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Introduction
Antimicrobial resistance (AMR) is a global threat 
to society, with deaths attributed to resistant 
infections projected to exceed 10 million per year 
by 2050.1 Among the most commonly resistant 
pathogens are Gram-negative bacteria, including 
Pseudomonas aeruginosa, Acinetobacter baumannii, 
Extended-spectrum beta-lactamase (ESBL) and 
carbapenemase-producing organisms.2 Alarming 
trends in Gram-negative resistance are observed 
in many hospitals in the United States, where, for 
example, 15–20% of all P. aeruginosa isolates are 
categorized as multidrug resistant (MDR) 
because of non-susceptibility to at least one anti-
biotic in three or more antibiotic classes.2 The 
rapid evolution of resistance among Gram-
negative bacteria requires identification of 
patients at risk for infections by these pathogens 
followed by administration of appropriate empiric 
antibiotic therapy. Appropriate initial antibiotic 
therapy has demonstrated improved clinical out-
comes, including a reduction in mortality.3–8 
However, healthcare providers must often select 

an antibiotic regimen before culture results are 
available. Studies have demonstrated that an inef-
fective empiric antibiotic regimen can be harmful 
to patients while unnecessary broad-spectrum 
antibiotics can lead to increased resistance.3–5

A strategy widely endorsed to promote appropri-
ate empiric antibiotic therapy is the implementa-
tion of antimicrobial stewardship programs 
(ASPs). The Infectious Diseases Society of 
America, Society for Healthcare Epidemiology of 
America (SHEA) and Pediatric Infectious 
Diseases Society (PIDS) released a policy state-
ment on antimicrobial stewardship, noting the 
following: ‘The major objectives of antimicrobial 
stewardship are to achieve optimal clinical out-
comes related to antimicrobial use, thereby limiting 
the selective pressure on bacterial populations 
that drives the emergence of antimicrobial- 
resistance strains.’8 A primary tenet of ASPs is the 
establishment of empiric antibiotic recommenda-
tions for commonly encountered infections. An 
important tool in providing empiric antibiotic 
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recommendations is the use of an antibiogram. 
An antibiogram represents a convenient and 
widely available measurement of an institution’s 
pathogens and susceptibilities. While the antibio-
gram provides a reflection of local resistance pat-
terns, there are several limitations, including: (a) 
lack of syndromic-specific recommendations; (b) 
typically no information on organism distribution 
for a specific infection; (c) lack of utility for infec-
tions caused by twos or more pathogens; (d) con-
structed using historical data potentially not 
reflecting current susceptibility data.

To ensure patients receive appropriate empiric 
antibiotic therapy based on a suspected site of 
infection, hospital location, and patient charac-
teristics, there is a need for ASPs to go beyond the 
traditional antibiogram. ASPs are well suited to 
collaborate with clinical microbiologists in creat-
ing more sophisticated antibiograms to optimize 
empiric antibiotic therapy. Therefore, in this arti-
cle we provide the rationale for why ASPs should 
implement alternative antibiograms, including 
combination and syndromic, and the importance 
of incorporating an antibiogram into clinical deci-
sion support systems with the goal of providing 
effective empiric antibiotic therapy.

Traditional antibiograms
The most convenient and widely available anti-
biogram is a traditional antibiogram. A traditional 
antibiogram is a periodic profile of the proportion 
of pathogens that are susceptible to an institu-
tion’s formulary antibiotics over a given time 
frame, typically 1 year.9 The antibiogram has 
multiple uses, including providing guidance for 
empiric antibiotic therapy, monitoring changes in 
resistance over time, and assisting in formulary 
decisions. The traditional antibiogram is used by 
a variety of healthcare personnel, including ASPs, 
infection preventionists, epidemiologists, micro-
biologists, pharmacists, and prescribers.

