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Despite estimates that < 10% of peo-
ple with COVID-19 have a bacte-
rial coinfection, empiric antibiotic 

use occurs in > 50% of patients hospital-
ized with COVID-19.1-3 Within the Veter-
ans Health Administration, Dieringer et 
al found that trends in antibiotic use dur-
ing the first 5 months of the pandemic ne-
gated the downward trend of antibiotic use 
achieved through antibiotic stewardship 
(AS) in the 5 years prior to the pandemic.4

Inappropriate antibiotic use during the 
COVID-19 pandemic has been reported to 
drive antibiotic resistance and related ad-
verse effects.5-8 Clinical guidance for anti-
biotic therapy to treat COVID-19 from the 
National Institutes of Health (NIH) and the 
World Health Organization (WHO) emerged 
early in the pandemic.9,10 While discourag-
ing broad antibiotic use for COVID-19 infec-
tion, initial guidance for diagnosis of bacterial 
coinfection remained ambiguous. Addition-
ally, guidance from the NIH and WHO listed 
older patients as a higher risk population for 
coinfections and leaned on clinical judgment 
for differentiation. 

Some institutions developed local  

guidance and strategies to reduce inappropri-
ate antibiotic use in the treatment of COVID-
19.11-14 Pettit et al compared before vs after 
implementation of antibiotic use guidelines 
in patients with COVID-19 at a single cen-
ter and found a statistically significant de-
crease in use (74.5% to 42.1%; P < .001) and 
duration (1.3 days shorter; P < .001) of an-
tibiotics.13 Anderson et al also demonstrated 
a reduction in use (61.8% vs 44.4%; P = 
.002) and shorter antibiotic duration (2 days 
shorter; P = .03) after implementation of an 
electronic medical record (EMR)-based cli-
nician best practice alert at 7 hospitals in a 
single health care system.14 However, these 
interventions were resource intensive and 
posed challenges for implementation at sites 
with limited AS program (ASP) support. 

AS collaboratives have increased produc-
tivity among member ASPs through shared 
resources.15-17 Veterans Integrated Service 
Network (VISN) 9 includes 5 facilities in 
Tennessee and Kentucky with varied ASP 
models and developed an AS collaborative in 
January 2020. This multidisciplinary group 
included infectious diseases (ID), hospital 
medicine, and critical care physicians, as well 

Background: Limited data and resources drove clinical 
collaboration during the COVID-19 pandemic. In July 2021, a 
stewardship collaborative among Veterans Integrated Service 
Network (VISN) 9 facilities developed COVID-19 guidance for 
bacterial coinfection in patients hospitalized with COVID-19. 
However, the method for disseminating the guidance and its 
impact on antibiotic use and appropriateness was unknown.
Methods: Electronic medical records (EMRs) of patients with 
COVID-19 admitted to VISN 9 facilities from August 2020 to 
August 2021 (preguidance) and November 2021 to November 
2022 (postguidance) were reviewed. Data on COVID-19 
infection, hospitalization, and antibiotic use were obtained 
from the US Department of Veterans Affairs Corporate Data 
Warehouse. COVID-19–specific antibiotic stewardship (AS) 
interventions and guidance distribution plans were collected 
from each facility. A random sample of EMRs from patients 
who received antibiotics within 4 days of hospital admission 
were reviewed for appropriateness, defined as meeting  

≥ 1 guidance criteria. Antibiotic use for nonrespiratory 
infections was excluded. Pre- and postguidance antibiotic use 
and appropriateness were analyzed using multivariable logistic 
regression. 
Results:  Facility-specific interventions and guidance 
distribution varied among sites. Overall, the odds of receiving 
an antibiotic during the first 4 days of admission were 
33% lower in the postguidance period (adjusted odds ratio 
[AOR], 0.67; 95% CI, 0.58-0.77). For patients prescribed an 
antibiotic, appropriateness in the postguidance period was not 
significantly different from the preguidance period (AOR, 0.98; 
95% CI, 0.72-1.35). 
Conclusions: Antibiotic use for bacterial coinfection in COVID-
19 significantly decreased after dissemination of collaboratively 
developed clinical guidance in a VISN incorporating 5 facilities 
with heterogeneous AS resources. This approach may 
encourage more resource-limited AS programs to collaborate 
to optimize antibiotic use for other infections.
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as pharmacists. The facilities’ ASPs relied on 
the collaborative to develop shared resources 
to address empiric antibiotic use in patients 
with acute COVID-19, which led to the cre-
ation of guidance for identification and treat-
ment of bacterial coinfection in patients with 
COVID-19. This guidance was disseminated 
to all collaborative facilities for implementa-
tion by the individual ASPs.

