.

18. F. M. Munoz, L. D. Sher, C. Sabharwal, et  al., “Evaluation of 
BNT162b2 Covid- 19 Vaccine in Children Younger Than 5 Years of age,” 
new England Journal of Medicine 388, no. 7 (2023): 621–634, https:// doi. 
org/ 10. 1056/ NEJMo a2211031.

19. S. Y. Tartof, T. B. Frankland, J. M. Slezak, et al., “Effectiveness As-
sociated With BNT162b2 Vaccine Against Emergency Department and 
Urgent Care Encounters for Delta and Omicron SARS- CoV- 2 Infection 
Among Adolescents Aged 12 to 17 Years,” JAMA Network Open 5, no. 
8 (2022): e2225162, https:// doi. org/ 10. 1001/ jaman etwor kopen. 2022. 
25162 .

20. M. R. Valier, L. D. Elam- Evans, Y. Mu, et  al., “Racial and Ethnic 
Differences in COVID- 19 Vaccination Coverage Among Children and 
Adolescents Aged 5–17 Years and Parental Intent to Vaccinate Their 
Children -  National Immunization Survey- Child COVID Module, 
United States, December 2020–September 2022,” MMWR. Morbidity 
and Mortality Weekly Report 72, no. 1 (2023): 1–8, https:// doi. org/ 10. 
15585/  mmwr. mm7201a1.

21. K. H. Nguyen, A. Levisohn, C. McChesney, L. Vasudevan, R. A. 
Bednarczyk, and L. Corlin, “Disparities in Child and Adolescent 
COVID- 19 Vaccination Coverage and Parental Intent Toward Vac-
cinations for Their Children and Adolescents,” Annals of Medicine 
55, no. 1 (2023): 2232818, https:// doi. org/ 10. 1080/ 07853 890. 2023. 
2232818.

22. California, Department of Public Health. “Tracking Variants,” ac-
cessed November 19, 2021, https:// www. cdph. ca. gov/ Progr ams/ CID/ 
DCDC/ Pages/  COVID -  19/ COVID -  Varia nts. aspx.

23. E. O. Carlsen, M. C. Magnus, L. Oakley, et  al., “Association of 
COVID- 19 Vaccination During Pregnancy With Incidence of SARS- 
CoV- 2 Infection in Infants,” JAMA Internal Medicine 182, no. 8 (2022): 
825–831, https:// doi. org/ 10. 1001/ jamai ntern med. 2022. 2442.

24. D. Danino, L. Ashkenazi- Hoffnung, A. Diaz, et al., “Effectiveness 
of BNT162b2 Vaccination During Pregnancy in Preventing Hospitaliza-
tion for Severe Acute Respiratory Syndrome Coronavirus 2 in Infants,” 
Journal of Pediatrics 254 (2023): 48–53.e1, https:// doi. org/ 10. 1016/j. 
jpeds. 2022. 09. 059.

25. N. B. Halasa, S. M. Olson, M. A. Staat, et al., “Maternal Vaccination 
and Risk of Hospitalization for Covid- 19 Among Infants,” new England 
Journal of Medicine 387, no. 2 (2022): 109–119, https:// doi. org/ 10. 1056/ 
NEJMo a2204399.

26. O. Zerbo, G. T. Ray, B. Fireman, et al., “Maternal SARS- CoV- 2 Vacci-
nation and Infant Protection Against SARS- CoV- 2 During the First Six 
Months of Life,” Nature Communications 14, no. 1 (2023): 894, https:// 
doi. org/ 10. 1038/ s4146 7-  023-  36547 -  4.

27. Y. Fan, X. Li, L. Zhang, S. Wan, L. Zhang, and F. Zhou, “SARS- 
CoV- 2 Omicron Variant: Recent Progress and Future Perspectives,” Sig-
nal Transduction and Targeted Therapy 7, no. 1 (2022): 141, https:// doi. 
org/ 10. 1038/ s4139 2-  022-  00997 -  x.

28. K. Dhama, F. Nainu, A. Frediansyah, et al., “Global Emerging Omi-
cron Variant of SARS- CoV- 2: Impacts, Challenges and Strategies,” Jour-
nal of Infection and Public Health 16, no. 1 (2023): 4–14, https:// doi. org/ 
10. 1016/j. jiph. 2022. 11. 024.

