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We described antibiotic use among inpatients with coronavirus 
disease 2019 (COVID-19). Most COVID-19 inpatients received 
antibiotic therapy. We also described hospital-wide antibiotic 
use during 2020 compared with 2019, stratified by hospital 
COVID-19 burden. Although total antibiotic use decreased 
between years, certain antibiotic use increased with higher 
COVID-19 burden.
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Coronavirus disease 2019 (COVID-19) has presented un-
precedented challenges for US hospitals. Recent reports es-
timate that more than 70% of COVID-19 inpatients receive 
antibiotic therapy despite low prevalence of secondary bac-
terial infections among inpatients with COVID-19 [1–4]. 
The objectives of this analysis were to describe antibiotic 
use among hospitalized inpatients diagnosed with COVID-
19 and hospital-wide antibiotic use in a large cohort of US 
hospitals during 2020 compared with 2019 stratified by 
COVID-19 burden.

METHODS

We conducted a retrospective study of adult and pediatric in-
patient hospitalizations at US hospitals included in the Premier 
Healthcare Database Special COVID-19 Release ([PHD-SR] 
release date January 10, 2021). The PHD-SR contains hos-
pital discharge records for all adult and pediatric inpatients 
discharged from participating general acute care, non-federal 
US hospitals [5]. We included hospitals reporting at least 
100 antibiotic days of therapy (DOT) per 1000 patient days 
(PDs) during all months of the study period, and we excluded 

hospitals with incomplete reporting of DOT or PDs. One DOT 
represents the use of a single antibiotic on a given day regard-
less of the number of doses or dosage strength. A COVID-19 
inpatient hospitalization was defined as a primary or secondary 
International Classification of Diseases, Tenth Revision, Clinical 
Modification (ICD-10-CM) diagnosis code of B97.29 (other 
coronavirus as the cause of disease classified elsewhere) in ad-
ministrative data for an inpatient admitted during February–
April 2020 and discharged during March–April, or a primary 
or secondary ICD-10-CM diagnosis code of U07.1 (COVID-
19; introduced April 2020) for an inpatient discharged during 
April–October 2020 [6–8].

For each inpatient discharge, we identified antibiotics listed 
in the US Food and Drug Administration’s National Drug Code 
Directory [9] that the inpatient received during the hospitali-
zation based on hospital charge data. Only antibiotics adminis-
tered by oral or parenteral routes were included. We calculated 
antibiotic use as DOT/1000 PDs and defined the proportion of 
hospital discharges in which an inpatient received at least 1 dose 
of an antibiotic during their stay.

We described demographic and clinical characteristics for 
inpatients diagnosed with COVID-19 and stratified by receipt 
of an antibiotic during their stay. The PHD-SR defines urban 
settings as areas whose (1) core census blocks have a popu-
lation density of at least 1000 people per square mile and (2) 
surrounding census blocks have an overall density of at least 
500 people per square mile; areas that did not meet this defi-
nition were considered rural [5]. Critical care was defined as 
admission to an intensive care unit or critical care unit. We de-
scribed the proportion of antibiotic agents used in inpatients 
with COVID-19 and stratified by critical care admission and 
invasive mechanical ventilation. Critical care admission and 
invasive mechanical ventilation at any time during hospitaliza-
tion, independent of antibiotic receipt, were determined using 
inpatient billing records; in-hospital mortality was determined 
using inpatient discharge status [7].

To assess the impact of COVID-19 burden on hospital-
wide antibiotic use, each hospital admission month during 
March–October 2020 was categorized into quartiles based 
on the rate of COVID-19 cases per 10  000 discharges. 
Therefore, a hospital could appear in different quartiles for 
different months depending on their COVID-19 burden for 
a given month but would only appear in one quartile during 
a given month. Hospitals without COVID-19 cases were in-
cluded. We compared differences in hospital-wide antibi-
otic use during March–October 2019 and 2020 for hospital 
months in each quartile to assess the effect of COVID-19 
burden on antibiotic DOT/1000 PDs by type of antibiotic. 
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Median difference in DOT/1000 PDs was calculated for each 
COVID-19 burden quartile, and the Wilcoxon signed-rank 
test was used to evaluate statistical significance; P < .01 was 
considered significant.