This study sought to (1) describe the dis-
semination of the clinical guidance at each 
facility; (2) evaluate the potential impact of 
this guidance document on antibiotic use 
in hospitalized patients with COVID-19; 
and (3) evaluate appropriate antibiotic use 
and mortality of hospitalized patients with 
COVID-19 before and after dissemination 
of the guidance to assess for potential unin-
tended consequences. The authors aimed to 
share this work to increase support for the 
development and use of ASPs to increase 
performance via shared resources to opti-
mize antimicrobial prescribing not only for 
COVID-19 but other infections. 

METHODS
Prior to guidance creation, 2 sites (A and 
D) did not have formal intervention for an-
tibiotic use in patients with COVID-19. Site 
B conducted prospective audit and feed-
back via ASP pharmacists. Site C designated 
a multidisciplinary COVID-19 committee 
to develop facility guidance for COVID-19 
treatment, education, and patient review 
as well as required ID e-consultations for 
COVID-19 therapeutics, but did not have 
formal guidance for antibiotic use. Site E 
used prospective audit and feedback by ASP 
pharmacists, held critical care huddles to 
review patients with COVID-19 in the in-
tensive care unit (ICU), and required ID e-
consultations for patients with COVID-19, 
all of which addressed COVID-19 therapeu-
tics and antibiotic use (Appendix 1).

Guidance Development and Distribution
A multidisciplinary group of ID, acute 
care, and critical care clinicians from 
each VISN 9 facility developed guidance 
for the use of empiric antibiotic ther-
apy in patients with COVID-19. It tar-
geted antibiotic use for outpatients and 
inpatients within the first 4 days of hos-
pitalization and recommended deferring 

antibiotics unless 1 of 4 risk factors was 
present: (1) leukocytosis; (2) fever after 
initial defervescence; (3) unilobar consol-
idation on chest imaging; or (4) sepsis.

The guidance document was approved by 
the VISN Pharmacy Benefits Management 
group in July 2021. These recommendations 
provided previously lacking formal guidance 
for the identification of bacterial coinfection 
in COVID-19. All 5 VISN 9 sites distributed 
the guidance to hospital leadership and staff, 
with select sites implementing additional in-
terventions to ensure compliance.

Risk factors for bacterial coinfection out-
lined in the document were validated on a 
subgroup of inpatients at 2 sites. An EMR re-
view was completed on about 400 patients 
admitted with COVID-19; data on risk fac-
tors for bacterial coinfection were collected 
and analyzed, along with documentation of 
bacterial coinfection. When no risk factors 
were present, the negative predictive value 
for bacterial coinfection was 96.7%.18 

Data Extraction
Data from patients admitted to a VISN 9 site 
from August 1, 2020, to August 31, 2021, 

TABLE 1. Baseline Characteristics 
Preguidance Postguidance P value

Patients, No. 1832 2083

Age, mean (SD), y 69.1 (13.1) 70.4 (13.3) < .01

Female sex, No. (%) 88 (4.80) 105 (5.04) .73

Body mass index, mean (SD) 30.6 (7.1) 28.7 (7.3) < .01

Race, No. (%)
White
Black
American Indian/Alaskan Native
Hawaiian/Pacific Islander
Asian
Unknown

1261 (68.83)
458 (25.00)

12 (0.66)
8 (0.44)
6 (0.33)
87 (4.75)

1448 (69.52)
484 (23.24)

4 (0.19)
9 (0.43)
2 (0.10)

136 (6.53)

.01

Site, No. (%)
A
B
C
D
E

327 (17.85)
282 (15.39)
389 (21.23)
343 (18.72)
491 (26.80)

348 (16.71)
388 (18.63)
397 (19.06)
433 (20.79)
517 (24.82)

.01

Vaccinated, No. (%) 271 (14.79) 1261 (60.54) < .01

Inpatient steroids, No. (%) 891 (48.64) 738 (35.43) < .01

Length of stay, mean (SD), d 
   Total
   Intensive care unit

9.2 (9.8)
1041 (56.8)

9.5 (11.5) 
1075 (51.6)

.35
< .01
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(preguidance) and November 1, 2021, to 
November 30, 2022, (postguidance) were 
extracted from the VA Corporate Data Ware-
house. Patients with a positive COVID-19 
test were included. Patients were excluded 
if the positive COVID-19 test was > 2 weeks 
before the admission date or > 4 days after 
the admission date. Patients receiving long-
term antibiotics or antibiotics prior to admis-
sion that were continued on admission were 
excluded.

