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Abstract

Recently, the Centers for Medicare & Medicaid Services (CMS) final rule required that nursing homes (NHs) develop an
infection control program that includes an antibiotic stewardship component and employs a trained infection preventionist
(IP). The objectives of this study were to provide a baseline assessment of (1) NH facility and infection control program
characteristics associated with having an infection control deficiency citation and (2) associations between IP training and the
presence of antibiotic stewardship policies, controlling for NH characteristics. A cross-sectional survey of 2514 randomly
sampled US NHs was conducted to assess IP training, staff turnover, and infection control program characteristics (ie,
frequency of infection control committee meetings and the presence of 7 antibiotic stewardship policies). Responses were
linked to concurrent Certification and Survey Provider Enhanced Reporting data, which contain information about NH facility
characteristics and citations. Descriptive statistics and multivariable regression analyses were conducted to account for NH
characteristics. Surveys were received from 990 NHs; 922 had complete data. One-third of NHs in this sample received an
infection control deficiency citation. The NHs that received deficiency citations were more likely to have committees that
met weekly/monthly versus quarterly (P <.01). The IPs in 39% of facilities had received specialized training. Less than 3% of
trained IPs were certified in infection control. The NHs with trained IPs were more likely to have 5 of the 7 components of
antibiotic stewardship in place (all P <.05). The IP training, although infrequent, was associated with the presence of antibiotic
stewardship policies. Receiving an infection control citation was associated with more frequent infection control committee
meetings. Training and support of IPs is needed to ensure infection control and antibiotic stewardship in NHs. As the CMS
rule becomes implemented, more research is warranted. There is a need for increase in trained IPs in US NHs. These data
can be used to evaluate the effectiveness of the CMS final rule on infection management processes in US NHs.
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What do we already know about this topic?

Infection control management in nursing homes have been suboptimal with antibiotics being overutilized and 40% of nursing
homes receiving deficiency citations each year; therefore the Centers for Medicare & Medicaid Services (CMS) 2016 final rule
requires substantial changes.

How does your research contribute to the field?

This study provides a baseline national assessment of infection control management in nursing homes.

What are your research’s implications toward theory, practice, or policy?

These data can be used to evaluate the effectiveness of the CMS final rule on infection management processes in US nurs-
ing homes.
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sons living in approximately 15 700 nursing homes (NHs)
on any given day.' These residents are particularly suscep-
tible to infections due to compromised physiologic barriers .
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immobility).” The estimated prevalence of infections in NH
residents ranges anywhere from 1.4 to 5.2 per 1000 resident
care days, which translates to 765 000 to 2.8 million infec-
tions annually.™® In addition, many of these infections are
caused by multidrug-resistant organisms.”°

Effectively preventing, diagnosing, and managing infec-
tions in NHs is difficult for multiple reasons. First, by
design, the NH environment is social with shared dining and
recreational spaces, which, while desirable to promote qual-
ity of life, increases transmission risk.” Second, elderly per-
sons may not exhibit the same symptomology as younger
adults and communication of symptoms may be difficult for
those with cognitive decline.” Third, historically, NH infec-
tion prevention and control programs are inadequately
staffed, have less personnel than hospitals, staff turnover is
high, and those in charge of the infection control programs
have multiple responsibilities.*’ Furthermore, physicians,
nurse practitioners, or other advanced practice clinicians
may not be available at all times to help with infection man-
agement decisions.

With these challenges, it is not surprising that infection
prevention and control and management are suboptimal. It
has been reported that up to 40% of Centers for Medicare
and Medicaid Services (CMS)—certified NHs receive defi-
ciency citations for inadequate infection control each
year.*'"!" Furthermore, antibiotics are overused in NHs
and account for approximately 40% of all medications
administered.'” Between 47% and 79% of NH residents
receive antibiotics at least once per year."’ A recent 1-day
point prevalence survey of 9 NHs in 4 states found antibi-
otics used in 11% of residents and that key prescribing
information was not documented for 38% of antibiotics
prescribed."