29. M. E. Modes, M. P. Directo, M. Melgar, et al., “Clinical Characteristics 
and Outcomes Among Adults Hospitalized With Laboratory- Confirmed 
SARS- CoV- 2 Infection During Periods of B.1.617.2 (Delta) and B.1.1.529 
(Omicron) Variant Predominance -  One Hospital, California, July 15–
September 23, 2021, and December 21, 2021- January 27, 2022,” MMWR 

Morbidity and Mortality Weekly Report 71, no. 6 (2022): 217–223, https:// 
doi. org/ 10. 15585/  mmwr. mm7106e2.

30. X. Fang, S. Li, H. Yu, et al., “Epidemiological, Comorbidity Factors 
With Severity and Prognosis of COVID- 19: A Systematic Review and 
Meta- Analysis,” Aging (Albany NY) 12, no. 13 (2020): 12493–12503, 
https:// doi. org/ 10. 18632/  aging. 103579.

31. S. L. Harrison, E. Fazio- Eynullayeva, D. A. Lane, P. Underhill, and 
G. Y. H. Lip, “Comorbidities Associated With Mortality in 31,461 Adults 
With COVID- 19 in the United States: A Federated Electronic Medical 
Record Analysis,” PLoS Medicine 17, no. 9 (2020): e1003321, https:// doi. 
org/ 10. 1371/ journ al. pmed. 1003321.

32. O. Zerbo, N. Lewis, B. Fireman, et  al., “Population- Based Assess-
ment of Risks for Severe COVID- 19 Disease Outcomes,” Influenza and 
Other Respiratory Viruses 16, no. 1 (2022): 159–165, https:// doi. org/ 10. 
1111/ irv. 12901 .

33. L. C. Bailey, H. Razzaghi, E. K. Burrows, et al., “Assessment of 135 
794 Pediatric Patients Tested for Severe Acute Respiratory Syndrome 
Coronavirus 2 Across the United States,” JAMA Pediatrics 175, no. 2 
(2021): 176–184, https:// doi. org/ 10. 1001/ jamap ediat rics. 2020. 5052.

34. F. Gotzinger, B. Santiago- Garcia, A. Noguera- Julian, et  al., 
“COVID- 19 in Children and Adolescents in Europe: A Multinational, 
Multicentre Cohort Study,” Lancet Child Adolesc Health 4, no. 9 (2020): 
653–661, https:// doi. org/ 10. 1016/ S2352 -  4642(20) 30177 -  2.

35. K. Graff, C. Smith, L. Silveira, et  al., “Risk Factors for Severe 
COVID- 19 in Children,” Pediatric Infectious Disease Journal 40, no. 4 
(2021): e137–e145, https:// doi. org/ 10. 1097/ INF. 00000 00000 003043.

36. L. Kompaniyets, N. T. Agathis, J. M. Nelson, et  al., “Underlying 
Medical Conditions Associated With Severe COVID- 19 Illness Among 
Children,” JAMA Network Open 4, no. 6 (2021): e2111182, https:// doi. 
org/ 10. 1001/ jaman etwor kopen. 2021. 11182 .

37. D. Saatci, T. A. Ranger, C. Garriga, et al., “Association Between Race 
and COVID- 19 Outcomes Among 2.6 Million Children in England,” 
JAMA Pediatrics 175, no. 9 (2021): 928–938, https:// doi. org/ 10. 1001/ 
jamap ediat rics. 2021. 1685.

38. C. C. Fuller, A. Cosgrove, M. Shinde, et al., “Treatment and Care 
Received by Children Hospitalized With COVID- 19 in a Large Hospital 
Network in the United States, February 2020 to September 2021,” PLoS 
ONE 18, no. 7 (2023): e0288284, https:// doi. org/ 10. 1371/ journ al. pone. 
0288284.

39. WHO. 2024. “Strategic Advisory Group of Experts (SAGE) Interim 
statement on COVID- 19 vaccination for children,” accessed September 
20, 2024, https:// www. who. int/ news/ item/ 11-  08-  2022-  inter im-  state 
ment-  on-  covid -  19-  vacci natio n-  for-  children.

40. A. L. Naleway, H. C. Groom, P. M. Crawford, et al., “Incidence of 
SARS- CoV- 2 Infection, Emergency Department Visits, and Hospi-
talizations Because of COVID- 19 Among Persons Aged >/=12 Years, 
by COVID- 19 Vaccination Status -  Oregon and Washington, July 4–
September 25, 2021,” MMWR. Morbidity and Mortality Weekly Report 70, 
no. 46 (2021): 1608–1612, https:// doi. org/ 10. 15585/  mmwr. mm7046a4.