This activity was reviewed by the Centers for Disease Control 
and Prevention (CDC) and was conducted consistent with 
applicable federal law and CDC policy (see the following: 45 
C.F.R.  part 46; 21 C.F.R.  part 56; 42 U.S.C. §241(d), 5 U.S.C. 
§552a, 44 U.S.C. §3501 et seq.). All data were analyzed using 
PySpark (Python) on the Data Collation and Integration for 
Public Health Event Response (DCIPHER) platform and SAS 
version 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Of 716 hospitals, 67.9% were located in urban settings, 69.8% 
had fewer than 300 beds, and 97.6% reported having inpatients 
with COVID-19 (Supplemental Appendix Table 1). Overall, 
213 338 inpatients had a COVID-19 diagnosis (Table 1). Most 
(77.3%) inpatients diagnosed with COVID-19 received at least 
1 antibiotic day during their stay, and 81.3% of those who re-
ceived an antibiotic were started on admission. Differences in 
distribution of race/ethnicity were small, ranging from 0.02% 
to 3.66% between inpatients with COVID-19 who received 
antibiotics and those who did not. Comparing inpatients with 
COVID-19 who received antibiotics with those who did not, 

Table 1. Characteristics of Inpatients With COVID-19a Stratified by Antibiotic Receipt

Inpatient Characteristics

Inpatients With COVID-19

Total  
N = 213 338 (%)

Received Antibiotics  
 N = 164 943 (77.3%) 

Did Not Receive Antibiotics  
N = 48 395 (22.7%)

Sex    

Male 109 818 (51.5) 86 085 (52.2) 23 733 (49.0)

Female 103 380 (48.5) 78 763 (47.8) 24 617 (50.9)

Unknown 140 (<0.1) 95 (<0.1) 45 (<0.1)

Age, mean (IQR), years 61.5 (26.0) 62.4 (25.0) 58.6 (29.0)

Age Group, years    

0–17 2056 (1.0) 1179 (0.7) 877 (1.8)

18–49 50 328 (23.6) 36 552 (22.2) 13 776 (28.5)

50–64 58 057 (27.2) 45 188 (27.4) 12 869 (26.6)

65–84 80 875 (37.9) 64 420 (39.1) 16 455 (34.0)

≥85 22 022 (10.3) 17 604 (10.7) 4418 (9.1)

Race    

White 119 440 (56.0) 92 773 (56.2) 26 667 (55.1)

Black 45 404 (21.3) 34 994 (21.2) 10 410 (21.5)

Asian 5635 (2.6) 4158 (2.5) 1477 (3.1)

Other 30 698 (14.4) 24 268 (14.7) 6430 (13.3)

Unknown 12 161 (5.7) 8750 (5.3) 3411 (7.0)

Ethnicity    

Hispanic 45 503 (21.3) 35 187 (21.3) 10 316 (21.3)

Non-Hispanic 130 596 (61.2) 99 602 (60.4) 30 944 (64.0)

Unknown 37 239 (17.5) 30 154 (18.3) 7085 (14.6)

Location From Which Inpatient Was Admitted    

Nonhealthcare point of origin 173 093 (81.1) 134 859 (81.8) 38 234 (79.0)

Clinic 10 973 (5.1) 8157 (4.9) 2816 (5.8)

Transfer from a different hospital 15 893 (7.4) 11 149 (6.8) 4744 (9.8)

Transfer from skilled nursing or intermediate care facility, or born 
inside hospital 

8336 (3.9) 6927 (4.2) 1409 (2.9)

Antibiotic started on admissionb 134 071 (62.8) 134 071 (81.3) -

Length of therapy (LOT)c, mean (IQR), days 4.7 (5.0) 6.0 (5.0) -

Critical care admissiond 96 218 (45.1) 81 139 (49.2) 15 079 (31.2)

Invasive mechanical ventilationd 30 944 (14.5) 29 662 (18.0) 1282 (2.6)

Length of hospital stay, mean (IQR), days 8.4 (7.0) 9.4 (8.0) 5.0 (4.0)

In-hospital mortality 29 082 (13.6) 26 677 (16.2) 2405 (5.0)

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range.
aA COVID-19 inpatient hospitalization was defined as a primary or secondary International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) diagnosis code of 
B97.29 (other coronavirus as the cause of disease classified elsewhere) in administrative data for an inpatient admitted during February–April 2020 and discharged during March–April, or a 
primary or secondary ICD-10-CM diagnosis code of U07.1 (COVID-19) for an inpatient discharged during April–October 2020.
bDay 1 of hospitalization or earlier.
cOne LOT represents the use of any antibiotic on a given day regardless of the number of antibiotics, doses, or dosage strength.
dIdentified using inpatient billing records, independent of antibiotic receipt.
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49.2% vs 31.2% were admitted to critical care, 18.0% vs 2.6% re-
quired invasive mechanical ventilation, and 16.2% vs 5.0% died, 
respectively. Inpatients with COVID-19 and on antibiotics had 
longer lengths of stay (mean 9.4 vs 5.0  days) compared with 
those without an antibiotic (Table 1).