For these reasons, improving infection prevention and con-
trol and management, including antibiotic stewardship, in
NHs have become national priorities. In 2016, the CMS final
rule required that NHs develop an infection control program
that includes antibiotic stewardship and employ a trained
infection preventionist (IP) whose main responsibility is the
infection control program."® The Centers for Disease Control
and Prevention (CDC) lists 7 core elements of antibiotic stew-
ardship for hospitals and NHs: leadership commitment, phar-
macy expertise, action, education, accountability, tracking and
reporting of data, and education.'®"”

Although having an IP with advanced training has been
found to improve outcomes in acute care, the impact in the
NH setting is not known.'® Therefore, with this knowledge
gap and the new CMS regulations, the objectives of this
study were to provide a baseline assessment of (1) NH
facility and infection control program characteristics asso-
ciated with having an infection control deficiency citation
and (2) associations between IP training and the presence
of antibiotic stewardship policies, controlling for NH
characteristics.

Methods
Sample

A survey of randomly sampled US NHs was conducted
between December 2013 and December 2014 to describe NH
infection control programs. The person in charge of the
infection control program was invited to complete the sur-
vey. A detailed description of the survey has been published
elsewhere.® There were 2514 NHs invited to participate and
990 usable surveys were returned. The NHs with complete
data were analyzed and characteristics of responding NHs
were compared with nonresponders.®

Variables

Respondents were asked whether he or she had any specific
training and/or certification in infection control; other infec-
tion program characteristics assessed included frequency of
infection control committee meetings (weekly/monthly,
quarterly, and annually/not regularly) and involvement in an
infection control collaborative. Turnover of the IP, director
of nursing, and facility administrator in the past 3 years was
also assessed. The antibiotic stewardship items included
were yes/no questions that asked about the presence of the
following policies: written guidelines for antibiotic use, col-
lection of antibiotic utilization data, use of antibiotic pre-
scribing guideline/order form, restriction of specific
antibiotics, provision of feedback to clinicians on antibiotic
prescribing, use of therapeutic formularies, and review of
cases to assess antibiotic appropriateness.

Survey responses were linked with concurrent (2013)
Certification and Survey Provider Enhanced Reporting
(CASPER) data, which contain facility-level characteristics.
These included number of beds, percent occupancy, owner-
ship status (for profit, government, nonprofit), setting (met-
ropolitan, large urban center, small urban center, rural), US
census region (Northeast, Midwest, South, West), and defi-
ciency citations.

Analysis

Descriptive statistics (ie, means, standard deviations, and
percentages) were computed. Wilcoxon rank sums, chi-
square, and Fishers exact tests were conducted to examine
bivariate associations between (1) facility and infection con-
trol program characteristics and infection control citations
and (2) IP training and the presence of antibiotic stewardship
policies. Multivariable binomial regression analyses with
robust standard errors were conducted to account for facility
and infection control program characteristics associated with
(1) infection control citations and (2) presence of antibiotic
stewardship policies. Prevalence ratios (PR) and 95% confi-
dence intervals (CI) were computed.
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Table I. Descriptive Statistics and Bivariate Associations Between Nursing Home Characteristics and Infection Control Deficiency
Citations.
Total IC citation No IC citation
N =922 n =320 n = 602 P value
Facility characteristic
Total beds (mean, SD) 119 (68) 116 (54) 120 (74) A5
Percent occupancy (mean, SD) 0.82 (0.15) 0.80 (0.15) 0.83 (0.16) .06
Ownership
For profit 646 (70.1) 244 (76.3) 402 (66.8) <.0l
Government 47 (5.1) 20 (6.3) 27 (4.5)
Nonprofit 229 (24.8) 56 (17.5) 173 (28.7)
Census region
Midwest 325 (35.2) 127 (39.7) 198 (32.9) <.0l
Northeast 201 (21.8) 39 (12.2) 162 (26.9)
South 272 (29.5) 105 (32.8) 167 (27.7)
West 124 (13.5) 49 (15.3) 75 (12.5)
Setting
Metro 668 (72.4) 224 (70.0) 444 (73.8) .20
Large urban 8l (8.8) 28 (8.8) 53 (8.8)
Small urban 142 (15.4) 53 (16.6) 89 (14.8)
Rural 31 3.4) 15 (4.7) 16 (2.7)
Owned by multifacility organization 506 (54.9) 171 (53.4) 335 (55.7) .52
Infection control program characteristic
IP received training in infection control 359 (38.9) 115 (35.9) 244 (40.5) A7
IP certified in infection control 25 (2.7) 7 (0.8) 18 (1.9) 48
Frequency of infection control committee meetings
Biweekly/weekly/monthly 556 (61.2) 215 (67.8) 341 (57.6) <.0l
Quarterly 245 (27.0) 65 (20.5) 180 (30.4)
Annually/not regularly/other 108 (11.8) 37 (11.7) 71 (12.0)
Involved in an infection prevention collaborative 292 (32.2) 104 (33.3) 188 (31.5) .58
Implemented electronic health records 445 (49.4) 158 (50.3) 287 (48.9) 0.68
Three or more IPs in the previous 3 years 349 (40.7) 132 (45.4) 217 (38.3) 0.05
Three or more DONs in the previous 3 years 348 (41.7) 121 (43.5) 227 (40.8) 0.44
Three or more administrators in the previous 3 years 317 (37.9) 113 (40.2) 204 (36.7) 0.32