Age, sex, and obesity have been asso-
ciated with higher odds of having a bacte-
rial coinfection in COVID-19, and receipt 
of nonantibiotic medications for COVID-19 
has been shown to be associated with dif-
ferences in race, sex, and age, among other 
factors.19,20 Age, sex, race, body mass index 
(BMI), COVID-19 vaccination status, length 
of hospital stay, receipt of steroids, ICU stay, 
and mortality (ie, inpatient, ≤ 30-day postdis-
charge) were collected and analyzed. 

Outcomes 
The primary outcome was the adjusted odds 
ratio (AOR) of receiving an antibiotic during 
the first 4 days of hospitalization in the post-

guidance period compared with the preguid-
ance period. Antibiotic appropriateness was 
evaluated in a convenience sample repre-
senting about 50% of the cohort, randomly 
selected by a number generator (Microsoft 
Excel, version 2308) from all patients who 
received an antibiotic within the first 4 days 
of hospitalization. The presence of leuko-
cytosis, fever, documentation of sepsis, or 
chest X-ray imaging with focal consolida-
tion concerning for lobar bacterial pneu-
monia was extracted via EMR review. If a 
patient met ≥ 1 criteria, the antibiotic was 
considered appropriate. When there were 
questions or discrepancies, the EMR was re-
viewed by a physician or pharmacist from a 
different site for adjudication. 

The EMR was also reviewed for nonrespi-
ratory infectious indications that would ne-
cessitate an antibiotic, and these patients were 
excluded. A postselection analysis of the se-
lected sample was performed to ensure the 
proportional percentage of all EMRs selected 
and reviewed from each facility mirrored the 
proportion of patients with antibiotics pre-
scribed from each facility (Appendix 2). An-
tibiotic appropriateness was reported as the 
AOR of the antibiotic being appropriate in the 
pre- vs postguidance period. 

Analysis
To evaluate antibiotic use and appropriate-
ness, AORs were calculated using a multi-
variable logistic regression adjusted for 
facility, sex, age, BMI, race, and ICU admis-
sion. Subanalyses to evaluate facility-specific 
antibiotic prescribing and appropriateness 
were performed using multivariable logis-
tic regression but restricted to each individ-
ual site. 
Mortality. Although an increase in mortality 
was not expected, a secondary analysis was 
performed to evaluate mortality after guidance 
implementation using a multivariable logis-
tic regression adjusted for site, sex, age, BMI, 
race, ICU stay, preadmission vaccination sta-
tus, receipt of antibiotics within the first 4 days 
of admission, inpatient use of steroids, and 
hospital length of stay. Any unexpected in-
crease in mortality was investigated to ensure 
it was not due to guidance implementation.
Missing Values. There were 431 missing BMI 
values, 272 preimplementation and 159 
postimplementation, of which 50 and 24, 

TABLE 2. Antibiotics Prescribed to Patients With COVID-19

Site

Preguidance, No. (%) Postguidance, No. (%)

AOR (95% CI)Pt Prescribed antibiotic Pt Prescribed antibiotic

A 327 131 (40.1) 348 127 (36.5) 0.92 (0.67-1.28)

B 282 146 (51.8) 388 220 (56.7) 1.32 (0.96-1.82)

C 389 254 (65.3) 397 194 (48.9) 0.55 (0.40-0.75)

D 343 309 (90.1) 433 297 (68.6) 0.24 (0.15-0.37)

E 491 182 (37.1) 517 156 (30.2) 0.71 (0.54-0.94)

Abbreviations: AOR, adjusted odds ratio; pt, patient.

TABLE 3. Appropriately Prescribed Antibiotics for  
Patients With COVID-19

Site
Preguidance appropriately 

prescribed, No. (%)
Postguidance appropriately 

prescribed, No. (%) AOR (95% CI)

A 34 (72.3) 21 (58.3) 0.63 (0.23-1.72)

B 26 (54.2) 40 (49.3) 0.73 (0.33-1.59)

C 45 (50.6) 27 (49.0) 1.15 (0.54-2.48)

D 64 (52.0) 61 (57.0) 0.82 (0.45-1.50)

E 34 (64.0) 22/30 (73.3) 1.47 (0.77-4.63)

Abbreviation: AOR, adjusted odds ratio.
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respectively, were missing for the pre- and  
postappropriateness data, respectively. For 
the logistic regression analyses, we first im-
puted missing BMI values using multiple 
imputation linear regression with indepen-
dent variables of pre- or postimplementa-
tion, age, race, sex, site, receipt of antibiotic 
within first 4 days (yes or no), preadmis-
sion vaccination (yes or no), and inpatient 
ICU stay (yes or no), and then ran 10 im-
putations with replacement. The logistic re-
gression analyses for receipt of antibiotic 
within the first 4 days of admission and for 
antibiotic appropriateness were then run 
with the multiple imputations using mi es-
timate (Stata/MP 16.1). 

