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Most COVID-19-associated hospitalizations occur in older
adults, but severe disease that requires hospitalization occurs in
all age groups, including adolescents aged 12—17 years (). On
May 10, 2021, the Food and Drug Administration expanded
the Emergency Use Authorization for Pfizer-BioNTech
COVID-19 vaccine to include persons aged 12-15 years,
and CDC’s Advisory Committee on Immunization Practices
recommended it for this age group on May 12, 2021.* Before
that time, COVID-19 vaccines had been available only to
persons aged >16 years. Understanding and describing the
epidemiology of COVID-19-associated hospitalizations in
adolescents and comparing it with adolescent hospitaliza-
tions associated with other vaccine-preventable respiratory
viruses, such as influenza, offers evidence of the benefits of
expanding the recommended age range for vaccination and
provides a baseline and context from which to assess vaccina-
tion impact. Using the Coronavirus Disease 2019-Associated
Hospitalization Surveillance Network (COVID-NET),
CDC examined COVID-19-associated hospitalizations
among adolescents aged 1217 years, including demographic
and clinical characteristics of adolescents admitted during
January 1-March 31, 2021, and hospitalization rates (hos-
pitalizations per 100,000 persons) among adolescents during
March 1, 2020—April 24, 2021. Among 204 adolescents who
were likely hospitalized primarily for COVID-19 during
January 1-March 31, 2021, 31.4% were admitted to an inten-
sive care unit (ICU), and 4.9% required invasive mechanical
ventilation; there were no associated deaths. During March 1,
2020-April 24, 2021, weekly adolescent hospitalization rates
peaked at 2.1 per 100,000 in early January 2021, declined to
0.6 in mid-March, and then rose to 1.3 in April. Cumulative
COVID-19-associated hospitalization rates during October 1,
2020-April 24, 2021, were 2.5-3.0 times higher than were
influenza-associated hospitalization rates from three recent

* heeps://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-
update-fda-authorizes-pfizer-biontech-covid-19-vaccine-emergency-use; heeps://
www.cdc.gov/media/releases/2021/s0512-advisory-committee-signing.html
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influenza seasons (2017—18,2018-19, and 2019-20) obtained
from the Influenza Hospitalization Surveillance Network
(FluSurv-NET). Recent increased COVID-19-associated
hospitalization rates in March and April 2021 and the poten-
tial for severe disease in adolescents reinforce the importance
of continued COVID-19 prevention measures, including
vaccination and correct and consistent wearing of masks by
persons not yet fully vaccinated or when required by laws,
rules, or regulations.”

COVID-NET is a population-based surveillance system of
laboratory-confirmed COVID-19-associated hospitalizations
in 99 counties across 14 states,d covering approximately
10% of the U.S. population.t Included in surveillance are
COVID-19-associated hospitalizations among residents in a
predefined surveillance catchment area who had a positive real-
time reverse transcription—polymerase chain reaction or rapid
antigen detection test result for SARS-CoV-2 (the virus that
causes COVID-19) during hospitalization or <14 days before
admission (2). Clinical and demographic data, updated monthly,
were analyzed for adolescents aged 1217 years hospitalized
during January 1-March 31, 2021. Clinical and demographic
characteristics were analyzed separately for patients whose primary
reason for admission was likely COVID-19 and those whose
primary reason for admission might not have been primarily
related to COVID-19, despite receiving a positive SARS-CoV-2
laboratory test result.** Hospitalization rate data, updated weekly,
were analyzed during March 1, 2020-April 24, 2021, to describe
cumulative COVID-19-associated hospitalization rates in
adolescents aged 12—17 years and adults aged >18 years and weekly
COVID-19-associated hospitalization rates in children aged
0—4 years and 5-11 years and adolescents aged 12—17 years. In

T hetps://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
S California, Colorado, Connecticut, Georgia, lowa, Maryland, Michigan,
Minnesota, New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.

