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Background: The COVID-19 pandemic has caused substan-
tial morbidity and mortality.

Objective: To describe monthly clinical trends among
adults hospitalized with COVID-19.

Design: Pooled cross-sectional study.

Setting: 99 counties in 14 states participating in the Coronavirus
Disease 2019–Associated Hospitalization Surveillance Network
(COVID-NET).

Patients: U.S. adults (aged ≥18 years) hospitalized with
laboratory-confirmed COVID-19 during 1 March to 31 December
2020.

Measurements:Monthly hospitalizations, intensive care unit
(ICU) admissions, and in-hospital death rates per 100000
persons in the population; monthly trends in weighted per-
centages of interventions, including ICU admission, mechani-
cal ventilation, and vasopressor use, among an age- and
site-stratified random sample of hospitalized case patients.

Results: Among 116743 hospitalized adults with COVID-19, the
median age was 62 years, 50.7% were male, and 40.8% were non-
Hispanic White. Monthly rates of hospitalization (105.3 per 100000
persons), ICU admission (20.2 per 100000 persons), and death (11.7
per 100000 persons) peaked during December 2020. Rates of all 3
outcomes were highest among adults aged 65 years or older, males,

and Hispanic or non-Hispanic Black persons. Among 18508 sampled
hospitalized adults, use of remdesivir and systemic corticosteroids
increased from 1.7% and 18.9%, respectively, in March to 53.8% and
74.2%, respectively, in December. Frequency of ICU admission, me-
chanical ventilation, and vasopressor use decreased from March
(37.8%, 27.8%, and 22.7%, respectively) to December (20.5%, 12.3%,
and 12.8%, respectively); use of noninvasive respiratory support
increased from March to December.

Limitation: COVID-NET covers approximately 10% of the
U.S. population; findings may not be generalizable to the
entire country.

Conclusion: Rates of COVID-19–associated hospitalization,
ICU admission, and death were highest in December 2020,
corresponding with the third peak of the U.S. pandemic. The
frequency of intensive interventions for management of hos-
pitalized patients decreased over time. These data provide a
longitudinal assessment of clinical trends among adults hos-
pitalized with COVID-19 before widespread implementation
of COVID-19 vaccines.
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The Centers for Disease Control and Prevention (CDC)
estimates that a total of 114.6 million infections, 97.1 mil-

lion symptomatic illnesses, and 5.6 million hospitalizations
associated with COVID-19 had occurred in the United States
as ofMarch 2021 (1–2). The clinical epidemiology of COVID-
19 among U.S. adults has been well described, and older
age and underlying conditions have been identified as risk
factors for hospitalization and death (3–10). However, data
on trends in clinical characteristics and outcomes of COVID-
19–associated hospitalizations over time are limited (11–15).
Trendsmay be affected by changes inCOVID-19 epidemiol-
ogy (16); implementation of mitigation measures (17, 18);
evolving COVID-19 treatments (19–22); and the knowledge,
experience, and capacity of health care providers and sys-
tems caring for hospitalized patients with COVID-19 (12–15).
Using data from CDC's Coronavirus Disease 2019–Associated

Hospitalization Surveillance Network (COVID-NET), we describe
monthly trends in rates of COVID-19–associated hospitalization,
intensive care unit (ICU) admission, and in-hospital death during
March to December 2020, before the large-scale availability of
COVID-19 vaccines. Among hospitalized patients, we further
describemonthly trends in thedistribution of clinical characteris-
tics, interventions, andoutcomes.
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METHODS

COVID-NETDescription
COVID-NET does population-based surveillance for hos-

pitalizations associated with laboratory-confirmed COVID-19
among persons of all ages in 99 counties in 14 states partici-
pating in the Emerging Infections Program (California,
Colorado, Connecticut, Georgia, Maryland, Minnesota, New
Mexico, New York, Oregon, and Tennessee) or the Influenza
Hospitalization Surveillance Project (Iowa, Michigan, Ohio,
and Utah). The network covers a catchment population of
approximately 32million persons (about 10%of theU.S. pop-
ulation) and collects data frommore than 250 acute care hos-
pitals (5, 23). Staff conduct active surveillance for COVID-19–
associated hospitalizations at all hospitals in the COVID-NET
catchment areas and identify casepatients through systematic
review of hospital, laboratory, and reportable disease data-
bases. Hospitalized patients who are residents of the surveil-
lance catchment area and have SARS-CoV-2 infection
detected by molecular or rapid antigen testing during hospi-
talization or within 14 days before admission are included as
COVID-NET case patients. Testing for SARS-CoV-2 is done at
the discretion of health care providers or according to hospi-
tal testing policies.

