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Background: Antimicrobial stewardship (AMS) guidelines advocate for the use of antibiograms (cumulative 
antimicrobial susceptibility test data) as a tool to guide empirical antibiotic prescribing and inform local 
treatment guidelines. The objective of this review is to evaluate the effectiveness of antibiograms as an 
intervention to optimize antimicrobial prescribing and patient outcomes.
Methods: Embase, PubMed, CINAHL, and International Pharmacy Abstracts (IPA) databases were searched 
from inception until September 2022, to identify studies of antibiogram-related interventions in all health 
care settings. The National Institutes of Health Quality Assessment Tools were used to assess the metho-
dological quality of the included studies.
Results: Of the 37 included studies, the majority of studies were conducted in the United States (n = 25) and 
in hospital settings (n = 27). All interventions were multifaceted and in 26 (70%) studies, facility-specific 
antibiograms could be considered as an integral component of the interventions. A positive impact on an-
tibiotic consumption trends (17 studies), appropriateness of prescribing (16 studies), and cost of treatment 
(6 studies) was found, with minimal evidence for improvement in mortality, hospitalization, and resistance 
profiles. Due to the heterogeneity in study designs and outcomes, a meta-analysis was not performed.
Conclusions: AMS interventions including antibiograms may improve antibiotic use, appropriateness, and 
costs. Multifaceted interventions were often used, which precludes drawing conclusions about the effec-
tiveness of antibiograms alone as an AMS tool.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of Association for Professionals in Infection 
Control and Epidemiology, Inc. This is an open access article under the CC BY-NC-ND license 

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

BACKGROUND

Antimicrobial Resistance (AMR) is a significant problem as the 
increased quantity of antibiotic use and inappropriate antibiotic 
prescribing have increased the rate at which resistance is developing 
and spreading with limited development of new antibiotics.1,2 Sta-
tistical modeling has estimated that 4·95 million deaths (3.62-6.57) 
were associated with bacterial AMR globally in 2019, which was the 
third leading cause of deaths, with only ischemic heart disease and 
stroke accounting for more deaths in the same year.2 Ten million 
lives per year will be lost to AMR infections with an estimated global 
cost of $100 trillion US dollars by 2,050 if trends in antimicrobial 
resistance continue unabated.3
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A primary principle of antimicrobial stewardship (AMS) pro-
grams is to establish effective empiric antibiotic recommendations 
for commonly encountered infections. Suboptimal empirical anti-
biotics may cause harm to patients, such as delay in effective therapy 
or treatment failure, and the use of unnecessarily broad-spectrum 
antibiotics can lead to antimicrobial resistance.4,5 AMS guidelines 
advocate for the use of antibiograms to guide empirical prescribing 
and inform treatment guideline development.6,7 An antibiogram 
comprises a table summarizing the percent of individual bacterial 
pathogens susceptible to different antibiotics for a specific setting 
and time period.6,8 A variety of antibiograms exist ranging from the 
traditional to more sophisticated compilations such as weighted- 
incidence syndromic combined antibiogram.9 Antibiograms can also 
be used to increase awareness of antibiotic resistance and track re-
sistance patterns over time.6,7 

Little is known about how effective antibiograms are as an in-
tervention to optimize antibiotic use, and other related outcomes. 
This systematic review aims to synthesize findings from studies 
evaluating the clinical impact and effectiveness of antibiograms as 
an AMS tool, across all health care settings—including hospitals, 
primary care, and residential aged care (RACFs) or long-term care 
facilities (LTCFs). 

METHODS 

This systematic review is reported according to the preferred 
reporting items for systematic reviews and meta-analyses.10 The 
protocol for study was published on PROSPERO (2021 
CRD42021252262).11 Due to the heterogeneity in study designs and 
outcomes, a meta-analysis was not performed. 

Information sources and search strategy 

A systematic literature search was conducted of five databases 
(PubMed, Embase, CINHAL, International Pharmaceutical Abstracts, 
and Scopus) for English language original research articles from in-
ception until September 2022 (Supplementary 1—search strategy). 
We searched for articles that examined AMS interventions that used 
antibiograms in any health care setting with no limits of interven-
tion types. Included articles were hand-searched for further relevant 
references using Scopus and Google Scholar. Covidence software was 
used for collaborative screening and Endnote 20 was used to manage 
the references. 