In the United States, the Clinical and Laboratory 
Standards Institute (CLSI) provides recommen-
dations for antibiogram development and reporting.10 
CLSI provides several key recommendations in 
antibiogram development, including: (a) inclu-
sion of isolates collected from patients for diagnos-
tic purposes; (b) inclusion of the first isolate of a 
given organism per patient per analysis period; (c) 
inclusion of at least 30 isolates of a specific patho-
gen during the analysis period; (d) antibiogram 

analysis at least annually to ensure availability of 
current data.10 Importantly, there are a few nota-
ble considerations based on CLSI recommenda-
tions, primarily antibiograms constructed using 
first isolate per patient per year will likely under-
estimate the rate of resistance as resistant patho-
gen isolates from patients with previously positive 
culture with a susceptible phenotype are not 
included in the antibiogram. Importantly, ASPs 
should be aware of the several advantages and 
disadvantages associated with traditional antibio-
grams (Table 1).

Combination antibiograms
For certain types of infections such as hospital-
acquired and ventilator-associated pneumonia, 
guidelines recommend the empiric use of two 
antibiotics to minimize the potential of inappro-
priate therapy.11,12 Frequently, empiric combina-
tion antibiotic therapy is based on knowledge from 
a traditional antibiogram; additional information 
to assist in the selection of an appropriate combi-
nation regimen is lacking. A combination antibio-
gram shows the likelihood that at least one drug in 
a regimen compromising multiple antibiotics will 
cover a given pathogen and provides a useful clini-
cal tool for evaluating antimicrobial coverage.13–15 
The data are particularly useful when there are 
significant susceptibility differences in pathogens 
to individual antibiotics. When interpreting a 
combination antibiogram, the antibiotic percent-
age susceptibility should clearly indicate an 
increase in empiric coverage with the combination 
compared to the individual agents alone.

Several studies have demonstrated the utility of a 
combination antibiogram in evaluating the extent 
of coverage of multiple antibiotics and in empiric 
combination therapy recommendations.14,15 
Puzniak et al.14 evaluated single-agent susceptibil-
ity rates for 11,701 non-duplicate P. aeruginosa 
isolates. Susceptibility ranged from 72.7% for 
fluoroquinolones to 85% for piperacillin/tazobac-
tam (TZP). Adding an aminoglycoside resulted 
in higher susceptibility rates than adding a fluoro-
quinolone; TZP plus an aminoglycoside resulted 
in the highest susceptibility rate (93.3%). A sec-
ond single-center study showed the addition of a 
second antibiotic (aminoglycoside or fluoroqui-
nolone) to ceftazidime or imipenem significantly 
increased the likelihood of providing appropriate 
empiric therapy compared to a single agent.15 In 
the study, susceptibility to the Gram-negative 
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pathogen was 71.5% and 84% to ceftazidime and 
imipenem, respectively. Susceptibility increased 
to 82.9% with ceftazidime plus ciprofloxacin and 
95% for imipenem plus amikacin.

There are notable limitations with the use of a 
combination antibiogram. While a combination 

antibiogram is useful when the pathogen is 
known, but susceptibilities are not yet available, it 
does not give the likelihood that the combination 
of antibiotics will cover all identified organisms. 
Second, there is a lack of guidance on the use of 
combination antibiograms for empiric therapy 
recommendations in high-risk patients. Finally, 

Table 1. Advantages and disadvantages of traditional, combination, syndromic, and weighted incidence syndromic combination 
antibiograms (WISCA).

Advantages Disadvantages

Traditional antibiograms
Example: Susceptibility of 
Pseudomonas aeruginosa to 
piperacillin/tazobactam (TZP)

 • Readily available
 • Easily understood by clinicians
 • Completed at least annually
 • Ability to assist in 

empiric antibiotic therapy 
recommendations

 • Easily incorporated into 
disease- state treatment 
guidelines

 • Require a minimum of 30 pathogens/year
 • Revision of antibiotic breakpoints may not be 

included
 • Lack of inclusion of infection source and/or 

hospital location
 • Binary measure of susceptibility (susceptible 

versus non-susceptible/resistant)
 • Lack of incorporation of patient variables 

(age, gender, and comorbidities)
 • Limited correlation with clinical and 

microbiological outcomes

Combination antibiograms
Example: Additional susceptibility 
of Pseudomonas aeruginosa to 
TZP + tobramycin versus TZP alone