Note. Data presented as n (%) unless otherwise noted. IC = infection control; IP = infection preventionist; DON = director of nursing.

Results

Completed surveys were obtained from 990 NHs (39%
response rate) and 922 of these NHs had complete survey
and CASPER data. There were no differences between
responders and nonresponders in bed size, occupancy, set-
ting, or being part of a multifacility organization (see previ-
ously published data).® However, NHs that responded were
more likely to be nonprofit, located in the Northeast, and
have fewer infection control or quality of care citations.”
Approximately one-third (n = 320) of the NHs had received
an infection control deficiency citation.

Table 1 presents the descriptive characteristics and bivari-
ate associations of the NH facility and infection control pro-
gram by infection control citation status. The majority of
NHs were for profit (70%) and located in a metropolitan area
(72%); half were owned by multifacility organizations
(55%). The average bed size of the responding NHs was 119

(SD: +68) and the mean percent occupancy was 82% (SD:
+15%). Facilities receiving an infection control citation were
more likely to be for profit (P <.01) and located in the South
or Midwest census regions (P < .01). No association was
found between receiving an infection control citation and
bed size, occupancy, metropolitan setting, or being part of a
multifacility organization.

Less than 40% of respondents reported specific training in
infection control and less than 3% were certified in infection
control (Table 1). The majority (61%) of NHs held frequent
infection control committee meetings and approximately
one-third were involved in an infection prevention collabora-
tive. Turnover of the IP, director of nursing, and facility
administrators was high with 41%, 42%, and 38% of NHs
reporting more than 3 persons in each role over the last 3
years, respectively. Higher frequency of infection control
committee meetings (P = .004) and greater IP turnover (P =
.045) were associated with receiving an infection control
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Table 2. Multivariate Analyses Assessing Infection Control Program Characteristics and Infection Control Deficiency Citations,

Controlling for NH Characteristics.

Policy/program PR 95% Cls P value
IP received training in infection control 0.92 0.76-1.10 .36
IP certified in infection control 0.96 0.52-1.78 .89
Frequency of infection control committee meetings

Biweekly/weekly/monthly 1.39 I.11-1.76 .005

Quarterly Ref

Annually/not regularly/other 1.28 0.93-1.78 13
Involved in an infection prevention collaborative 1.10 0.92-1.32 31
Implemented electronic health records 1.00 0.84-1.20 .96
Two or more IPs in the previous 3 years I.16 0.97-1.40 .10
Two or more DONEs in the previous 3 years 1.07 0.88-1.29 Sl
Two or more administrators in the previous 3 years I.13 0.93-1.36 19

Note. NH = nursing homes; PR = prevalence ratios; Cl = confidence intervals; IP = infection preventionist; DON = director of nursing. Analyses

controlled for NH occupancy, ownership, and census region.

Table 3. Descriptive Statistics and Bivariate Associations Between Training in Infection Control and Having Recommended Antibiotic

Stewardship Policies.

