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Long-term symptoms often associated with COVID-19 
(post-COVID conditions or long COVID) are an emerging 
public health concern that is not well understood. Prevalence of 
post-COVID conditions has been reported among persons who 
have had COVID-19 (range = 5%–80%), with differences pos-
sibly related to different study populations, case definitions, and 
data sources (1). Few studies of post-COVID conditions have 
comparisons with the general population of adults with negative 
test results for SARS-CoV-2, the virus that causes COVID-19, 
limiting ability to assess background symptom prevalence (1). 
CDC used a nonprobability-based Internet panel established 
by Porter Novelli Public Services* to administer a survey to a 
nationwide sample of U.S. adults aged ≥18 years to compare 
the prevalence of long-term symptoms (those lasting >4 weeks 
since onset) among persons who self-reported ever receiving a 
positive SARS-CoV-2 test result with the prevalence of similar 
symptoms among persons who reported always receiving a 
negative test result. The weighted prevalence of ever testing 
positive for SARS-CoV-2 was 22.2% (95% confidence interval 
[CI] = 20.6%–23.8%). Approximately two thirds of respon-
dents who had received a positive test result experienced long-
term symptoms often associated with SARS-CoV-2 infection.
Compared with respondents who received a negative test result, 
those who received a positive test result reported a significantly
higher prevalence of any long-term symptom (65.9% versus
42.9%), fatigue (22.5% versus 12.0%), change in sense of smell 
or taste (17.3% versus 1.7%), shortness of breath (15.5% versus 
5.2%), cough (14.5% versus 4.9%), headache (13.8% versus
9.9%), and persistence (>4 weeks) of at least one initially occur-
ring symptom (76.2% versus 69.6%). Compared with respon-
dents who received a negative test result, a larger proportion of

* https://styles.porternovelli.com/pn-view-panels/

those who received a positive test result reported believing that 
receiving a COVID-19 vaccine made their long-term symptoms 
better (28.7% versus 15.7%). Efforts to address post-COVID 
conditions should include helping health care professionals rec-
ognize the most common post-COVID conditions and optimize 
care for patients with persisting symptoms, including messaging 
on potential benefits of COVID-19 vaccination.

During April 9–23, 2021, Porter Novelli Public Services and 
ENGINE Insights† conducted a nonprobability-based Internet 

† https://engine-insights.com/product/caravan/
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panel survey among 6,021 noninstitutionalized U.S. adults aged 
≥18 years via the Lucid platform.§ Quota sampling and statistical 
weighting were used to align the sample with U.S. population 
distributions by sex, age group, U.S. Census region, race and 
ethnicity, and education. Respondents self-reported ever having 
received a positive SARS-CoV-2 test result (698), always receiv-
ing a negative test result (2,437), or never having been tested 
for SARS-CoV-2 (2,750); only deidentified respondents who 
reported having received either a positive or a negative test result 
were included in this analysis. Respondents who received a nega-
tive test were selected to establish the prevalence of post-COVID 
symptoms in a population that did not receive a COVID-19 
diagnosis. Assessment of initial symptoms, including symptoms 
that might have commenced before testing,¶ was conducted by 
asking respondents who received a positive test result, “During 
the month of your first positive COVID-19 test, which, if any, 
of the following symptoms did you experience?” followed by a 
list of symptoms. Respondents who received a negative test result 
were asked, “Since January 2020, which, if any, of the follow-
ing symptoms have you experienced?” Long-term symptoms 

§ https://luc.id/marketplace/
¶ Change in mood; change in smell or taste; chest pain or pressure; cough;

diarrhea; difficulty thinking clearly, concentrating, forgetfulness, memory loss, 
or “brain fog”; fatigue, tired, or weakness; fever or chills; hair loss; headache;
joint or muscle pain; nausea or vomiting; palpitations (heart racing or
pounding); postexertional malaise (worsening of symptoms after even minor
physical, mental, or emotional exertion); problems sleeping; shortness of breath 
or breathlessness; sore throat; stomach pain; or other symptom.

were assessed by asking those who received a positive test result, 
“Which, if any, of your symptoms lasted longer than 4 weeks 
after your first positive COVID-19 test?”; those who received a 
negative test result were asked, “Which, if any, of your symptoms 
lasted longer than 4 weeks since you first experienced the symp-
toms?” Respondents were asked about health care use and receipt 
of ≥1 dose of a COVID-19 vaccine. Vaccine impact related to 
symptoms was assessed by asking respondents** how receiving 
a COVID-19 vaccination affected their long-term symptoms 
(those lasting ≥4 weeks).††

Point estimates and 95% CIs were calculated, overall and by 
demographic characteristics (age group, sex, marital status, highest 
educational attainment, employment, 2020 household income, 
race and ethnicity, U.S. Census region, and community type§§). 

 ** Among those who experienced long-term symptoms and reported receiving 
≥1 dose of a COVID-19 vaccine (100 respondents who received a positive 
test result and 285 respondents who received a negative test result).

 †† Respondents were instructed, “Please select only one answer and do not count 
side effects (symptoms that you had in the first 7 days after getting a 
COVID-19 vaccine).” Responses included, “Made my symptoms a lot better,” 
“Made my symptoms somewhat better,” “Made my symptoms a little better,” 
“Did not affect my symptoms at all,” “Made my symptoms a little worse,” 
“Made my symptoms somewhat worse,” “Made my symptoms a lot worse,” 
“Made some of my symptoms better and some worse,” and “Not applicable: 
My symptoms were gone before I got the vaccine.” Because of small cell sizes, 
those reporting that receiving a vaccine made their symptoms a lot, somewhat, 
or a little better were grouped under “Getting vaccine made symptoms better” 
and those reporting that receiving vaccine made their symptoms a lot, 
somewhat, or a little worse were grouped under “Getting vaccine made 
symptoms worse.”

 §§ Urban, suburban, or rural.

https://luc.id/marketplace/
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Comparisons of demographic characteristics and symptoms were 
performed using chi-square tests; p-values <0.05 were consid-
ered statistically significant. All analyses were conducted using 
SAS (version 9.4; SAS Institute) and were weighted by sex, age 
group, region, race and ethnicity, and education. This activity was 
reviewed by CDC and was conducted consistent with applicable 
federal law and CDC policy.¶¶

Among the 3,135 adults who reported having been tested 
for SARS-CoV-2 since January 2020, the weighted prevalence 
of ever receiving a positive test result was 22.2% (Table 1). 
Compared with respondents who received a negative test result 
(2,437), those who received a positive test result (698) were 
younger (median age = 39.3 years versus 45.3 years), and a higher 
proportion were working (70.5% versus 61.6%), had higher 
household income (50.8% versus 43.9% made ≥$60,000), and 
lived in an urban community (43.8% versus 37.6%).

Overall, 603 (86.5%) respondents who received a positive 
test result and 1,526 (61.7%) of those who received a negative 
test result reported any initial symptoms. Among respondents 
who reported an initial symptom, more respondents who 
received a positive test result (76.2%) than those who received 
a negative test result (69.6%) reported persistence (>4 weeks) 
of at least one symptom (p = 0.005) (Supplementary Table, 
https://stacks.cdc.gov/view/cdc/108815). Hair loss (58.3%), 
cognitive dysfunction*** (55.5%), shortness of breath (52.8%), 
and postexertional malaise††† (49.6%) persisted for ≥50% of 
those who received a positive test result and initially reported 
these symptoms; other symptoms, such as fatigue (48.4%), 
change in smell or taste (46.4%), cough (36.2%), and headache 
(31.1%) persisted for <50%.

A higher proportion of respondents who received a posi-
tive test result than those who received a negative test result 
reported any long-term symptoms (65.9% versus 42.9%; 
p<0.05) (Table 2). The most common symptoms were fatigue 
(22.5% versus 12.0%), change in smell or taste (17.3% versus 
1.7%), shortness of breath (15.5% versus 5.2%), cough (14.5% 
versus 4.9%), and headache (13.8% versus 9.9%). Among 
only respondents who reported any long-term symptoms, the 
most common symptoms among those who received a positive 
test result compared with those who received a negative test 
result were fatigue (34.2% versus 28.0%), change in smell or 
taste (26.2% versus 3.9%), shortness of breath (23.6% versus 
12.1%), cough (22.0% versus 11.5%), and headache (20.9% 
versus 23.0%) (all p<0.05 except for headache).

¶¶ 45 C.F.R. part 46; 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 
552a; 44 U.S.C. Sect. 3501 et seq.

 *** Cognitive dysfunction refers to difficulty thinking clearly, concentrating, 
forgetfulness, memory loss, or “brain fog.”

 ††† Worsening of symptoms after even minor physical, mental, or emotional exertion.

A larger proportion of respondents who received a posi-
tive test result than those who received a negative test result 
reported seeing a health care professional (54.1% versus 42.5%; 
p<0.001) or going to urgent or emergency care (19.5% versus 
14.0%, p = 0.008) for symptoms when they first occurred; 
rates of hospitalization were similar (10.4% versus 9.3%) 
(Table 3). Among those reporting any long-term symptoms, 
fewer respondents who received a positive test result than those 
who received a negative test result reported seeing a health care 
professional for long-term symptoms at least once (24.7% 
versus 35.8%) or more than once (17.6% versus 27.9%).

Fewer respondents who received a positive test result than 
those who received a negative test result reported receiving 
≥1 dose of a COVID-19 vaccine (28.3% versus 39.4%). 
Among those who ever experienced any long-term symptoms, 
more respondents who received a positive test result than those 
who received a negative test result reported that having long-
term symptoms motivated them to receive or consider receiving 
a COVID-19 vaccine (11.0% versus 7.0%) and believed that 
receiving the vaccine made their long-term symptoms better 
(28.7% versus 15.7%; p = 0.023), or that their symptoms 
were gone before receiving the vaccine (28.4% versus 13.1%). 
A similar percentage of respondents who received a positive 
test result (16.1%) and those who received a negative test 
result (11.2%) reported that receiving the vaccine made their 
long-term symptoms worse (p = 0.271), whereas 26.4% of 
respondents who received a positive test result and 59.2% of 
those who received a negative test result believed that receiving 
a vaccine did not affect their symptoms (p<0.001).

Discussion

In this convenience sample of U.S. adults, the prevalence of 
long-term symptoms often associated with SARS-CoV-2 infec-
tion was higher among respondents who ever received a positive 
test result than among those who always received a negative 
test result, and symptoms in these persons tended to persist 
for >4 weeks. Previous studies have found that nonhospitalized 
persons with SARS-CoV-2 infection have higher prevalence of 
some long-term symptoms or conditions than nonhospitalized 
persons with negative SARS-CoV-2 test results (2–5). Similarly, 
in this investigation, more respondents who received a positive 
test result (65.9%) than those who received a negative test 
result (42.9%) experienced any long-term symptoms, and 
approximately one half of these symptoms were more likely 
to be reported among those who received a positive test result.

Early data on post-COVID conditions primarily came from 
hospitalized cohorts (1,6); more recent reports describe post-
COVID conditions among nonhospitalized, asymptomatic, 
or mildly ill patients (1,7). The prevalence of the most com-
mon long-term symptoms among respondents who received 

https://stacks.cdc.gov/view/cdc/108815
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TABLE 1.  Demographic characteristics of respondents aged ≥18 years who received at least one positive SARS-CoV-2 test result or only negative 
SARS-CoV-2 test results since January 2020 (N = 3,135), by selected characteristics — Porter Novelli Internet survey, United States, April 2021

Characteristic

Testing status, weighted % (95% CI)

p-value†

At least one positive  
SARS-CoV-2 test result  

(n = 698)*

All negative  
SARS-CoV-2 test results  

(n = 2,437)*

Overall 22.2 (20.6–23.8) 77.8 (76.2–79.4) —
Age group, yrs
18–29 26.3 (22.8–29.7) 23.2 (21.4–24.9) <0.001
30–39 25.4 (22.0–28.8) 19.0 (17.4–20.6) <0.001
40–49 18.6 (15.1–22.1) 16.4 (14.7–18.2) <0.001
50–59 15.0 (11.8–18.2) 16.6 (14.8–18.4) <0.001
60–69 10.3 (7.8–12.8) 16.4 (14.8–18.0) <0.001
≥70 4.4 (2.8–6.0) 8.4 (7.2–9.5) <0.001
Sex
Male 51.5 (47.4–55.7) 48.5 (46.3–50.7) 0.204
Female 48.5 (44.3–52.6) 51.5 (49.3–53.7) 0.204
Marital status
Married 54.0 (49.9–58.1) 49.2 (47.0–51.4) 0.197
Living with a partner 10.2 (7.7–12.6) 10.2 (8.8–11.6) 0.197
Single and never been married 22.2 (18.7–25.6) 24.4 (22.6–26.3) 0.197
Other§ 13.6 (10.6–16.6) 16.1 (14.5–17.8) 0.197
Highest level of education completed
Some high school or less 4.7 (2.8–6.6) 5.2 (4.1–6.3) 0.545
High school graduate/some college 50.7 (46.6–54.8) 49.2 (47.0–51.3) 0.545
2-year college/technical school 7.8 (5.7–10.0) 8.5 (7.3–9.8) 0.545
4-year college/some postgraduate education 19.6 (16.6–22.5) 21.7 (20.1–23.3) 0.545
Postgraduate degree 17.2 (14.4–19.9) 15.4 (14.1–16.8) 0.545
Employment status¶

Employed 70.5 (66.6–74.3) 61.6 (59.5–63.8) <0.001
Unemployed 17.8 (14.5–21.1) 19.8 (17.9–21.6) <0.001
Retired 11.7 (9.0–14.4) 18.6 (16.9–20.3) <0.001
Household income in 2020,  USD
<25,000 14.5 (11.4–17.5) 20.4 (18.5–22.2) 0.016
25,000–49,999 28.2 (24.4–32.0) 27.8 (25.8–29.9) 0.016
50,000–74,999 17.2 (14.0–20.4) 17.3 (15.7–19.0) 0.016
75,000–99,999 12.0 (9.5–14.5) 11.3 (9.9–12.6) 0.016
100,000–149,999 16.3 (13.5–19.2) 14.4 (13.0–15.7) 0.016
≥150,000 11.8 (9.2–14.3) 8.9 (7.8–10.0) 0.016
Race/Ethnicity
White, non-Hispanic 59.8 (55.5–64.0) 62.0 (59.7–64.2) 0.190
Black or African-American, non-Hispanic 12.4 (9.6–15.3) 12.3 (10.8–13.9) 0.190
Other,** non-Hispanic 6.2 (4.1–8.4) 8.2 (6.9–9.5) 0.190
Hispanic 21.6 (17.6–25.5) 17.5 (15.6–19.4) 0.190
U.S. Census region††