 • Ability to evaluate coverage of 
multiple antibiotics

 • Ease of completion
 • Useful in determining combined 

empiric antibiotic regimens for 
multidrug-resistant pathogens

 • Less easily understood by prescribers
 • Typically requires manual completion
 • Lack of CLSI guidance for completion
 • Require a minimum of 30 pathogens/year
 • Antibiotic susceptibilities derived from 

percentages not in vitro synergy
 • Lack of incorporation of patient variables 

(age, gender, and comorbidities)
 • Limited correlation with clinical and 

microbiological outcomes

Syndromic antibiograms
Example: Susceptibility of 
Pseudomonas aeruginosa to TZP 
among respiratory specimens 
(obtained among ICU patients only)

 • Increased likelihood of 
providing effective empiric 
antibiotic therapy for a specific 
infectious syndrome

 • May be further stratified based 
on hospital location

 • Provide increased granularity 
for resistance awareness

 • May be incorporated into 
disease-state treatment 
guidelines

 • Typically requires manual completion
 • Less easily understood by prescribers
 • Lack of incorporation of patient variables 

(age, gender, and comorbidities)
 • Lack of correlation with clinical and 

microbiological outcomes

Weighted incidence syndromic 
antibiogram (WISCA)
Example: Susceptibility of 
Pseudomonas aeruginosa to TZP 
among respiratory specimens 
(obtained among ICU patients only) 
for male patients age ⩾65 years 
with heart failure

 • Ability to incorporate into 
electronic healthcare record

 • Provide real-time decision 
support for empiric antibiotic 
therapy recommendations

 • Integration of patient variables 
(age, gender, and comorbidities)

 • Provide empiric antibiotic 
therapy recommendations for a 
specific infectious syndrome

 • Requires manual completion
 • Requires collaboration with information 

technology
 • Less easily understood by prescribers
 • Lack of patient variable standardization
 • Lack of correlation with clinical and 

microbiological outcomes

CLSI, Clinical and Laboratory Standards Institute; ICU, intensive care unit.
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susceptibilities of the combination therapy are not 
derived from in vitro synergy evaluation, but 
solely, on percentage susceptibility.

Syndromic antibiograms
A syndromic antibiogram provides an increased 
likelihood of appropriate empiric antibiotic ther-
apy for a specific infectious syndrome, consider-
ing the weighted incidence of pathogens causing 
the syndrome. A syndromic antibiogram may be 
further refined by stratifying susceptibilities based 
on patient location. This type of antibiogram pro-
vides an additional opportunity to enhance data 
and increase the likelihood of effective empiric 
antibiotic therapy.

Klinker et al.16 compared antibiotic susceptibilities 
using a traditional versus syndromic antibiogram 
for common Gram-negative pathogens associated 
with pneumonia stratified by patient location. The 
traditional antibiogram included susceptibility for 
the three most common Gram-negative pathogens 
(Escherichia coli, Klebsiella spp., and Pseudomonas 
aeruginosa) from all sources. The syndromic anti-
biogram included susceptibility for the same three 
Gram-negative pathogens isolated from a respira-
tory source. A targeted empiric antibiotic suscep-
tibility of ⩾90% was selected. A total of 17,561 
Gram-negative isolates, including 6654 lower res-
piratory isolates were evaluated. The traditional 
antibiogram demonstrated that susceptibilities for 
cefepime (FEP), TZP, and meropenem (MEM) 
were near or above the 90% threshold for E. coli 
and Klebsiella spp. (Table 2). In contrast, antibi-
otic susceptibilities did not achieve this target for 
P. aeruginosa. When antibiotic susceptibilities 
were stratified by location [emergency room (ER), 
ward, and intensive care unit (ICU)], a 5–8% 

reduction in aggregate susceptibility for FEP, 
TZP, and MEM was observed for isolates obtained 
from patients in the ER versus the ICU. Upon 
refinement of the analysis to only P. aeruginosa 
respiratory isolates, a ⩾10% reduction in suscep-
tibility for FEP, TZP, and MEM was observed in 
isolates collected from patients in the ICU com-
pared to those in the ER. In contrast, ceftolozane/
tazobactam and imipenem/relebactam maintained 
⩾90% susceptibility regardless of isolated path-
ogen and/or location (Figure 1). The study concluded 
that the traditional antibiogram underestimated 
resistance patterns observed in ICU patients with 
respiratory infections, potentially resulting in the 
administration of ineffective empiric antibiotic 
therapy. The use of a syndromic antibiogram 
stratified by geographical location provided gran-
ularity to increase resistance awareness and better 
to inform the creation of optimized empiric ther-
apy recommendations.