Specific training, No specific training,

Total, N =922 n =359 n =563

Policy/program (%) (%) P value
Written guidelines in place for antibiotic use 422 (46.5) 161 (45.5) 261 (47.1) .63
Collection of data on antibiotic utilization 467 (51.4) 197 (55.7) 270 (48.7) .04
Antibiotic prescribing guideline/order form 152 (16.7) 70 (19.8) 82 (14.8) .05
Policies to restrict the use of specific antibiotics 65 (7.2) 44 (12.4) 21 (3.8) <.0l
Providing feedback to clinicians on antibiotic prescribing 301 (33.2) 136 (38.4) 165 (29.8) .0l
Use of therapeutic formularies 153 (16.9) 73 (20.6) 80 (14.4) .02
Review of cases to assess antibiotic appropriateness 395 (43.5) 179 (50.6) 216 (39.0) <.0l
None of the above policies/programs on antibiotic use 105 (11.6) 31 (8.8) 74 (13.4) .03
citation. In multivariate analyses, only NHs that met Discussion

biweekly, weekly, or monthly were more likely to have an
infection control citation (PR: 1.38, 95% CI: 1.11-1.76, P =
.005) than those who met quarterly, after controlling for
occupancy, ownership status, and region (Table 2).

Table 3 presents the descriptive statistics and bivariate
associations between the presence of recommended anti-
biotic stewardship policies and infection control training
of the IP. The most frequently reported policies were col-
lection of data on antibiotic utilization (51%), written
guidelines in place for antibiotic use (47%), and review of
cases to assess antibiotic appropriateness (44%). The NHs
with a trained IP were more likely to have 5 of the 7 anti-
biotic stewardship policies (all P <.05). The presence of a
trained IP was not associated with having written guide-
lines in place for antibiotic use or the use of an antibiotic
prescribing guideline/order form. These results were
robust in the multivariable analyses, which controlled for
NH occupancy, ownership, and region (Table 4). Indeed,
NHs with trained IPs were more than 3 times as likely to
have a policy to restrict the use of specific antibiotics (PR:
3.29, 95% CI: 1.99-5.44) after controlling for facility
characteristics.

This study provides a baseline national assessment prior to
the 2016 CMS federal rule of associations between NH facil-
ity and infection control program characteristics with infec-
tion control deficiency citations as well as associations
between having a trained IP and the presence of recom-
mended antibiotic stewardship policies. Although several
statewide surveys have been conducted on the use of antibi-
otic stewardship policies in NHs, to our knowledge, this is
the first study to assess these policies on a national level and
the first to assess associations between a NH having a trained
IP and the presence of these policies.'**

We found the most frequently reported recommended
antibiotic policies were having guidelines in place for antibi-
otic use and collection of data on antibiotic utilization. This
is similar to previous state-specific studies in which the
researchers found that the most frequently reported policies
were those that were less resource intensive such as the use
of antibiograms and tracking of antibiotic use; policies
involving an antibiotic approval process or feedback to clini-
cians were less frequently reported.'®*® This is not surpris-
ing, as implementation of these types of policies may require
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Table 4. Multivariate Analyses Assessing Infection Control Training and Antibiotic Stewardship Policies Controlling for NH
Characteristics.

Policy/program PR 95% Cls P value
Written guidelines in place for antibiotic use 0.99 0.86-1.15 .95
Collection of data on antibiotic utilization I.14 1.00-1.30 .04
Antibiotic prescribing guideline/order form 1.33 0.99-1.78 .05
Policies to restrict the use of specific antibiotics 3.29 1.99-5.44 <.0l
Providing feedback to clinicians on antibiotic prescribing 1.31 1.09-1.57 <.0l
Use of therapeutic formularies 1.36 1.02-1.80 .04
Review of cases to assess antibiotic appropriateness 1.29 I.11-1.50 <.0l
None of the above policies/programs on antibiotic use 0.62 0.42-0.94 .02

Note. NH = nursing homes; PR = prevalence ratios; Cl = confidence interval. Analyses controlled for NH occupancy, ownership, and census region.

additional resources, such as pharmacy and infectious dis-
ease consultation, which are limited in the NH setting.'**!
Indeed, hospital guidelines for antibiotic stewardship pro-
grams recommend that the program be co-led by an infec-
tious disease physician and a clinical pharmacist trained in
infectious disease.”!