Northeast 21.5 (18.1–24.9) 19.0 (17.3–20.6) 0.156
Midwest 21.1 (17.7–24.5) 19.5 (17.7–21.2) 0.156
South 38.1 (34.1–42.1) 38.4 (36.3–40.5) 0.156
West 19.3 (16.1–22.5) 23.1 (21.3–25.0) 0.156
Community type
Urban 43.8 (39.8–47.9) 37.6 (35.5–39.7) 0.028
Suburban 39.8 (35.7–43.9) 44.1 (41.9–46.3) 0.028
Rural 16.4 (13.3–19.5) 18.3 (16.6–20.0) 0.028

Abbreviations: CI = confidence interval; USD = U.S. dollars.
* Unweighted number of persons who received positive or negative SARS-CoV-2 test results. 
† p-value for weighted Wald chi-square test; all p-values <0.05 indicate significant differences.
§ Other marital status includes separated, divorced, and widowed.
¶ Employed includes full-time or part-time work and self-employment; unemployed includes students, homemakers, and those who were not employed currently 

or were unable to work.
 ** Other race/ethnicity includes Native American or Alaskan Native, Asian, and other (unspecified).
 †† Northeast: Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and Vermont; Midwest: Illinois, Indiana, Iowa, 

Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin; South: Alabama, Arkansas, Delaware, District of Columbia, 
Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, and West Virginia; West: Alaska, 
Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming.
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TABLE 2. Prevalence of symptoms lasting >4 weeks among respondents aged ≥18 years who received at least one positive SARS-CoV-2 test 
result or only negative SARS-CoV-2 test results since January 2020 — Porter Novelli Internet survey, United States, April 2021

Symptom

SARS-CoV-2 test result, weighted % (95% CI)

Symptom prevalence  
among all persons receiving testing

Symptom prevalence among persons receiving testing  
who reported a symptom lasting >4 weeks since onset

Respondents who  
received a  

positive test result
(n = 698)*

Respondents who  
received a  

negative test result
(n = 2,437)*

Respondents who  
received a  

positive test result
(n = 465)*

Respondents who  
received a  

negative test result
(n = 1,058)*

Any symptom 65.9† (61.9–69.8) 42.9 (40.8–45.1) — —
1 symptom only 27.2† (23.7–30.8) 18.7 (17.0–20.4) 41.4 (36.5–46.3) 43.6 (40.3–46.9)
2 symptoms 14.0† (11.1–16.8) 9.5 (8.2–10.7) 21.2 (17.1–25.3) 22.1 (19.3–24.8)
≥3 symptoms 24.7† (21.0–28.3) 14.7 (13.2–16.3) 37.4 (32.5–42.4) 34.3 (31.1–37.5)
Fatigue/Tired/Weakness 22.5† (19.0–26.1) 12.0 (10.6–13.4) 34.2† (29.3–39.1) 28.0 (25.0–31.0)
Change in smell or taste 17.3† (14.1–20.4) 1.7 (1.1–2.3) 26.2† (21.8–30.7) 3.9 (2.6–5.3)
Shortness of breath or breathlessness 15.5† (12.4–18.7) 5.2 (4.2–6.2) 23.6† (19.1–28.1) 12.1 (9.9–14.2)
Cough 14.5† (11.6–17.4) 4.9 (4.0–5.9) 22.0† (17.8–26.2) 11.5 (9.4–13.6)
Headache 13.8† (10.9–16.7) 9.9 (8.6–11.2) 20.9 (16.7–25.1) 23.0 (20.2–25.8)
Problems sleeping 12.0† (9.3–14.7) 16.5 (14.8–18.1) 18.1† (14.2–22.1) 38.3 (35.1–41.6)
Joint or muscle pain 11.1 (8.4–13.9) 12.4 (10.9–13.9) 16.9† (12.9–20.9) 28.9 (25.8–32.0)
Cognitive dysfunction§ 10.2† (7.7–12.8) 7.3 (6.1–8.4) 15.5 (11.8–19.3) 16.9 (14.4–19.4)
Chest pain or pressure 7.3† (5.2–9.4) 2.3 (1.6–2.9) 11.0† (7.9–14.2) 5.3 (3.7–6.8)
Change in mood 6.6 (4.6–8.7) 8.8 (7.6–10.0) 10.1† (7.1–13.1) 20.6 (17.9–23.2)
Postexertional malaise¶ 6.1† (4.1–8.0) 2.4 (1.7–3.0) 9.2† (6.3–12.2) 5.5 (3.9–7.0)
Stomach pain 5.8 (3.9–7.7) 5.1 (4.1–6.1) 8.9 (6.0–11.7) 11.9 (9.7–14.1)
Hair loss 5.6 (3.7–7.5) 4.1 (3.3–5.0) 8.5 (5.6–11.3) 9.7 (7.6–11.7)
Diarrhea 5.3 (3.3–7.2) 3.3 (2.6–4.1) 8.0 (5.0–10.9) 7.8 (6.0–9.5)
Sore throat 4.9† (3.1–6.8) 1.7 (1.1–2.2) 7.5† (4.7–10.3) 3.9 (2.7–5.1)
Fever or chills 4.9† (3.0–6.8) 1.9 (1.4–2.5) 7.5 (4.7–10.3) 4.5 (3.2–5.8)
Palpitations (heart racing or pounding) 4.5 (2.7–6.3) 2.5 (1.9–3.2) 6.8 (4.1–9.5) 5.9 (4.3–7.5)
Nausea/Vomiting 4.1† (2.5–5.8) 1.9 (1.3–2.4) 6.3 (3.8–8.8) 4.3 (3.0–5.7)
Other symptom 1.3 (0.3–2.2)** 1.0 (0.6–1.5) 2.0 (0.5–3.4)** 2.4 (1.4–3.4)

Abbreviation: CI = confidence interval.
* Unweighted number of persons who received at least one positive or only negative SARS-CoV-2 test results.
† p-value for weighted Wald chi-square test <0.05, indicating significant differences between those receiving a positive test result and those receiving a negative SARS-CoV-2 

test result. 
§ Difficulty thinking clearly, concentrating, forgetfulness, memory loss, or “brain fog.”
¶ Worsening of symptoms after even minor physical, mental, or emotional exertion.

 ** Estimate is unstable; relative standard error is >30%.

a positive test result in this investigation was similar to that in 
earlier studies (1,8). Many studies on post-COVID conditions 
lack comparisons with the general population of adults with 
negative test results for SARS-CoV-2; however, this investiga-
tion included a comparison group, allowing for assessment of 
background symptom frequencies. Estimating population-level 
frequency of specific long-term symptoms among the general 
population and patients infected with SARS-CoV-2 could 
help health care professionals better understand the types and 
prevalences of symptoms their patients might experience and 
could help guide health systems in preparing care management 
strategies for patients with post-COVID conditions.

Among respondents who initially reported symptoms during the 
month of their first positive test results, >75% reported persistence 
of any symptoms >4 weeks, with hair loss, cognitive dysfunc-
tion, shortness of breath, and postexertional malaise persisting in 
approximately one half of respondents. This finding is consistent 
with findings from other studies reported in a systematic review 
(1) and provides patient-level perspective on long-term symptoms 

associated with COVID-19; taken together, these studies highlight 
the importance of continued monitoring and clinical care for 
long-term symptoms among patients who have these symptoms 
early in the course of their illness.

With the increasing availability of COVID-19 vaccines, how 
vaccination affects post-COVID conditions remains unclear. 
Compared with respondents who received a negative test 
result, a higher proportion of those who received a positive 
test result believed that receiving a COVID-19 vaccine made 
their long-term symptoms better, and no difference was found 
in reported beliefs that receiving a vaccine made long-term 
symptoms worse. Early findings indicate that vaccination is not 
associated with worsening of post-COVID conditions§§§ (9). 
However, because no data were collected on the trajectory of 
long-term symptoms in persons who had not been vaccinated, 
whether any of the observed changes in symptoms are attribut-
able to vaccination is uncertain. More data are needed to fully 

§§§ https://www.medrxiv.org/content/10.1101/2021.03.11.21253225v2

https://www.medrxiv.org/content/10.1101/2021.03.11.21253225v2
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TABLE 3. Frequency of health care use, vaccination, and reported vaccine effects on symptoms lasting >4 weeks among respondents aged 
≥18 years who received at least one positive SARS-CoV-2 test result or only negative SARS-CoV-2 test results since January 2020 — Porter 
Novelli Internet survey, United States, April 2021

Item

Weighted % (95% CI)

p-value*
At least one positive  

SARS-CoV-2 test result 
All negative  

SARS-CoV-2 test results 

Health care utilization among those with any initial symptom 603† 1,526† N/A
Saw health care professional for symptoms 54.1 (49.7–58.6) 42.5 (39.8–45.2) <0.001
Went to urgent or emergency care for symptoms 19.5 (16.0–23.0) 14.0 (12.1–15.9) 0.008
Hospitalized for symptoms 10.4 (7.8–13.0) 9.3 (7.6–11.0) 0.492
Health care utilization among those with symptoms lasting >4 wks  

(long-term symptoms)
465† 1,058† N/A

Saw health care professional for long-term symptoms 24.7 (20.5–28.9) 35.8 (32.6–39.0) <0.001
Saw health care professional more than once for long-term symptoms 17.6 (13.7–21.5) 27.9 (24.8–30.9) <0.001
COVID-19 vaccination status 698† 2,437† N/A
Received at least 1 dose of vaccine§ 28.3 (24.5–32.0) 39.4 (37.3–41.5) <0.001
Having long-term symptoms was a motivator to receive or consider  

receiving vaccine
11.0 (8.0–14.0) 7.0 (5.3–8.7) 0.023

Reported vaccination effects on long-term symptoms¶ 100† 285† N/A
Vaccine made symptoms better** 28.7 (18.6–38.7) 15.7 (11.3–20.0) 0.023
Vaccine did not affect symptoms at all 26.4 (16.7–36.0) 59.2 (53.1–65.4) <0.001
Vaccine made symptoms worse†† 16.1 (8.4–23.7) 11.2 (6.9–15.4) 0.271
Symptoms were gone before receiving vaccine 28.4 (18.4–38.5) 13.1 (8.9–17.3) 0.007

Abbreviations: CI = confidence interval; N/A = not applicable.
* p-value for weighted Wald chi-square test; all p-values <0.05 indicate significant differences.
† Unweighted number of persons who received positive or negative SARS-CoV-2 test results.
§ 189 of 698 respondents who received a positive test result and 961 of 2,437 respondents who received a negative test result reported receiving 1 dose of vaccine.
¶ Respondents who ever experienced a long-term symptom and received at least 1 vaccine dose.

 ** Includes those reporting receiving a vaccine made symptoms a lot better, somewhat better, or a little better.
 †† Includes those reporting receiving a vaccine made symptoms a little worse, somewhat worse, or a lot worse.

understand the effects of COVID-19 vaccines on persons with 
post-COVID conditions.

The findings in this report are subject to at least six limita-
tions. First, the study used a nonprobability-based sample, 
which limits its generalizability. Second, responses were self-
reported and thus subject to recall bias. Third, new symptoms 
occurring after the month when the first positive COVID-19 
test result was received among those who received a positive 
test result were not assessed, and the reported symptoms could 
not be linked directly to SARS-CoV-2. Fourth, because the 
survey did not ask about symptom duration or severity, dif-
ferences in duration or severity of long-term symptoms in 
respondents who received a positive rather than a negative test 
result could not be assessed. Fifth, respondents who always 
received a negative test result generally had a longer period in 
which to report symptoms, potentially inflating prevalence of 
their health care use and long-term symptoms. Finally, this 
study could not assess validity of SARS-CoV-2 tests, and some 
false-positive or false-negative test results might have resulted 
in misclassification of some respondents.

These findings can help guide public health preparedness 
efforts, resource needs for care and management of persons 
with post-COVID conditions, and communication about 
experiences with vaccination. The findings can also aid efforts 
to address post-COVID conditions, including helping health 

Summary
What is already known about this topic?

Long-term symptoms associated with COVID-19 represent an 
emerging public health concern.

What is added by this report?

In a nonprobability-based sample of U.S. adults tested for 
SARS-CoV-2, symptoms often associated with SARS-CoV-2 
infection were common; 65.9% of respondents whose 
SARS-CoV-2 test results were positive reported symptoms 
lasting >4 weeks compared with 42.9% of those whose test 
results were negative. More persons who received positive test 
results (76.2%) reported persistence (>4 weeks) of at least one 
initially occurring symptom compared with those whose test 
results were negative (69.6%).

What are the implications for public health practice?

These findings can aid efforts to address post-COVID conditions 
and messaging on potential benefits of vaccination.

care professionals recognize the most common symptoms and 
optimize care for patients whose symptoms persist. Future 
research to assess long-term symptoms and risk factors, includ-
ing disease severity, disease duration, and sociodemographic 
characteristics, will be important to help guide current and 
future health care services.
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Wastewater surveillance, the measurement of pathogen levels 
in wastewater, is used to evaluate community-level infection 
trends, augment traditional surveillance that leverages clinical 
tests and services (e.g., case reporting), and monitor public 
health interventions (1). Approximately 40% of persons 
infected with SARS-CoV-2, the virus that causes COVID-19, 
shed virus RNA in their stool (2); therefore, community-level 
trends in SARS-CoV-2 infections, both symptomatic and 
asymptomatic (2) can be tracked through wastewater testing 
(3–6). CDC launched the National Wastewater Surveillance 
System (NWSS) in September 2020 to coordinate wastewa-
ter surveillance programs implemented by state, tribal, local, 
and territorial health departments to support the COVID-19 
pandemic response. In the United States, wastewater surveil-
lance was not previously implemented at the national level. 
As of August 2021, NWSS includes 37 states, four cities, and 
two territories. This report summarizes NWSS activities and 
describes innovative applications of wastewater surveillance 
data by two states, which have included generating alerts 
to local jurisdictions, allocating mobile testing resources, 
evaluating irregularities in traditional surveillance, refining 
health messaging, and forecasting clinical resource needs. 
NWSS complements traditional surveillance and enables 
health departments to intervene earlier with focused support 
in communities experiencing increasing concentrations of 
SARS-CoV-2 in wastewater. The ability to conduct wastewater 
surveillance is not affected by access to health care or the clinical 
testing capacity in the community. Robust, sustainable imple-
mentation of wastewater surveillance requires public health 
capacity for wastewater testing, analysis, and interpretation. 
Partnerships between wastewater utilities and public health 
departments are needed to leverage wastewater surveillance data 
for the COVID-19 response for rapid assessment of emerging 
threats and preparedness for future pandemics.

