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Abstract
Background: Antibiotics are frequently prescribed in nursing homes; national data describing facility-level antibiotic use are lacking. The objective of this analysis was to describe variability in antibiotic use in nursing homes across the United States using electronic health record orders.
Methods: A retrospective cohort study of antibiotic orders for 309,884 residents in 1,664 US nursing homes in 2016 were included in the analysis.
Antibiotic use rates were calculated as antibiotic days of therapy (DOT) per 1,000 resident days and were compared by type of stay (short stay ≤100
days vs long stay >100 days). Prescribing indications and the duration of nursing home-initiated antibiotic orders were described. Facility-level
correlations of antibiotic use, adjusting for resident health and facility characteristics, were assessed using multivariate linear regression models.
Results: In 2016, 54% of residents received at least 1 systemic antibiotic. The overall rate of antibiotic use was 88 DOT per 1,000 resident days.
The 3 most common antibiotic classes prescribed were fluoroquinolones (18%), cephalosporins (18%), and urinary anti-infectives (9%).
Antibiotics were most frequently prescribed for urinary tract infections, and the median duration of an antibiotic course was 7 days (interquartile range, 5–10). Higher facility antibiotic use rates correlated positively with higher proportions of short-stay residents, for-profit ownership, residents with low cognitive performance, and having at least 1 resident on a ventilator. Available facility-level characteristics only
predicted a small proportion of variability observed (Model R2 version 0.24 software).
Conclusions: Using electronic health record orders, variability was found among US nursing-home antibiotic prescribing practices, highlighting potential opportunities for targeted improvement of prescribing practices.
(Received 24 June 2021; accepted 20 September 2021)