Eligibility criteria 

Original research articles reporting the effects of AMS interven-
tions including antibiograms to improve antibiotic prescribing or 
other patient health outcomes in hospitals, primary care, and RACFs 
or LTCFs were eligible for inclusion. Studies were included if they 
reported intervention outcomes such as rates of antibiotic con-
sumption, appropriate empirical antibiotic selection, hospitalization, 
cost-benefit ratios, mortality, resistance, or any other infection-re-
lated outcomes. Eligible study types included randomized controlled 
trials (RCT) and quasi-experimental studies such as controlled and 
uncontrolled before and after studies, interrupted time series, and 
observational studies. Cross-sectional and non-experimental studies, 
studies with non-human participants, and those which utilized an-
tibiograms as only a surveillance tool were not eligible for inclusion. 

Study selection 

One author (DK) screened titles to exclude non-human studies. 
Two authors (DK, SC) independently reviewed the title and abstracts 
of citations returned from the search strategy, after the removal of 

duplicates, to identify potentially relevant citations for full-text re-
view. An independent reviewer (NF) screened a random sample of 
> 5% (n = 240) of the excluded articles to ensure the reliability and 
integrity of the title screening process. The full text of all relevant 
citations was then reviewed independently by 2 authors (DK and NF/ 
CF). Discrepancies between the 2 authors in the assessment of titles 
and abstracts and full-text articles were resolved through discussion 
and where necessary, through a third reviewer. 

Data extraction 

Data extraction was undertaken by 1 reviewer (DK), with 25% 
randomly selected for verification by a second reviewer (SC). The 
predefined variables extracted included study characteristics 
(country, study design, health care setting), intervention details, and 
outcomes of interest. Indicators to evaluate antibiotic use included 
defined daily doses per 1,000/patient or resident days (DDD/1,000 
days), days of antibiotic therapy per 1,000 patient or resident days 
(DOT/1,000 days), and percentage of patients prescribed or charted 
an antibiotic. Indicators of the appropriateness of antibiotics in-
cluded the percentage of antibiotic prescriptions that were con-
cordant with local treatment guideline or recommendations. All data 
on outcome measures specifying length of stay (LOS), mortality 
rates, resistance rates, costs of treatment, or any infection-related 
outcomes was extracted in any form or unit available. The type of 
infection or antimicrobial agent focus of the study was also ex-
tracted. 

Intervention details included antibiogram type and its clinical 
application. If antibiograms were used in combination with other 
interventions, the details of these other interventions were also 
extracted. The Cochrane effective practice and Organization of care 
group’s Taxonomy of Health System Interventions12 was used as a 
guide to classify intervention components (Supplementary 2—Ef-
fective Practice and Organization of Care Taxonomy). Antibiograms 
were considered to have an integral role if the AMS intervention was 
not possible without the use of the antibiogram. 

Methodological quality assessment 

Risk of bias was assessed using validated checklists published by the 
US National Institutes of Health (NIH).13 Internal validity of the studies 
was evaluated using these checklists. This tool specifies different 
checklists for different study designs. The guidance document provided 
by NIH recommends against using the checklists to ‘score’ in order to 
judge a study’s quality. The checklist of questions for each of these study 
types is included in Supplementary 3- Table 3. 

RESULTS 

There were 37 studies included in this review. The preferred re-
porting items for systematic reviews and meta-analyses diagram 
(Fig 1) illustrate the process by which the studies were screened. A 
total of 11,889 studies were identified. After duplicates (4,129), non- 
English (758), and non-human (4,692) studies were removed, 2,310 
studies were assessed for title and abstract, and 89 studies were fully 
assessed. Thirty-one studies were included from this process. An 
additional 5 studies were found from hand-searching reference lists 
and citations of included articles. The search was updated prior to 
data analysis which added an additional study. 