In nearly 80% of U.S. households, fecal waste is transported 
from homes to wastewater treatment plants within hours (7). 
Wastewater represents a pooled community stool sample that 
can provide information on infection trends in the community 
served by the sewer network (sewershed), which can range in 
size from fewer than 2,000 to >3 million persons. Wastewater 
surveillance data provide information about symptomatic and 
asymptomatic SARS-CoV-2 infections. The accuracy of this 

surveillance approach is not influenced by health care access 
or clinical testing capacity. In addition, SARS-CoV-2 infection 
trends in a community can be detected in wastewater before 
other COVID-19 surveillance metrics, such as case reports and 
hospital admissions (3–6). To build sustainable national waste-
water surveillance capacity, CDC focused NWSS development 
in four areas: 1) offering technical assistance to implementing 
jurisdictions; 2) creating a data portal for centralized data 
submission and standardized data analysis and visualization; 
3) coordinating communities of practice* to share best practices
among health departments, public health laboratories, and
utilities; and 4) building epidemiology and laboratory capacity
for wastewater surveillance at health departments.

In the NWSS framework, health departments coordinate 
sample collection and laboratory testing, upload data to a CDC 
platform for analysis, and use findings to guide public health 
actions. To facilitate robust analysis, data comparability, and 
appropriate interpretation, the NWSS data platform receives 
SARS-CoV-2 RNA measurements and quality control data, 
performs automated data quality checks, adjusts SARS-CoV-2 
concentrations for wastewater composition and method 
performance,† and performs regression analyses from serial 
measurements to classify SARS-CoV-2 wastewater trends. A 
dashboard available to public health departments provides 
data visualization (Supplementary Figure, https://stacks.cdc.
gov/view/cdc/109216). NWSS activities were reviewed by 
CDC and were conducted consistent with applicable federal 
law and CDC policy.§

Initial SARS-CoV-2 wastewater surveillance efforts in the 
United States were led by academic researchers, commercial 
laboratories, and wastewater utilities, with limited public 
health engagement. Laboratories used diverse testing methods 
with different performance characteristics, which complicated 
data analysis and interpretation for public health action. 
SARS-CoV-2 wastewater sampling strategies need to balance 
public health objectives with available resources. The objective 
is to detect the presence of SARS-CoV-2 within a population 

* https://www.cdc.gov/phcommunities/index.html
† https://www.cdc.gov/healthywater/surveillance/wastewater-surveillance/data-

reporting-analytics.html#data-analytics
§ 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C.

Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

https://stacks.cdc.gov/view/cdc/109216
https://stacks.cdc.gov/view/cdc/109216
https://www.cdc.gov/phcommunities/index.html
https://www.cdc.gov/healthywater/surveillance/wastewater-surveillance/data-reporting-analytics.html#data-analytics
https://www.cdc.gov/healthywater/surveillance/wastewater-surveillance/data-reporting-analytics.html#data-analytics
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or to monitor infection trends using changes in the concentra-
tion of SARS-CoV-2 RNA in wastewater. Sewersheds can be 
selected to achieve coverage for a specific proportion of the 
population, to provide data on communities at higher risk 
for COVID-19, or to provide data where clinical testing is 
limited. Laboratories prepare samples, concentrate and extract 
RNA, and measure SARS-CoV-2 RNA concentrations using 
methods optimized for wastewater (8), emphasizing the need 
to build environmental microbiology capacity and expertise at 
public health laboratories (9). Data need to be available within 
5–7 days of sample collection to ensure timely application for 
response decisions. The following descriptions of states using 
wastewater surveillance data to track community trends of 
SARS-CoV-2 infection provide examples of public health 
action taken in Ohio and Utah. 

The Ohio Wastewater Monitoring Network, a statewide 
network launched in June 2020, was designed to provide early 
warning of increasing SARS-CoV-2 infection in communities 
and continues to support and guide local and state public 
health actions to mitigate COVID-19. The network, managed 
by the Ohio Department of Health (ODH), is a collaboration 
between local, state, and federal agencies and academic institu-
tions. Twice weekly, 24-hour composite wastewater samples are 
collected at the influents of 65 wastewater treatment plants, 
which serve nearly half the state’s population and represent 
communities ranging in size from 3,300 to 655,000 persons. 
Samples are tested by six participating universities and one 
commercial laboratory. The wastewater is analyzed within 
3–4 days of collection, and results are uploaded daily for display 
on the state’s web-based coronavirus dashboard.¶

Before joining NWSS, ODH established criteria for noti-
fying local health districts (LHDs), utilities, and community 
leaders of substantial increases of SARS-CoV-2 levels in 
wastewater (reported as gene copies per day). A notification is 
emailed if ODH observes a tenfold increase in SARS-CoV-2 
levels over those detected in the past two samples. These local 
groups use this early warning information, alongside waste-
water dashboard data, to guide actions to limit further disease 
spread. Wastewater increase notifications are also shared with 
state testing and contact tracing teams that offer assistance to 
LHDs; since June 2020, approximately 500 notifications have 
been generated. A toolkit** of social media and press resources 
and answers to frequently asked questions is provided to LHDs 
to assist in communicating information to the public.

Utah began piloting SARS-CoV-2 wastewater surveillance in 
March 2020 as a collaboration between the Utah Department 

¶ https://coronavirus.ohio.gov/wps/portal/gov/covid-19/dashboards/other-
resources/wastewater

 ** https://coronavirus.ohio.gov/wps/portal/gov/covid-19/healthcare-providers-
and-local-health-districts/for-local-health-districts-and-governments

of Environmental Quality, the Utah Department of Health 
(UDOH), and several academic laboratories. Sampling was 
extended to wastewater facilities across the state in July 2020. 
Samples are currently collected twice a week from 42 facilities 
that serve approximately 80% of the state’s population. Utah 
developed a public dashboard†† and currently disseminates 
a summary of new data at least twice weekly to local health 
departments, UDOH leadership, and other pandemic response 
personnel. Utah’s wastewater surveillance data have been used 
to help direct clinical testing resources to areas experiencing 
increased SARS-CoV-2 RNA levels in wastewater. Beginning 
in 2021, wastewater data are one of the main components of 
a ranking system to determine where to send mobile testing 
teams. Wastewater data have also been used when interpreting 
clinical case surveillance data. As an example, declining clinical 
case rates occurred in some regions in July 2020. However, the 
number of persons being tested was also decreasing in some of 
these areas, raising the possibility that the case rate decreases 
were a result of declining clinical testing volume. Consistently 
decreasing SARS-CoV-2 RNA levels in wastewater indicated 
that the declining case rates were accurate.

Discussion

Wastewater surveillance is a valuable tool to guide health 
departments’ COVID-19 response efforts. State health depart-
ments have used wastewater data to allocate testing resources, 
evaluate possible irregularities in traditional surveillance, refine 
health messaging, and forecast clinical resource needs at the 
community level. CDC developed NWSS to coordinate and 
build capacity for wastewater surveillance and transform inde-
pendent local implementation efforts into a robust, sustainable 
national surveillance system.

The findings in this report are subject to at least four limi-
tations. First, wastewater surveillance cannot provide data in 
communities and facilities that are not served by municipal 
sewer systems. Second, interpretation of the results is limited 
in communities with highly transient populations, such as 
industrial or tourist regions. Third, the limit of detection for 
wastewater surveillance (e.g., the fewest infections in a com-
munity that can be reliably detected in wastewater) is not well 
established. Thus, wastewater surveillance cannot be used to 
determine whether a community is free from SARS-CoV-2 
infections. Finally, wastewater system design and operations, 
such as pretreatment of incoming wastewater, can affect test 
results. Communication with wastewater utility partners is 
important in identifying system characteristics that might 
affect testing.

 †† https://deq.utah.gov/water-quality/sars-cov-2-sewage-monitoring

https://coronavirus.ohio.gov/wps/portal/gov/covid-19/dashboards/other-resources/wastewater
https://coronavirus.ohio.gov/wps/portal/gov/covid-19/dashboards/other-resources/wastewater
https://coronavirus.ohio.gov/wps/portal/gov/covid-19/healthcare-providers-and-local-health-districts/for-local-health-districts-and-governments
https://coronavirus.ohio.gov/wps/portal/gov/covid-19/healthcare-providers-and-local-health-districts/for-local-health-districts-and-governments
https://deq.utah.gov/water-quality/sars-cov-2-sewage-monitoring
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NWSS participation is expected to grow as health depart-
ments and public health laboratories develop wastewater sur-
veillance coordination, epidemiology, and laboratory capacity. 
As of August 2021, 43 public health departments are using 
CDC funds to support wastewater surveillance activities, 
32 state and local health departments are participating in 
the public health community of practice and nine states are 
reporting data to NWSS. NWSS provides a robust, highly 
adaptable platform for community-level disease surveillance 
that can be expanded to collect data on multiple pathogens, 
such as antibiotic resistant bacteria and enteric pathogens, 
and leveraged for rapid assessment of emerging threats and 
preparedness for pandemics.
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SARS-CoV-2 Transmission to Masked and Unmasked Close Contacts of 
University Students with COVID-19 — St. Louis, Missouri, January–May 2021

Terri Rebmann, PhD1; Travis M. Loux, PhD1; Lauren D. Arnold, PhD1; Rachel Charney, MD1; Deborah Horton, MSN1; Ashley Gomel, MPH1

Universities open for in-person instruction during the 2020–21 
academic year implemented a range of prevention strategies to 
limit the transmission of SARS-CoV-2, the virus that causes 
COVID-19, including physical distancing, mask use, vac-
cination, contact tracing, case investigation, and quarantine 
protocols (1). However, in some academic programs, such as 
health-related programs, aviation, and kindergarten through 
grade 12 (K–12) education, maintaining physical distance 
while still providing instruction is difficult; for universities with 
such programs, a single confirmed case of COVID-19 could 
result in a large number of students, staff members, and instruc-
tors being designated close contacts and requiring quarantine 
if they are not fully vaccinated, even if masks were worn when 
contact occurred. In January 2021, the St. Louis City Health 
Department allowed Saint Louis University (SLU) to imple-
ment a modified quarantine protocol that considered mask use 
when determining which close contacts required quarantine.* 
To assess the impact of the protocol, SLU assessed positive 
SARS-CoV-2 test result rates by masking status of the persons 
with COVID-19 and their close contacts. During January–
May 2021, 265 students received a positive SARS-CoV-2 test 
result; these students named 378 close contacts. Compared 
with close contacts whose exposure only occurred when both 
persons were masked (7.7%), close contacts with any unmasked 
exposure (32.4%) had higher adjusted odds ratios (aORs) of 
receiving a positive SARS-CoV-2 test result (aOR = 4.9; 95% 
confidence interval [CI] = 1.4–31.1). Any additional exposures 
were associated with a 40.0% increase in odds of a positive 
test result (aOR = 1.4; 95% CI = 1.2–1.6). These findings 
reinforce that universal masking and having fewer encounters 
in close contact with persons with COVID-19 prevents the 
spread of SARS-CoV-2 in a university setting. Universities 
opening for in-person instruction could consider taking mask 
use into account when determining which unvaccinated close 
contacts require quarantine if enforced testing protocols are in 
place. However, this study was conducted before the B.1.617.2 
(Delta) variant became the dominant strain of SARS-CoV-2 

* Quarantine is required for all unvaccinated close contacts who had any
unmasked exposure. A close contact was defined as any unvaccinated person
who spent a total of ≥15 minutes during a 24-hour period within 6 ft of a
person with confirmed COVID-19 while that person was contagious, regardless 
of whether a mask was worn. The modified protocol allowed those with only
masked exposure to forego quarantine.

in the United States, which could have affected these findings 
given that the Delta variant has been found to be associated 
with increased transmissibility compared to previous variants.

In January 2021, the St. Louis City Health Department 
allowed SLU to implement a modified quarantine protocol 
that considered mask use when determining who would be 
considered a close contact requiring quarantine. SLU is a mid-
sized private university with approximately 12,000 students 
and 6,000 employees, approximately 80% of whom lived, 
worked, or studied on its urban campus during the spring 
2021 semester (January–May 2021), when the modified 
policy was implemented. Mask use was enforced on campus 
for all students, staff members, and visitors, including outside 
and in all classrooms and laboratory spaces. Faculty and staff 
members asked those who were unmasked or improperly 
wearing a mask to comply. Noncompliant students received 
sanctions, including being unable to attend classes in-person. 
While actively eating or drinking, persons were allowed to be 
unmasked in dining halls. COVID-19 cases among students 
were identified through SLU’s symptomatic and surveillance 
testing protocols.†

After a case in a student was identified, the SLU Contact 
Tracing team conducted contact tracing. Staff member expo-
sures and cases were tracked differently and were excluded 
from this study. Students with COVID-19 were asked to 
identify their number of exposure incidents with each close 
contact, defined as each single encounter in which the two 
persons were within 6 feet of each other for ≥15 minutes dur-
ing a 24-hour period, regardless of location of the exposure. 
The number of exposures was then calculated for each close 
contact. Close contacts could have had a single exposure to 
one infected student or multiple exposures to one or more 

† All symptomatic employees and students were offered COVID-19 testing 
through the Office of Employee Health or Student Health. Surveillance testing 
consisted of mandatory testing of all students living in on-campus housing 
before move-in for fall 2020 (August 2020) and spring 2021 (January 2021). 
Surveillance testing was optional for all students who lived off campus during 
fall and spring move-in. Throughout the fall 2020 and spring 2021 semesters, 
surveillance testing was conducted on a random sample of approximately 10% 
of students who lived in on-campus housing. In addition, student athletes and 
athletic staff members received surveillance testing per the National Collegiate 
Athletic Association (NCAA) guidelines: https://www.ncaa.org/sport-science-
institute/covid-19-coronavirus

https://www.ncaa.org/sport-science-institute/covid-19-coronavirus
https://www.ncaa.org/sport-science-institute/covid-19-coronavirus
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infected persons. Mask use for persons with COVID-19 and 
close contacts was recorded for each exposure incident. If either 
person (patient or contact) was unmasked, the incident was 
considered an unmasked exposure. All close contacts under-
went saliva-based molecular reverse transcription–polymerase 
chain reaction (RT-PCR) testing 5–7 days after exposure.§ 
Only unvaccinated close contacts with unmasked exposures 
were required to quarantine; however, close contacts with only 
masked exposures were informed of their exposure to persons 
with COVID-19 and counseled to conduct daily health screen-
ings and to immediately report any symptoms.