Antibiotics are frequently prescribed inappropriately in nursing
homes,1,2 and they pose a risk of adverse drug events3and
increased risk of infection with multidrug-resistant organisms.4,5 The Centers for Disease Control and Prevention’s
(CDC) Core Elements of Antibiotic Stewardship highlight the
importance of tracking antibiotic use to optimize prescribing
practices.6,7 The Centers for Medicare & Medicaid Services
(CMS) revised the Requirements for Participation in Medicare
for Long-Term Care in 2016, requiring antibiotic stewardship programs that include a system to monitor antibiotic use.8 However
most nursing homes lack the infrastructure and expertise to effectively analyze antibiotic use data.9 Unlike acute-care hospitals,10
few studies describe antibiotic use in this setting, and benchmarks
to evaluate antibiotic use across nursing homes are not available.
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Electronic health records (EHR) are increasingly available in US
nursing homes and are used for medication orders,11–13 and they
may be a useful data source to track and report antibiotic use in nursing homes.9 The objectives of this analysis were to use EHR antibiotic
orders to describe national and facility-level antibiotic use rates
and assess facility-level variability in a large cohort of US nursing homes.
Methods
PointClickCare is a health technology company that provides
cloud-based software to >21,000 long-term and acute/post-acute
care providers and covered 8,200 providers in 2016. A retrospective
observational cohort study design was used to describe antibiotic use
using EHR orders in 1,664 nursing homes that previously consented
to de-identification and aggregation of their data from January 1 to
December 31, 2016. Resident demographics were reported.
Description of antibiotic use
The proportion of unique residents receiving antibiotics was
reported. One antibiotic day of therapy (DOT) represents the order
of a single antibiotic on a given day. Systemic routes of
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administration were included (oral, intravenous, and intramuscular). Antibiotic DOT were classified by class (Table S1). If the end
date for the antibiotic order was missing, the discontinuation date
was used, if both were missing, the order was excluded (0.8% of
orders). The number of resident days was determined by census
data, and antibiotic rates were calculated as DOT per 1,000 resident
days. Nursing home stays were defined as continuous if the gap
between discharge and readmission was <3 days. Nursing home
stays were classified into short stays (≤100 days duration) and long
stays (>100 days duration). Antibiotic use rates were reported by
agent, class, route, type of nursing home stay, and time from nursing home admission to the first antibiotic order. An antibiotic
course combined orders for the same drug with a prescription
gap of ≤1 day. Duration of antibiotic courses were reported.
Nursing home–initiated courses were defined as courses ordered
on or after day 3 of admission.
Indications were transcribed into the EHR by the prescriber
when an antibiotic was ordered; 80% of the indications were
entered as free text and 20% were entered using International
Classification of Disease, Tenth Revision (ICD-10) diagnoses.
We were unable to directly determine which indications were
prescribed for prophylaxis or treatment; antibiotic courses ≤1 day
and >42 days in duration were considered prophylaxis and were
excluded from classification under specific infection type. Data
mining of all remaining indications was conducted to classify
96.7% of antibiotic courses into 5 infection categories: genitourinary; respiratory; skin, soft-tissue, and musculoskeletal; gastrointestinal or intraabdominal; and other. For example, terms such
as “UTI,” “URIN,” “bladder,” “kidney,” “renal,” “prostate,” and
“pyelo” in the indication field were grouped under genitourinary
infections. Dental prescribing was classified under skin, soft-tissue,
and musculoskeletal infections. If >1 indication was identified, the
antibiotic course was classified into the infection category other
than genitourinary infection. Prescribing practices by infection
type were described by drug, number of courses, median, and interquartile range (IQR) of course durations initiated in nursing
homes, excluding prophylaxis.
Facility-level antibiotic use rates
A univariate and multivariate linear regression analysis was performed to evaluate the variation in facility-level antibiotic use rates.
Medians and IQRs of facility-level antibiotic use rates and proportion of short-stay residents are reported. The main exposure
variable was proportion of short-stay residents and was categorized
at the median (75% or higher). Facility-level correlates of resident
health and facility characteristics publicly available through
LTCfocus14 and CMS Nursing Home Compare15 were identified
and described for all nursing homes with available data
(Supplementary Table S2). Facility-level characteristics of nursing homes included in this analysis were compared to all
national nursing homes available in the data sets. Continuous
covariates were categorized at the median. Comparison between
individual covariates and facility-level antibiotic use was performed using the χ2 test or the Fisher exact test where appropriate
for categorical variables and the Wilcoxon-Mann-Whitney test for
continuous variables. Reported P values with α (significance level)
<.05 were included in the multivariate linear regression model for
facility-level antibiotic use rates as the outcome and the proportion
of short-stay residents as the main exposure.4 Interaction was
assessed using the Breslow-Day method. Because “facility direct
care hours per resident day” was found to have an association with
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type of nursing home stay, it was included as an interaction term in
the model for antibiotic use rates. Collinearity of covariates was
also assessed. A final model was built using stepwise selection
methods. Model R2 was reported to assess the proportion of variance of facility-level antibiotic use explained by the variables
included in the model. Statistical analyses were performed using
SAS version 9.4 software (SAS Institute, Cary, NC).
Study cohort
PointClickCare utilized data from clients that had previously
consented (in their Business Associated Agreement, BAA) to both
deidentification and aggregation of their data, without any restrictions. Under the terms of the BAAs, PointClickCare complied with
obligations under Health Insurance Portability and Accountability
(HIPPA) and the Health Information Technology for Economic
and Clinical Health (HITECH) Act regarding the use and disclosure of protected health information. No protected health information was shared with the CDC, and the CDC did not have access to
resident-level data. Summarized aggregated antibiotic use data
were shared with CDC collaborators. The National Center for
Emerging and Zoonotic Infectious Diseases reviewed the protocol
and determined that the project did not meet the definition of
research and was exempt from human subject review.
Results
Resident demographics and antibiotic use data for the 1,664 study
nursing homes are listed in Table 1. Among the cohort of 309,884
US nursing-home residents, 167,647 (54%) received an antibiotic,
and the antibiotic use rate overall was 88 DOT per 1,000 resident
days. During 2016, a total of 254,063 residents were considered
short-stay and contributed to ∼10 million resident days, whereas
the 55,821 long-stay residents contributed to 31 million resident
days. Short- and long-stay residents had similar demographic
characteristics, but higher antibiotic use rates were observed in
short-stay residents (330 DOT per 1,000 resident days) compared
to long-stay residents (30 DOT per 1,000 resident days). A larger
proportion of long-stay residents received antibiotics over the full
year (79% vs 49%) (Table 1).
During 2016, 49% of short- and long-stay nursing home residents receiving an antibiotic were prescribed 1 antibiotic course,
35% received 2–3 courses and 16% received ≥4 courses. Most
antibiotics were administered via oral route (81%), 15% were intravenous, and 4% were intramuscular. Fluoroquinolones, cephalosporins, and urinary anti-infectives were the most commonly
prescribed antibiotic classes; levofloxacin, trimethoprim-sulfamethoxazole, and ciprofloxacin were the most commonly prescribed
agents (Table 1). Of all antibiotic courses prescribed in the nursing
home, 29% were started on or within 2 days of admission. The
duration of over half of nursing home–initiated antibiotic (started
on or after the day 3 of admission) courses was ≤7 days
(Supplementary Table S2). However, 14.4% of all nursing home–
initiated courses were classified as prophylaxis (duration ≤1 day
and >42 days) and contributed to 23.3% of total DOTs
(Supplementary Table S2).
Among nursing home–initiated antibiotic courses, genitourinary infections were the most common infection category and
accounted for 33.5% of courses. Notably, 61.0% of antibiotic
courses prescribed for gastrointestinal and intra-abdominal infections were for Clostridioides difficile infection. Median duration of
most nursing home-initiated courses was 6–8 days (Table 2).
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Table 1. Resident Demographics and Characteristics of Antibiotic Use in 1,664 Nursing Homes in 2016