The challenge of P. aeruginosa is as increasing  
frequency of resistance to first-line treatment 
options recommended by clinical guidelines.11 
Carbapenem-resistant (CR) isolates create clinical 
challenges due to co-resistance among first-line 
agents and delays to timely effective therapy result-
ing in poor outcomes.17–19 Due to co-resistance 
among empiric first-line beta-lactams, a simple 
strategy for assessing risk for ineffective empiric 
therapy is evaluating the syndromic frequency of 
carbapenem-resistant P. aeruginosa (CRPA). A 
recent study aimed to identify beta-lactam suscep-
tibility patterns based on CRPA frequency among 
lower respiratory tract specimens collected from 
ICU patients.20 A total of 871 P. aeruginosa isolates 
were collected from lower respiratory specimens 
obtained from ICU patients across 20 US institu-
tions. Institutions were stratified into one of three 
categories based on CRPA frequency: CRPA rates 
⩽20% (CR group 1); 21–40% (CR group 2); and 
⩾41% (CR group 3). Beta-lactam susceptibility 
was evaluated relative to CRPA frequency. 
Resistance to TZP, FEP, and MEM was reported 
as 32.4%, 25.7%, and 28.4% (Table 3). In MEM-
non-susceptible isolates, resistance to TZP and 
FEP increased to 64.8% and 55.7% of isolates 
reported as non-susceptible, respectively. Antibiotic 
susceptibility based on CR group is presented in 
Table 3. The authors concluded that co-resistance 
among first-line beta-lactams is frequently 
observed, limiting empiric choices for the manage-
ment of hospital-acquired and ventilator-associated 

Table 2. Traditional antibiogram evaluating susceptibility for Escherichia 
coli, Klebsiella spp., and Pseudomonas aeruginosa collected from all 
sources.

Pathogen (n) FEP TZP MEM C/T I/R

E. coli (6095) 87 95 99 98 99

Klebsiella spp. (4097) 91 89 98 95 99

P. aeruginosa (3649) 78 78 77 95 93

C/T, ceftolozane/tazobactam; FEP, cefepime; I/R, imipenem/relebactam; MEM, 
meropenem; TZP, piperacillin/tazobactam.
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bacterial pneumonia. Furthermore, in hospital set-
tings where CRPA frequency is ⩾20%, susceptibil-
ity testing of newer antipseudomonal agents or 
consideration for antibiotic modification is 
warranted.

Antibiograms and clinical decision  
support systems
Clinical decision support systems (CDSSs) improve 
the delivery of healthcare by integrating patient 
information, providing targeted clinical knowledge, 
and establishing clinical management tools.21 By 
merging patient and institutional-specific infor-
mation, healthcare providers can deliver person-
alized patient treatment and management. 
However, it is critical that clinicians have access 

to and appropriate interpretation of data at the 
point of prescribing. Typically, antibiograms are 
available to clinicians through a hospital or ASP 
website, pocket card, or book. This may result in 
clinicians not consulting the antibiogram and 
subsequently prescribing ineffective empiric anti-
biotic therapy. Therefore, integration of antibio-
gram data within a CDSS provides an important 
opportunity to ensuring the administration of 
appropriate empiric antibiotic therapy.

CDSS tools have been developed and imple-
mented to improve empiric antibiotic administra-
tion through a variety of mechanisms. CDSSs 
typically include a patient’s health problem list 
populated on and throughout a hospital admis-
sion. Treatment guidelines for common infectious 
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Figure 1. Syndromic antibiogram evaluating susceptibility of Pseudomonas aeruginosa respiratory isolates 
stratified by patient location.
ER, emergency room; ICU, medical or surgical ICU; Ward, medical or surgical ward.