In NHs, the IP, director of nursing, and/or nursing staff
may have more responsibility for implementing antibiotic
stewardship programs than staff with similar roles in hospi-
tals due to the limited availability of other clinical experts.
However, lack of knowledge by NH nurses on antibiotic
stewardship concepts has been found to be an important
obstacle to implementation.”” To improve antibiotic steward-
ship in NHs, it has been recommended that (1) a multidisci-
plinary team be assembled that includes at a minimum the
medical director, the director of nursing, and an IP; (2) there
are clear policies and guidelines; and (3) processes and out-
comes are measured.” Given the lack of readily accessible,
on-site pharmacy and infectious disease support in NHs and
need for education of NH nursing staff, an infectious disease
consultation service is one proposed solution to these staff-
ing limitations.** Expanded access to these types of resources
would allow the NH to implement a wider array of antibiotic
stewardship policies such as providing clinician feedback
and antibiotic restriction.

Overall, employment of trained IPs was lacking. This is
similar to a study conducted by Trautner and colleagues
where the researchers found that only in half of the partici-
pating NHs, the main point of contact for infection preven-
tion had specific infection control training.*® Lack of training
was concerning given the finding that NHs that employed
trained IPs were more likely to have antibiotic stewardship
policies in place. These results reinforce the urgent need to
educate all NH staff, which is one of the core elements of
antibiotic stewardship in NHs recommended by the CDC."”
Professional education for NH IPs is increasingly available.
For example, the Association for Professionals in Infection
Control and Epidemiology (APIC) recently launched a 2-day
certificate course for IPs employed in long-term care and the
Agency for Healthcare Research and Quality developed a

NH antimicrobial stewardship toolkit.'**® Previous research-
ers have found that training nurses improves their knowledge
regarding the care of NH residents with infections and
empowers them to be antimicrobial stewards.”” For change
to occur in NHs and antibiotic stewardship programs be suc-
cessful, “champions” are needed to educate the staff, pre-
scribers, residents, and family.”® With the new CMS
regulations expanding the role of the IP in NHs, it is very
likely trained IPs will serve as the champion.

There is a large body of evidence demonstrating associa-
tions between high nurse turnover and poor quality of care in
hospitals.”*° There is also evidence that high nurse turnover
rates impact NH quality.’’ The bivariate association of IP
training and infection control citation is similar to what has
been previously reported;® however, in the previous pub-
lished report, no multivariate analyses were conducted.
Furthermore, these results were not found in the multivariate
analyses. With the expanded role and increased IP staffing in
NHs, future researchers should examine IP workforce stabil-
ity and outcomes.

In the multivariate analyses, more frequent infection con-
trol meetings were independently positively associated with
infection control deficiency citations. With the data available,
we cannot assess cause and effect; however, it is probable that
more frequent meetings were a result of the deficiency cita-
tions and an attempt by the NH to improve their infection
control program (ie, reverse causality). In previous analyses,
we have found that NHs in states with Department of Health
infection control training programs or infection reporting
regulations specific to NHs were less likely to receive infec-
tion control citations.>> Certainly, NH personnel need sup-
port, guidance, and training to establish effective infection
control programs that protect residents from the risk of infec-
tion transmission, and more frequent infection control meet-
ings may help provide this support. In a previous published
report we conducted using the same survey data with differ-
ent analysis methods and 2015 infection citation data found
on NH compare (ie, not data directly from CASPER), we did
not find a significant association between frequency of meet-
ings and citations.® We chose to use the citation 2013 CASPER
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infection citation data in this analysis because we believe it
was more concurrent with the survey data. Nevertheless,
these results should be interpreted with caution.