Variable

Total

Short-Stay
Nursing Home Stay
≤100 Days

Long-Stay
Nursing Home Stay
>100 Days

(Residents = 309,884)
(ResidentDays = 41,589,528)

(Residents = 254,063)
(Resident Days =
10,227,757)

(Residents = 55,821)
(Resident Days =
31,361,781)

No.a

No.a

No. or Median

%a

%a

%a

Resident demographic characteristics
Age, median y and IQR
Sex, female

77

67–86

77

67-85

77

68-87

179,550

58

145,854

57

33,696

60

Antibiotic use
Unique residents receiving an antibiotic

167,647

54

123,805

49

43,842

79

Total antibiotic DOT

504,268

NA

256,338

NA

247,930

NA

88

NA

330

NA

30

NA

Antibiotic DOT per 1,000 resident days
Antibiotic days of therapy by route
Oral

408,161

81

195,166

76

212,995

86

Intravenous

74,876

15

54,408

21

20,468

8

Intramuscular

21,231

4

6,764

3

14,467

6

Antibiotic days of therapy by class
Fluoroquinolones

1,041,883

18

537,642

18

504,241

18

Cephalosporins

1,023,666

18

544,644

18

479,022

18

Other

636,889

11

426,163

14

210,726

8

Urinary anti-infectives

524,887

9

177,240

6

347,647

12

Sulfa drugs

512,297

9

217,955

7

294,342

10

Extended activity β lactams

487,812

8

290,731

10

197,081

7

Tetracyclines

477,305

8

227,648

8

249,657

9

Glycopeptides

384,872

7

288,788

10

96,084

3

Penicillins

327,895

6

121,369

4

206,526

7

Macrolides

245,842

4

101,577

3

144,265

5

Lincosamides

141,584

2

63,203

2

78,381

3

Levofloxacin

556,469

10

295,473

10

260,996

9

Trimethoprim-sulfamethoxazole

511,230

9

217,188

7

294,042

10

Ciprofloxacin

464,508

8

231,080

8

233,428

8

Cephalexin

449,720

8

200,030

7

249,690

9

Doxycycline

399,136

7

189,967

6

209,169

7

Antibiotic days of therapy by drug (top 5)

Note. IQR, interquartile range; DOT, days of therapy; NA, not available.
a
Unless otherwise specified as median and IQR.

The median facility-level antibiotic use rate was 81 DOT per
1,000 resident days (IQR, 43–140). The median proportion of
short-stay residents at a facility was 75% (IQR, 62%–86%). The
median antibiotic prescribing rate in facilities with a proportion
of short-stay residents ≥75% was 90 DOT per 1,000 resident days
compared to 38 DOT per 1,000 resident days in facilities where the
proportion of short-stay residents was <75%. Aggregated residentand facility-level covariates significantly associated with facilitylevel antibiotic use are shown in Table S3. In a multivariate linear
regression model, higher antibiotic use rate correlated positively
with the following facility-level characteristics: proportion of

https://doi.org/10.1017/ash.2021.207 Published online by Cambridge University Press

short-stay residents ≥75%, for-profit ownership, higher proportion of residents with low cognitive performance scale ≥50%,
facility proportion of long-stay residents with pressure ulcers
≥5% and having at least 1 resident on a ventilator. The model
R2 was 0.24 (Table 3).
Discussion
Antibiotic orders captured in EHR were used to describe antibiotic
use in nursing homes at the facility and national levels. Median
facility-level antibiotic use rates varied considerably and were only
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Table 2. Duration of Nursing-Home Initiateda Antibiotic Coursesb for Top Five Antibiotics by Infection Typec in 1,664 Nursing Homes in 2016
Total Courses

Antibiotic

Total

Course Duration (Days)

No.