9 https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-

methods.html

** Those excluded were patients admitted for 1) labor and delivery (pregnant) (5.6%),
2) inpatient procedures/surgery (6.4%), 3) psychiatric reasons but requiring
medical care (20.2%), 4) trauma (5.9%), and 5) other or unknown reasons (7.8%)
with no recorded COVID-19-associated symptoms upon admission and who
might have been identified through routine testing upon admission.

MMWR / June 11,2021 / Vol.70 / No.23 851


https://www.cdc.gov/mmwr
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-pfizer-biontech-covid-19-vaccine-emergency-use
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-pfizer-biontech-covid-19-vaccine-emergency-use
https://www.cdc.gov/media/releases/2021/s0512-advisory-committee-signing.html
https://www.cdc.gov/media/releases/2021/s0512-advisory-committee-signing.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html

Morbidity and Mortality Weekly Report

addition, cumulative COVID-19-associated hospitalization rates
among adolescents aged 12—17 years during October 1, 2020—
April 24, 2021 (covering most of the typical October 1-April 30
season for influenza-associated hospitalization surveillance), were
compared with influenza-associated hospitalization rates in
the same age group across three influenza seasons (2017-18,
2018-19, and 2019-20) using data from FluSurv-NETT (3).
Rate calculations are unadjusted and include all persons meeting
the case definition (2). SAS statistical software (version 9.4; SAS
Institute) was used for analyses. This activity was reviewed by
CDC and was conducted consistent with applicable federal law
and CDC policy.5$

Among 376 adolescents hospitalized during January 1-
March 31, 2021, who received a positive SARS-CoV-2
laboratory test result, 172 (45.7%) were analyzed separately
because their primary reason for admission might not have been
directly COVID-19-related (Table). Among the 204 patients
who were likely admitted primarily for COVID-19-related
illness, 52.5% were female, 31.4% were Hispanic or Latino
(Hispanic), and 35.8% were non-Hispanic Black. Overall,
70.6% had one or more underlying medical conditions, the
most common of which were obesity (35.8%), chronic lung
disease, including asthma (30.9%), and neurologic disorders
(14.2%); 31.4% of patients required ICU admission and 4.9%
required invasive mechanical ventilation, but there were no
associated deaths.

During March 1, 2020-April 24, 2021, the cumulative
COVID-19-associated adolescent hospitalization rate (49.9)
was 12.5 times lower than that in adults aged 218 years (675.6).
Weekly COVID-19-associated adolescent hospitalization rates
(3-week moving average) were comparable to rates among those
aged 0—4 years, but higher than rates among children aged
5-11 years (Figure 1). Weekly adolescent hospitalization rates
peaked at 2.1 per 100,000 during the week ending January 9,
2021, declined to 0.6 during the week ending March 13, 2021,
then increased to 1.3 and 1.2 for the weeks ending April 17
and 24, 2021, respectively. Rates among adolescents in two
of 14 sites (Maryland and Michigan) were highest during
April 2021 compared with all other weeks within their respective
sites since surveillance began on March 1, 2020. Cumulative
COVID-19-associated hospitalization rates during October 1,
2020-April 24, 2021, were 2.5-3.0 times higher than seasonal
influenza-associated hospitalization rates during three recent
influenza seasons (October 1-April 30) (Figure 2).

T FluSurv-NET, which has similar methods for case ascertainment and catchment
areas as COVID-NET, conducts seasonal laboratory-confirmed influenza-
associated hospitalization surveillance during October 1-April 30 annually.

§$ 45 C.ER. part 46, 21 C.ER. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect.
552a; 44 U.S.C. Sect. 3501 et seq.
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Discussion

COVID-NET data indicate that COVID-19-associated
hospitalization rates were lower in adolescents aged 1217 years
compared with those in adults but exceeded those among chil-
dren aged 5-11 years during March 1, 2020—April 24, 2021.
Moreover, COVID-19-associated hospitalization rates among
adolescents increased during March—April 2021, and nearly
one third of 204 recently hospitalized adolescents required ICU
admission. Rates of COVID-19-associated hospitalization
among adolescents also exceeded historical rates of seasonal
influenza-associated hospitalization during comparable peri-
ods. Recent increased hospitalization rates and the potential
for severe disease reinforce the importance of continued
COVID-19 prevention measures among adolescents, includ-
ing vaccination and correct and consistent wearing of masks.

