
Antimicrobial Stewardship in Long-Term Care Facilities: 
Approaches to Creating an Antibiogram when Few Bacterial 
Isolates Are Cultured Annually

Maria-Stephanie A. Tolg, PharmDa,b, David M. Dosa, MD, MPHa,b,c, Robin L.P. Jump, MD, 
PhDd,e, Angelike P. Liappis, MD, FIDSAf, and Kerry L. LaPlante, PharmD, FCCP, FIDSAa,b,c,*

aVeterans Affairs Medical Center, Infectious Diseases Research Program, Providence, RI

bDepartment of Pharmacy Practice, University of Rhode Island, College of Pharmacy, Kingston, 
RI

cWarren Alpert Medical School of Brown University, Providence, RI

dGeriatric Research Education and Clinical Center (GRECC) and the Specialty Care Center of 
Innovation at the Louis Stokes Cleveland, Department of Veterans Affairs Medical Center, 
Cleveland, OH

eDivision of Infectious Diseases and HIV Medicine, Department of Medicine and Department of 
Population and Quantitative Health Sciences, Case Western Reserve University, Cleveland, OH

fSection of Infectious Diseases, Washington DC Veterans Affairs Medical Center, Washington DC

Abstract

Antibiograms are important clinical tools to report and track antibiotic susceptibility and help 

guide empiric antimicrobial therapy. Antibiograms support compliance with antimicrobial 

stewardship (AMS) requirements from the Centers for Medicare and Medicaid Services and are in 

line with recommendations from the Centers for Disease Control and Prevention Core Elements of 

AMS for nursing homes/longterm care facilities (LTCFs). Unlike most acute-care settings, LTCFs 

are challenged in creating antibiograms because of the low number of bacterial isolates collected 

annually. Determining the best methodology for creating clinically useful antibiograms for LTCFs 

needs to be explored. Possible approaches include (1) extending the isolate data beyond 1 year, (2) 

combining isolate data from the same geographic region, (3) using a nearby acute-care facility’s 

antibiogram as a proxy, or (4) collapsing isolate data. This article discusses the benefits and 

limitations of each approach.
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Antimicrobial stewardship (AMS) initiatives consist of multidisciplinary approaches to 

coordinate appropriate antimicrobial use in an effort to decrease selective pressures that 

drive the emergence of multidrug resistant organisms (MDROs).1,2 AMS initiatives have 

been effectively implemented across many acute-care settings but are less well established in 

long-term care facilities (LTCFs).3,4 The Centers for Medicare and Medicaid Services 

“proposed that the facility’s infection prevention and control program must also include an 

antibiotic stewardship program that includes antibiotic use protocols and systems for 

monitoring antibiotic use and recording incidents” under Reform of Requirements for Long-

Term Care facilities.5 The Centers for Disease Control and Prevention Core Elements for 

AMS encourages nursing homes to start implementing at least 1 AMS activity and then 

gradually incorporate additional strategies.6 A facility-specific antibiogram supports AMS 

activity for tracking and reporting antibiotic resistance and represents a tangible contribution 

to meet the recommendations of the Centers for Medicare and Medicaid Services and the 

Centers for Disease Control and Prevention.

An antibiogram summarizes a healthcare facility’s bacteria susceptibilities to antibiotics, 

typically over a 1-year time period.7 By displaying which bacteria have the highest rates of 

susceptibility to specific antibiotics in a given facility, antibiograms may help guide the 

establishment of antibiotic-use protocols.1,6–8 Prudent use of such protocols supports AMS 

efforts to reduce the prevalence of MDROs and the risks of adverse drug events in the long-

term care population.9–14 Unfortunately, LTCFs may run into challenges when creating 

antibiograms because of the relative low number of residents in some facilities and the 

paucity of bacterial isolates collected for diagnostic purposes.15 To address this, we 

reviewed the literature to evaluate proposed methods for developing an antibiogram with low 

isolate counts and to address some of the common pitfalls pertaining to the long-term care 

environment. Articles were identified by PubMed searches with the following keywords in 

various combinations: acute-care antibiograms, antibiograms, development of antibiograms, 

long-term care facility antibiograms, nursing home antibiograms, regional antibiograms, and 

stratified antibiograms. Manual searches of reference lists found from initial searches were 

also conducted. Studies were included based on the authors’ judgment of relevance to the 

topic.

Guidelines for Creating an Antibiogram

The Clinical and Laboratory of Standards Institute (CLSI) publishes the M39 Analysis and 

Presentation of Cumulative Antimicrobial Susceptibility Test Data; Approved Guideline, 

which is a commonly referenced guideline on how to create antibiograms1,2,7 It provides 

comprehensive recommendations geared toward microbiologists, physicians, pharmacists, 

epidemiologists, and other healthcare personnel on how to collect, analyze, and present 

cumulative antimicrobial susceptibility data. When completed, the antibiogram is often 

displayed as a table with columns and rows dedicated to listing all individual bacterial 

species with all individual antibiotics to match each “drug-bug” pair’s cumulative 

susceptibility as a percent.