The percentages of positive SARS-CoV-2 test results among 
close contacts were assessed by demographic characteristics and 
exposure variables; differences were tested using chi-square 
tests or Fisher’s exact test for small cell counts for categorical 
variables and using t-tests for continuous variables; p-values 
<0.05 were considered statistically significant. Assessed demo-
graphic characteristics included sex, age, on- versus off-campus 
residence, vaccination status, enrollment as an undergradu-
ate student versus graduate student, participation in school 
athletics, and membership in a student fraternity or sorority, 
Reserve Officers’ Training Corps, or a health major with clinical 
responsibilities. Full vaccination was defined as having received 
either a single dose of Janssen (Johnson & Johnson) vaccine or 
the second dose of Moderna or Pfizer-BioNTech COVID-19 
vaccine ≥14 days before exposure. Partial vaccination was 
defined as receipt of a single dose of Janssen or the second 
dose of Moderna or Pfizer-BioNTech <14 days before the 
exposure, or receipt of 1 dose of Moderna or Pfizer-BioNTech 
COVID-19 vaccine. Students who had received no vaccine 
doses were considered unvaccinated. Close contacts were 
categorized as those who had only masked exposure or those 
with unmasked exposure to a COVID-19–infected person. 
Logistic regression was used to calculate adjusted odds ratios 
and 95% CIs pertaining to the odds of a close contact receiv-
ing a positive test result following masked versus unmasked 
exposure to a person with COVID-19, adjusting only for the 
number of exposure incidents¶; vaccination status was not 

§ COVID-19 testing was conducted using Abbott BinaxNOW rapid antigen test 
and LabCorp molecular RT-PCR for all symptomatic persons collected via
self-administered anterior nasal swab, or Clinical Reference Laboratory saliva-
based molecular RT-PCR for all asymptomatic persons. Each symptomatic
person was only counted once in the analyses, even though both an antigen
and RT-PCR test were conducted.

¶ Logistic regression included masked status (any unmasked exposure versus only
masked exposure) and number of exposure incidents (modeled as a continuous 
variable) with the persons with COVID-19 as predictors. These variables were 
chosen because of the strength of bivariate association with having a positive
test result. The small number of close contacts with only masked exposures
precluded more complex modeling; therefore, no demographic or other variables 
were included in the model. Linearity assumption was assessed by visual
comparison of percentage of positive results by number of incidents. The model 
produced a Nagelkerke R-squared of 0.103 and a c-statistic of 0.654.

included in the model because of small sample sizes. Most 
students were not eligible for vaccination during the spring 
semester. Statistical analyses were conducted using R software 
(version 4.1.1; R Foundation). The SLU Institutional Review 
Board approved this study.

A total of 9,335 student SARS-CoV-2 tests were performed 
during January–May 2021, including 1,009 (10.8%) diagnos-
tic tests and 8,326 (89.2%) surveillance tests; students might 
have been tested more than once. Of all tests conducted, 265 
(2.8%) yielded a positive SARS-CoV-2 result; no student 
received two positive test results. Among students with a 
positive SARS-CoV-2 test result, 378 close contacts were 
named (mean  = 1.4 close contacts per case), 26 (6.9%) of 
whom reported only masked exposure; 352 (93.1%) reported 
any unmasked exposure. Close contacts had a median of one 
exposure incident (range  =  one–16). Reported exposures 
occurred between roommates, significant others, or in off-
campus social gatherings. Among the 378 close contacts, 
116 (30.7%) received a positive test result. Percentages of 
positive test result rates were substantially higher among 
contacts with any unmasked exposure (114 of 352; 32.4%) 
than among those who had masked exposure only (two of 26; 
7.7%) (aOR = 5.4, 95% CI = 1.5–36.5; p = 0.008) and for 
those who were unvaccinated (33.0%) or partially vaccinated 
(20.8%) compared with those who were fully vaccinated (none) 
(p = 0.007) (Table).

In multivariate analyses, close contacts with unmasked 
exposure had higher adjusted odds of receiving a positive test 
result than did those with only masked exposure (aOR = 4.9; 
95% CI = 1.4–31.1). Any additional exposure was associated 
with a 40.0% increase in adjusted odds of a positive test 
result (aOR = 1.4; 95% CI = 1.2–1.6); the median number of 
exposures was 2.0 for close contacts with positive test results 
and 1.0 for close contacts with negative test results. The 
two persons with only masked exposures who received positive 
test results were moved immediately to isolation upon receipt 
of test results. Neither of these two persons was linked to any 
additional COVID-19 cases, despite having nine close contacts 
between them and not having been placed into quarantine.

Discussion

Close contacts with any unmasked exposure to persons with 
COVID-19 had significantly higher odds of receiving a positive 
SARS-CoV-2 test result compared with those who had only 
masked exposure. In addition, close contacts who had multiple 
exposures, whether masked or unmasked, had higher odds of a 
positive test result than did those with only a single exposure. 
The percentage of positive test results among close contacts 
in this study (30.7%) was similar to that observed in previous 
studies (approximately 31%) (2,3). Consistent with findings 
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TABLE. Demographic characteristics, mask use, and number of exposure incidents of close contacts* of SARS-CoV-2–infected students, by 
SARS-CoV-2 test results — Saint Louis University, United States January–May 2021

Characteristic

SARS-CoV-2 test results, no. (%)

p value†All (n = 378) Negative (n = 262) Positive (n = 116)

Sex
Female 268 (70.9) 175 (66.8) 93 (80.2) 0.012
Male 110 (29.1) 87 (33.2) 23 (19.8)
Housing status
Off-campus 115 (30.4) 84 (32.1) 31 (26.7) 0.358
On-campus 263 (69.6) 178 (67.9) 85 (73.3)
Student level
Graduate 33 (8.7) 23 (8.8) 10 (8.6) 1.000
Undergraduate 345 (91.3) 239 (91.2) 106 (91.4)
Vaccination status§

Fully vaccinated 18 (4.8) 18 (6.9) 0 (—) 0.007
Partially vaccinated 24 (6.3) 19 (7.3) 5 (4.3)
Unvaccinated 336 (88.9) 225 (85.9) 111 (95.7)
Student athlete
No 330 (87.3) 228 (87.0) 102 (87.9) 0.939
Yes 48 (12.7) 34 (13.0) 14 (12.1)
Reserve Officers’ Training Corps member
No 376 (99.5) 261 (99.6) 115 (99.1) 1.000
Yes 2 (0.5) 1 (0.4) 1 (0.9)
Member of student fraternity or sorority
No 239 (63.2) 168 (64.1) 71 (61.2) 0.670
Yes 139 (36.8) 94 (35.9) 45 (38.8)
Health major with clinical responsibilities
No 294 (77.8) 201 (76.7) 93 (80.2) 0.541
Yes 84 (22.2) 61 (23.3) 23 (19.8)
Mask use
Masked exposure only 26 (6.9) 24 (9.2) 2 (1.7) 0.016
Any unmasked exposure 352 (93.1) 238 (90.8) 114 (98.3)
No. of exposure incidents,¶ median (IQR) 1.0 (1.0, 2.0) 1.0 (1.0, 2.0) 2.0 (1.0, 3.0) <0.001

Abbreviation: IQR = interquartile range.
* A close contact was defined as any unvaccinated person who spent a cumulative total of ≥15 minutes in one 24-hour period within 6 feet of a confirmed case of 

COVID-19 while that person was contagious, regardless of whether a mask was worn.
† Determined by chi-square test for all comparisons except for number of exposure incidents (continuous variable), which was assessed using a t test.
§ Full vaccination was defined as having received either a single dose of Janssen (Johnson & Johnson) vaccine or the second dose of Moderna or Pfizer-BioNTech

COVID-19 vaccine ≥14 days before the exposure. Partial vaccination was defined as receipt of a single dose of Janssen or the second dose of Moderna or Pfizer-
BioNTech <14 days before the exposure, or receipt of 1 dose of Moderna or Pfizer-BioNTech COVID-19 vaccine. Being unvaccinated was defined as not having
received a dose of any COVID-19 vaccine.

¶ Exposure incidents were defined as each single encounter in which a contact was within 6 feet of a student with COVID-19 for ≥15 minutes during a 24-hour period, 
regardless of location of the exposure.

from studies in nonuniversity settings (4,5), the findings from 
this study reinforce that universal masking and having fewer 
encounters in close contact with persons with COVID-19 helps 
prevent further transmission in in-person university settings.

Two close contacts, who had only masked exposure and 
were permitted to forego quarantine because of the univer-
sity’s modified protocol, received positive SARS-CoV-2 test 
results. Neither was linked to any additional COVID-19 cases 
(i.e., secondary transmission). For universities considering a 
similar approach, if masked unvaccinated close contacts are not 
required to quarantine, testing 5–7 days after exposure will be 
important because of the small risk for infection that could 
lead to secondary transmission if isolation is not implemented 
rapidly, especially in populations with low vaccination cover-
age. Modified quarantine, such as that implemented by this 

university, might be feasible on other university campuses or 
in other settings that have an internal contact tracing team 
and enforced testing protocols. For example, studies in K–12 
school settings have found reduced SARS-CoV-2 transmission 
when masking is enforced even when 6 feet of physical distance 
cannot be maintained (6). Such modifications to quarantine 
policies might also have the potential to reduce the number 
of missed days from critical academic activities (e.g., clinical 
hours, flight hours) because of quarantine, which are days that 
are needed for degree completion and program accreditation. 
Modified quarantine, similar to that implemented by SLU, 
might also help minimize the negative psychosocial effects 
associated with quarantine (7). As of September 7, 2021, 
1,014 universities have a COVID-19 vaccine requirement 
policy for students and employees (8).
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Summary
What is already known about this topic?

During January–May 2021, Saint Louis University implemented 
a modified quarantine protocol that considered mask use when 
determining which close contacts required quarantine among 
an almost entirely unvaccinated student population.

What is added by the report?

Compared with only masked exposure, close contacts with any 
unmasked exposure had higher adjusted odds of a positive test 
result. Each additional exposure was associated with a 40% 
increase in odds of a positive test.

What are the implications for public health practice?

Universal masking and fewer encounters in close proximity to 
persons with COVID-19 can limit the spread of SARS-CoV-2 in 
university settings.

The findings in this report are subject to at least five limita-
tions. First, contact tracing data were self-reported, which could 
introduce social desirability or recall bias or inaccurate data 
regarding mask use. Second, the two students who received 
positive SARS-CoV-2 test results and reported only masked 
exposure might have had unmasked exposure to COVID-19 
cases other than those under investigation, which could lead 
to underestimating the association between mask use and the 
percentage of positive test results. Third, most students were 
not vaccine-eligible until late spring, so this analysis included 
very few fully vaccinated students; therefore, vaccination sta-
tus could not be included in the regression analysis because 
of low cell counts. Fourth, indoor versus outdoor exposure 
information and exposure time were collected but could not be 
included in the analysis because of a large amount of missing 
data. Finally, this study was conducted before the Delta variant 
became the dominant strain of SARS-CoV-2 in the United 
States, which could have an impact on these findings given 
that the Delta variant has increased transmissibility compared 
to previous variants.**

Wearing masks and having fewer encounters with persons 
with COVID-19 reduced the odds of transmission in a uni-
versity setting. In addition, there was no evidence of secondary 
transmission from either of the two students with only masked 
exposure who received positive SARS-CoV-2 test results, and 
who, because of the modified protocol in place, were allowed to 
forego quarantine. Universities opening for in-person instruc-
tion could consider taking mask use into account when deter-
mining which unvaccinated close contacts require quarantine if 
enforced testing protocols are in place. CDC recommends that 
universal masking be adopted in indoor spaces for vaccinated 

 ** https://www.medrxiv.org/content/10.1101/2021.06.03.21258293v1

and unvaccinated persons in areas with substantial or high 
transmission rates and that masks should be worn in indoor 
spaces in areas without substantial or high transmission rates 
if you are not fully vaccinated (9). In addition, CDC recom-
mends COVID-19 vaccination for individuals aged ≥12 years.
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Although COVID-19 generally results in milder disease in 
children and adolescents than in adults, severe illness from 
COVID-19 can occur in children and adolescents and might 
require hospitalization and intensive care unit (ICU) support 
(1–3). It is not known whether the B.1.617.2 (Delta) variant,* 
which has been the predominant variant of SARS-CoV-2 (the 
virus that causes COVID-19) in the United States since late 
June 2021,† causes different clinical outcomes in children and 
adolescents compared with variants that circulated earlier. To 
assess trends among children and adolescents, CDC analyzed 
new COVID-19 cases, emergency department (ED) visits 
with a COVID-19 diagnosis code, and hospital admissions 
of patients with confirmed COVID-19 among persons aged 
0–17 years during August 1, 2020–August 27, 2021. Since 
July 2021, after Delta had become the predominant circulating 
variant, the rate of new COVID-19 cases and COVID-19–
related ED visits increased for persons aged 0–4, 5–11, and 
12–17 years, and hospital admissions of patients with con-
firmed COVID-19 increased for persons aged 0–17 years. 
Among persons aged 0–17 years during the most recent 2-week 
period (August 14–27, 2021), COVID-19–related ED visits 
and hospital admissions in the states with the lowest vaccina-
tion coverage were 3.4 and 3.7 times that in the states with the 
highest vaccination coverage, respectively. At selected hospitals, 
the proportion of COVID-19 patients aged 0–17 years who 
were admitted to an ICU ranged from 10% to 25% dur-
ing August 2020–June 2021 and was 20% and 18% during 
July and August 2021, respectively. Broad, community-wide 
vaccination of all eligible persons is a critical component of 
mitigation strategies to protect pediatric populations from 
SARS-CoV-2 infection and severe COVID-19 illness.