Data Collected for All COVID-NET Cases
A minimum set of data are collected for all identified

case patients, including site, age, sex, race/ethnicity, hos-
pital admission date, and SARS-CoV-2 testing data, to
produce hospitalization rates (https://gis.cdc.gov/grasp
/covidnet/covid19_3.html). Rates are calculated using
2019 bridged-race postcensal estimates of the popula-
tion from the National Center for Health Statistics (NCHS)
for the counties included in surveillance (24).

Race/ethnicity is categorized using NCHS classifica-
tions as follows: non-Hispanic White, non-Hispanic Black,
Hispanic or Latino (here called Hispanic), non-Hispanic
Asian or Pacific Islander, and non-Hispanic American
Indian or Alaska Native. Data are also collected on per-
sons of more than 1 race/ethnicity. If race was unknown
but ethnicity was Hispanic, patients were classified as
Hispanic. If race was documented but ethnicity was
unknown (6.6%), non-Hispanic ethnicity was assumed.

COVID-NET Sampling andWeighting
Methodology

Trained surveillance staff collect detailed clinical data
on a sample of hospitalized case patients through medical
record abstractions using a standardized case report
form (Supplement Figure, available at Annals.org). Data
collected for sampled case patients include underlying
medical conditions, ICU status, clinical interventions, and
in-hospital outcomes.

To produce random samples of hospitalized patients
for medical record abstraction, random numbers (1 through
100) are automatically generated and assigned to each case
patient on entry into the surveillance database. The CDC
provides sites with lists of random numbers associated with
sampled case patients, stratified by time period (March to
May 2020; June to September 2020; andmonthly thereafter
for October, November, andDecember 2020), site, and age

group. Sample sizes vary by surveillance time period, site,
and age group and are based on the total number of cases
identified in each stratum.

For this analysis, sample sizes were generated to allow
monthly estimation of the prevalence of clinical variables in 3
adult age groups (18 to 49 years, 50 to 64 years, and ≥65
years), and separately by 3 racial/ethnic groups (non-Hispanic
White, non-Hispanic Black, and Hispanic). Because of small
sample sizes, we could not generate monthly estimates for
other racial/ethnic groups. Sample sizes were generated to
produce relative SEs less than 0.3 for clinical variables, with
monthly prevalence estimates of at least 10% (all estimates
with relative SE >0.3 are noted in the Supplement Tables,
available at Annals.org). Sample weights were applied to
reflect the probability of a case being sampled for medical re-
cord abstractionwithin each specified stratum.

Estimation of Population-Based Rates of
COVID-19–AssociatedHospitalization, ICU
Admission, andDeath

We calculated unadjusted monthly rates of hospitali-
zation per 100000 persons in the population by taking
the total number of hospitalized case patients in COVID-
NET each month, overall and within each age group, sex,
and site, as the numerator and dividing by NCHS popula-
tion estimates as the denominator.

We also calculated unadjusted monthly rates of ICU
admission and death per 100000 persons in the popula-
tion. Because ICU admission and death statuses were
available only for sampled hospitalized patients, we used
weighted numbers of sampled case patients with ICU
admission or death as the numerator and NCHS popula-
tion estimates as the denominator.

To produce robust rates of hospitalization, ICU admis-
sion, and death stratified by both age and race/ethnicity,
we combined data from several months (that is, March to
May, June to September, and October to December) and
calculated rates as described in the previous paragraphs.

Trends in the Distribution of Clinical
Characteristics, Interventions, and Outcomes
Among aWeighted Sample of Hospitalized Case
PatientsWith COVID-19

Among the sample of hospitalized case patients with
detailed medical record abstractions, we examined
monthly trends in the proportion with selected character-
istics, interventions, in-hospital outcomes, and median
length of hospital stay.

Facility residence at admission was defined as residence
in a rehabilitation facility, assisted living or residential care fa-
cility, group home, nursing home, skilled-nursing facility,
long-term care facility, long-term acute care hospital, alcohol
or drug treatment center, or psychiatric facility. Health care
workers were defined as all paid and unpaid persons serving
in health care settings who have the potential for direct or
indirect exposure to patients or infectious materials. Case
patients were defined as having 0, 1, 2, or 3 ormore underly-
ing condition categories rather than individual conditions
(Supplement Figure). Any medication prescribed for treat-
ment of SARS-CoV-2 infection, including investigational
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agents or treatment through a clinical trial, was classified as a
COVID-19–associated treatment. Invasive mechanical ventila-
tion, bilevel positive airway pressure, continuous positive air-
way pressure, and high-flow nasal cannula were defined on
the basis of the highest level of respiratory support received.
Vasopressor use was included only if administered as a con-
tinuous infusion. Renal replacement therapy during hospitali-
zation was described regardless of its receipt before
hospitalization. In-hospital death was defined as death from
any cause among case patients hospitalizedwith COVID-19.