After declines in January and February 2021, weekly pop-
ulation-based rates of COVID-19-associated hospitalization
among adolescents increased during March and April, and in
two COVID-NET sites (Maryland and Michigan) the highest
adolescent COVID-19-associated hospitalization rates in their
respective sites since the start of the COVID-19 pandemic
occurred during this period. This trend contrasts with hospi-
talization rates among persons aged 265 years, the group with
the highest COVID-19 vaccination coverage, among whom
hospitalization rates in COVID-NET stabilized during the
same period.9? Increased hospitalization rates among adoles-
cents might be related, in part, to circulation of particularly
transmissible SARS-CoV-2 variants,*** the larger numbers of
children returning to school or other in-person indoor activi-
ties, and changes in physical distancing, wearing masks, and
other COVID-19 prevention behaviors (4). SARS-CoV-2
transmission occurs more easily in high schools than in elemen-
tary schools (4), and outbreaks have been associated with high
school extracurricular activities (5). Vaccination of adolescents
is expected to reduce the risk for COVID-19 in these settings.

Population-based COVID-19-associated hospitalization
rates among adolescents were lower than were those in adults,
a finding consistent with studies showing that illness is gener-
ally milder in children than in adults (6). Nevertheless, severe
disease does occur, including that requiring ICU admission
and invasive mechanical ventilation. Most (70.6%) adolescents
in this study whose primary reason for hospitalization was
COVID-19-associated illness had at least one underlying medi-
cal condition, which is lower than the percentage of hospitalized
adults with an underlying medical condition (92%) (7). Nearly
30% of these adolescents had no reported underlying medical

99 hetps://gis.cdc.gov/grasp/ COVIDNet/COVID19_3.html

*** https://covid.cdc.gov/covid-data-tracker/#variant-proportions
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TABLE. Demographic and clinical characteristics and outcomes among adolescents aged 12-17 years with laboratory-confirmed COVID-19-
associated hospitalizations, by primary reason for admission — COVID-NET, 14 states,* January 1, 2021-March 31, 2021

No. of hospitalizations (%)

Primary reason for admission Primary reason for admission
Characteristic Total COVID-19-related not clearly COVID-19-related
Total no. of hospitalized adolescents 376 (100.0)t 204 (100.0)t 172 (100.0)t
Age, yrs, median (IQR) 14.9 (13.4-15.9) 14.8(13.3-15.9) 15.0(13.5-16.0)
Sex
Male 156 (41.5) 97 (47.5) 59 (34.3)
Female 220 (58.5) 107 (52.5) 113(65.7)
Race/Ethnicity$
Hispanic 115 (30.6) 64 (31.4) 51(29.7)
Black, non-Hispanic 117 (31.1) 73(35.8) 44 (25.6)
White, non-Hispanic 114 (30.3) 52 (25.5) 62 (36.0)
Asian/Pacific Islander, non-Hispanic 14 (3.7) 6(2.9) 8(4.7)
Persons of all other races! 3(0.8) 3(1.5) 0(—)
Unknown race/ethnicity 13(3.5) 6(2.9) 7 (4.1)
Residence type
Private residence 344 (94.8) 195 (95.6) 149 (93.8)
Congregate setting, other, or unknown residence type** 19(5.2) 9 (4.4) 10 (6.3)
Primary reason for admission
Likely COVID-19-related 204 (54.3) 204 (100.0) 0(—)
Obstetrics 21(5.6) 0(—) 21(12.2)
Inpatient surgery 24 (6.4) 0(—) 24 (14.0)
Psychiatric admission requiring medical care 76 (20.2) 0(—) 76 (44.2)
Trauma 22(5.9) 0(—) 22(12.8)
Other reason 13(3.5) 0(—) 13 (7.6)
Unknown reason 16 (4.3) 0(—) 16 (9.3)
COVID-19-related symptoms at admission’t
Yes, symptomatic 259 (71.9) 192 (94.1) 67 (42.9)
Hospitalization outcomes
Length of hospital stay, days, median (IQR) 2.7 (1.2-6.1) 24(1.1-5.7) 3.2(1.4-6.7)
ICU admission 93 (25.6) 64 (31.4) 29 (18.2)8
Invasive mechanical ventilation 21(5.8) 10 (4.9) 11 (6.9)58
In-hospital death 0(—) 0(—) 0(—)
Underlying medical condition
>1 underlying medical condition" 207 (55.1) 144 (70.6) 63 (36.6)
Obesity*** 101 (27.9) 73 (35.8) 28(17.7)
Chronic lung disease, including asthma 87 (24.0) 63 (30.9) 24(15.2)
Neurologic disorders 43(11.9) 29(14.2) 14 (8.9)
Chronic metabolic disease, including diabetes 32(8.8) 24(11.8) 8(5.1)
Immunocompromised condition 20(5.5) 14 (6.9) 6(3.8)
Blood disorder, including sickle cell anemia 21(5.8) 19(9.4) 2(1.3)
Cardiovascular disease 15 (4.1) 9 (4.4) 6(3.8)