CDC analyzed COVID-19 cases, ED visits with a 
COVID-19 diagnosis code, and hospital admissions of patients 

* https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-info.
html#Concern

† https://covid.cdc.gov/covid-data-tracker/#variant-proportions

with laboratory-confirmed COVID-19 among persons aged 
0–17 years during August 1, 2020–August 27, 2021. Daily 
COVID-19 case data were obtained from CDC’s case-based 
surveillance system.§ Daily ED visits were obtained from the 
National Syndromic Surveillance Program¶ and were stratified 
into three age groups: 0–4, 5–11, and 12–17 years. Daily hos-
pital admission data were obtained from the U.S. Department 
of Health and Human Services (HHS) Unified Hospital 
Data Surveillance System.** The number of daily cases, ED 

§ CDC official counts of COVID-19 cases and deaths, released daily (https://
covid.cdc.gov/covid-data-tracker), are aggregate counts from reporting
jurisdictions. Some jurisdictions electronically submit standardized
information for individual cases of COVID-19 to CDC via a case report form 
developed for the CDC COVID-19 response (https://www.cdc.gov/
coronavirus/2019-ncov/php/reporting-pui.html) or via the CDC National
Notifiable Diseases Surveillance System (https://www.cdc.gov/nndss/action/
covid-19-response.html). Individual-level case report data were available for
approximately 80% of the aggregate number of reported cases. A COVID-19 
case is defined by detection of SARS-CoV-2 RNA or antigen in a respiratory 
specimen collected from a person (confirmed or probable case) according to
the Council of State and Territorial Epidemiologists’ Update to the
standardized surveillance case definition and national notification for
COVID-19 (21-ID-01): https://cdn.ymaws.com/www.cste.org/resource/
resmgr/ps/ps2021/21-ID-01_COVID-19.pdf.

¶ The National Syndromic Surveillance Program collects electronic health data, 
including ED visits with COVID-19 diagnoses, from a subset of hospitals in 
49 states and the District of Columbia (71% of nonfederal EDs in the United 
States). ED visits for COVID-19 are defined as ED visits with any of the 
following: International Classification of Diseases, Tenth Revision codes U07.1 
or J12.82 or Systematized Nomenclature of Medicine codes 840539006, 
840544004, or 840533007. https://www.cdc.gov/nssp/overview.html

 ** The HHS Unified Hospital Data Surveillance System includes data from all 
U.S. hospitals registered with the Centers for Medicare & Medicaid Services 
(CMS) as of June 1, 2020, and from hospitals not CMS–registered but 
reporting COVID-19 data through this system since July 1, 2020. Data, 
including counts of new hospital admissions of patients with confirmed 
COVID-19 by age group, are reported to HHS either directly from facilities 
or via a state health department submission; on August 27, 2021, 97% of 
hospitals reported data. This analysis includes children’s, short-term acute 
care, long-term acute care, critical access, Veterans Administration, Defense 
Health Agency, and Indian Health Services hospitals and excludes psychiatric, 
rehabilitation, and religious nonmedical hospitals. Reporting guidelines are 
published in the HHS COVID-19 Guidance for Hospital Reporting and 
FAQs document (https://www.hhs.gov/sites/default/files/covid-19-faqs-
hospitals-hospital-laboratory-acute-care-facility-data-reporting.pdf ). The 
hospital admissions rate in the lowest vaccination coverage quartile states 
excludes data from Georgia because of a data quality issue.

https://www.cdc.gov/mmwr
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https://covid.cdc.gov/covid-data-tracker
https://www.cdc.gov/coronavirus/2019-ncov/php/reporting-pui.html
https://www.cdc.gov/coronavirus/2019-ncov/php/reporting-pui.html
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visits, and hospital admissions were averaged over a 7-day 
period to obtain a 7-day average. The state-specific percent-
age of the population aged ≥12 years who had completed the 
COVID-19 vaccination series as of July 31, 2021, was used to 
group states into vaccination coverage quartiles.†† Results were 
also examined by HHS Region. U.S. Census Bureau midyear 
2019 population estimates§§ were used to calculate vaccina-
tion coverage and cases and hospital admissions per 100,000 
persons. COVID-19–associated ED visits were assessed as a 
percentage of all ED visits. To assess differences in COVID-19 
outcomes by vaccination coverage quartile, ratios for ED vis-
its and rate ratios for hospital admissions during the 2-week 
period August 14–27, 2021, along with corresponding 95% 
confidence intervals (CIs), were calculated. R (Version 4.1.0; 
R Foundation) was used for calculations.

The BD Insights Research Database was used to describe 
indicators of severe disease among pediatric patients hospital-
ized with laboratory-confirmed COVID-19.¶¶ CDC analyzed 
the monthly percentage of hospitalizations resulting in ICU 
admission and in invasive mechanical ventilation, and median 
length of hospital stay during August 1, 2020–August 21, 
2021. These analyses were conducted using SAS (version 9.4; 
SAS Institute).*** This activity was reviewed by CDC and 
was conducted consistent with applicable federal law and 
CDC policy.†††

COVID-19 incidence among persons aged 0–4, 5–11, and 
12–17 years during August 2020–August 2021 peaked in 
January 2021 at 21.2, 30.1, and 51.7 cases per 100,000 per-
sons, respectively (Figure 1). Incidence declined in June 2021 
to a low of 1.7, 1.9, and 2.9, respectively, across the three 

†† Obtained from COVID-19 Data Tracker (https://covid.cdc.gov/covid-data-
tracker/#vaccinations_vacc-total-admin-rate-total). Persons aged 12–17 years 
became eligible for vaccination on May 10, 2021. Age 12 years is the current 
lowest age of eligibility for COVID-19 vaccination. https://www.fda.gov/
news-events/press-announcements/coronavirus-covid-19-update-fda-
authorizes-pfizer-biontech-covid-19-vaccine-emergency-use

§§ Population estimates as of July 1, 2020. https://www.census.gov/data/tables/
time-series/demo/popest/2010s-national-detail.html

¶¶ BD Insights Research Database is a large U.S. hospital-based database that 
includes inpatient data from approximately 260 hospitals in rural and urban 
areas. Of these, 140 hospitals had COVID-19 hospitalizations among patients 
aged 0–17 years during the study period; by U.S. Census Region, most hospitals 
were in the South (52%), followed by the Midwest (18%), West (16%), and 
Northeast (14%). COVID-19 hospitalizations were identified by positive 
results on SARS-CoV-2 reverse transcription–polymerase chain reaction or 
antigen testing. Data are updated weekly; release date August 25, 2021, access 
date August 25, 2021. The database includes three children’s hospitals; the 
remainder of patients were mostly admitted to community hospitals.

 *** Statistical testing and CIs were not used for the BD Research Insights 
Database because of its small size and design (i.e., census of patient data 
from select hospitals); the convenience sample does not allow for the use of 
weights to adjust for complex sampling.

 ††† 45 C.F.R. part 46; 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. 
Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

age groups; however, incidence in August 2021 among the 
three age groups reached 16.2, 28.5, and 32.7 per 100,000 
persons, respectively. 

Overall, COVID-19 ED visits and hospital admissions 
increased since June 2021 among states in all vaccination 
coverage quartiles (Supplementary Figure, https://stacks.cdc.
gov/view/cdc/109403). The percent of COVID-19 ED visits 
in August 2021 in the quartile of states with the lowest vac-
cination coverage was 3.4 times that in the quartile of states 
with the highest vaccination coverage (Table). The rate (per 
100,000 persons) of COVID-19 admissions in August 2021 
in the quartile of states with the lowest vaccination coverage 
was 3.7 times that in the quartile of states with the highest 
vaccination coverage.

The lowest vaccination coverage among persons aged 
≥12 years (49.9%), highest percentage of COVID-19–
associated ED visits (8.32), and highest COVID-19 hospital 
admission rates (0.84) were observed in HHS Region 4.§§§ 
In contrast, the highest vaccination coverage (72.2%), lowest 
COVID-19 incidence (13.3), and lowest rate of hospital 
admission (0.12) among persons aged 0–17 years were observed 
in HHS Region 1 (Supplementary Table, https://stacks.cdc.
gov/view/cdc/109402).

In the BD Insights Research Database, 1,790 COVID-19 
hospitalizations occurred among persons aged 0–17 years 
during August 1, 2020–August 21, 2021. Median length of 
stay ranged from 2 to 3 days during the entire period. The 
percentage of hospitalizations resulting in an ICU admission 
ranged from 10% to 25% during August 2020–June 2021; 
percentages were 20% and 18% in July and August 2021, 
respectively (Figure 2). The percentage of hospitalizations 
resulting in invasive mechanical ventilation ranged from 
0% to 3% and was highest in October 2020; percentages in 
July and August 2021 were 2% and <1%, respectively. A total 
of eight in-hospital COVID-19–related deaths in persons aged 
0–17 years occurred during August 2020–August 2021 (0.4% 
of hospitalized patients). Among 63 patients aged 0–17 years 
admitted to an ICU in July and August 2021, 17 (27%) were 
aged 0–4 years, 17 (27%) were 5–11 years, and 29 (46%) 
were 12–17 years.

Discussion

Among U.S. children and adolescents aged 0–17 years, 
COVID-19 cases and associated ED visits and hospital admis-
sions increased during June 2021–August 2021. During a 
2-week period in August 2021, COVID-19–associated ED

§§§ HHS Region 4 includes Alabama, Florida, Georgia, Kentucky, Mississippi, 
North Carolina, South Carolina, and Tennessee. Hospital admissions data
in this report do not include Georgia.
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https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-pfizer-biontech-covid-19-vaccine-emergency-use
https://www.census.gov/data/tables/time-series/demo/popest/2010s-national-detail.html
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https://stacks.cdc.gov/view/cdc/109403
https://stacks.cdc.gov/view/cdc/109402
https://stacks.cdc.gov/view/cdc/109402
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visits and hospital admissions for children and adolescents 
with confirmed COVID-19 were highest in states with low-
est vaccination coverage, particularly states in the South, 
whereas in the states with the highest coverage, COVID-19 
ED visits and the rate of hospital admissions among children 
and adolescents were lowest. These findings underscore the 
importance of community vaccination, in coordination with 
testing strategies and other prevention measures, to protect 
children from SARS-CoV-2 infection and severe COVID-19.

Children and adolescents can experience severe acute 
COVID-19, which might require mechanical ventilation, or 
result in other complications, such as multisystem inflam-
matory syndrome in children (MIS-C) (2)¶¶¶ and persistent 
symptoms from COVID-19 (4). Pediatric patients who have 
underlying medical conditions might be at risk for more severe 

FIGURE 1. Average daily COVID-19 case incidence* among persons aged 0–17 years, by age 
group — United States, August 1, 2020–August 27, 2021
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Source: CDC’s case-based COVID-19 surveillance system, accessed August 30, 2021. https://www.cdc.
gov/nndss/action/covid-19-response.html
* Incidence calculated as daily cases averaged over a 7-day period to obtain a 7-day moving daily

average per 100,000 persons using 2019 U.S. Census population as denominators (three age groups: 
0–4, 5–11, and 12–17 years). Delta became the predominant SARS-CoV-2 variant in the United 
States in late June 2021, accounting for 63% of new COVID-19 cases the week ending June 26, 2021 
(https://covid.cdc.gov/covid-data-tracker/#variant-proportions). Because of  potential reporting 
delays, data reported in the most recent 7 days (as represented by the shaded bar) should be 
interpreted with caution.

 ¶¶¶ Accessed September 1, 2021. https://www.cdc.gov/mis/index.html

disease (3). The increases in COVID-19 hos-
pital admissions found in this study occurred 
for all assessed pediatric age groups during 
July–August 2021, with most admissions 
among patients aged ≤4 or 12–17 years. This 
bimodal age distribution is consistent with 
other published data (5).

Increases in COVID-19 ED visits and hos-
pital admissions were observed in all four state 
COVID-19 vaccination coverage quartiles 
during June–August 2021. Although some data 
suggest that persons infected with the Delta 
SARS-CoV-2 variant might be at higher risk 
for hospitalization (6), it is not clear whether 
the Delta variant causes more severe illness in 
adult or pediatric populations. Although it is 
possible that increases in COVID-19–related 
ED visits and hospital admissions for pediatric 
patients with confirmed COVID-19 could be 
related to increased severity of disease for the 
Delta variant compared with severity for earlier 
circulating variants, increases in ED visits and 
hospitalizations could be related to other factors 
such as increased transmission (6).****

Pediatric ED visits and hospital admissions 
were higher in August 2021 in states with the 
lowest vaccination coverage among persons 
aged ≥12 years. Although the SARS-CoV-2 
Delta variant is highly transmissible, only a 
modest decrease in vaccine effectiveness against 
infection with the Delta variant has been 
reported (7); therefore, transmission might 

be a major factor driving increases in ED visits and hospital 
admissions. However, beyond community vaccination cover-
age, other factors driving regional variation might include 
differences in implementation of other prevention measures, 
including masking, physical distancing, and kindergarten 
through grade 12 (K–12) school opening policies (8).

This analysis found that the percentage of COVID-19 
hospitalizations resulting in ICU admission has remained 
near 20% since Delta became the predominant SARS-CoV-2 
variant. A study of children and adolescents hospitalized for 
COVID-19 during March 2020–July 2021 found that the 
proportion of those patients admitted to an ICU during the 
pre-Delta period (March 1, 2020–June 19, 2021) and the 
Delta-predominant period (June 20–July 31, 2021) did not 
differ (26.5% and 23.2%, respectively) (9). This same study 

 **** Accessed September 1, 2021. https://www.cdc.gov/coronavirus/2019-ncov/
variants/delta-variant.html
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TABLE. Ratio of percentage of COVID-19–associated emergency department visits among all emergency department visits and rate ratio of COVID-19 hospital 
admissions* (compared with highest vaccination coverage quartile states) among persons aged 0–17 years, by quartile of states grouped by vaccination coverage 
and age group — United States, August 14, 2021–August 27, 2021†

State vaccination  
coverage quartile§

Ratio (95% CI)

ED visits Hospital admissions

0–17 yrs 0–4 yrs 5–11 yrs 12–17 yrs 0–17 yrs

Highest¶ Ref Ref Ref Ref Ref
Second highest** 0.99 (0.94–1.05) 1.02 (0.93–1.12) 0.99 (0.90–1.10) 0.96 (0.89–1.05) 1.40 (0.87–2.25)
Second lowest†† 2.65 (2.55–2.76) 2.31 (2.15–2.47) 2.64 (2.44–2.84) 2.84 (2.67–3.03) 3.46 (2.26–5.28)
Lowest§§ 3.38 (3.24–3.52) 2.61 (2.42–2.82) 3.34 (3.08–3.61) 3.76 (3.52–4.02) 3.70 (2.32–5.90)

Sources: COVID-19 Vaccination Trends in the United States (https://data.cdc.gov/Vaccinations/COVID-19-Vaccination-Trends-in-the-United-States-N/rh2h-3yt2) and 
National Syndromic Surveillance Program, U.S. Department of Health and Human Services Unified Hospital Data Surveillance System, accessed August 30, 2021.
Abbreviations: ED = emergency department; Ref = referent group.