Statistical Analysis
We used data from all case patients who were aged 18

years or older and were hospitalized with COVID-19 during 1
March to31December 2020 todescribedemographics of hos-
pitalized case patients and hospitalization rates by age, sex,
race/ethnicity, and site. All other analyses were limited to
sampledhospitalizedpatients forwhommedical recordabstrac-
tions were completed and a discharge disposition was known.

Data for sampled case patients were analyzed using SAS survey
procedures to account for sampling weights. We present pro-
portions by month with 95% CIs for binary measures and
medians with interquartile ranges for continuousmeasures. The
Taylor series linearizationmethodwas used for variance estima-
tion. For analyses using sampled data, unweighted case counts
and weighted percentages were presented. All analyses were
doneusingSAS, version9.4 (SAS Institute).

This activity was reviewed by CDC, and its conduct
was consistent with applicable federal law and CDC pol-
icy (see, for example, 45 C.F.R. part 46.102(l)(2), 21
C.F.R. part 56, 42 U.S.C. §241(d), 5 U.S.C. §552a, and 44
U.S.C. §3501 et seq.). Sites participating in COVID-NET
obtained approval from their state or local institutional
review board, as applicable.

Role of the Funding Source
This work was funded by the CDC, which was involved

in the design of the study; the collection, analysis, and

Table 1. Demographic Characteristics of Adults With Laboratory-Confirmed, COVID-19–Associated Hospitalizations

Variable All Hospitalized COVID-NET
Case Patients (n = 116 743)

Sampled Hospitalized COVID-NET
Case Patients (n = 18 508)

Participants,
n*

Unweighted Percentage
(95% CI)

Participants,
n*

Weighted Percentage
(95% CI)

Age group
18–49 y 30 779 26.4 (26.1–26.6) 7066 26.4 (25.8–27.0)
50–64 y 32312 27.7 (27.4–27.9) 5173 27.8 (27.1–28.4)
≥65 y 53 652 46.0 (45.7–46.2) 6269 45.8 (45.1–46.5)

Median age (IQR), y 62.0 48.1–74.6 62.1 48.1–74.4

Sex
Male 59 131 50.7 (50.4–50.9) 9410 51.1 (49.8–52.4)
Female 57 608 49.3 (49.1–49.6) 9098 48.9 (47.6–50.2)

Race/ethnicity†
Non-Hispanic White 46 923 40.8 (40.5–41.0) 7469 41.7 (40.5–42.9)
Non-Hispanic Black 31 019 26.9 (26.7–27.2) 4374 27.2 (26.1–28.4)
Non-Hispanic American

Indian/Alaska Native
1619 1.4 (1.3–1.5) 398 1.6 (1.3–1.9)

Non-Hispanic Asian/Pacific
Islander

5793 5.0 (4.9–5.2) 1449 5.3 (4.8–5.9)

Hispanic or Latino 23 079 20.0 (19.8–20.3) 4192 20.5 (19.6–21.4)

Surveillance site
California 8923 7.6 (7.5–7.8) 937 7.6 (6.7–8.6)
Colorado 11 206 9.6 (9.4–9.8) 1024 9.7 (9.0–10.4)
Connecticut 5708 4.9 (4.8–5.0) 1021 4.9 (4.4–5.4)
Georgia 17 478 15.0 (14.8–15.2) 955 15.2 (14.1–16.3)
Iowa 701 0.6 (0.6–0.6) 159 0.5 (0.4–0.7)
Maryland 25 909 22.2 (22.0–22.4) 1436 22.1 (20.9–23.3)
Michigan 3880 3.3 (3.2–3.4) 552 3.4 (3.0–3.8)
Minnesota 12 476 10.7 (10.5–10.9) 5849 10.6 (10.0–11.2)
New Mexico 5107 4.4 (4.3–4.5) 641 4.3 (3.9–4.8)
New York 6574 5.6 (5.5–5.8) 749 5.7 (5.1–6.3)
Ohio 4043 3.5 (3.4–3.6) 748 3.5 (3.1–3.8)
Oregon 2861 2.5 (2.4–2.5) 719 2.4 (2.1–2.8)
Tennessee 8045 6.9 (6.7–7.0) 1869 7.0 (6.4–7.5)
Utah 3832 3.3 (3.2–3.4) 1849 3.3 (3.0–3.7)

COVID-NET = Coronavirus Disease 2019–Associated Hospitalization Surveillance Network; IQR = interquartile range.
* Unweighted.
† All hospitalized case patients: people of >1 race/ethnicity, n = 377 (0.3%); unknown race/ethnicity, n = 7933 (6.8%). Sampled hospitalized case
patients: people of >1 race/ethnicity, n = 67 (0.4%); unknown race/ethnicity, n = 556 (3.2%).
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interpretation of the data; and the decision to approve publica-
tionof thefinishedmanuscript.