Study design and setting 

The study (author, year, study design, location, setting, and 
sample size) and intervention characteristics are presented in  
Table 1. The study designs included before and after (n = 27),14–40 
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interrupted time series (n = 7),41–47 crossover randomized controlled 
trial (n = 1),48 and observational case/cohort studies (n = 2).49,50 The 
majority of studies were conducted in the United States 
(n = 25),17–21,23–25,29–32,35–38,40,42–49 followed by 5 studies in 
India,14,16,27,34,41 2 in Egypt,22,39 2 in Canada,26,28 and 1 each in 
Thailand,15 South Africa,33 Australia, and New Zealand.50 A total of 
27 studies14–16,18,21,22,26–30,33–42,44–46,48–50 were conducted in hospi-
tals and associated outpatient clinics which included intensive care 
units, emergency departments, medical and surgical wards. Three 
studies were conducted in RACF or LTCF for aged residents.20,24,32 

Other settings included LTCF or medical centers for veterans31,47 or 
specialist outpatient clinics.17,19,23,25,43 

Quality appraisal 

Specific NIH13 Quality Assessment Tool for the relevant study 
types was used for quality appraisal of included studies. These 
findings are detailed in Supplementary 3–Table 4. 

Overall, the studies in this review would be considered at high 
risk of bias as 92% were uncontrolled prepost design. Of these, seven 
studies41–47 used an interrupted time series (ITS) design to detect 
whether an intervention has had an effect significantly greater than 
the underlying trend. 

When assessed for internal validity using the NIH checklist, most 
studies (86%) had an adequate response to the quality domains (ie, 
positive response to at least 5 checklist points). Only five of these 
studies25,28,29,46,50 had positive responses to 9 or more domains. 

Study outcomes 

Table 2 includes outcome details and how the antibiogram was 
utilized for all included studies. 

Overall, 22 studies15,16,18,20,21,23,25,28–30,32,35–37,39–43,45–47 mea-
sured volume of antibiotic use or patterns of prescribing and 20 
studies14–16,18,20–24,26–28,31,35,38,41,43–45,49 reported appropriateness of 
antibiotic use. Other reported outcomes included mortality 
(n = 10),14,16,18,37–40,48,50 resistance rate (n = 9),15,22,25,29,33,36,40,42,48 

costs of treatment (n = 7),14,15,18,22,30,39,48 hospitalization or length of 
stay (n = 9)18,21,29,35–39,48 and infection-related outcomes, including C 
difficile rates (n = 13).17,19,25,29,30,32,34,38,41,43,44,47,48 

Antibiograms were considered an integral component of the AMS 
interventions in 26 studies.17–33,36,37,42–45,47–49 A sub-analysis of 
these studies was conducted indicated that all 26 studies used 
multifaceted interventions in association with facility-specific anti-
biograms. In 20 of the 26 studies, antibiograms were used to guide 
empirical antibiotic prescribing and develop treatment guide-
lines.20–24,26,28–33,36,37,42–45,48,49 Often educational strategies, local 
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Duplicate records (n = 4129) 
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Conference/poster abstract (n = 11) 
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Fig. 1. Preferred reporting items for systematic reviews and meta-analyses flowchart of screening results. *Mischaracterized intervention—included interventions that are not of 
interest as they describe individual and not cumulative antimicrobial susceptibility test results. 
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consensus processes, clinical practice guidelines, and reminders 
were used together with the antibiogram to develop or inform 
empirical treatment guidelines, algorithms, or decision support tools 
(n = 14).21–26,28–30,32,36,37,43,44 

Five studies used traditional antibiograms.17,24,29,31,37 Seven stu-
dies used syndromic antibiograms23,25,32,42–45 and 1 study used 
weighted incidence syndromic antibiograms.48 Three studies22,36,49 

which did not clarify the use of traditional or syndromic anti-
biograms, specifically mentioned the location of origin of the anti-
biograms (ie, location-specific). 