* The hospital admission incidence rates that were used to calculate the rate ratios are 14-day average daily confirmed COVID-19 pediatric admissions per 100,000 
persons aged 0–17 years. Rate in the lowest vaccination coverage quartile excludes data from Georgia because of a data quality issue.

† ED visit data are from the National Syndromic Surveillance Program (NSSP). Data are limited to ED visits with a discharge diagnosis. Data from Hawaii and Ohio are 
not included. Fewer than 50% of facilities in California, Iowa, Minnesota, South Dakota, and Wyoming report to NSSP. In HHS Region 7, fewer than 50% of all ED 
visits have a discharge diagnosis.

§ Vaccine coverage data are for the population aged ≥12 years who completed COVID-19 vaccination series as of July 31, 2021. Idaho provides vaccine data only for 
vaccine recipients who are aged ≥18 years.

¶ Highest vaccination states: Connecticut, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New Mexico, New York, Oregon, Rhode Island, Vermont, 
Virginia, and Washington (>63.45%).

 ** Second highest vaccination states: California, Colorado, District of Columbia, Delaware, Hawaii, Illinois, Iowa, Michigan, Minnesota, Nebraska, Pennsylvania, and 
Wisconsin (>56.30% and ≤63.45%).

†† Second lowest vaccination states: Alaska, Arizona, Florida, Indiana, Kansas, Kentucky, Montana, Nevada, North Carolina, Ohio, South Dakota, Texas, and Utah 
(>49.75% and ≤56.30%).

 §§ Lowest vaccination states: Alabama, Arkansas, Georgia, Idaho, Louisiana, Mississippi, Missouri, North Dakota, Oklahoma, South Carolina, Tennessee, West Virginia, 
and Wyoming (≤49.75%).

found a median length of stay of 3 days during the pre-Delta 
period and 2 days during the Delta-predominant period among 
hospitalized patients aged 0–17 years with COVID-19 (9).

The findings in this report are subject to at least seven limita-
tions. First, data sets used to quantify COVID-19 cases, ED 
visits, and hospital admissions are subject to reporting incon-
sistencies. Second, testing rates for SARS-CoV-2 infection in 
persons aged 0–17 years are lower than they are in older age 
groups††††; therefore, pediatric case rates are likely under-
reported. Third, ED visits and hospital admissions were not 
characterized by reason for visit or admission and might include 
cases of MIS-C or asymptomatic SARS-CoV-2 infection. 
Fourth, admissions in the Unified Hospital Data Surveillance 
System could not be stratified by age and were only counted 
if the patient was “admitted to a pediatric bed.”§§§§ Fifth, 
because the BD Insights Research Database represents three 
children’s hospitals and the remainder of patients were mostly 
from community hospitals, patients with severe COVID-19 
might be under- or overrepresented, which might account for 
some differences compared with past studies. Sixth, patients 
are added to this database on hospital discharge; therefore, 
recent data do not include patients currently admitted. Finally, 
geographic representativeness varies across data sources.

†††† COVID-19 electronic laboratory reporting data set, accessed August 29, 2021.
§§§§ https://www.hhs.gov/sites/default/files/covid-19-faqs-hospitals-hospital-

laboratory-acute-care-facility-data-reporting.pdf

Continued assessment of trends in ED visits and admissions, 
including evaluation of reason for seeking medical care, could 
help guide public health practice, including planning for any 
decreases in pediatric care capacity. Evaluating more specific 
measures of severity (e.g., hypoxia and duration of mechanical 
ventilation), potential co-infection (e.g., respiratory syncytial 
virus), vaccination status, and underlying medical condi-
tions might help determine whether children and adolescents 
infected with the Delta variant have more severe disease than 
do those infected with other variants. As schools resume in-
person activities, CDC recommends multiple prevention 
measures in early child care and education programs and K–12 
schools,¶¶¶¶ such as masking for students and staff members 
and maintaining adequate ventilation to reduce transmis-
sion of SARS-CoV-2. Vaccination of eligible persons against 
COVID-19, especially those in close contact with children 
aged <12 years who are not yet eligible for vaccination, is 
anticipated to protect students, teachers, staff members, visi-
tors, and other household members. Community vaccination, 
in coordination with testing strategies and other prevention 
measures, are critical to protecting pediatric populations from 
SARS-CoV-2 infection and severe COVID-19.

¶¶¶¶ https://www.cdc.gov/coronavirus/2019-ncov/community/schools-
childcare/k-12-guidance.html
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FIGURE 2. Number and percentage of COVID-19 hospitalizations resulting in intensive care unit admission or invasive mechanical ventilation 
among persons aged 0–17 years, by age group — United States, August 1, 2020–August 21, 2021
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Summary
What is already know about this topic?

Severe illness from COVID-19 can and does occur in children 
and adolescents.

What is added by this report?

COVID-19 cases, emergency department visits, and hospital 
admissions increased from June to August 2021 among persons 
aged 0-17 years. Emergency department visits and hospital 
admissions in a 2-week period in August 2021 were higher in 
states with lower population vaccination coverage and lower in 
states with higher vaccination coverage.

What are the implications for public health?

Community vaccination, in coordination with testing strategies 
and other prevention measures, is critical to protecting 
pediatric populations from SARS-CoV-2 infection and severe 
COVID-19.
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Although COVID-19–associated hospitalizations and 
deaths have occurred more frequently in adults,† COVID-19 
can also lead to severe outcomes in children and adolescents 
(1,2). Schools are opening for in-person learning, and many 
prekindergarten children are returning to early care and educa-
tion programs during a time when the number of COVID-19 
cases caused by the highly transmissible B.1.617.2 (Delta) 
variant of SARS-CoV-2, the virus that causes COVID-19, 
is increasing.§ Therefore, it is important to monitor indica-
tors of severe COVID-19 among children and adolescents. 
This analysis uses Coronavirus Disease 2019–Associated 
Hospitalization Surveillance Network (COVID-NET)¶ data 
to describe COVID-19–associated hospitalizations among 
U.S. children and adolescents aged 0–17 years. During 
March 1, 2020–August 14, 2021, the cumulative incidence of 
COVID-19–associated hospitalizations was 49.7 per 100,000 
children and adolescents. The weekly COVID-19–associated 
hospitalization rate per 100,000 children and adolescents dur-
ing the week ending August 14, 2021 (1.4) was nearly five times 
the rate during the week ending June 26, 2021 (0.3); among 
children aged 0–4 years, the weekly hospitalization rate during 
the week ending August 14, 2021, was nearly 10 times that 
during the week ending June 26, 2021.** During June 20–
July 31, 2021, the hospitalization rate among unvaccinated 
adolescents (aged 12–17 years) was 10.1 times higher than that 
among fully vaccinated adolescents. Among all hospitalized 
children and adolescents with COVID-19, the proportions 

 * These authors contributed equally to this report.
 † https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-

discovery/hospitalization-death-by-age.html
 § https://www.cdc.gov/coronavirus/2019-ncov/variants/index.html
 ¶ https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-

methods.html
 ** COVID-NET hospitalization data are preliminary and subject to change as 

more data become available. In particular, case counts and rates for recent 
hospital admissions are subject to lag.

with indicators of severe disease (such as intensive care unit 
[ICU] admission) after the Delta variant became predominant 
(June 20–July 31, 2021) were similar to those earlier in the 
pandemic (March 1, 2020–June 19, 2021). Implementation 
of preventive measures to reduce transmission and severe out-
comes in children is critical, including vaccination of eligible 
persons, universal mask wearing in schools, recommended 
mask wearing by persons aged ≥2 years in other indoor public 
spaces and child care centers,†† and quarantining as recom-
mended after exposure to persons with COVID-19.§§

COVID-NET conducts population-based surveillance for 
laboratory-confirmed COVID-19–associated hospitaliza-
tions in 99 counties across 14 states¶¶ (1). Residents of the 
surveillance catchment area who received positive molecular 
or rapid antigen detection test results for SARS-CoV-2 dur-
ing hospitalization or within 14 days before admission were 
classified as having COVID-19–associated hospitalizations. 
Unadjusted age-specific cumulative and weekly COVID-19–
associated hospitalization rates (hospitalizations per 100,000 
children and adolescents residing in the catchment area) during 
March 1, 2020–August 14, 2021, were calculated by divid-
ing the total number of hospitalized patients by the National 
Center for Health Statistics’ population estimates within each 
age group for the counties included in the surveillance catch-
ment area.*** Among adolescents, who are currently eligible 
for vaccination††† (3), age-specific hospitalization rates dur-
ing June 20–July 31, 2021, were calculated by COVID-19 
 †† https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/about-

face-coverings.html
 §§ https://www.cdc.gov/coronavirus/2019-ncov/your-health/quarantine-

isolation.html
 ¶¶ California, Colorado, Connecticut, Georgia, Iowa, Maryland, Michigan, 

Minnesota, New Mexico, New York, Ohio, Oregon, Tennessee, and Utah. 
The included counties have been listed previously. https://www.cdc.gov/
mmwr/volumes/69/wr/mm6932e3.htm

 *** Rates are calculated using the National Center for Health Statistics’ vintage 
2019 bridged-race postcensal population estimates for the counties included 
in surveillance (https://www.cdc.gov/nchs/nvss/bridged_race.htm).

 ††† https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/
adolescents.html
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vaccination status, which was determined for both hospitalized 
patients and the catchment area population using state immu-
nization information systems data.§§§ Because the number of 
fully vaccinated persons in the underlying population changed 
weekly, incidence (cases per 100,000 person-weeks) was cal-
culated by dividing the total number of vaccinated hospital-
ized adolescents by the sum of vaccinated adolescents in the 
underlying population each week; the same method was used 
to calculate incidence among unvaccinated adolescents.¶¶¶ 
Rate ratios and 95% confidence intervals (CIs) were calcu-
lated. Trained surveillance staff members conducted medical 
chart abstractions for all pediatric COVID-NET patients 
using a standardized case report form. Data on the following 
measures of severe disease were collected: median hospital 
length of stay, ICU admission, highest level of respiratory 
support received (i.e., invasive mechanical ventilation [IMV], 
bilevel positive airway pressure or continuous positive airway 
pressure, or high-flow nasal cannula), vasopressor use, and in-
hospital death. Deaths occurring after hospital discharge were 
not included in this analysis. To assess COVID-19 severity 
among hospitalized children and adolescents in the setting 
of widespread Delta variant circulation, the proportions with 
measures of severe disease were compared between the periods 
before (March 1, 2020–June 19, 2021) and after (June 20–
July 31, 2021) the Delta variant became the predominant strain 
circulating in the United States**** (4). A Wilcoxon rank sum 
test was used to compare medians; chi square or Fisher’s exact 
tests were used to compare proportions. Data were analyzed 
using SAS (version 9.4; SAS Institute); statistical significance 

 §§§ The Food and Drug Administration granted emergency use authorization 
for the Pfizer-BioNTech COVID-19 vaccine for adolescents aged 
12–15 years on May 10, 2021. The earliest date that adolescents in this 
age group could have met the definition for being a fully vaccinated patient 
hospitalized with COVID-19 was June 14, 2021. Because vaccination data 
are subject to lag, rates by vaccination status were only calculated through 
July 31, 2021.

 ¶¶¶ Fully vaccinated adolescents with COVID-19–associated hospitalizations 
were defined as those who had received a second vaccine dose ≥14 days 
before a positive SARS-CoV-2 test result associated with their 
hospitalization. Adolescents whose positive SARS-CoV-2 test date was 
≥14 days after a single dose through <14 days after a second dose were 
considered partially vaccinated and were not included in rates;  adolescents 
who had received a single dose of vaccine <14 days before the positive 
SARS-CoV-2 test result were also not included in rates If the SARS-CoV-2 
test date was not available, hospital admission date was used. Adolescents 
whose vaccination status had not yet been verified using the immunization 
information system data were considered to having missing vaccination 
status and were excluded. Adolescents whose vaccination status was checked 
against the immunization information system and who did not have 
documented receipt of any vaccine dose before the test date were considered 
unvaccinated. Additional COVID-NET methods for determining 
vaccination status have been described previously. https://medrxiv.org/cgi/
content/short/2021.08.27.21262356v1

 **** https://covid.cdc.gov/covid-data-tracker/#variant-proportions

was defined as p<0.05. This activity was reviewed by CDC 
and was conducted consistent with applicable federal law and 
CDC policy.††††

During March 1, 2020–August 14, 2021, COVID-NET 
identified 49.7 cumulative COVID-19–associated hospital-
izations per 100,000 children and adolescents (Figure 1); 
rates were highest among children aged 0–4 years (69.2) 
and adolescents aged 12–17 years (63.7) and lowest among 
children aged 5–11 years (24.0). Weekly hospitalization 
rates were at their lowest in 2021 during the weeks ending 
June 12–July 3 (0.3 per 100,000 children and adolescents each 
week) (Figure 2). During a subsequent 6-week period after the 
Delta variant became predominant, rates rose each week to 1.4 
during the week ending August 14, 2021, which was 4.7 times 
the rate during the week ending June 26, 2021 and approached 
the peak hospitalization rate of 1.5 observed during the week 
ending January 9, 2021.§§§§ Weekly rates increased among 
all age groups; the sharpest increase occurred among children 
aged 0–4 years, for whom the rate during the week ending 
August 14, 2021 (1.9) was nearly 10 times that during the week 
ending June 26, 2021 (0.2). During June 20–July 31, 2021, 
among 68 adolescents hospitalized with COVID-19 whose 
vaccination status had been ascertained, 59 were unvaccinated, 
five were partially vaccinated, and four were fully vaccinated; 
the hospitalization rate among unvaccinated adolescents was 
0.8 per 100,000 person-weeks (95% CI = 0.6–0.9), compared 
with 0.1 (95% CI = 0.0–0.1) in fully vaccinated adolescents 
(rate ratio = 10.1; 95% CI = 3.7–27.9).