RESULTS

Demographic Characteristics of All COVID-19–
AssociatedHospitalizations andHospitalization
Rates

During 1 March to 31 December 2020, a total of
116743 adults in COVID-NET aged 18 years or older were
hospitalized with COVID-19. Among these 116743 case
patients, 26.4%were aged 18 to 49 years, 27.7%were aged
50 to 64 years, and 46.0% were aged 65 years or older
(Table 1). Overall, 50.7% were male, 40.8% were non-
Hispanic White, 26.9% were non-Hispanic Black, and 20.0%
were Hispanic; race/ethnicity was unknown in 6.8% of cases.
The distribution of hospitalized case patients varied by site.

The median age of hospitalized case patients was 62.0
years; median age decreased from 61 years in March to 55

years in June but subsequently increased to 65 years in
December (Supplement Table 1, available at Annals.org).

Monthly rates of COVID-19–associated hospitalization
peaked in April, July, and December 2020 (Figure 1, A);
overall rates ranged from 20.2 (March) to 105.3 (December)
per 100000 persons in the population (Supplement Table 2
[A], available at Annals.org) and were highest among adults
aged 65 years or older (Figure 1 [B]; Supplement Table 2
[A]). During most months, hospitalization rates were higher
(rate ratio, 1.0 to 1.3) amongmen thanwomen (Supplement
Table 2 [B], available at Annals.org). Hospitalization rates var-
ied by site and month; most sites had peak rates in
November or December 2020 (Supplement Table 2 [C],
available at Annals.org).

Demographic Characteristics of aWeighted
Sample of Adults HospitalizedWith COVID-19

Of the 116743 adults hospitalized with COVID-19
during March to December 2020, we included 18508

Figure 1. Rates (with 95% CIs) of COVID-19–associated hospitalization, ICU admission, and in-hospital death, by age group and
month.
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For hospitalization rate calculations, all identified cases in the Coronavirus Disease 2019–Associated Hospitalization Surveillance Network were used
(n= 116743). Unadjusted hospitalization rates per 100000 persons in the population were calculated by taking the total number of hospitalized case
patients each month, divided by 2019 bridged-race postcensal estimates of the population from the National Center for Health Statistics (NCHS), for the
counties included in surveillance. For calculation of ICU admission and in-hospital death rates, a sample of hospitalized case patients with completed
medical record review and a discharge disposition was used (n= 18508). Unadjusted ICU admission and in-hospital death rates per 100000 persons in
the population among hospitalized patients were calculated using the weighted number of sampled case patients per month with each outcome as the
numerator, divided by 2019 bridged-race postcensal estimates of the population from the National Center for Health Statistics (NCHS), for the counties
included in surveillance. ICU= intensive care unit.
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sampled case patients with completed medical record
abstractions and a discharge disposition in clinical analy-
ses. Demographic characteristics of sampled patients
were similar to those of all hospitalized patients overall
(Table 1) and across months (Supplement Table 1).

COVID-19–Associated ICUAdmissions and
Death Rates Based on aWeighted Sample of
Adults HospitalizedWith COVID-19

Peaks in monthly rates of ICU admission and in-hospital
death associated with COVID-19 mirrored that of hospitaliza-
tion (Figure 1 [A]; Supplement Table 3 [A], available at
Annals.org). Although rates of ICU admission and death
increased with age, trends over time were similar across all 3
age groups (Figure 1 [C andD]; Supplement Table 3 [A]).
Across all months, rates of ICU admission and death were

higher formen thanwomen (ICU admission rate ratio, 1.30 to
1.98; death rate ratio, 1.08 to 3.06).

COVID-19–AssociatedHospitalization, ICU
Admission, and In-Hospital Death Rates, by
Race/Ethnicity and Age Group

Rates of hospitalization, ICU admission, and death
associated with COVID-19 varied by race/ethnicity and
age group (Appendix Figure and Supplement Table 4
[A and B], available at Annals.org). Among persons aged
18 to 49 and 50 to 64 years, rates of each outcome were
highest for Hispanic persons, followed by non-Hispanic
Black persons, for each time period. Among those aged
65 years or older, rates of each outcome were highest
among non-Hispanic Black persons during March to
May; rates were similar for non-Hispanic Black and

Table 2. Clinical Characteristics of a Sample of Adults With Laboratory-Confirmed, COVID-19–Associated Hospitalization, by
Month (n = 18 508)

Variable Participants,
n*

Weighted Percentage (95% CI)

All Months March April May June July August September October November December

Facility

residence†

3110 16.4 (15.4–

17.4)

11.3 (9.0–

14.0)

30.1 (27.9–

32.3)

26.4 (24.1–

28.8)

14.4 (11.4–

17.8)

10.1 (8.1–

12.3)

15.9 (13.1–

19.1)