41. M. G. Thompson, E. Stenehjem, S. Grannis, et al., “Effectiveness of 
Covid- 19 Vaccines in Ambulatory and Inpatient Care Settings,” new En-
gland Journal of Medicine 385, no. 15 (2021): 1355–1371, https:// doi. org/ 
10. 1056/ NEJMo a2110362.

42. M. G. Thompson, J. L. Burgess, A. L. Naleway, et al., “Prevention 
and Attenuation of Covid- 19 With the BNT162b2 and mRNA- 1273 Vac-
cines,” new England Journal of Medicine 385, no. 4 (2021): 320–329, 
https:// doi. org/ 10. 1056/ NEJMo a2107058.

43. A. S. Bohnert, K. Kumbier, M. Rowneki, et al., “Adverse Outcomes 
of SARS- CoV- 2 Infection With Delta and Omicron Variants in Vacci-
nated Versus Unvaccinated US Veterans: Retrospective Cohort Study,” 
BMJ 381 (2023): e074521, https:// doi. org/ 10. 1136/ bmj-  2022-  074521.

https://doi.org/10.15585/mmwr.mm7109e3
https://doi.org/10.15585/mmwr.mm7109e3
https://doi.org/10.1056/NEJMoa2211031
https://doi.org/10.1056/NEJMoa2211031
https://doi.org/10.1001/jamanetworkopen.2022.25162
https://doi.org/10.1001/jamanetworkopen.2022.25162
https://doi.org/10.15585/mmwr.mm7201a1
https://doi.org/10.15585/mmwr.mm7201a1
https://doi.org/10.1080/07853890.2023.2232818
https://doi.org/10.1080/07853890.2023.2232818
https://www.cdph.ca.gov/Programs/CID/DCDC/Pages/COVID-19/COVID-Variants.aspx
https://www.cdph.ca.gov/Programs/CID/DCDC/Pages/COVID-19/COVID-Variants.aspx
https://doi.org/10.1001/jamainternmed.2022.2442
https://doi.org/10.1016/j.jpeds.2022.09.059
https://doi.org/10.1016/j.jpeds.2022.09.059
https://doi.org/10.1056/NEJMoa2204399
https://doi.org/10.1056/NEJMoa2204399
https://doi.org/10.1038/s41467-023-36547-4
https://doi.org/10.1038/s41467-023-36547-4
https://doi.org/10.1038/s41392-022-00997-x
https://doi.org/10.1038/s41392-022-00997-x
https://doi.org/10.1016/j.jiph.2022.11.024
https://doi.org/10.1016/j.jiph.2022.11.024
https://doi.org/10.15585/mmwr.mm7106e2
https://doi.org/10.15585/mmwr.mm7106e2
https://doi.org/10.18632/aging.103579
https://doi.org/10.1371/journal.pmed.1003321
https://doi.org/10.1371/journal.pmed.1003321
https://doi.org/10.1111/irv.12901
https://doi.org/10.1111/irv.12901
https://doi.org/10.1001/jamapediatrics.2020.5052
https://doi.org/10.1016/S2352-4642(20)30177-2
https://doi.org/10.1097/INF.0000000000003043
https://doi.org/10.1001/jamanetworkopen.2021.11182
https://doi.org/10.1001/jamanetworkopen.2021.11182
https://doi.org/10.1001/jamapediatrics.2021.1685
https://doi.org/10.1001/jamapediatrics.2021.1685
https://doi.org/10.1371/journal.pone.0288284
https://doi.org/10.1371/journal.pone.0288284
https://www.who.int/news/item/11-08-2022-interim-statement-on-covid-19-vaccination-for-children
https://www.who.int/news/item/11-08-2022-interim-statement-on-covid-19-vaccination-for-children
https://doi.org/10.15585/mmwr.mm7046a4
https://doi.org/10.1056/NEJMoa2110362
https://doi.org/10.1056/NEJMoa2110362
https://doi.org/10.1056/NEJMoa2107058
https://doi.org/10.1136/bmj-2022-074521

	Incidence and Risk of Coronavirus Disease 2019 Hospitalization Among Unvaccinated Children
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Design, Setting, and Population
	2.2   |   Outcome
	2.3   |   Demographic Factors and Comorbidities
	2.3.1   |   Statistical Analysis


	3   |   Results
	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Disclosure
	Conflicts of Interest
	Data Availability Statement
	Peer Review

	References