Among 3,116 hospitalized children and adolescents with 
COVID-19 during March 1, 2020–June 19, 2021, for whom 
complete clinical data were available,¶¶¶¶ 827 (26.5%) were 
admitted to an ICU, 190 (6.1%) required IMV, and 21 (0.7%) 
died. Among 164 hospitalized children and adolescents with 
COVID-19 during June 20–July 31, 2021, for whom complete 
clinical data were available,***** 38 (23.2%) were admitted to 

 †††† 45 C.F.R. part 46.102(l)(2); 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

 §§§§ Smoothed 3-week running averages are used for visualization purposes in 
Figure 2; however, raw (nonaveraged) age-specific weekly rates are used 
in the text of the report. The smoothed 3-week running average rate of 
COVID-19–associated hospitalizations during the week ending 
January 9, 2021 (displayed in Figure 2) is 1.3 hospitalizations per 100,000 
children and adolescents.

 ¶¶¶¶ Among the 3,194 children and adolescents with COVID-19–associated 
hospitalizations during March 1, 2020–June 19, 2021, a total of 3,116 
(97.6%) had data available on hospital length of stay, ICU admission, 
receipt of IMV or other respiratory support, vasopressor use, and in-
hospital death at the time of reporting.

 ***** Among the 191 children and adolescents with COVID-19–associated 
hospitalizations during June 20, 2020–July 31, 2021, a total of 164 
(85.9%) had data available on hospital length of stay, ICU admission, 
receipt of IMV or other respiratory support, vasopressor use, and in-
hospital death at the time of reporting.

https://medrxiv.org/cgi/content/short/2021.08.27.21262356v1
https://medrxiv.org/cgi/content/short/2021.08.27.21262356v1
https://covid.cdc.gov/covid-data-tracker/#variant-proportions
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FIGURE 1. COVID-19–associated cumulative hospitalizations per 100,000 children and adolescents,* by age group — COVID-NET, 14 states,† 
March 1, 2020–August 14, 2021 
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an ICU, 16 (9.8%) required IMV, and three (1.8%) died. The 
differences in these indicators of severe disease between the two 
periods were not statistically significant (Table).

Discussion

Weekly COVID-19–associated hospitalization rates rose 
rapidly during late June to mid-August 2021 among U.S. 
children and adolescents aged 0–17 years; by mid-August, 
the rate among children aged 0–4 years was nearly 10 times 
the rate 7 weeks earlier. This increase coincides with wide-
spread circulation of the highly transmissible Delta variant. 
COVID-NET data indicate that vaccination was highly 
effective in preventing COVID-19–associated hospitaliza-
tions in adolescents during late June to late July 2021. Since 
March 2020, approximately one in four hospitalized children 
and adolescents with COVID-19 has required intensive care, 
although the proportions with indicators of severe disease 
during the period when the Delta variant predominated were 
generally similar compared with those earlier in the pandemic. 
The observed indicators of severe COVID-19 among children 
and adolescents, as well as the potential for serious longer-term 
sequelae (e.g., multisystem inflammatory syndrome in chil-
dren) documented elsewhere (5,6), underscore the importance 

of implementing multipronged preventive measures to reduce 
severe COVID-19 disease, including nonpharmaceutical 
interventions and vaccination among eligible age groups.†††††

Among adolescents aged 12–17 years, the only pediatric age 
group for whom a COVID-19 vaccine is currently approved, 
hospitalization rates were approximately 10 times higher in 
unvaccinated compared with fully vaccinated adolescents, 
indicating that vaccines were highly effective at preventing 
serious COVID-19 illness in this age group during a period 
when the Delta variant predominated. As of July 31, 2021, 
32% of U.S. adolescents had completed a COVID-19 vac-
cination series (7); increasing vaccination coverage among 
adolescents, as well as expanding eligibility for COVID-19 
vaccination to younger age groups if approved and recom-
mended, is expected to reduce severe COVID-19–associated 
outcomes among children and adolescents.

Similar to another recent analysis, COVID-NET data 
suggest that indicators of severe disease among hospitalized 
children during an early period when the Delta variant predom-
inated were generally similar to those observed earlier in the 
pandemic (8). Trends in outcomes will need to be monitored 
closely as more data become available. For example, whereas 

 ††††† https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19.html

https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19.html
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FIGURE 2. COVID-19–associated weekly hospitalizations per 100,000 children and adolescents,* by age group — COVID-NET, 14 states,†  
March 1, 2020–August 14, 2021 (3-week smoothed running averages)§

H
os

pi
ta

liz
at

io
ns

 p
er

 
10

0,
00

0 
ch

ild
re

n 
an

d 
ad

ol
es

ce
nt

s

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

2020 2021

Surveillance week end date

7 21 4 18 2 13 27 11 25 8 22 5 19 3 17 31 14 28 12 26 9 23 6 20 6 20 3 17 1 15 29 12 26 10 7 14243016
0.0

0.5

1.0

1.5

2.0

2.5

Overall 0–17 yrs
12–17 yrs
5–11 yrs
0–4 yrs

* Rates are subject to change as additional data are reported. 
† Select counties in California, Colorado, Connecticut, Georgia, Iowa, Maryland, Michigan, Minnesota, New Mexico, New York, Ohio, Oregon,  

Tennessee, and Utah.
§ Smoothed running averages are used for visualization purposes only.

the point estimate of the proportion of hospitalized children 
who required IMV during the period of Delta predominance 
(9.8%) was higher than that earlier in the pandemic (6.1%), 
the comparison of these proportions was based on a relatively 
small number of children (16) requiring IMV during the 
period of Delta predominance, and the difference was not 
statistically significant (p = 0.06). Further, surveillance data 
limited to hospitalized persons cannot be used to assess whether 
increases in COVID-19–associated hospitalization rates among 
children and adolescents are due to increased community 
SARS-CoV-2 transmission or increased disease severity caused 
by the Delta variant.

The findings in this report are subject to at least five limita-
tions. First, children and adolescents meeting COVID-NET 
criteria with a positive SARS-CoV-2 test result might have 
been hospitalized primarily for reasons other than COVID-19 
(2), resulting in potential overestimations of hospitalization 
rates. Second, COVID-19–associated hospitalizations might 
have been missed because of testing practices and test avail-
ability. Third, the number of hospitalized children with severe 
outcomes was small during June 20–July 31, 2021, limiting 
comparisons between periods before and during Delta variant 
predominance. Fourth, the number of fully vaccinated hospi-
talized adolescents remained low at the time of reporting, and 

hospitalization rates stratified by vaccination status are subject 
to error if misclassification of vaccination status occurred. 
Finally, the COVID-NET catchment areas include approxi-
mately 10% of the U.S. population; thus, findings might not 
be nationally generalizable.

Rates of COVID-19–associated hospitalization among 
children and adolescents increased rapidly from late June to 
mid-August 2021, coinciding with predominance of the Delta 
variant. With more activities resuming, including in-person 
school attendance and a return of younger children to congregate 
child care settings, preventive measures to reduce the incidence of 
severe COVID-19 are critical. Universal indoor masking is rec-
ommended for all teachers, staff members, students, and visitors 
in kindergarten through grade 12 schools, regardless of vaccina-
tion status.§§§§§ CDC recommends that persons aged ≥2 years 
who are unvaccinated, as well as vaccinated persons in areas of 
substantial or high transmission, wear masks in all indoor public 
spaces.¶¶¶¶¶ CDC also recommends that child care centers serv-
ing children too young to be vaccinated consider implementing 

 §§§§§ https://www.cdc.gov/coronavirus/2019-ncov/community/schools-
childcare/k-12-guidance.html

 ¶¶¶¶¶ https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.
html

https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19.html
https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
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TABLE. Clinical interventions and outcomes among children and 
adolescents aged 0-17 years during COVID-19–associated 
hospitalizations — COVID-NET, 14 states,* March 1, 2020–June 19, 2021 
and June 20–July 31, 2021

Interventions and 
outcomes

Children and adolescents hospitalized, 
 No. (%)

p-value§

March 1, 2020– 
June 19, 2021  

(N = 3,116)†

June 20– 
July 31, 2021 

(N = 164)†

Hospital length of 
stay, median 
(interquartile 
range)

3 (2–5) 2 (1–4) 0.01

Outcome
Died during 

hospitalization
21 (0.7) 3 (1.8) 0.12

ICU admission 827 (26.5) 38 (23.2) 0.34
Vasopressor 

support
233 (7.5) 13 (7.9) 0.83

Highest level of respiratory support¶ 
High flow nasal 

cannula 
162 (5.2) 13 (7.9) 0.13

BiPAP/CPAP 131 (4.2) 6 (3.7) 0.73
Invasive mechanical 

ventilation 
190 (6.1) 16 (9.8) 0.06

Abbreviations: BiPAP = bilevel positive airway pressure; CPAP = continuous 
positive airway pressure; ICU = intensive care unit. 
* Select counties in California, Colorado, Connecticut, Georgia, Iowa, Maryland, 

Michigan, Minnesota, New Mexico, New York, Ohio, Oregon, Tennessee, and Utah.
† Includes those with complete clinical data on hospital length of stay, ICU 

admission, highest level of respiratory support (invasive mechanical 
ventilation, BiPAP/CPAP, or high flow nasal cannula), vasopressor support, and 
disposition discharge (i.e., discharged alive or died in-hospital). 

§ Medians were compared using a Wilcoxon rank sum test. Proportions were 
compared using chi square tests. The proportions who died during 
hospitalization were compared using Fisher’s exact test. 

¶ Highest level of respiratory support for each patient that needed 
respiratory support.

universal indoor masking for persons aged ≥2 years.****** All 
persons who are eligible should receive COVID-19 vaccines to 
reduce the risk for severe disease for themselves and others with 
whom they come into contact, including children who are cur-
rently too young to be vaccinated.
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Summary
What is already known about this topic?

COVID-19 can cause severe illness in children and adolescents.

What is added by this report?

Weekly COVID-19–associated hospitalization rates among 
children and adolescents rose nearly five-fold during late 
June–mid-August 2021, coinciding with increased circulation of 
the highly transmissible SARS-CoV-2 Delta variant. The propor-
tions of hospitalized children and adolescents with severe 
disease were similar before and during the period of Delta 
predominance. Hospitalization rates were 10 times higher 
among unvaccinated than among fully vaccinated adolescents. 

What are the implications for public health practice?

Preventive measures to reduce transmission and severe 
outcomes in children and adolescents are critical, including 
vaccination, universal masking in schools, and masking by 
persons aged ≥2 years in other indoor public spaces and child 
care centers.

Cindy Zerrlaut, David Blythe, Maryland Department of Health; 
Rachel Park, Michelle Wilson, Maryland Emerging Infections 
Program — The Johns Hopkins Bloomberg School of Public 
Health; Jim Collins, Shannon Johnson, Justin Henderson, Libby 
Reeg, Alexander Kohrman, Val Tellez Nunez, Sierra Peguies-Khan, 
Chloe Brown, Michigan Department of Health and Human Services; 
Austin Bell, Kayla Bilski, Emma Contestabile, Claire Henrichsen, 
Amanda Gordon, Cynthia Kenyon, Melissa McMahon, Katherine 
Schleiss, Samantha Siebman, Emily Holodnick, Lisa Nguyen, Kristen 
Ehresmann, Minnesota Department of Health; Emily B. Hancock, 
Yadira Salazar-Sanchez, Nancy Eisenberg, Melissa Christian, 
Mayvilynne Poblete, Wickliffe Omondi, New Mexico Emerging 
Infections Program; Suzanne McGuire, Katarina Manzi, Grant Barney, 
New York State Department of Health; Virginia Cafferky, Christine 
Long, RaeAnne Kurtz, Maria Gaitan, University of Rochester School 
of Medicine and Dentistry; Nicholas Fisher, Krista Lung, Maya 
Sculllin, Ohio Department of Health; Ama Owusu-Dommey, 
Breanna McArdle, Emily Youngers, Sam Hawkins, Public Health 
Division, Oregon Health Authority; Kylie Seeley, Oregon Health 
& Science University School of Medicine; Katie Dyer, Karen Leib, 
Terri McMinn, Danielle Ndi, John Ujwok, Gail Hughett, Emmanuel 
Sackey, Kathy Billings, Anise Elie, Manideepthi Pemmaraju, 
Vanderbilt University Medical Center; Amanda Carter, Andrea Price, 
Andrew Haraghey, Ashley Swain, Caitlin Shaw, Ian Buchta, Jake 
Ortega, Laine McCullough, Ryan Chatelain, Tyler Riedesel, Salt Lake 
County Health Department; Alvin Shultz, Robert W. Pinner, Rainy 
Henry, Sonja Mali Nti-Berko, Susan Gantt, CDC; Mimi Huynh, 
Council of State and Territorial Epidemiologists.

 COVID-NET Surveillance Team

Pam Daily Kirley, California Emerging Infections Program; Sarah 
McLafferty, Colorado Department of Public Health & Environment; 
Isaac Armistead, Colorado Department of Public Health & 

https://www.cdc.gov/coronavirus/2019-ncov/community/schools-childcare/child-care-guidance.html
https://www.cdc.gov/coronavirus/2019-ncov/community/schools-childcare/child-care-guidance.html


Morbidity and Mortality Weekly Report 

1260 MMWR / September 10, 2021 / Vol. 70 / No. 36 US Department of Health and Human Services/Centers for Disease Control and Prevention

Environment; Emily Fawcett, Georgia Emerging Infections Program, 
Georgia Department of Health and Foundation for Atlanta Veterans 
Education and Research, Decatur, Georgia, and Atlanta Veterans 
Affairs Medical Center, Atlanta, Georgia; Katelyn Ward, Georgia 
Emerging Infections Program, Georgia Department of Health, 
and Division of Infectious Diseases, Emory University School of 
Medicine, Atlanta, Georgia; Ruth Lynfield, Minnesota Department 
of Health; Richard Danila, Minnesota Department of Health; Sarah 
Khanlian, New Mexico Emerging Infections Program; Kathy Angeles, 
New Mexico Emerging Infections Program; Kerianne Engesser, New 
York State Department of Health; Adam Rowe, New York State 
Department of Health; Christina Felsen, University of Rochester 
School of Medicine and Dentistry, Rochester, New York; Sophrena 
Bushey, University of Rochester School of Medicine and Dentistry, 
Rochester, New York; Nasreen Abdullah, Public Health Division, 
Oregon Health Authority; Nicole West, Public Health Division, 
Oregon Health Authority; Tiffanie Markus, Vanderbilt University 
Medical Center, Nashville, Tennessee; Mary Hill, Salt Lake County 
Health Department, Salt Lake City, Utah; Andrea George, Salt Lake 
County Health Department, Salt Lake City, Utah.