Table 3. Pseudomonas aeruginosa susceptibility among ICU lower respiratory tract isolates stratified by 
frequency of carbapenem resistance.

Antibiotic CR group 1 (N = 37) 
(n = 264, %)

CR group 2 (N = 25) 
(n = 363, %)

CR group 3 (N = 18) 
(n = 244, %)

Cefepime 83.7 74.9 63.1

Piperacillin/tazobactam 79.6 68.9 52.9

Meropenem 91.3 73.6 47.5

Levofloxacin 68.6 66.1 48

Ceftolozane/tazobactam 96.6 94.2 90.6

Imipenem/relebactam 98.1 91.7 81.6

CR group 1 = CR P. aeruginosa rates ⩽20%; CR group 2 = 21–40%; CR group 3 = ⩾41%.
CR, carbapenem resistant; ICU, intensive care unit; N, number of institutions; n, number of isolates.
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diseases syndromes are created and updated by 
the ASP with endorsement from multidisciplinary 
healthcare professionals and incorporated into the 
CDSS. Clinicians are alerted to prescribe medica-
tions based on the treatment guideline which is 
prompted from the health problem list. For com-
mon infectious syndromes, treatment guidelines 
include empiric antibiotic therapy recommenda-
tions based on institutional antibiogram data. 
This concept can be further advanced to include 
the incorporation of syndromic-specific and/or 
unit-specific antibiotic recommendations into 
treatment guidelines. For example, an institution 
may have a guideline for the management of pneu-
monia. It would be prudent for the guideline to 
include empiric antibiotic recommendations 
based on a patient’s presentation (community ver-
sus hospital), hospital location (ICU versus ward), 
and suspected pathogens. This concept has dem-
onstrated improvement in guideline concordant 
antibiotic prescribing and reductions in the deliv-
ery of ineffective therapy. Eudaley et al.22 demon-
strated that clinicians using CDSS tools increased 
guideline concordance for empiric therapy by 
30%. Notably, integration of these tools reduced 
the frequency of ineffective antibiotic therapy by 
40% in critically ill patients.23,24

Currently, CDSS tools use traditional antibio-
gram data, resulting in several limitations, includ-
ing: (a) data may not be real-time in the absence 
of frequent updates; (b) available data may not 
reflect current susceptibility patterns for a specific 
syndrome or hospital location. To overcome these 
limitations, ASPs should consider an electronic 
antibiogram (e-antibiogram). An e-antibiogram 
provides a comprehensive, visual analytic report, 
resulting in susceptibility maps for pathogens and 
antibiotics.25 There is the further ability to stratify 
data by source of infection, infection acquisition 
(community versus hospital-acquired), hospital 
location, and patient characteristics (i.e. age). In 
addition, an e-antibiogram can be configured to 
map bug–drug combinations based on pathogen, 
antibiotic, and infection source. The integration 
of an e-antibiogram into CDSSs has been shown 
to be feasible and user-friendly; however, there is 
a lack of data demonstrating the impact on appro-
priate empiric antibiotic therapy.25

To advance antibiogram data and integration into 
CDSSs further, patient-specific variables should 
be incorporated.26 A weighted incidence syndro-
mic combination antibiogram (WISCA) uses 

electronic healthcare data to provide real-time 
decision support by integrating patient characteris-
tics and, subsequently, recommending empiric 
antibiotic therapy for a specific infectious syn-
drome.27,28 A recently published study determined 
the impact of WISCA use for empiric antibiotic 
prescription on hospital length of stay at four hos-
pitals.27 Study participants included adult inpa-
tients receiving empiric antibiotics for urinary 
tract infection, abdominal-biliary infection, pneu-
monia, or non-purulent cellulitis. Antimicrobial 
stewardship physicians used WISCA and clinical 
guidelines to provide empiric antibiotic recom-
mendations. There were no overall differences in 
outcomes, including length of stay (LOS), 30-day 
mortality, and 30-day readmission among the 
intervention versus control groups. Guidelines-
based interventions were associated with decreased 
LOS for cellulitis and decreased mortality for com-
munity-acquired pneumonia. Although the study 
failed to show a significant difference in hospital 
LOS, there were several notable limitations. There 
was a high frequency of agreement between anti-
microbial stewardship physicians and primary pre-
scribers within the intervention arm. Secondly, 
recommendation acceptance was low, mitigating 
any potential benefit. Over half of the patients had 
an infection amenable to source control or were 
receiving effective therapy initiated within 48 h of 
culture obtainment. Finally, approximately 90% of 
patients were admitted to general wards and may 
have been less susceptible to suboptimal outcomes 
associated with effective antibiotic therapy delays. 
The conclusions of the study demonstrate that 
ASPs have an opportunity to continue to develop 
and incorporate WISCA-guided recommenda-
tions with the goal of improving outcomes for 
infectious syndromes in which outcomes are 
closely associated with early appropriate empiric 
antibiotic therapy.