%

Median

IQR

436,619

NA

7

5–10

146,239

NA

7

5–8

Genitourinary infections
Total
Ciprofloxacin

32,042

22

7

4–8

Nitrofurantoin

22,995

16

8

6–9

Trimethoprim-sulfamethoxazole

18,492

13

7

5–8

Levofloxacin

12,736

9

6

4–7

12,351

8

7

5–8

Cephalexin
Respiratory infections

100,165

NA

7

4–8

Levofloxacin

Total

32,966

33

7

5–8

Azithromycin

17,879

17

5

4–5

Amoxicillin-Clavulanic Acid

9,768

10

8

5–10

Doxycycline

7,359

7

8

6–10

Ceftriaxone

4,472

4

5

3–7

Total

81,488

NA

8

6–11

Cephalexin

17,476

21

8

6–11

Doxycycline

9,918

12

9

7–11

Skin, soft-tissue, and musculoskeletal infections

Trimethoprim-sulfamethoxazole

9,186

11

8

7–11

Vancomycin (IV)

6,005

7

7

4–13

Clindamycin

5,960

7

8

6–11

Total

26,105

NA

9

6–13

Metronidazole

10,539

40

9

6–12

Gastrointestinal and intraabdominal infections

Vancomycin (oral)

8,428

32

10

6–14

Rifaximin

1,612

6

13

7–22

Ciprofloxacin

1,178

6

7

7–10

Levofloxacin

683

3

7

5–8

Note. IQR, interquartile range; IV, intravenous.
a
Nursing home-initiated courses, first antibiotic order start date ≥3 days after nursing home admission.
b
Antibiotic course, all orders for the same drug with ≤ 1 day gap.
c
Prophylaxis, defined as courses ≤ 1 day or >42 days, excluded.

partially explained by facility and facility-level resident characteristics, highlighting potential opportunities for targeted improvement of prescribing practices.
More than half of all nursing-home residents were prescribed
an antibiotic, as reported previously.5,16 Although antibiotic use
rates were higher in short-stay residents,4 a larger cumulative proportion of long-stay residents receive antibiotics over time. Almost
one-third of antibiotic prescriptions were prescribed on admission,
highlighting the opportunities for discharge stewardship. A recent
analysis reported that 23% of patients discharged from hospital to
long-term care facilities were discharged on antibiotics, and antibiotic use was significantly associated with a 30-day emergency
department visit and C. difficile infection within 60 days.17
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Urinary and respiratory tract infections are the most common
indications for antibiotic use in nursing homes, as shown previously,18 and fluoroquinolones are commonly prescribed.5,19 A high
frequency of asymptomatic bacteriuria in combination with inappropriate culturing practices in nursing homes has been associated
with antibiotic overprescribing.20,21 Overuse of antibiotics has been
reported for nursing home residents with respiratory symptoms.22,23 Increasing awareness of adverse events associated with
antibiotic use, review of medications in nursing home emergency
kits, and implementation of antibiotic prescribing protocols and
decision support tools can help optimize the treatment of infections in nursing home settings.16,24 After excluding courses classified as prophylaxis, the duration of almost half (48%) of all nursing
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Table 3. Facility and Resident Characteristics Associated with Facility-Level Antibiotic Use in 1,664 Nursing Homes in 2016
Univariate Analysis
Variables
Facility proportion of short-stay residents ≥75%

Multivariate Regression (Model R2 = 0.24)