11.7 (8.8–

15.1)

11.0 (8.5–

14.0)

14.2 (12.0–

16.6)

14.3 (11.1–

17.9)
Health care

worker‡

809 3.2 (2.9–

3.7)

5.7 (4.0–

7.8)

5.6 (4.6–6.8) 5.0 (3.9–

6.3)

4.3 (2.8–6.5) 3.0 (1.9–4.4) 4.2 (2.7–6.2) 3.0 (1.7–4.8) 2.5 (1.4–4.0) 2.2 (1.5–3.1) 1.6 (0.8–3.0)

Current

tobacco
use§

1466 7.3 (6.7–

8.0)

4.5 (3.1–

6.3)

7.0 (5.8–8.3) 7.8 (6.4–

9.4)

9.9 (7.3–

12.9)

6.7 (5.1–

8.6)

10.3 (7.9–

13.2)

10.2 (7.3–

13.7)

7.4 (5.4–

9.9)

7.1 (5.7–

8.6)

6.2 (4.5–

8.3)

Underlying

conditions||

0 3577 16.0 (15.1–
16.9)

14.4 (11.7–
17.5)

12.8 (11.3–
14.5)

17.5 (15.6–
19.7)

27.5 (23.5–
31.7)

17.5 (15.0–
20.1)

19.9 (17.0–
23.1)

25.3 (21.4–
29.5)

14.2 (11.4–
17.3)

12.9 (11.2–
14.8)

14.4 (11.7–
17.4)

1 4692 22.5 (21.5–

23.6)

23.4 (20.2–

26.9)

22.1 (20.2–

24.2)

24.6 (22.3–

27.1)

22.6 (19.1–

26.5)

28.2 (25.1–

31.5)

22.0 (18.7–

25.6)

24.1 (20.2–

28.5)

23.9 (20.3–

27.8)

20.6 (18.4–

22.9)

20.4 (17.2–

23.8)

2 4389 24.9 (23.7–
26.0)

27.3 (23.8–
31.1)

25.5 (23.4–
27.7)

23.9 (21.6–
26.4)

22.6 (18.9–
26.6)

23.4 (20.5–
26.5)

23.1 (19.8–
26.7)

19.4 (15.9–
23.3)

24.7 (21.0–
28.7)

27.3 (24.7–
30.0)

25.2 (21.7–
28.9)

≥3 5850 36.6 (35.4–

37.9)

34.8 (31.0–

38.8)

39.6 (37.2–

41.9)

33.9 (31.3–

36.5)

27.3 (23.3–

31.5)

30.9 (27.7–

34.3)

35.0 (31.1–

39.0)

31.2 (26.8–

35.9)

37.2 (33.1–

41.4)

39.2 (36.3–

42.1)

40.1 (36.0–

44.3)

Symptom
onset to

admission

(IQR), d¶

12 372 4.7 (2.1–

7.0)

5.5 (2.5–

7.7)

4.8 (1.9–

6.9)

4.5 (1.9–
6.9)

4.4 (2.1–
6.8)

4.5 (2.1–
6.8)

4.1 (2.0–
7.0)

4.9 (2.1–
8.0)

4.8 (2.3–
6.9)

5.0 (2.2–
7.1)

4.6 (2.0–
7.3)

COVID-19
treatment**

Remdesivir 4923 36.1 (34.8–

37.5)

1.7 (0.8–

2.7)

2.8 (2.0–

3.5)

15.5 (13.7–

17.3)

29.9 (25.7–

34.0)

31.6 (28.4–

34.9)

32.1 (28.3–

35.8)

38.7 (34.1–

43.4)

45.5 (41.2–

49.7)

54.3 (51.4–

57.2)

53.8 (49.7–

57.9)

Systemic

corticost-

eroids

6856 54.8 (53.5–

56.1)

18.9 (15.7–

22.0)

20.9 (18.9–

22.9)

19.6 (17.3–

21.8)

31.2 (27.0–

35.4)

61.1 (57.7–

64.5)

59.2 (55.3–

63.1)

58.6 (54.0–

63.2)

65.0 (60.9–

69.1)

74.0 (71.5–

76.5)

74.2 (70.7–

77.7)

Convalescent
plasma

1938 10.5 (9.7–
11.3)

0.5 (0.0–
1.0)

3.8 (2.9–
4.7)

10.4 (8.8–
12.0)

12.4 (9.6–
15.3)

14.0 (11.6–
16.3)

11.6 (9.1–
14.2)

11.3 (8.4–
14.2)

17.4 (14.1–
20.7)

12.2 (10.3–
14.1)

9.7 (7.4–
12.0)