Figure 1 shows an example of an antibiogram prepared for a healthcare facility and guidance 

on how to use it. In that example, 29 out of 39 clinical Escherichia coli isolates collected 
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from patients at that facility were resistant to ciprofloxacin. Accordingly, the percent 

susceptible listed in the antibiogram is 26% [(10/39) × 100 = 26%]. The same procedure was 

performed for all other antibiotics used to treat E coli infections as well as for antibiotics 

used to treat infections caused by other bacteria isolated.

Some of the recommendations from the CLSI M39 document on how to collect the data for 

these reports include the following: report at least annually, include only verified final 

results, include only species with data for ≥30 isolates, include only diagnostic (not 

surveillance) isolates, and only include the first isolate of a species obtained from a patient 

for each analysis period.7 Only including diagnostic isolates and the first isolate of a species 

obtained from a patient are recommended to prevent overestimation of bacterial resistances. 

The cut-off of 30 isolates is recommended to improve the accuracy of the calculated 

susceptibility rates. As the number of isolates decreases, the 95% confidence intervals (CIs) 

become wider. For example, if considering a 90% susceptibly rate for n = 30 the 95% CI is 

74%–97% compared with n = 20 and n = 10, for which the 95% CIs are 69%–98% and 

57%–100%, respectively. A descriptive study found that out of 32 community hospitals, 

only 8 followed this 30-isolate recommendation whereas the rest included footnotes of 

“impaired statistical validity.”15 LTCFs, often smaller than community hospitals and with a 

lower rate of admissions, are even less likely to satisfy this recommendation. Thus, the 

question becomes how do we create antibiograms for LTCFs that will best estimate bacteria 

susceptibility rates to empiric guide antibiotic selection and support AMS practices?

Significance of the Problem

When clinicians start antibiotics without having culture results complete with susceptibilities 

to inform their antibiotic choices, antibiograms can help guide selection of an antibiotic 

likely to be effective against the offending bacteria. Although clinical practice guidelines 

provide recommendations on antibiotic regimens for the initial treatment of infections, 

antibiograms tailor this information for the specific facility.1,2,8 Unfortunately, in LTCFs 

even the most frequently cultured bacteria may still be less than 30 isolates. Without an 

antibiogram’s information, antibiotics that have high resistance rates in that facility may be 

inadvertently chosen. Alternatively, broad-spectrum antibiotics might be used unnecessarily 

because of concerns of inadequately treating potential pathogens. In both scenarios, there is 

the potential for use of antibiotics with inappropriate antibacterial coverage, which can 

select for MDROs and increase the prevalence of these infections in LTCFs.16,17

Discussion

Potential Approaches to Creating LTCF Antibiograms

The following can be used to create antibiograms for the LTCF environment. Table 1 

summarizes the advantages and limitations of each approach.

Approach 1: Extending the Antibiogram Data Beyond 1 Year

Perhaps the easiest approach to achieve the threshold of ≥30 isolates of each species is to 

extend collection beyond the conventional 1-year period. The CLSI M39 document 

promotes this approach as a solution to overcoming the problem with low number of 
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isolates.7 The advantage is that it may report more accurate susceptibilities over that 

extended time period, but the disadvantage is that the resistance rates and patterns of bacteria 

can change over years.18–22 However, the emergence of changing bacterial resistance may 

be slow enough that going back a few years may not significantly change the antibiograms. 

This balance between permitting enough time to collect a sufficient number of isolates and 

changes in resistance patterns is not yet well understood or characterized. In our opinion, 

extending the collection period remains an option for LTCFs, especially if the resident 

population is stable.

Approach 2: Creating a Regional Antibiogram

Another approach promoted by the CLSI M39 document is the creation of antibiograms that 

combine data from several facilities in the same geographic area.7 The supporting theory is 

that bacteria are spread within geographic regions, and, therefore, these areas may have 

similar bacterial susceptibility rates.23,24 When considering LTCFs, residents often transfer 

to or from nearby hospitals. Transmission of bacteria, including MDROs, between acute-

care hospitals and nursing homes has high bidirectional flow.25–27 Nursing home residents 

acquire MDRO infections in their nursing homes –60% of the time, and in hospitals ~40% 

of the time. Typically, there are only a handful of “parent” hospitals to which residents are 

admitted. When this has been studied with inpatients compared with outpatients, the results 

were variable and some susceptibility rates were found to be similar while others were not.28 

A major barrier to this approach, however, is the relative lack of the coordination between 

the acute-care facilities and LTCFs, and that their laboratory methodologies may differ.29 

The microbiology laboratories of LTCFs are often not on site, and some acute-care facilities 

may also contract to have some or all of their specimens sent to other laboratories. In 

addition, this approach would rely upon strong relationships and communication among key 

stakeholders from the facilities’ laboratories, infectious diseases teams, and/or AMS teams. 