Coefficient

P Value

Coefficient

P Value

Partial R2

72.8

<.0001

42.2

<.0001*

0.117

Facility location
Rural1

52.7

Large rural

16.4

.023

−4.9

.386

0.004

Suburban

28.0

.003

−3.7

.613

0.005

Urban
Facility for profit ownership

49.1

<.0001

7.6

.117

0.044

22.5

<.0001

10.0

.0121*

0.003

7.8

.236

7.5

.188

0.000

Facility no. of beds
<50
50–99

a

76.3

100–199

21.0

<.0001

5.9

.110

0.001

>199

16.9

.043

6.4

.370

0.001

Facility part of multifacility organization

8.7

.035

6.6

.056

0.001

Facility average resident age < 80 y

12.7

.001

1.7

.644

0.000

Facility nursing case mix index ≥1.3

21.3

<.0001

−1.8

.646

0.003

Facility with average resident activity of daily living score ≥16

13.2

.002

−6.1

.131

0.001

Facility proportion of residents with low cognitive performance scale ≥50%

26.2

<.0001

8.9

.010*

0.028

Facility with at least 1 resident on a ventilator

73.8

<.0001

53.8

<.0001*

0.009

Facility proportion of long-stay residents with urinary catheters ≥ 2.5%

8.0

.035

3.9

.217

0.001

Facility proportion of long-stay residents with pressure ulcers ≥ 5%

17.7

<.0001

9.9

.002*

0.003

Facility registered nurse staffing hours per resident day ≥0.43

24.8

<.0001

3.3

.327

0.008

Facility direct care hours per resident day

37.9

<.0001

1.9

.702

0.011

20.7

.002*

0.005

Interaction term with short stay
*P value <.05.
a
Reference.

home-initiated courses exceeded 7 days, similar to prescribing in
nursing homes in Ontario, Canada, where 45% of prescriptions
exceeded 7 days.25 With a reported 0.4% increase in the risk of antibiotic-related harm with every additional day increase of antibiotic
use,26 and increasing evidence for the effectiveness of shorter
antibiotic courses,27 optimizing treatment duration is critical for resident safety. Implementing standardizing antibiotic reviews when
the clinical picture is clearer and more diagnostic information is
available can optimize the selection and duration of antibiotic treatment and should be further adapted to nursing home workflows.6,7
Further evaluation of the effect of individual prescribing practices
and the number of unique prescribers in a facility on the frequency
of antibiotic prescribing is needed.19,25,28 Behaviorally targeted
assessment and feedback interventions should be evaluated in nursing home settings.29
Even after adjusting for facility-level characteristics, the proportion of short-stay residents was found to be associated with higher
facility-level antibiotic use rates, as shown previously.4 Median
antibiotic use ate in facilities where cumulative proportion of
short-stay residents ≥75% was almost 2.5 times that of facilities
with a lower proportion of short-stay residents. These residents
are at increased risk for infections following hospital discharge
and should be adjusted for when developing facility-level
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benchmarks. Another notable finding is that having at least 1 ventilator bed in the facility was a strong predictor of antibiotic use.
Ventilator-capable skilled-nursing facilities have been associated
with increased risk of resident colonization of multidrug-resistant
organisms underscoring the importance of infection control and
antibiotic stewardship.30 Different measures of functional status
have been evaluated in relation to development of infection and
possible antibiotic use.31 In this analysis, higher measures of nursing care requirements were associated with higher rates of antibiotic use on univariate but not multivariate analysis. The case-mix
index, which is used to determine reimbursement for nursing
home care, has been associated with antibiotic use,32 and its role
may have been minimized by the high proportion of short-stay residents in this analysis. Overall, facility-level characteristics only
explained 24% of antibiotic use variability highlighting the need
for additional analyses to further explore different variables and
opportunities for improving antibiotic use.
This study had several limitations. Although some resident
characteristics were captured at the facility level, these variables
were not available at the resident-level and further evaluation of
the influence of specific resident characteristics is needed. Also,
prescriber-level data were not available and could not be assessed.
A general description of indications was based on provider