Overview of intervention effectiveness 

Antibiotic use and prescribing patterns 
The volume of antibiotics used was reported as an outcome in 22 

studies.15,16,18,20,21,23,25,28–30,32,35–37,39–43,45–47 Statistically significant 
improvements in prescribing patterns were found in 17 stu-
dies.15,18,20,23,25,28–30,32,35,37,39,41,42,45–47 Of these 17 studies, 12 stu-
dies18,20,23,25,28–30,32,37,42,45,47 utilized antibiograms as an integral 
component. Eight out of these 12 studies18,23,28,29,32,42,45,47 found a 
reduction in broad-spectrum antipseudomonal antibiotics, mostly 
fluoroquinolone use, and this outcome was reported as DOT or 
DDDs/1,000 patient days or percentage or rate of prescribing or 
charting. Three studies indicated a trend toward increased use of 
narrower-spectrum antibiotics such as nitrofurantoin.18,20,23 This 
outcome was not assessed in the RCT.48 

Appropriateness of antibiotic prescribing 
Outcome measures reporting the appropriateness of antibiotic 

prescribing included guideline-concordant prescribing, rates of 
empirical antibiotic prescribing, or choice of empirical antibiotics. 
This was reported as an outcome measure in 20 stu-
dies14–16,18,20–24,26–28,31,35,38,41,43–45,49 and in 16 of 
these,14,15,18,20–23,26,28,31,35,38,41,43,44,49 there was a statistically sig-
nificant improvement in the appropriateness of antibiotic use. 
Eleven of the 16 studies18,20–23,26,28,31,43,44,49 utilized antibiogram as 
an integral component of AMS interventions. This outcome was not 
assessed in the RCT.48 

Hospitalization and length of stay 
Hospital admission (30-day re-admission/inpatient admission) 

was reported in 2 studies35,48 and LOS was reported in 8 stu-
dies.18,21,29,36–39,48 Statistically significant reduction in LOS was only 
shown for Wassef et al39 with a decrease in mean days of 1.5 
(P = .047). LOS was a primary outcome in only 1 study which was a 
randomized crossover trial48 which did not find a statistically sig-
nificant difference. 

Mortality 
Mortality was not reported as a primary outcome in any included 

studies. Of all the studies that reported mortality as a secondary 
outcome measure, Fitzpatrick et al50 found that patients admitted to 
intensive care units that used intensive care unit-specific anti-
biograms had a lower risk of in-hospital mortality (OR 0.95 [99% CI 
0.92–0.99], P = 0.001). No other interventional studies found any 
statistically significant change in overall mortality rates; however, 
when stratified by infection type, the randomized crossover trial48 

did find statistically significant reduction in CAP associated mortality 
(adjusted OR 0.582 [95% CI 0.396, 0.854] P = .0204). 

Costs associated with antimicrobial use 
Cost effectiveness outcomes were reported in seven stu-

dies14,15,18,22,30,39,48 and reduced costs associated with antibiotic use 
were shown in all but 1 study which was the randomized crossover 
trial.48 Of the studies that used antibiogram as an integral 

component, Box et al18 and El-Sokkary et al22 found statistically 
significant reduced median total antibiotic costs ($4 and 1,701 
Egyptian pounds, respectively) while Libertin et al30 found a re-
duction of $8.49 antimicrobial costs per patient day (95% CI $7.80- 
$9.18; P  <  .001). 

Resistance patterns 
Changes in resistance or susceptibility patterns were reported in 

nine studies15,22,25,29,33,36,40,42,48. Three of these studies15,22,33 found 
statistically significant improvements in susceptibility patterns. Of 
the 7 studies22,25,29,33,36,42,48 that utilized antibiograms integrally, El- 
Sokkary22 found the reduction of multi-drug/extensively-drug re-
sistant microorganism by 22% (P = .001). Savage-Reid et al33 found 
the reduced prevalence of P aeruginosa (by 4.4%; P = .02) and a sta-
tistically significant reduction MDR A baumannii by 28.9% (P = .0001) 
and MDR P aeruginosa by 60.4% (P = .0001); however, increased 
carbapenem-resistant Enterobacterales by 6.5% was noted (P = .007). 
No statistically significant improvements in resistance patterns were 
found in the randomized crossover trial.48 

Infection related outcomes 
C difficile rates were reported in 5 studies,30,32,38,47,48 however, 

only Libertin et al30 found a statistically significant reduction by two 
cases (3.35 vs 1.35) per 1,000 occupied bed days (95% CI 0.62-3.39; 
P  <  .001). No statistically significant reduction in C difficile rates was 
noted in the randomized crossover trial.48 

Other infection related outcomes were reported in 9 stu-
dies.17,19,25,29,32,34,41,43,44 Concepcion et al19 found a 53% reduction in 
infection-related complications following the change in prophylactic 
antibiotic choice (P = .031), which was based on the antibiogram 
data. Funaro et al43 found a reduced incidence of urinary tract in-
fections diagnosis by 21% following the introduction of a decision 
support tool based on antibiogram data (IR 0.79; 95% CI, 0.67-0.93). 