The antibiotic use rate in inpatients with COVID-19 was 889 
DOT/1000 PDs, with a rate of 932 DOT/1000 PDs among in-
patients admitted to critical care and 988 DOT/1000 PDs among 
those requiring invasive mechanical ventilation (Supplemental 
Appendix Table 2). It is notable that 49.7% of COVID-19 

inpatients received at least 1 antibiotic day of ceftriaxone, 44.3% 
received azithromycin, and 35.6% received a combination of 
both. Larger proportions of COVID-19 inpatients admitted to 
critical care or requiring invasive mechanical ventilation re-
ceived vancomycin, cefepime, piperacillin-tazobactam, and 
meropenem compared with all inpatients with COVID-19. 
Among adult inpatients with COVID-19 (≥18 years), 77.5% re-
ceived an antibiotic. In adult COVID-19 inpatients, penicillin 
and first- or second-generation cephalosporins were rarely 
used, 1.7% and 5.7%, respectively (Supplemental Appendix 

Table 2. Median Hospital-Wide Antibiotic Usea by Rate of COVID-19 per 10 000 Dischargesb, March–October 2019 and March–October 2020

 Rate of COVID-19 per 10 000 Dischargesc Total (0.00, 7931.03)
Quartile 1  

(0.00, 79.58)
Quartile 2  

(79.68, 275.33)
Quartile 3  

(275.34, 617.41)

Quartile 
4 (617.67, 
7931.03)

 Median Antibiotic Days of Therapy/1000 Patient Days

All Antibiotics 2019 932 976 892 904 978

2020 917 940 876 894 967

Median Difference –4.29 –19.93 –0.86 4.57 –4.33

P Value <.0001 <.0001 .0866 .4945 .0280

Ceftriaxone 2019 135 152 128 127 140

2020 147 149 134 142 173

Median Difference 11.76 1.20 7.12 14.14 26.66

P Value <.0001 .8071 <.0001 <.0001 <.0001

Vancomycin 2019 137 131 131 137 146

2020 127 126 126 127 128

Median Difference –7.15 –4.52 –4.53 –6.23 –13.51

P Value <.0001 .0068 <.0001 <.0001 <.0001

Piperacillin-Tazobactam 2019 116 109 111 116 126

2020 108 100 104 111 116

Median Difference –4.02 –2.13 –2.56 –2.48 –9.21

P Value <.0001 .0088 .0009 .0004 <.0001

Cefepime 2019 51 35 53 57 58

2020 58 36 61 62 67

Median Difference 4.75 0.00 6.04 5.50 7.83

P Value <.0001 .0087 <.0001 <.0001 <.0001

Azithromycin 2019 54 63 50 48 57

2020 59 50 50 56 89

Median Difference 3.70 –7.91 0.46 6.30 26.78

P Value <.0001 <.0001 .0554 <.0001 <.0001

Meropenem 2019 22 14 21 23 26

2020 22 11 22 25 27

Median Difference 0.00 0.00 0.00 0.81 0.67

P Value .0002 .2519 .2581 <.0001 .0050

Doxycycline 2019 21 21 21 21 20

2020 23 19 22 23 25

Median Difference 0.63 0.00 1.21 1.51 2.02

P Value <.0001 .0071 .0002 <.0001 <.0001

Levofloxacin 2019 31 33 26 29 36

2020 20 19 18 20 23

Median Difference –6.88 –6.70 –5.93 –7.07 –8.93

P Value <.0001 <.0001 <.0001 <.0001 <.0001

Abbreviations: COVID-19, coronavirus disease 2019.
aHospital-wide antibiotic use rates among all inpatients.
bEach hospital admission month during March–October 2020 was categorized into quartiles by COVID-19 burden based on the rate of COVID-19 cases per 10 000 discharges. A hospital 
could appear in one quartile for 1 month and another quartile for a different month.
cMinimum and maximum rate of COVID-19 cases per 10 000 discharges for hospitals in each quartile.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab236#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab236#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab236#supplementary-data
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Table 3). Among pediatric COVID-19 inpatients (<18  years), 
57.3% received an antibiotic, 14.2% received penicillin, and 
8.5% received a first- or second-generation cephalosporin. The 
proportion of inpatients with COVID-19 receiving antibiotics 
was lower during September–October (71.3%) than during 
March–May (80.2%); however, the percentage difference in 
total DOT/1000 PDs ranged from 2.3% to 7.6% across all time 
periods (March–May, June–August, September–October) 
(Supplemental Appendix Table 4).