This study had limitations. Our survey had a moderate
response rate, which may affect generalizability of study
results. However, there were no notable differences between
respondents and nonrespondents. Although data from the sur-
vey were linked to concurrent CASPER files and reflect NHs
across the nation, the analysis is cross-sectional and therefore
limited to identifying associations only. In addition, there
may be omitted confounders that are affecting the presence of
some antibiotic stewardship policies (eg, having written anti-
biotic guidelines and providing feedback to clinicians on anti-
biotic prescribing could be related to the presence of an
on-site medical director, more engaged leadership or other
unmeasured NH characteristics). We could not examine the
staffing involved in an antibiotic stewardship program, the
frequency of implementing the antibiotic stewardship poli-
cies, nor all CDC-recommended antibiotic stewardship com-
ponents. We recommend future researchers examine these
issues. Nevertheless, the results provide a national baseline
prior to the new CMS ruling. These findings will be useful in
evaluating the impact of the CMS ruling in future studies. We
recommend that NHs provide resources for their IPs to obtain
training. As the CMS rule becomes implemented in 2017, we
also recommend that future researchers examine the impact
of NH workforce stability and IP training on antibiotic stew-
ardship and ultimately resident outcomes.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
study was funded by the NIH/NINR Grant RO1 NR013687.

ORCID iD

Mansi Agarwal https://orcid.org/0000-0002-0367-7733

References

1. Harris-Kojetin L, Sengupta M, Park-Lee E, Valverde R. Long-
term care services in the United States: 2013 overview. Vital
Health Stat 3.2013(37):1-107.

2. Strausbaugh L, Joseph C. Epidemiology and prevention of infec-
tions in residents of long-term care facilities. In: Mayhill CG,
ed. Hospital Epidemiology and Infection Control. Baltimore,
MD: Williams & Wilkins; 1996:1151-1170.

3. TsanL, Davis C, Langberg R, et al. Prevalence of nursing home-
associated infections in the Department of Veterans Affairs
nursing home care units. Am J Infect Control. 2008;36(3):173-
179.

4. Herzig CTA, Dick AW, Sorbero M, et al. Infection trends
in US nursing homes, 2006-2013. J Am Med Dir Assoc.
2017;18(7):635.9-635.¢20.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

. 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(6):568.e1-568.¢13.

. Aliyu S, Smaldone A, Larson E. Prevalence of multidrug-resis-

tant gram-negative bacteria among nursing home residents: a
systematic review and meta-analysis. Am J Infect Control.
2017;45(5):512-518.

. Mody L, Bradley SF, Huang SS. Keeping the “home” in nurs-

ing home: implications for infection prevention. JAMA Intern
Med. 2013;173(10):853-854.

. Herzig CT, Stone PW, Castle N, Pogorzelska-Maziarz M,

Larson EL, Dick AW. Infection prevention and control pro-
grams in US nursing homes: results of a national survey. J Am
Med Dir Assoc. 2016;17(1):85-88.

. Stone PW, Herzig CT, Pogorzelska-Maziarz M, et al.

Understanding infection prevention and control in nursing
homes: a qualitative study. Geriatr Nurs. 2015;36(4):267-272.
Cohen CC, Pogorzelska-Maziarz M, Herzig CT, et al. Infection
prevention and control in nursing homes: a qualitative study
of decision-making regarding isolation-based practices. BMJ
Qual Saf. 2015;24(10):630-636.

Ye Z, Mukamel DB, Huang SS, Li Y, Temkin-Greener H.
Healthcare-associated pathogens and nursing home policies
and practices: results from a national survey. Infect Control
Hosp Epidemiol. 2015;36(7):759-766.

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(8):537-545.

Albrecht JS, McGregor JC, Fromme EK, Bearden DT, Furuno
JP. A nationwide analysis of antibiotic use in hospice care in the
final week of life. J Pain Symptom Manage. 2013;46(4):483-
490.

Thompson ND, LaPlace L, Epstein L, et al. Prevalence of
antimicrobial use and opportunities to improve prescrib-
ing practices in U.S. nursing homes. J Am Med Dir Assoc.
2016;17(12):1151-1153.

Centers for Medicare & Medicaid Services. Reform of Requirements
for Long-Term Care Facilities: Final Rule (CMS-3260-P). https://
www.federalregister.gov/documents/2016/10/04/2016-23503/
medicare-and-medicaid-programs-reform-of-requirements-for-
long-term-care-facilities. Published 2016. Accessed June 26, 2017.
Agency for Healthcare Research Quality. Nursing Home
Antimicrobial ~ Stewardship  Guide. http://www.ahrq.gov/
nhguide. Published 2006. Accessed October 2017.

Centers for Disease Control and Prevention. The Core Elements
of Antibiotic Stewardship for Nursing Homes. Atlanta, GA:
Centers for Disease Control Prevention; 2015.