COVID-NET = Coronavirus Disease 2019–Associated Hospitalization Surveillance Network; IQR = interquartile range.
* Unweighted.
† Defined at the time of admission as residence in any of the following: rehabilitation facilities, assisted living/residential care, group homes, nursing
homes, skilled-nursing facilities, long-term care facilities, long-term acute care hospitals, alcohol/drug treatment centers. and psychiatric facilities.
Missing or unknown for 89 cases (1.2%).
‡ Refers to all paid and unpaid persons serving in health care settings who have the potential for direct or indirect exposure to patients or infectious
materials. Missing or unknown for 1437 cases (9.7%).
§ Missing for 228 cases (2.2%).
|| Number of underlying condition categories: chronic lung disease (including asthma), chronic metabolic disease (including diabetes mellitus), car-
diovascular disease (excluding hypertension), blood disorders, neurologic disorders, immunosuppressive conditions, chronic renal disease, rheu-
matologic/autoimmune conditions, hypertension, obesity (defined as body mass index ≥30 kg/m2), feeding tube dependence, ventilator
dependence, and wheelchair dependence. Missing or unknown for 22 cases (2.1%).
¶ Missing or unknown for 6136 cases (34.4%).
** Missing or unknown for 285 cases (2.9%).
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Hispanic persons during June to September; and rates
were highest for Hispanic persons, followed by non-
Hispanic Black persons, during October to December.

Monthly Trends in the Distribution of Clinical
Characteristics, Interventions, andOutcomes
Among aWeighted Sample of Adults Hospitalized
With COVID-19

Among the sample of 18508 patients with detailed
clinical data, the percentage hospitalized with COVID-19
who were admitted from a facility increased from 11.3%
in March to a peak of 30.1% in April, then decreased to
14.3% in December (Table 2). The percentage of case
patients identified as health care workers decreased
from 5.7% in March to 1.6% in December. Most case
patients had at least 2 underlying condition categories,
with small variations over time. However, use of COVID-
19–associated treatments varied significantly. From
March to December, remdesivir use increased from 1.7%
to 53.8% and systemic corticosteroid use from 18.9% to
74.2%. Although at least 40% of case patients received
hydroxychloroquine treatment in March and April, 1% or
fewer received it after May 2020 (Supplement Table 5,
available at Annals.org). Tocilizumab was used infre-
quently (2.5% overall); use peaked at 7.8% in April and
decreased to 0.4% in December.

The median length of stay for hospitalized patients
(including those discharged alive and those who died in
the hospital) decreased from 6.4 days in March to 4.7
days in July, then remained relatively unchanged from
July through December (Figure 2 [A]; Supplement Table
6, available at Annals.org). The percentage of hospital-
ized patients admitted to the ICU decreased from
37.8% in March to 20.5% in December (Figure 2 [B];
Supplement Table 6), with decreases across all age
groups. Vasopressor use similarly decreased from
22.7% in March to 12.8% in December (Figure 2 [C];
Supplement Table 6). Overall, 11.4% of case patients
hospitalized with COVID-19 died in the hospital; the per-
centage of deaths decreased from a high of 17.1% in
April to a low of 7.1% in June but remained stable or
increased from July through December (Figure 2 [D];
Supplement Table 6). Among case patients who were
discharged alive, 3.1% were discharged to hospice
(range, 1.2% in March to 4.1% in December) (data not
shown). Among adults aged 65 years or older, 6.7%
were discharged to hospice.

The percentage of hospitalized case patients receiv-
ing invasive mechanical ventilation as the highest level of
respiratory support decreased from 27.8% in March to
12.3% in December (Figure 3 [A]; Supplement Table 6);
trends were similar across age groups (Figure 3, B). The

Figure 2. Trends in median length of stay and percentages of interventions and outcomes among a sample of hospitalized adults
with COVID-19, by age group and month.
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percentage receiving oxygen via a high-flow nasal can-
nula increased from 5.6% in March to 8.7% in December
(Figure 3, A) but varied over time and across age groups
(Figure 3, C). The percentage receiving bilevel positive
airway pressure or continuous positive airway pressure
similarly increased from 2.5% in March to 7.5% in
December (Figure 3, A) and varied across age groups
(Figure 3,D).

DISCUSSION

Using a large, geographically diverse, population-based
surveillance network for COVID-19–associated hospitaliza-
tions during March to December 2020, we found that
monthly rates of COVID-19–associated hospitalization, ICU
admission, and in-hospital death were highest in December,
corresponding with the third peak of the U.S. pandemic.
Rates of all 3 outcomes were higher among older than
younger adults, men than women, and Hispanic and non-
Hispanic Black persons than non-Hispanic White persons
across the entire surveillance period. Among hospitalized
case patients, monthly trends in the percentage receiving
clinically effective interventions, such as systemic steroids,
remdesivir, and noninvasive respiratory support, increased.