Abbreviations: COVID-NET = Coronavirus Disease 2019-Associated Hospitalization Surveillance Network; ICU = intensive care unit; IQR = interquartile range.

* Includes persons admitted to a hospital with an admission date between January 1,2021 and March 31, 2021. Counties included in COVID-NET surveillance: California (Alameda, Contra Costa,
and San Francisco counties); Colorado (Adams, Arapahoe, Denver, Douglas, and Jefferson counties); Connecticut (Middlesex and New Haven counties); Georgia (Clayton, Cobb, DeKalb,
Douglas, Fulton, Gwinnett, Newton, and Rockdale counties); lowa (one county represented); Maryland (Allegany, Anne Arundel, Baltimore, Baltimore City, Calvert, Caroline, Carroll, Cecil,
Charles, Dorchester, Frederick, Garrett, Harford, Howard, Kent, Montgomery, Prince George’s, Queen Anne’s, St. Mary’s, Somerset, Talbot, Washington, Wicomico, and Worcester counties);
Michigan (Clinton, Eaton, Genesee, Ingham, and Washtenaw counties); Minnesota (Anoka, Carver, Dakota, Hennepin, Ramsey, Scott, and Washington counties); New Mexico (Bernalillo, Chaves,
Dona Ana, Grant, Luna, San Juan, and Santa Fe counties); New York (Albany, Columbia, Genesee, Greene, Livingston, Monroe, Montgomery, Ontario, Orleans, Rensselaer, Saratoga, Schenectady,
Schoharie, Wayne, and Yates counties); Ohio (Delaware, Fairfield, Franklin, Hocking, Licking, Madison, Morrow, Perry, Pickaway and Union counties); Oregon (Clackamas, Multnomah, and
Washington counties); Tennessee (Cheatham, Davidson, Dickson, Robertson, Rutherford, Sumner, Williamson, and Wilson counties); and Utah (Salt Lake County).

* Data are missing for <5 percent of observations for all variables.

§ If ethnicity was unknown, non-Hispanic ethnicity was assumed.

¥ Includes non-Hispanic persons reported as other or multiple races.

** Unknown residence types are those which have not yet been ascertained from the medical chart but have not been determined to be missing.

t COVID-19-related symptoms included respiratory symptoms (congested/runny nose, cough, hemoptysis/bloody sputum, shortness of breath/respiratory distress, sore throat, upper
respiratory infection, influenza-like iliness, wheezing) and non-respiratory symptoms (abdominal pain, altered mental status/confusion, anosmia/decreased smell, chest pain, conjunctivitis,
diarrhea, dysgeusia/decreased taste, fatigue, fever/chills, headache, muscle aches/myalgias, nausea/vomiting, rash, seizures). Symptoms are abstracted from the medical chart and might
not be complete.