RESULTS
In VISN 9, 3915 patients with COVID-19 
were hospitalized: 1832 (46.79%) preguid-
ance and 2083 (53.21%) postguidance. In the 
first 4 days of hospitalization, 2016 patients 
(51.49%) received antibiotics, 1022 (50.69%) 
preguidance and 994 (49.31%) postguidance. 
Patients in the postguidance group had lower 
BMIs, were older, more likely to be vaccinated 
prior to admission, and less likely to receive 
steroids or require an ICU stay (Table 1). 

Primary Outcome
The odds of a patient receiving an antibiotic 
in the first 4 days of admission were 33% 
lower in the postguidance period (AOR, 
0.67; 95% CI, 0.58-0.77) when adjusted for 
treatment site, age, BMI, sex, race, and ICU 
stay. ICU stay was associated with a higher 
likelihood of receiving antibiotics (AOR 
1.6; 95% CI, 1.4-1.9). Among the individ-
ual sites, use of antibiotics within the first 
4 days of hospitalization for patients with 
COVID-19 decreased in the postguidance 
period at 4 of 5 sites, with sites C, D, and 
E reaching statistical significance (Table 2). 

Secondary Outcomes
Antibiotic Appropriateness. Appropriate an-
tibiotic use based on guidance criteria was 
evaluated in 950 of 2016 patients (47.12%) 
prescribed antibiotics: 472 (49.68%) in the 
preguidance group and 478 (50.32%) in the 
postguidance group (112 preguidance and 
169 postguidance patients were excluded 
because the antibiotics were prescribed for 
nonrespiratory indications). Across VISN 

9, 203 antibiotics (56.39%) in the preguid-
ance group and 171 antibiotics (55.34%) 
in the postguidance group were deemed 
appropriately prescribed. There was no 
statistically significant preguidance vs post-
guidance difference in appropriate antibi-
otic use when adjusted for site, age, BMI, 
sex, race, and ICU care (AOR, 0.97; 95% 
CI, 0.69-1.36). 

Subanalysis revealed the percentage of pa-
tients analyzed for each site approximated 
the site-specific percentage contribution to 
overall antibiotic use. Appropriateness in-
creased postguidance in sites D and E but did 
not reach statistical significance (Table 3). 
Mortality. Of 1832 preguidance patients, 
287 (15.67%) died; 219 (76.31%) while 
hospitalized and 68 (23.69%) ≤ 30 days 
postdischarge. Of 2083 postguidance pa-
tients, 183 (8.79%) died; 125 (68.31%) while 
hospitalized and 58 (31.69%) ≤ 30 days 
postdischarge. After adjusting for site, pa-
tient age, sex, race, BMI, receipt of antibiotics 
within 4 days of admission, receipt of ste-
roids, preadmission vaccine status, ICU care, 
and length of stay, the odds of death while 
inpatient or ≤ 30 days postdischarge were 
statistically lower postguidance (AOR, 0.71; 
95% CI, 0.56-0.91). Older age was associated 
with higher odds of death (AOR, 1.06; 95% 
CI, 1.05-1.07). For patients who died, there 
was a higher odds of receiving antibiotics 
within the first 4 days of admission (AOR, 
2.07; 95% CI, 1.63-2.63), receiving steroids 
(AOR, 2.79; 95% CI, 1.91-4.09), and re-
quiring ICU care (AOR, 5.32; 95% CI, 4.00-
7.08). There was a 44% decrease in odds of 
death for patients who received COVID-19 
vaccination prior to admission (AOR, 0.56; 
95% CI, 0.43-0.73). 