DISCUSSION 

Main findings 

This systematic review identified 37 studies evaluating the ef-
fectiveness of AMS interventions including antibiograms in hospital, 
primary, and aged care settings. Findings suggest that there is evi-
dence for the use of antibiograms as part of AMS interventions to 
improve prescribing patterns and appropriateness of antibiotics. 
There was a positive impact on antibiotic consumption trends (17 
studies), appropriateness of prescribing (16 studies), and cost of 
treatment (6 studies), with limited or minimal evidence for im-
provement in infection-related outcomes, mortality, hospitalization, 
and resistance profiles. The majority of included studies were of 
uncontrolled prepost design with only 1 study incorporating ran-
domization. 

AMS interventions are often multimodal and often simulta-
neously implemented. This makes evaluating impact of any one 
specific strategy difficult and hence benefits of each intervention on 
its own may remain unclear. All included studies, utilized facility, or 
unit-specific antibiograms, however, the details of how each anti-
biogram was developed, or the number of isolates included, was not 
well documented, hence it is unknown if the antibiograms were 
concordant with Clinical Laboratory Standards Institute guidelines.6 

This limits the ability to compare the nature of antibiograms used in 
the different studies and therefore the validity of the antibiograms 
used remains unclear. 

Antibiograms are proposed to improve empirical antibiotic 
choices hence we would not expect any change in overall volumes of 
antibiotic use. Rather, we would expect to see a change in the pat-
tern of antibiotics used. This was indicated from the findings of this 
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review as there was an overall trend of reduced antipseudomonal 
antibiotics and some evidence of increased use of narrow-spectrum 
antibiotics. 

The scarcity of evidence about the impact on resistance, mortality 
or hospitalization may be because studies are not large enough to 
detect changes in rates of these outcomes that are generally not the 
primary outcomes of any studies. Importantly, included studies did 
not report any statistically significant worse clinical outcomes as-
sociated with the intervention. 

Strengths and limitations 

This systematic review includes the evaluation of multiple out-
come measures to comprehensively explore the effectiveness of AMS 
interventions that included antibiograms. Other than antibiotic 
prescribing patterns and appropriateness, less reported patient-re-
lated health outcomes such as mortality, hospitalization, resistance 
patterns, cost-related factors, and infection-related outcomes were 
also included. 

There was significant variation in the methods for assessing the 
appropriateness of antibiotic use, volume of antibiotics, type, and 
details of antibiograms, sample sizes of studies, and any associated 
statistical analysis. These factors may limit the comparability and 
generalizability of these results across different health care settings. 
The scarcity of good quality studies is a significant finding in this 
study. The majority of studies including antibiograms as an inter-
vention were uncontrolled before and after studies which has an 
inherent risk of bias. It would be worth noting that the majority of 
ITS studies using antibiograms integrally indicated improvements in 
consumption and appropriateness of antibiotic use,42–45,47 which 
suggests that the intervention may have had an effect significantly 
greater than the underlying trend. 

Future research 

There is a clear lack of studies evaluating antibiogram utility as an 
AMS tool in countries other than the United States, and in health 
care settings other than hospitals. Evaluation of antibiograms in 
other health care settings such as LTCFs for older adults and primary 
care should be considered for further research. 

Other potential research opportunities include exploring the 
most effective accompanying AMS interventions to obtain the 
maximal benefit of antibiogram use. As highlighted in this review, 
antibiograms are rarely used as standalone AMS interventions. 

CONCLUSIONS 

Studies which used antibiograms as an integral component of 
AMS interventions suggest improved antibiotic prescribing patterns, 
appropriateness, and costs. There was limited evidence for im-
provement of any other outcomes such as mortality, hospitalization, 
resistance patterns, or infection-related outcomes such as C difficile 
rates. Further studies with rigorous design are recommended to 
evaluate the effectiveness of antibiograms in other less studied 
health care settings such as aged care where antibiotic use re-
mains high. 
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