. Pogorzelska M, Stone PW, Larson EL. Certification in infec-

tion control matters: impact of infection control department
characteristics and policies on rates of multidrug-resistant
infections. Am J Infect Control. 2012;40(2):96-101.

Morrill HJ, Mermel LA, Baier RR, et al. Antimicrobial stew-
ardship in Rhode Island long-term care facilities: current stand-
ings and future opportunities. Infect Control Hosp Epidemiol.
2016;37(8):979-982.

Yang M, Vleck K, Bellantoni M, Sood G. Telephone survey
of infection-control and antibiotic stewardship practices in
long-term care facilities in Maryland. J Am Med Dir Assoc.
2016;17(6):491-494.


https://orcid.org/0000-0002-0367-7733
https://www.federalregister.gov/documents/2016/10/04/2016-23503/medicare-and-medicaid-programs-reform-of-requirements-for-long-term-care-facilities
https://www.federalregister.gov/documents/2016/10/04/2016-23503/medicare-and-medicaid-programs-reform-of-requirements-for-long-term-care-facilities
https://www.federalregister.gov/documents/2016/10/04/2016-23503/medicare-and-medicaid-programs-reform-of-requirements-for-long-term-care-facilities
https://www.federalregister.gov/documents/2016/10/04/2016-23503/medicare-and-medicaid-programs-reform-of-requirements-for-long-term-care-facilities
http://www.ahrq.gov/nhguide
http://www.ahrq.gov/nhguide

Stone et al

21.

22.

23.

24.

25.

Dellit TH, Owens RC, McGowan JE Jr, et al. Infectious
Diseases Society of America and the Society for Healthcare
Epidemiology of America guidelines for developing an insti-
tutional program to enhance antimicrobial stewardship. Clin
Infect Dis. 2007;44(2):159-177.

Lim CJ, Kwong M, Stuart RL, et al. Antimicrobial stewardship
in residential aged care facilities: need and readiness assess-
ment. BMC Infect Dis. 2014;14:410.

Crnich CJ, Jump R, Trautner B, Sloane PD, Mody L.
Optimizing antibiotic stewardship in nursing homes: a nar-
rative review and recommendations for improvement. Drugs
Aging. 2015;32(9):699-716.

Jump RL, Olds DM, Seifi N, et al. Effective antimicrobial
stewardship in a long-term care facility through an infectious
disease consultation service: keeping a LID on antibiotic use.
Infect Control Hosp Epidemiol. 2012;33(12):1185-1192.
Trautner BW, Greene MT, Krein SL, et al. Infection preven-
tion and antimicrobial stewardship knowledge for selected
infections among nursing home personnel. Infect Control Hosp
Epidemiol. 2017;38(1):83-88.

26.

27.

28.

29.

30.

31.

32.

Association for Professionals in Infection Control and Epidemi-
ology. EPI in Long-Term Care. https://apic.org/. Published 2017.
Accessed October 2017.

Wilson BM, Shick S, Carter RR, et al. An online course improves
nurses’ awareness of their role as antimicrobial stewards in nurs-
ing homes. Am J Infect Control. 2017;45(5):466-470.

Scales K, Zimmerman S, Reed D, et al. Nurse and medical pro-
vider perspectives on antibiotic stewardship in nursing homes.
J Am Geriatr Soc. 2017;65(1):165-171.

Hayes LJ, O’Brien-Pallas L, Duffield C, et al. Nurse turnover:
a literature review. Int J Nurs Stud. 2006;43(2):237-263.
Bartel AP, Beaulieu ND, Phibbs CS, Stone PW. Human capi-
tal and productivity in a team environment: evidence from the
healthcare sector. Am Econ J Appl Econ. 2014:6:231-259.
Kayyali A. The impact of turnover in nursing homes. Am J
Nurs. 2014;114(9):69-70.

Cohen CC, Engberg J, Herzig CT, Dick AW, Stone PW.
Nursing homes in States with infection control training or infec-
tion reporting have reduced infection control deficiency cita-
tions. Infect Control Hosp Epidemiol. 2015;36(12):1475-1476.


https://apic.org/