DISCUSSION 
This study found a statistically significant de-
crease in antibiotic use (AOR, 0.67; 95% CI, 
0.58-0.77) among patients with COVID-19 
who were admitted to the 5 VISN 9 institu-
tions following dissemination of a guidance 
document for diagnosis and treatment of bac-
terial coinfection in hospitalized patients de-
veloped through a pre-existing multisite ASP. 
Despite wide variability in ASP structure and 
COVID-19 initiatives at all sites, decreases in 
antibiotic use ranging from 3.6% to 21.5% 
was seen at 4 of 5 sites, with 3 sites having 
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statistically significant decreases. These re-
sults are consistent with previous re-
search on stewardship interventions for 
COVID-19, but are among the first to 
use an interfacility ASP.13,14 The find-
ings of this study support use of ASPs 
to achieve effective interventions for all 
types of infections.15-17

Research has focused on changes in an-
tibiotic use in patients with COVID-19, 
though few studies define or examine anti-
biotic appropriateness.11-14 Our study exam-
ined adherence to the guidance criteria for 
when to prescribe antibiotics for concern 
about bacterial superinfection of COVID-
19. The results show improvement in appro-
priateness (ie, the patient met ≥ 1 guidance 
criteria) for 2 of 5 sites, but no overall signif-
icant increase in antibiotic appropriateness 
postguidance compared with preguidance.

This study was designed to look at the ap-
propriateness of antibiotic use in cases when 
an antibiotic was given, but did not evaluate 
the appropriateness of the decision to with-
hold antibiotics. However, most patients with 
COVID-19 should not have received antibi-
otics based on estimates of a low incidence 
of bacterial superinfection.1-3 Therefore, a de-
crease in overall antibiotic use in the post-
guidance period likely corresponded with an 
overall increase in appropriate management. 
Additional research is necessary to investigate 
this hypothesis.

The odds of death during an inpatient stay 
or within 30 days of discharge was signifi-
cantly lower postguidance. This was most 
likely due to an increase in clinician experi-
ence with managing COVID-19, a significant 
increase in vaccination rates (especially given 
the mean age of both cohorts was > 60 years), 
and availability of effective therapeutics.21,22 
These data suggest there was no unexpected 
increase in mortality after implementation of 
clinical guidance on antibiotic use.

Limitations
Site B demonstrated an increase in antibi-
otic use and decrease in appropriateness be-
tween the study periods; however, neither 
change was statistically significant. Site B ex-
perienced ASP personnel turnover during 
the guidance implementation phase, which 
likely affected the impact of the interven-
tion. COVID-19 management evolved dur-

ing the pre- and postguidance periods and  
definitive causality of guidance decreasing 
antibiotic use cannot be established. Addi-
tionally, antibiotic appropriateness was not 
assessed in all patients, but instead from a 
sample of patients who received antibiot-
ics, which may not have been representative. 
Lastly, metrics of stewardship such as du-
ration of therapy and cost savings were not 
explored and offer opportunities for future 
research.

CONCLUSIONS
This study reported a significant decrease 
in antibiotic use in patients with COVID-
19 across VISN 9 following dissemination 
of a shared guidance document. The results 
suggest that implementation of guidance 
aiming to limit antibiotic use in patients hos-
pitalized with COVID-19 was not associated 
with an increase in in-hospital or 30-day 
discharge mortality. These findings support 
future development of ASPs to develop stan-
dardized approaches to stewardship for all 
infections that can serve a region rather than 
a single facility. Additional research is needed 
to assess how to approach implementation 
across a larger region.
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bContinued through 2022 Q1. 

 

APPENDIX 1.  Facility-Specific Interventions and Guideline Distribution Timeline

 
Abbreviations: ED, emergency department; ICU, intensive care unit; ID, Infectious Disease; PAR, prospective audit and review; P&T, Pharmacy and 
Therapeutics; VISN, Veterans Integrated Services Network.
aContinued throughout the study period.
bContinued through 2022 Q1.
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APPENDIX 2. Antibiotics Prescribed and Reviewed

Facility

Preguidance, No. (%) Postguidance, No. (%) Total, No. (%)

Prescribeda Reviewedb Prescribeda Reviewedb Prescribeda Reviewedb

A 131 (12.8) 85 (15.3) 127 (12.8) 79 (15.4) 258 (12.8) 164 (15.4)

B 146 (14.3) 98 (17.7) 220 (22.1) 105 (20.5) 366 (18.2) 203 (19.0)

C 254 (24.9) 126 (22.7) 194 (19.5) 108 (21.1) 448 (22.2) 234 (21.9)

D 309 (30.2) 140 (25.2) 297 (29.9) 152 (29.6) 606 (30.1) 292 (27.3)

E 182 (17.8) 106 (19.1) 156 (15.7) 69 (13.5) 338 (16.8) 175 (16.4)

Total 1022 (55.8) 555 (54.3) 994 (47.7) 513 (51.6) 2016 (51.5) 1068 (53.0)

aPercentage of all visits for preguidance, postguidance, and all visits, respectively.
bPercentage of antibiotics prescribed for preguidance, postguidance, and all visits, respectively.