Over the same period, the percentage requiring intensive
interventions, such as ICU-level care, invasive mechanical
ventilation, and vasopressor support, decreased. Although
the median age of hospitalized case patients and the per-
centage of in-hospital deaths decreased during the first 4
months of surveillance, median age subsequently increased,
and the percentage of in-hospital deaths remained stable or
increased during July through December. These data pro-
vide a longitudinal assessment of clinical trends among
adults hospitalized with COVID-19 before widespread
implementation of COVID-19 vaccines.

Community-level incidence of COVID-19 was likely the
largest contributor to observed trends in rates of hospitaliza-
tion, ICU admission, and in-hospital death associated with
COVID-19 (14); monthly changes in COVID-19 incidence
(https://covid.cdc.gov/covid-data-tracker/#datatracker-home)
correspondedwithmonthly changes inCOVID-NET hospitali-
zation rates. Rates of all 3 outcomes varied by age, sex, and
race/ethnicity. Similar to other studies, we found that older
age (3–10) and male sex (25–27) were associated with higher
rates of severe COVID-19 throughout the surveillance period.
Althoughwedid not adjust for such factors as age andunder-
lying conditions, we found that men had up to 2 times the
rate of ICU admission and3 times the rate of in-hospital death

Figure 3. Trends in highest level of respiratory support received among a sample of hospitalized adults with COVID-19, by age group
andmonth.
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of women. A recent global meta-analysis found that although
men and women had a similar number of SARS-CoV-2 infec-
tions, male sex was associated with increased odds of admis-
sion to an intensive therapy unit (odds ratio, 2.84) and death
(odds ratio, 1.39) (26). Although potential reasons for the
association between male sex and severe COVID-19 are still
being elucidated, theories include sex-related differences in
adaptive immunity to viral infections; differences in expression
of angiotensin-converting enzyme, which facilitates SARS-
CoV-2 viral entry; and sex-baseddifferences in theprevalence
of comorbid conditions and risk behaviors (such as tobacco
and alcohol use) that may be associated with severe COVID-
19 (26, 27).

Our analysis also contributes to an expanding body
of literature on racial and ethnic disparities related to
COVID-19 (5, 8, 28–33). Rates of hospitalization, ICU
admission, and in-hospital death were highest among
Hispanic persons across all age groups, followed by non-
Hispanic Black persons. Possible contributing factors,
which we did not account for in this analysis, include geo-
graphic differences in COVID-19 incidence and care
practices that may correlate with the geographic distri-
bution of racial/ethnic groups. Inequities in social deter-
minants of health with downstream effects on overall
health of racial/ethnic minority groups (34) likely also
contributed to these disparities. Other studies have simi-
larly found increased morbidity and mortality associated
with COVID-19 among non-Hispanic Black (33) and
Hispanic (35, 36) persons compared with non-Hispanic
White persons.

Despite the increase in rates of hospitalization, ICU
admission, and death during the winter peak of the pan-
demic, the percentage of hospitalized case patients who
required intensive interventions decreased substantially over
the surveillance period, as in other studies (11, 12, 14, 15).
Evolving practices of health care providers, guided by
increasing knowledge and experience in managing patients
with COVID-19, likely contributed to improved patient out-
comes (11, 12, 15). Although the percentage of patients
receiving invasive mechanical ventilation decreased over
time across all age groups, use of noninvasive respiratory
support, such as bilevel positive airway pressure, continuous
positive airway pressure, and high-flow nasal cannula,
increased. Several studies have shown improved outcomes
with prone positioning (37) and use of noninvasive ventilatory
support in lieu of invasive mechanical ventilation (11, 15, 38)
for patients with acute respiratory failure associated with
COVID-19. Decreasing use of invasive mechanical ventilation
may have also lessened the need for ICU-level care because
other types of respiratory support could be delivered in non-
ICU settings (39).

Increasing use of more effective treatments of
COVID-19 may also have improved outcomes among
patients hospitalized with COVID-19. Dexamethasone
has been shown to reduce 28-day mortality among
patients requiring supplemental oxygen or invasive me-
chanical ventilation (20); use of systemic corticosteroids
in our analysis increased from less than 20% in March to
almost 75% in December 2020. Remdesivir, which has
been shown to reduce time to clinical recovery in
patients with severe COVID-19 (19), was received by

fewer than 2% of patients in March, but this percentage
increased to more than 50% by December 2020.
Meanwhile, the use of medications found to be ineffec-
tive for treatment of COVID-19 (40), such as hydroxy-
chloroquine, decreased substantially by June 2020. Use
of other immunomodulatory agents was infrequent dur-
ing the period covered by our analysis. Recent data
among hospitalized patients with COVID-19 pneumonia
have shown reduced time to recovery and improved clin-
ical status with baricitinib (41) and reduced likelihood of
progression to mechanical ventilation or death with toci-
lizumab (42); accordingly, use of these agents in combi-
nation with dexamethasone alone or dexamethasone
plus remdesivir may increase.