6

documentation and no validation was done. Misclassification of
infections may limit the use of these data at a facility level without
additional provider training and validation. Including general
infection categories as part of EHR orders rather than free text
may help identify opportunities for improvement and provide
feedback for providers on their prescribing practices. Emergency
room transfers or hospital admissions that were <3 days were
not captured in this analysis; thus, the proportion of antibiotic
courses that were initiated outside the nursing home may have
been underestimated. Antibiotic orders, which may not always
reflect actual administration, were described in this analysis.
However, antibiotic orders may be a good proxy for prescribing
behavior, especially for audit-and-feedback interventions.
Although this analysis reflects data from 2016 and some prescribing practices may have changed over time, the analytic methods
used in the analysis of EHR orders and identifying facility-level
characteristics remain valuable and can serve as a baseline for
assessing the effect of stewardship regulatory requirements.
Although this analysis provides a description of a large subset of
nursing homes, it may not be representative of national practices.
Tracking antibiotic prescribing in nursing homes is critical to
assess opportunities for improvement, guide practice change,
evaluate the impact of stewardship interventions and improve resident outcomes.6,9 Further evaluation and validation of EHR antibiotic use data and measures can support nursing homes in using
these data in tracking and reporting antibiotic use. Other important potential next steps include evaluating data elements for risk
adjustment of facility-level benchmarks,31 streamlining the generation of antibiotic use reports for individual facilities33 and assessing the impact of prescriber audit and feedback in this setting.29
Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ash.2021.207
Acknowledgments. The findings and conclusions in this report are those of
the authors and do not necessarily represent the official position of the Centers
for Disease Control and Prevention or the US government.
Financial support. No financial support was provided relevant to this article.
Conflicts of interest. Ms Gouin is employed by Chenega Enterprise Systems
and Solutions and is assigned to the US Centers for Disease Control and
Prevention as part of a contract covering multiple tasks and positions. All other
authors report no conflicts of interest relevant to this article.

References
1. van Buul LW, van der Steen JT, Veenhuizen RB, et al. Antibiotic use and
resistance in long term care facilities. J Am Med Dir Assoc 2012;13:
568.e1–568.e13.
2. Nicolle LE, Bentley DW, Garibaldi R, Neuhaus EG, Smith PW.
Antimicrobial use in long-term-care facilities. SHEA long-term-care committee. Infect Control Hosp Epidemiol 2000;21:537–545.
3. Gurwitz JH, Field TS, Judge J, et al. The incidence of adverse drug events in
two large academic long-term care facilities. Am J Med 2005;118:251–258.
4. Thompson ND, LaPlace L, Epstein L, et al. Prevalence of antimicrobial use
and opportunities to improve prescribing practices in US nursing homes. J
Am Med Dir Assoc 2016. doi: 10.1016/j.jamda.2016.08.013.
5. Benoit SR, Nsa W, Richards CL, et al. Factors associated with antimicrobial
use in nursing homes: a multilevel model. J Am Geriatr Soc 2008;56:
2039–2044.
6. Core elements of antibiotic stewardship for nursing homes. Centers for
Disease Control and Prevention website. https://www.cdc.gov/
longtermcare/prevention/antibiotic-stewardship.html. Published January
11, 2021. Accessed August 24, 2021.

https://doi.org/10.1017/ash.2021.207 Published online by Cambridge University Press