During March–October 2020, the median hospital rate of 
COVID-19 was 275.34 per 10  000 discharges ranging from 
0.00 in the first quartile (minimum, 0.00; maximum, 79.58) to 
1077.33 in the fourth quartile (minimum, 617.67; maximum, 
7931.03). Compared to other quartiles, hospitals in the first 
quartile were smaller (42.9%, 0–99 beds), more rural (44.2%), 
and mostly nonteaching hospitals (79.8%) (Supplemental 
Appendix Table 1). Hospital-wide antibiotic use was signif-
icantly lower during March–October 2020 compared with 
March–October 2019, overall and for hospitals with the lowest 
burden of COVID-19 (Table 2). In hospitals with a higher 
burden of COVID-19, DOT/1000 PDs of ceftriaxone, cefepime, 
azithromycin, and doxycycline increased, with the largest in-
creases in median difference observed in hospitals with pro-
gressively higher COVID-19 burden. The use of vancomycin, 
piperacillin-tazobactam, and levofloxacin was consistently 
lower in 2020 compared with 2019 across all hospitals regard-
less of COVID-19 burden.

DISCUSSION

Although total antibiotic use was lower during March–October 
2020 compared with 2019, almost 80% of inpatients hospital-
ized with COVID-19 received antibiotics, frequently those 
used to treat lower respiratory tract infections in hospitalized 
inpatients [10, 11]. Approximately half of hospitalized in-
patients received ceftriaxone, commonly in combination with 
azithromycin. Although diagnosis date of COVID-19 is unavail-
able, reassessing empiric antibiotic therapy in inpatients with 
suspected COVID-19 to stop or tailor treatment when more 
clinical and diagnostic information is available may optimize 
inpatient outcomes and prevent adverse events [12]. Higher 
rates of cefepime and meropenem prescribing were observed 
(1) in quartiles with the most COVID-19 burden and (2) in 
critically ill inpatients with COVID-19. In contrast, prescribing 
of vancomycin and piperacillin-tazobactam decreased in 2020 
compared with 2019, which suggests a possible decline in em-
piric prescribing on admission and throughout hospitalization 
with preferential use of cefepime for complicated lower respira-
tory tract infection. Antibiotic stewardship programs can play a 
critical role in optimizing treatment guidelines and supporting 
the administration of novel therapeutics for the treatment of in-
patients with COVID-19 [13].

Administrative data are collected primarily for billing pur-
poses and adapted for research. There is possible misclassi-
fication in pharmacy, clinical, facility information, and unit 
classification. Similar administrative data have been used to 
calculate antibiotic use in US hospitals, and our 2019 estimates 
are similar to previous estimates [14, 15]. Our estimates were 
limited to acute, non-federal hospitals in the United States and 
do not adequately represent children’s hospitals. As we calcu-
lated DOTs/1000 PDs and stratified by admission month, DOTs 
in our data could represent a 2-month period or more with in-
patients that have hospital stays crossing the monthly threshold, 
potentially impacting monthly calculations.

CONCLUSIONS

We present antibiotic use data from 716 hospitals, which makes 
our study one of the largest to date quantifying antibiotic use 
while accounting for COVID-19 burden and comparing to an-
tibiotic DOT/1000 PDs in the same hospitals in 2019. The ma-
jority of inpatients hospitalized with COVID-19 in this dataset 
received antibiotics on admission. Data show limited reported 
evidence for secondary bacterial infections [1–4]. Antibiotic 
stewardship programs can leverage their infrastructure to ad-
dress challenges that the COVID-19 pandemic has presented to 
healthcare professionals in the hospital setting [12]. Ensuring 
resiliency and continuity of hospital stewardship programs is 
critical to optimize the treatment and outcomes of all inpatients 
and those with COVID-19 [16, 17].
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