88 1CU admission and invasive mechanical ventilation are not mutually exclusive categories, and patients could have received both. Of the 31 patients whose primary reason for admission
was not COVID-19-related but who were admitted to the ICU or received invasive mechanical intervention, nine (29.0%) were admitted because of trauma and 14 (45.2%) were admitted
for a psychiatric admission requiring medical care, including suicide attempts or overdoses.

19 Defined as >1 of the following: chronic lung disease, chronic metabolic disease, blood disorder/hemoglobinopathy, cardiovascular disease, neurologic disorder, immunocompromised
condition, renal disease, gastrointestinal/liver disease, rheumatologic/autoimmune/inflammatory condition, obesity, feeding tube dependency, wheelchair dependency, or pregnancy.

*** Obesity is defined as body mass index (kg/m2) 295th percentile for age and sex based on CDC growth charts among children, a discharge diagnosis of obesity indicated by International
Classification of Diseases, Tenth Edition, Clinical Modification (ICD-10-CM) codes, or obesity is indicated as an underlying condition on the COVID-NET case report form for adolescents who
were not pregnant at the time of admission.
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FIGURE 1. Three-week moving average COVID-19-associated hospitalization rates* among children and adolescents aged <18 years, by

age group — COVID-NET, 14 states,™ March 1, 2020-April 24, 2021
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Abbreviation: COVID-NET = Coronavirus Disease 2019-Associated Hospitalization Surveillance Network.
* Number of patients with laboratory-confirmed COVID-19-associated hospitalizations per 100,000 population.
T COVID-NET sites are in the following 14 states: California, Colorado, Connecticut, Georgia, lowa, Maryland, Michigan, Minnesota, New Mexico, New York, Ohio, Oregon,

Tennessee, and Utah.

condition, indicating that healthy adolescents are also at risk
for severe COVID-19-associated disease. In addition, approxi-
mately two thirds of adolescents hospitalized with COVID-19
were Hispanic or non-Hispanic Black persons, consistent with
studies showing an increased incidence of COVID-19 among
racial and ethnic minority populations and signifying an urgent
need to ensure equitable access to vaccines for these groups (8).
Vaccination is effective in preventing hospitalization among
adults (9); similarly, widespread vaccination of adolescents
will likely reduce COVID-19-associated hospitalizations, and
potential sequelae from COVID-19 in adolescents, including
multisystem inflammatory syndrome in children (MIS-C), a
rare but serious complication of COVID-19 (10).

During a comparable period, adolescent hospitalization rates
associated with COVID-19 exceeded those for seasonal influ-
enza, another respiratory virus that can cause hospitalization
and death in adolescents and for which a vaccine is recom-
mended in this age group.”" This widespread circulation of
SARS-CoV-2 occurred despite containment measures such
as school closures, wearing masks, and physical distancing,
none of which had been enacted during the historical influ-
enza seasons. Without these containment measures, the rates
of COVID-19-associated hospitalization might have been
substantially higher.