Finally, this approach relies on the assumption that the bacterial susceptibilities and 

emerging resistances are similar within a region.23,24 Depending on multiple factors, this 

may not be necessarily the case.

Approach 3: Using Antibiograms of Nearby Hospitals

A third approach would be to use the nearby or “parent” hospitals’ antibiograms as 

representative of the LTCFs’ bacterial susceptibilities. Considering the low number of 

isolates that the LTCF would contribute, the parent hospital’s antibiogram may suffice. This 

approach has the advantage of convenience as hospitals create these annually already, and 

LTCFs could use them within their own facility.29–31 However, as with the regional 

antibiogram, this assumes that the bacterial susceptibilities and emerging resistances are 

similar between the facilities, which may not always be the case.28,32,33

Approach 4: Collapsed Antibiograms

A different approach to the low isolate issue is to create a collapsed antibiograms by 

grouping similar organisms. For example, an antibiogram in favor of collecting data by 

specimen site (ie, urine, skin, sputum, etc) might prove useful as decisions on empiric 

antibiotics are often made in this fashion. In this approach, the number of total isolates could 

be used instead of each bacterial species. The interpreter would be able to select antibiotics 
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with activity against several similar species of bacteria most likely to cause specific 

infections. Because antibiograms are tools used for empiric decision making of antibiotic 

selection, this approach may be best from a functional standpoint. For example, if a 

collapsed urinary antibiogram was created, the user would be able to identify which 

antibiotics were the most likely to provide effective empiric therapy against urinary 

pathogens collected from a single LTCF in the previous year. LTCF studies that have shown 

higher prevalence of antibiotic resistant bacteria specifically isolated certain infection sites, 

such as the urinary tract and skin, comparatively to other infection sites.16,17 A limitation is 

that clinicians using the antibiograms must still be aware that bacteria have varying intrinsic 

resistances to certain antibiotics.7,34,35 For example, Proteus mirabilis is intrinsically 

resistant to nitrofurantoin, which adequately covers many other gram-negative bacteria, and 

an R is placed the Proteus mirabilis-nitrofurantoin cell of antibiograms. Because a collapsed 

antibiogram would not contain listings of individual bacterial species, dissemination with 

appropriate explanations for interpretations would be imperative.

Implications for Practice, Policy, and/or Research

Currently, there is not consensus on identifying the optimal approach for creating a LTCF-

specific antibiogram when there are a limited number of clinical isolates. With fewer clinical 

specimens of bacteria isolated from infections in LTCFs compared with acute-care settings, 

it becomes difficult to create an antibiogram in compliance with the CLSI M39 guideline 

recommendations. Each of the approaches discussed has its advantages and limitations. 

Extending the antibiogram data beyond 1 year, creating a regional antibiogram, and using 

nearby hospital antibiograms all increase the likelihood of becoming more compliant with 

the CLSI M39 guideline recommendation of having at least 30 isolates per bacterial species 

reported, but it is unclear if the bacterial susceptibility rates will represent the rates of the 

LTCFs. In addition, coordination between LTCFs and nearby acute-care facilities may be 

difficult depending on the health systems. A collapsed antibiogram would allow for infection 

site-specific data to be presented, but intrinsic resistances of specific bacterial species would 

need to be noted. Further research is necessary to provide further insight, as the best 

approach to create antibiograms in LTCFs is currently unknown and may very well vary by 

facility.
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Fig. 1. 
Example of hypothetical facility antibiogram with instructions for use.7 Hypothetical 

healthcare facility 1 January-31 December 2017 cumulative antimicrobial susceptibility 

report+ percent susceptible; +The percent susceptible for each organism/antimicrobial 

combination was generated by including the first isolate of that organism encountered on a 

given patient; *Indicates <30 isolates tested and potentially low accuracy of susceptibility 

rates; –Indicates the antimicrobial agent is not tested, or is known to be clinically ineffective. 

R, intrinsic resistance; TMP/SMX Sulfamethoxazole/Trimethoprim. Instructions for Use: (1) 

Locate the rows that list pathogens that are most likely to cause the infection: (ie, 

Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis for a urinary tract infection); 

(2) Locate columns of antibiotics within the same pathogen rows that have the highest 

percent susceptible (closest to 100); (3) Identify which antibiotics have the highest percent 

susceptibility rates, >80%–85% preferred,15,16 and consider these as potential empiric 

therapeutic options; (4) To support antimicrobial stewardship, choose narrow spectrum 

agents when possible (eg, TMP/SMX rather than piperacillin/tazobactam).
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