Observed trends in clinical interventions and out-
comes may in part reflect a complex interplay between
COVID-19 incidence and health care system capacity (43).
As hospitalization rates peaked in different phases and
geographic locations, ICU admission rates likely also
increased. However, during peaks, the percentage of hos-
pitalized patients receiving ICU admission, mechanical
ventilation, or renal replacement therapy (44) could have
decreased or been capped because of the scarcity of
resources. An analysis from CDC's National Healthcare
Safety Network found that from April to July 2020, many
hospitals reported shortages of supplies for ventilators
and other resources (43). Changes in timing of discharge
and discharge disposition might also be influenced by
bed capacity or the ability to discharge patients to suba-
cute or long-term care facilities. In our analysis, almost 7%
of patients aged 65 years or older were discharged to
hospice. Among all case patients, the percentage dis-
charged to hospice increased from 1% in March to 4% in
December 2020. Patterns in mortality might also be influ-
enced by health care system capacity. One study done
among 88 Department of Veterans Affairs hospitals found
that strains on ICU capacity were correlated with higher
ICU mortality associated with COVID-19 (45). Linkage of
COVID-NET data to facility-level data could allow for more
direct examination of the effect of resource availability on
COVID-19–associated interventions and outcomes.

This analysis has several limitations. Because COVID-
NET covers approximately 10% of the U.S. population,
our findings may not be generalizable to the entire coun-
try. This analysis presented data for the entire network
and did not account for differences across sites; several
factors, including peaks in hospitalization rates and the
racial/ethnic distribution of case patients, varied by site.
Because SARS-CoV-2 testing was done at the discretion
of health care providers, COVID-NET may not have cap-
tured all COVID-19–associated hospitalizations. Changes
in testing practices over the course of the pandemic may
have influenced trends because sicker patients were
more likely to be tested early in the pandemic when test-
ing capacity was limited. This analysis included only data
on in-hospital outcomes; thus, we could not characterize
the burden of COVID-19–associated deaths outside the
hospital. The relative SEs for some estimates were
greater than 0.3, particularly for interventions or out-
comes with low prevalence, such as renal replacement
therapy or in-hospital deaths among patients aged 18 to
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49 years. Last, sample sizes were not sufficient to fully
explore differences in interventions and outcomes by
race/ethnicity or to produce estimates for all racial/ethnic
groups, including non-Hispanic American Indian or
Alaska Native and Asian or Pacific Islander patients.

In this analysis, done during the first 10 months of the
U.S. pandemic and before the large-scale availability of
COVID-19 vaccines, we found that monthly rates of
COVID-19–associated hospitalization, ICU admission, and
in-hospital death peaked in December 2020 and were
highest among older adults, men, and racial/ethnic minor-
ity groups. We saw encouraging trends in the percentage
of hospitalized patients receiving effective treatments of
COVID-19 and in the percentage requiring intensive inter-
ventions. These trends likely reflected increasing knowl-
edge, experience, and tools to combat COVID-19 among
health care systems and providers. However, this analysis
also highlights ongoing racial and ethnic disparities
related to outcomes associated with severe COVID-19. It
will be important to follow trends in patient characteristics,
interventions, and outcomes over time to monitor the
effects of clinical and public health interventions, includ-
ing vaccination, and to ensure that progress is being
made in closing the gap in racial and ethnic disparities
related to COVID-19 in the United States.
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Appendix Figure. Rates (with 95% CIs) of COVID-19–associated hospitalization, ICU admission, and in-hospital death, by age and
race/ethnicity.
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Y-axis scales vary across panels. “Hispanic” indicates Hispanic or Latino. ICU = intensive care unit.
* All hospitalized Coronavirus Disease 2019–Associated Hospitalization Surveillance Network (COVID-NET) case patients with known race/ethnicity who
were classified as non-Hispanic White, non-Hispanic Black, or Hispanic were included in this analysis (n= 101021). Unadjusted hospitalization rates per
100000 persons in the population were calculated by taking the total number of hospitalized case patients each month, divided by 2019 bridged-race
postcensal estimates of the population from the National Center for Health Statistics (NCHS), for the counties included in surveillance.
† A sample of hospitalized COVID-NET case patients with completed medical record review, a discharge disposition, and known race/ethnicity who
were classified as non-Hispanic White, non-Hispanic Black, or Hispanic was used in this analysis (n= 16035). Unadjusted rates of ICU admission and in-
hospital death per 100000 persons in the population among hospitalized patients were calculated using the weighted number of sampled cases per
month with each outcome as the numerator, divided by 2019 bridged-race postcensal estimates of the population from the National Center for Health
Statistics (NCHS), for the counties included in surveillance.
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