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Abstract

Antimicrobial use data reported to the National Healthcare Safety Network’s Antimicrobial Use
and Resistance Module between January 2019 and July 2022 were analyzed to assess the impact
of the COVID-19 pandemic on inpatient antimicrobial use.
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Early in the pandemic of coronavirus disease 2019 (COVID-19), rates of inpatient
antimicrobial use (AU) increased due to uncertainty about the optimal treatment of
hospitalized patients with COVID-19 [1-7]. However, studies published as early as 2020
showed that bacterial coinfections in hospitalized patients were uncommon at the time of
presentation, and guidelines emphasized that antibiotics were not indicated for patients
without evidence of bacterial coinfections [4-7].
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Over 2600 acute care hospitals across the United States voluntarily submit data on AU
electronically to the National Healthcare Safety Network (NHSN) AU Option from inpatient
and select outpatient locations [8]. We describe rates of antimicrobials administered to
hospitalized patients, as reported to the NHSN AU Option, to characterize changes in AU
during the COVID-19 pandemic.

METHODS

We conducted a retrospective analysis of facility-wide inpatient AU reported by acute care
hospitals to the NHSN AU Option between January 2019 and July 2022. Only hospitals
reporting data for all 43 months of the study period were included in the analysis. Long-
term acute care, orthopedic, inpatient rehabilitation, and surgical hospitals were excluded.
Facilities reporting zero days present [8], antimicrobial days of therapy greater than days
present, or antimicrobial days of therapy as “n/a” (missing) were also excluded.

We used data reported by facilities on the 2021 NHSN Patient Safety Component Annual
Hospital Survey to describe hospital characteristics such as facility type, bed size, and
teaching status [9]. We analyzed antibiotics administered via oral, parenteral, inhaled, and
intramuscular routes. We calculated monthly pooled mean rates as antimicrobial days of
therapy [8] per 1000 days present for all antibiotics (combined) reported to the AU Option
during the study period. We also reported monthly pooled AU rates for specific antibiotic
agents: azithromycin and ceftriaxone because they are commonly used agents for treating
community-acquired pneumonia (CAP) and piperacillin with tazobactam because of its
broad-spectrum coverage and use in treating hospital-onset infections. We summed the
number of new daily cases of COVID-19 in the United States, reported by the Centers for
Disease Control and Prevention, to the month-level to highlight changes in COVID-19 case
counts during the study period [10]. We used SAS version 9.4 (SAS Institute, Inc, Cary, NC)
for all analyses.

RESULTS

There were 2387 facilities that reported data to the NHSN AU Option during the study
period. Seventy-one facilities were excluded based on their facility-type. Of those remaining,
only 588 reported AU data during all 43 months, and 35 facilities were subsequently
excluded due to data quality issues. The final analysis included 553 acute care hospitals
(440 general acute care, 52 critical access, 41 Veterans Affairs, 12 children’s, 3 women’s,

2 women’s and children’s, 2 military, 1 oncology). The median hospital bed size was 178
(interquartile range: 80-317) beds, the median number of intensive care unit beds was 20
(interquartile range: 8-49), 78% of facilities were teaching hospitals, and 49% were major
teaching hospitals.

The denominator, days present, decreased during the first major wave of COVID-19 in
the United States in April of 2020, by approximately 30% when compared with the mean
2019 value. Increases in pooled mean rates for total antibiotics, azithromycin, ceftriaxone,
and piperacillin with tazobactam were observed in April 2020 during this first major wave
(Figure 1). Compared with April 2019, the total AU rate in April 2020 increased by 7%,
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azithromycin by 64%, ceftriaxone by 27%, and piperacillin with tazobactam by 5%. Rates
of use of azithromycin and ceftriaxone increased during each subsequent rise in COVID-19
cases reported, with larger increases observed in November and December of 2020 and
2021. However, these increases were smaller than those observed in April 2020. Rates of
piperacillin with tazobactam and total antibiotics also increased in December 2021, although
increases in use were less pronounced than those reported with ceftriaxone and azithromycin
(Figure 1).

DISCUSSION

This evaluation of facility-wide inpatient antimicrobial use in US hospitals showed an
increase in total AU and in the use of azithromycin, ceftriaxone, and piperacillin with
tazobactam in April 2020. This initial increase was likely due to diagnostic uncertainty
and limited data about the risk of secondary bacterial infection during the early months of
the COVID-19 pandemic and may also have been impacted by a higher acuity of illness
in hospitalized patients early in the pandemic. Although ceftriaxone and azithromycin are
often used together to treat CAP, a larger rate increase was reported during early months
for azithromycin, which may be attributed to publicized information, later disproven, of the
potential effectiveness of azithromycin against severe disease early in the pandemic [11].
There was less variation month to month among the total antibiotics group, likely because
data are aggregated across many drugs, some of which may have decreased or remained
unchanged during the study period, causing other increases to be muted.

Although the use of ceftriaxone and azithromycin increased during each subsequent
COVID-19 wave, the magnitude was not as large as the initial increase reported during

the spring of 2020, despite subsequent COVID-19 waves being considerably larger. This
finding could be due to a combination of factors, including increased availability of
diagnostic testing, introduction of vaccines and therapeutics for COVID-19, release of
clinical treatment guidelines for managing COVID-19, increased studies demonstrating the
rarity of bacterial coinfections on hospital admission, and focus on antibiotic stewardship
efforts [7]. The use of piperacillin with tazobactam increased the most during the initial
COVID-19 wave and then only increased again during the largest winter 2022 wave. It is
likely that the rise in April 2020 was due both to a drop in total days present and a rise in
the severity of illness in hospitals, as elective admissions were cancelled, leaving a larger
proportion of hospitalized patients at relatively higher risk of developing drug-resistant
infections and healthcare-associated infections, which increased during the pandemic [12].
The rise in AU during the winter 2022 surge was mostly likely driven by high rates of
hospitalization and secondary infections among patients with COVID-19 as hospital days
present were stable during that time [12].

This study has several limitations. The AU Option does not collect patient- or encounter-
level data; thus, COVID-19 burden, rates of comorbid conditions and coinfections among
hospitalized patients, and appropriateness of treatment cannot be assessed. Additionally,
larger facilities that see more patients and have larger denominators (days present) contribute
more data to pooled rates; therefore, larger facilities may be overrepresented when reporting
the pooled mean metric.
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This analysis provides a broad perspective on hospital antibiotic use during the COVID-19
pandemic. Lessons learned from the COVID-19 pandemic suggest that a continued focus
on optimizing antibiotic stewardship efforts along with ongoing work on improving the
diagnosis and management of respiratory tract infections will help mitigate challenges with
antibiotic use in future COVID-19 waves and, potentially, other pandemics. The NHSN AU
Option provides a mechanism for healthcare facilities and public health agencies to monitor
AU, identify opportunities for quality improvement, and optimize patient safety. Facilities
can leverage their AU data to focus antibiotic stewardship efforts and improve the diagnosis
and management of patients hospitalized with community-onset respiratory infections.
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Figure 1.
Pooled mean AU rates and new COVID-19 cases, January 2019 through July 2022, by

month, among the 553 acute care hospitals reporting to the National Healthcare Safety
Network AU Option for all 43 months of the study period. Abbreviations: AU, antimicrobial
use; COVID-19, coronavirus disease 2019. Source: https://www.cdc.gov/coronavirus/2019-
ncov/science/community-levels.html/.
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