Sarah Kabbani et al
7. Core elements of hospital antibiotic stewardship programs. Centers for
Disease Control and Prevention website. https://www.cdc.gov/antibioticuse/core-elements/hospital.html. Accessed October 23, 2020.
8. State Operations Manual, appendix PP: —guidance to surveyors for longterm care facilities. Centers for Medicare and Medicaid Services website.
https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/
GuidanceforLawsAndRegulations/Downloads/Appendix-PP-State-OperationsManual.pdf. Published January 11, 2019. Accessed October 5, 2021.
9. Davidson HE, Jump RLP. Challenges in tracking and reporting antibiotic
use in long-term care. J Am Med Dir Assoc 2020;21:1191–1196.
10. Baggs J, Fridkin SK, Pollack LA, Srinivasan A, Jernigan JA. Estimating
national trends in inpatient antibiotic use among US hospitals from 2006
to 2012. JAMA Intern Med 2016;176:1639–1648.
11. Kruse CS, Mileski M, Vijaykumar AG, Viswanathan SV, Suskandla U,
Chidambaram Y. Impact of electronic health records on long-term care
facilities: systematic review. JMIR Med Informat 2017;5(3):e35.
12. Bjarnadottir RI, Herzig CTA, Travers JL, Castle NG, Stone PW.
Implementation of electronic health records in US nursing homes.
Comput Informat Nurs 2017;35:417–424.
13. Abramson EL, McGinnis S, Moore J, Kaushal R. A statewide assessment of
electronic health record adoption and health information exchange among
nursing homes. Health Serv Res 2014;49:361–372.
14. Shaping Long Term Care in America Project at Brown University. Long
Term Care Focus website. http://www.ltcfocus.org/. Accessed January 10,
2018.
15. Nursing Home Compare. Centers for Medicare & Medicaid Services
website.
https://www.medicare.gov/nursinghomecompare/search.html.
Accessed January 9, 2020.
16. Crnich CJ, Jump R, Trautner B, Sloane PD, Mody L. Optimizing antibiotic
stewardship in nursing homes: a narrative review and recommendations for
improvement. Drugs Aging 2015;32:699–716.
17. Weber BR, Noble BN, Bearden DT, et al. Antibiotic prescribing upon discharge from the hospital to long-term care facilities: implications for antimicrobial stewardship requirements in post-acute settings. Infect Control
Hosp Epidemiol 2018. doi: 10.1017/ice.2018.288.
18. Blix HS, Bergman J, Schjøtt J. How are antibacterials used in nursing homes?
Results from a point-prevalence prescription study in 44 Norwegian nursing
homes. Pharmacoepidemiol Drug Safety 2010;19:1025–030.
19. Song S, Wilson BM, Bej T, et al. Antibiotic use among residents receiving
skilled nursing care in 29 US Nursing Homes. J Am Geriatr Soc 2020. doi: 10.
1111/jgs.16856.
20. Sloane PD, Kistler CE, Reed D, Weber DJ, Ward K, Zimmerman S.
Urine culture testing in community nursing homes: gateway to antibiotic
overprescribing. Infect Control Hosp Epidemiol 2017. doi: 10.1017/ice.
2016.326.
21. Trautner BW. Asymptomatic bacteriuria: when the treatment is worse than
the disease. Nature Rev Urol 2011;9:85–93.
22. McClester Brown M, Sloane PD, Kistler CE, et al. Evaluation and management of the nursing home resident with respiratory symptoms and an
equivocal chest x-ray report. J Am Med Dir Assoc 2016;17:1164.e1–1164.e5.
23. Vergidis P, Hamer DH, Meydani SN, Dallal GE, Barlam TF. Patterns of antimicrobial use for respiratory tract infections in older residents of long-term
care facilities. J Am Geriatr Soc 2011;59:1093–1098.
24. Loeb M, Bentley DW, Bradley S, et al. Development of minimum criteria for
the initiation of antibiotics in residents of long-term-care facilities: results of
a consensus conference. Infect Control Hosp Epidemiol 2001;22:120–124.
25. Daneman N, Gruneir A, Bronskill SE, et al. Prolonged antibiotic treatment
in long-term care: role of the prescriber. JAMA Intern Med 2013;173:
673–682.
26. Daneman N, Bronskill SE, Gruneir A, et al. Variability in antibiotic use
across nursing homes and the risk of antibiotic-related adverse outcomes
for individual residents. JAMA Intern Med 2015;175:1331–1339.
27. Wald-Dickler N, Spellberg B. Short-course antibiotic therapy-replacing
constantine units with “shorter is better.” Clin Infect Dis 2019;69:
1476–1479.
28. Daneman N, Campitelli MA, Giannakeas V, et al. Influences on the start,
selection and duration of treatment with antibiotics in long-term care facilities. CMAJ 2017;189:E851–E860.

Antimicrobial Stewardship & Healthcare Epidemiology
29. Laur C, Sribaskaran T, Simeoni M, et al. Improving antibiotic initiation and
duration prescribing among nursing home physicians using an audit and
feedback intervention: a theory-informed qualitative analysis. BMJ Open
Qual 2021;10(1). doi: 10.1136/bmjoq-2020-001088.
30. Rossow J, Ostrowsky B, Adams E, et al. Factors associated with Candida
auris colonization and transmission in skilled nursing facilities with ventilator units, New York, 2016–2018. Clin Infect Dis 2020. doi: 10.1093/cid/
ciaa1462.

https://doi.org/10.1017/ash.2021.207 Published online by Cambridge University Press

7
31. Mylotte JM. Antimicrobial stewardship in long-term care: metrics and risk
adjustment. J Am Med Dir Assoc 2016;17(7):672.e13–8.
32. Mylotte JM, Keagle J. Benchmarks for antibiotic use and cost in long-term
care. J Am Geriatr Soc 2005;53:1117–1122.
33. Song S, Wilson BM, Marek J, Jump RLP. Use of electronic pharmacy transaction data and website development to assess antibiotic use in nursing
homes. BMC Med Inform Decis Mak 2021;21:148.