Corresponding author: Miranda J. Delahoy; MDelahoy@cdc.gov.

 1CDC COVID-19 Response Team; 2Epidemic Intelligence Service, CDC; 
3General Dynamics Information Technology, Atlanta, Georgia; 4California 
Emerging Infections Program, Oakland, California; 5Career Epidemiology 
Field Officer Program, CDC; 6University of California, Berkeley School of 
Public Health, Berkeley, California; 7Colorado Department of Public Health 
and Environment; 8Connecticut Emerging Infections Program, Yale School of 
Public Health, New Haven, Connecticut; 9Emory University School of 
Medicine, Atlanta, Georgia; 10Georgia Emerging Infections Program, Georgia 
Department of Health; 11Atlanta Veterans Affairs Medical Center, Atlanta, 
Georgia; 12Iowa Department of Health; 13Michigan Department of Health 
and Human Services; 14Minnesota Department of Health; 15New Mexico 
Emerging Infections Program, New Mexico Department of Health, Santa Fe, 
New Mexico; 16New Mexico Emerging Infections Program, University of New 
Mexico, Albuquerque, New Mexico; 17New York State Department of Health;  
18University of Rochester School of Medicine and Dentistry, Rochester, New 
York; 19Rochester Emerging Infections Program, University of Rochester 
Medical Center, Rochester, New York; 20Ohio Department of Health; 21Public 
Health Division, Oregon Health Authority; 22Vanderbilt University Medical 
Center, Nashville, Tennessee; 23Salt Lake County Health Department, Salt 
Lake City, Utah; 24Utah Department of Health.

All authors have completed and submitted the International 
Committee of Medical Journal Editors form for disclosure of 
potential conflicts of interest. William Schaffner reports consultant 
fees from VBI Vaccines, outside the submitted work. Eli Shiltz 
and Laurie M. Billing report grant funding from the Council of 
State and Territorial Epidemiologists (CSTE) for the population-
based Influenza Hospitalization Surveillance Project (IHSP) and 
COVID-NET activities. Lauren Leegwater and Sue Kim report grant 

support from CSTE through the Michigan Department of Health 
and Human Services. Andy Weigel and Kenzie Teno report grant 
support from CSTE for data collection and participation in ongoing 
meetings related to COVID-19 hospitalization surveillance. Evan J. 
Anderson reports grants for clinical trials from Pfizer, Merck, PaxVax, 
Micron, Sanofi-Pasteur, Janssen, MedImmune, and GSK; consulting 
fees from Sanofi-Pasteur, Pfizer, Janssen, and Medscape; personal 
fees for data safety monitoring board participation from Kentucky 
Bioprocessing, Inc. and Sanofi-Pasteur; and institutional funding 
from the National Institutes of Health to conduct clinical trials 
of Moderna and Janssen COVID-19 vaccines. No other potential 
conflicts of interest were disclosed. 

References
1. Kim L, Whitaker M, O’Halloran A, et al.; COVID-NET Surveillance 

Team. 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 Morb Mortal Wkly Rep 
2020;69:1081–8. PMID:32790664 https://doi.org/10.15585/mmwr.
mm6932e3

2. Havers FP, Whitaker M, Self JL, et al.; COVID-NET Surveillance Team. 
Hospitalization of adolescents aged 12–17 years with laboratory-
confirmed COVID-19—COVID-NET, 14 states, March 1, 2020–
April 24, 2021. MMWR Morb Mortal Wkly Rep 2021;70:851–7. 
PMID:34111061 https://doi.org/10.15585/mmwr.mm7023e1

3. Wallace M, Woodworth KR, Gargano JW, et al. The Advisory Committee 
on Immunization Practices’ interim recommendation for use of Pfizer-
BioNTech COVID-19 vaccine in adolescents aged 12–15 years—United 
States, May 2021. MMWR Morb Mortal Wkly Rep 2021;70:749–52. 
PMID:34014913 https://doi.org/10.15585/mmwr.mm7020e1

4. Nanduri S, Pilishvili T, Derado G, et al. Effectiveness of Pfizer-BioNTech 
and Moderna vaccines in preventing SARS-CoV-2 infection among 
nursing home residents before and during widespread circulation of the 
SARS-CoV-2 B.1.617.2 (Delta) variant—National Healthcare Safety 
Network, March 1–August 1, 2021. MMWR Morb Mortal Wkly Rep 
2021;70:1163–6. PMID:34437519 https://doi.org/10.15585/mmwr.
mm7034e3

5. Buonsenso D, Munblit D, De Rose C, et al. Preliminary evidence on long 
COVID in children. Acta Paediatr 2021;110:2208–11. PMID:33835507 
https://doi.org/10.1111/apa.15870

6. Feldstein LR, Rose EB, Horwitz SM, et al.; Overcoming COVID-19 
Investigators; CDC COVID-19 Response Team. Multisystem 
inflammatory syndrome in U.S. children and adolescents. N Engl J Med 
2020;383:334–46. PMID:32598831 https://doi.org/10.1056/
NEJMoa2021680

7. Murthy BP, Zell E, Saelee R, et al. COVID-19 vaccination coverage among 
adolescents aged 12–17 years—United States, December 14, 2020–
July 31, 2021. MMWR Morb Mortal Wkly Rep 2021;70:1206–13.

8. Siegel DA, Reses HE, Cool AJ, et al. 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. Epub 
September 3, 2021.

mailto:MDelahoy@cdc.gov
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32790664&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6932e3
https://doi.org/10.15585/mmwr.mm6932e3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34111061&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34111061&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7023e1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34014913&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34014913&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7020e1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34437519&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7034e3
https://doi.org/10.15585/mmwr.mm7034e3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33835507&dopt=Abstract
https://doi.org/10.1111/apa.15870
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32598831&dopt=Abstract
https://doi.org/10.1056/NEJMoa2021680
https://doi.org/10.1056/NEJMoa2021680


Morbidity and Mortality Weekly Report

MMWR / September 10, 2021 / Vol. 70 / No. 36 1261US Department of Health and Human Services/Centers for Disease Control and Prevention

Notes from the Field 

Tuberculosis Outbreak Linked to a Contaminated 
Bone Graft Product Used in Spinal Surgery — 
Delaware, March–June 2021
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On May 25, 2021, a Delaware acute care hospital notified the 
Delaware Division of Public Health (DPH) of seven patients 
who developed tuberculosis after spinal surgery during March–
April 2021. Hospital staff members identified a single common 
exposure: implantation of bone allograft material (product A) 
from a single product lot. DPH notified CDC, requested a 
field investigation, and issued a nationwide call for cases. In 
collaboration with the Food and Drug Administration, a CDC 
team was deployed to Delaware on June 2 to investigate the 
epidemiology of cases and opportunities for transmission and 
to provide prevention and treatment recommendations. On the 
same day, another state health department notified CDC about 
a person who developed tuberculosis after surgery involving the 
same product A lot, and the manufacturer issued a voluntary 
nationwide recall (1).

Investigators abstracted clinical, laboratory, and imaging 
data from medical records and interviewed patients. They 
also assessed potential exposures to Mycobacterium tuberculosis 
related to product A storage, handling, and use during surgery; 
reprocessing of surgical instruments; and patient care. This 
investigation was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy.†

Twenty-three patients at the hospital underwent surgery 
that involved the recalled product lot. The median patient 
age was 66 years (range = 37–80 years). No patient had an 
immunocompromising condition.§ One patient had a history 
of latent tuberculosis infection and completed treatment in 
2003. Nineteen (83%) patients reported new symptoms begin-
ning 2–66 days (median = 19 days) after product implantation 
(Figure). Fifteen (65%) patients reported constitutional signs 

* These authors contributed equally to this report.
† 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 

552a; 44 U.S.C. Sect. 3501 et seq.
§ Eight patients had diabetes mellitus and two patients had chronic kidney disease, 

stage 2–3.

and symptoms, including fever, chills, night sweats, weight 
loss, fatigue, and loss of appetite; 16 (70%) had redness, 
pain, or drainage at the surgical site; four (17%) experienced 
neurologic symptoms, including paresthesia and dysphagia; 
and seven (30%) experienced pulmonary symptoms, includ-
ing cough and shortness of breath. Four (17%) patients were 
asymptomatic. Sixteen (70%) required hospital readmission 
23–84 days after product implantation (median = 52 days). 
Twelve (52%) underwent additional surgical procedures to 
manage complications of infection. One patient died at home 
3 weeks after product implantation, which was 2 months before 
the product recall.

As of June 25, 19 (83%) of the 23 patients had laboratory or 
imaging evidence of tuberculosis in the spine or chest. Among 
19 patients who had received microbiologic testing of a ver-
tebral, paraspinal soft tissue, or sputum specimen, 15 (79%) 
had a positive acid-fast bacilli smear, M. tuberculosis nucleic 
acid amplification test, or culture. Among 21 patients who 
had received spinal imaging, 19 (90%) had findings consistent 
with infection, including abscesses (17, 81%) and osteomyeli-
tis or discitis (eight, 38%). Among 21 patients with sputum 
testing or chest imaging, six (28%) demonstrated evidence of 
pulmonary tuberculosis, suggesting bloodborne dissemination 
of M. tuberculosis. Isolates cultured from specimens from three 
patient specimens were susceptible to all first-line medica-
tions and shared a genotype not previously identified in the 
United States; drug-susceptibility testing and genotyping of 
subsequent isolates were pending. All 22 living patients began 
standard four-drug treatment for drug-susceptible tuberculosis 
41–91 days after product implantation (median = 69 days).

Product A was shipped frozen and was opened inside the oper-
ating room. Health care personnel could have been exposed to 
M. tuberculosis during product A implantation and subsequent 
procedures involving suctioning, drilling, wound irrigation, 
and decontamination of cannulated instruments. In addition, 
health care personnel and patients could have been exposed to 
M. tuberculosis from patients who had received implantations 
with product A and subsequently developed draining tubercu-
lous lesions or pulmonary tuberculosis (2–4). As of June 24, 
the hospital had identified 152 health care personnel and seven 
patients who were exposed to recipients of product A who had 
tuberculous abscesses or pulmonary tuberculosis; investigations 
are ongoing to identify additional exposures.

This investigation found high attack rates of spinal and dis-
seminated tuberculosis after surgical implantation of product A 
and multiple opportunities for M. tuberculosis exposure related 
to surgery and patient care. On June 4, CDC recommended 
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FIGURE. Time line of product implantation, symptom onset,* hospital readmission,† and start of tuberculosis treatment§ in patients exposed 
to product A¶ (N = 23) — Delaware, March–June 2021
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* Excludes one patient with insidious onset of weight loss.
† One patient was readmitted 4 days after product implantation with a surgical site infection caused by nonmycobacterial species; this readmission was excluded 

from the figure. The patient subsequently developed worsening lumbar back pain and was readmitted with a tuberculous abscess; this subsequent symptom onset 
and readmission were included in the figure.

§ All 22 living patients have started tuberculosis treatment. One patient died 3 weeks after product implantation, before the tuberculosis outbreak was recognized.
¶ Numbers of patients in each category are as follows: product A implantation = 23 patients; symptom onset = 18; readmission = 16; start of tuberculosis treatment = 22.

that all patients nationwide who had undergone surgery involv-
ing the affected product A lot be immediately assessed and 
begin the four-drug treatment for tuberculosis disease, even 
if they were asymptomatic. On June 8, CDC recommended 
evaluation of contacts in health care settings, including risk 
assessment, symptom screening, and an interferon-gamma 
release assay or tuberculin skin test (3,4).

M. tuberculosis transmission via bone graft was last described 
in 1953 (5). The hospital’s rapid detection of this unusual 

cluster triggered a multistate investigation resulting in seques-
tration of all unused units of the contaminated product, identi-
fication of all patients who underwent surgical procedures with 
the contaminated product lot, and initiation of tuberculosis 
treatment by all living patients. Public health authorities and 
health care facilities should continue efforts to identify and 
evaluate all exposed contacts and identify opportunities to 
prevent M. tuberculosis exposures from contaminated tissues 
or other products.
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QuickStats

FROM THE NATIONAL CENTER FOR HEALTH STATISTICS

Percentage*,† of Adults Aged ≥20 Years Who Consumed Fruit on a Given Day, 
by Race and Hispanic Origin§ — United States, 2015–2018  
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* Percentages are based on fruit reported during the 24-hour dietary recall, day 1. Fruits were defined using 
U.S. Department of Agriculture’s Food Patterns Equivalents Database food groups. https://www.ars.usda.gov/
ARSUserFiles/80400530/pdf/fped/FPED_1718.pdf

† 95% confidence intervals indicated with error bars.
§ Estimates for persons reporting more than one race are not shown separately but are included in the total.

During 2015–2018, on a given day, 67.3% of adults aged ≥20 years consumed any fruit; 29.7% consumed citrus, melons, or 
berries; 47.5% consumed other whole fruits; and 30.8% consumed 100% fruit juice. Non-Hispanic Asian (76.5%) and Hispanic 
adults (72.2%) were more likely to consume any fruit on a given day than non-Hispanic White (66.3%) and non-Hispanic Black 
adults (63.7%). Non-Hispanic Black adults were least likely to consume citrus, melons, or berries (20.5%) and other whole 
fruit (35.6%), and non-Hispanic Asian adults were most likely to consume other whole fruits (60.1%). A higher percentage of 
non-Hispanic Black (37.7%) and Hispanic (37.5%) adults consumed 100% fruit juice compared with non-Hispanic White (28.5%) 
and non-Hispanic Asian (28.9%) adults. 

Source: NCHS Data Brief, no. 397, National Center for Health Statistics. https://www.cdc.gov/nchs/data/databriefs/db397-H.pdf 

Reported by: Nicholas Ansai, MPH, qjk0@cdc.gov, 301-458-4385; Edwina Wambogo, PhD; Ana Terry, MS.   
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