Antibiograms and rapid diagnostic 
technology
Rapid diagnostic technology (RDT) has revolu-
tionized the management of infectious diseases, 
allowing antimicrobial stewardship programs the 
ability to recommend targeted antibiotic therapy, 
resulting in improved clinical and microbiological 
outcomes.29 Many clinical laboratories are using 
RDT to detect antibiotic resistance genes for 
diagnostic and surveillance purposes. RDT can 
be performed directly on clinical specimens, 
including respiratory and blood; however, routine 
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antimicrobial susceptibility testing (AST) may or 
may not be completed as follow-up to confirm 
resistance determinants results. The incorpora-
tion of resistance determinant information into an 
antibiogram may assist in augmenting early 
appropriate empiric antibiotic therapy based on 
the presence or absence of resistance markers. 
For example, the identification of mecA in 
Staphylococcus aureus predicts methicillin-resist-
ant S. aureus which allows prescribers to ensure 
targeted antibiotic therapy.30 In contrast, predict-
ing Gram-negative resistance determinants is 
more complex due to heterogenous mechanisms. 
Therefore, RDTs may provide lower accuracies 
of prediction potentially not allowing the admin-
istration of targeted antibiotic therapy.

RDT provides earlier organism and key resistance 
determinant identification; however, information 
is incomplete, and ASPs may be without a clear 
direction for intervention in the absence of resist-
ance determinants. Pogue et al.31 determined the 
ability of Verigene BC-GN organism identifica-
tion and resistant determinant presence/absence 
to predict antibiotic susceptibility among target 
Gram-negative organisms in order better to direct 
ASPs. A total of 1046 Gram-negative blood-
stream isolates that were analyzed with the 
Verigene BC-GN platform were assessed. Except 
for P. aeruginosa, the absence of resistance deter-
minants as reported by the RDT largely predicted 
susceptibility to target antibiotics. Negative pre-
dict values (NPVs) for ceftriaxone susceptibility 
for E. coli and K. pneumoniae in the absence of 
either Cefotaxime-Munich (CTX-M) or a car-
bapenemase gene were 98% and 93–94%, respec-
tively. The authors concluded that clinicians may 
be able to use a similar approach in de-escalating 
antibiotic therapy in the absence of resistance 
determinant detection.

Conclusions
Studies have demonstrated that an incorrect 
empiric antibiotic regimen can be harmful to 
patients while unnecessary broad-spectrum anti-
biotics can lead to increased resistance. A primary 
tenet of ASPs is the establishment of empiric anti-
biotic recommendations for commonly encoun-
tered infections. An important tool in providing 
empiric antibiotic therapy recommendations is 
the use of an antibiogram. Numerous antibio-
gram strategies have been evaluated and shown to 

improve empiric antibiotic therapy selection, but 
each strategy has advantages and disadvantages 
(Table 1). Currently, most institutions use a tra-
ditional antibiogram, ASPs have an opportunity 
to enhance data with the completion of syndro-
mic and WISCA antibiograms. Further, the 
incorporation of antibiograms into CDSSs at the 
point of prescribing is imperative to ensure timely 
administration of appropriate empiric therapy. 
Future research is warranted on the impact of 
syndromic and WISCA antibiograms on clinical 
and microbiological outcomes.
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