1 heeps:/fwww.cde.gov/mmwr/volumes/69/rt/rr6908al.htm
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The findings in this report are subject to at least five limi-
tations. First, the primary reason for hospital admission was
not always clear, and some (45.7%) adolescents who met the
COVID-NET case definition were hospitalized for reasons that
might not have been primarily related to COVID-19, despite
a positive SARS-CoV-2 laboratory test result; these hospitaliza-
tions were included in rate calculations. Thus, rates of hospi-
talizations for COVID-19 might be overestimated. Second,
laboratory confirmation depends on clinician-ordered testing
and hospital testing policies for SARS-CoV-2 (COVID-NET)
and influenza (FluSurv-NET); consequently, hospitalization
rates might also be underestimated. Given more widespread
testing for SARS-CoV-2 compared with influenza, the lack of
adjustment for testing practices likely disproportionately affects
influenza rates compared with COVID-19 rates. Third, adoles-
cents hospitalized with MIS-C might not be identified if testing
occurred >14 days before admission, potentially leading to an
underestimate of severe COVID-19—-associated disease. Fourth,
the Pfizer-BioNTech COVID-19 vaccine had been approved for
and administered to adolescents aged 16-17 years during this
study period; therefore, rates of COVID-19-associated hospital-
ization in adolescents aged 16-17 years might differ from those
in adolescents aged 1215 years who were not previously eligible
for vaccination, and could affect the overall hospitalization rate
for all adolescents. Finally, hospitalization rates are preliminary
and might change as additional data are reported.

US Department of Health and Human Services/Centers for Disease Control and Prevention
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FIGURE 2. Cumulative rates for COVID-19-associated hospitalizations* compared with influenza-associated hospitalizationst among adolescents
aged 12-17 years, by surveillance weekS — COVID-NETY and FluSurv-NET,** 14 states,tt 2017-202155
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Abbreviations: COVID-NET = Coronavirus Disease 2019-Associated Hospitalization Surveillance Network; FluSurv-NET = Influenza Hospitalization Surveillance Network.

* Number of patients with laboratory-confirmed COVID-19-associated hospitalizations per 100,000 population.

T Number of patients with laboratory-confirmed influenza-associated hospitalizations per 100,000 population.

§ Surveillance week is based on the epidemiologic week for disease reporting and lasts Sundays through Saturdays. MMWR week numbering is sequential beginning
with 1 and incrementing with each week to a maximum of 52 or 53. The three influenza seasons had no surveillance week 53, so values from surveillance week 52
were imputed to surveillance week 53. https://wwwn.cdc.gov/nndss/document/MMWR_week_overview.pdf

. COVID-NET is a population-based surveillance system of laboratory-confirmed COVID-19-associated hospitalizations in 99 counties across 14 states. COVID-19-
associated hospitalizations among residents in a predefined surveillance catchment area who received a positive test for SARS-CoV-2 (the virus that causes COVID-19)
during hospitalization or <14 days before admission are included in surveillance.

** FluSurv-NET is a population-based surveillance system of laboratory-confirmed influenza-associated hospitalizations in 81 counties across 13 states (for the period
included) and is conducted annually during October 1-April 30. Influenza-associated hospitalizations among residents in a predefined surveillance catchment
area who received a positive test for influenza during hospitalization or <14 days before admission are included in surveillance.

tt COVID-NET and FluSurv-NET sites were in the following 14 states for the period shown: California, Colorado, Connecticut, Georgia, lowa (COVID-NET only), Maryland,
Michigan, Minnesota, New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.

58 Cumulative COVID-19-associated hospitalization rates among adolescents aged 12-17 years during October 1, 2020-April 24, 2021, were compared with influenza-
associated hospitalization rates in the same age group during October 1-April 30 across three seasons (2017-18, 2018-19, and 2019-20) using data from FluSurv-NET.
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Summary
What is already known about this topic?

Most COVID-19-associated hospitalizations occur in adults, but
severe disease occurs in all age groups, including adolescents
aged 12-17 years.

What is added by this report?

COVID-19 adolescent hospitalization rates from COVID-NET peaked at
2.1 per 100,000 in early January 2021, declined to 0.6 in mid-March,
and rose to 1.3 in April. Among hospitalized adolescents, nearly one
third required intensive care unit admission, and 5% required invasive
mechanical ventilation; no associated deaths occurred.

What are the implications for public health practice?

Recent increased hospitalization rates in spring 2021 and
potential for severe disease reinforce the importance of
continued COVID-19 prevention measures, including vaccina-
tion and correct and consistent mask wearing among persons
not fully vaccinated or when required.

Corresponding author: Fiona P. Havers, fhavers@cdc.gov.
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