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Background. Antibiotic exposure is a primary predictor of subsequent antibiotic resistance; however, development of cross- 
resistance between antibiotic classes is also observed. The impact of changing to a different antibiotic from that of previous 
exposure is not established.

Methods. This was a retrospective, single-center cohort study of hospitalized adult patients previously exposed to an 
antipseudomonal β-lactam (APBL) for at least 48 hours in the 90 days prior to the index infection with a gram-negative 
bloodstream or respiratory infection. Susceptibility rates to empiric therapy were compared between patients receiving the same 
(repeat group) versus a different antibiotic from prior exposure (change group).

Results. A total of 197 patients were included (n = 94 [repeat group] and n = 103 [change group]). Pathogen susceptibility to 
empiric therapy was higher in the repeat group compared to the change group (76.6% vs 60.2%; P = .014). After multivariable 
logistic regression, repeat APBL was associated with an increased likelihood of pathogen susceptibility (adjusted odds ratio, 
2.513; P = .012). In contrast, there was no difference in susceptibility rates between the repeat group and the subgroup of change 
patients who received an empiric APBL (76.6% vs 78.5%; P = .900). Longer APBL exposure duration (P = .012) and chronic 
kidney disease (P = .002) were associated with higher nonsusceptibility to the exposure APBL. In-hospital mortality was not 
significantly different between the repeat and change groups (18.1% vs 23.3%; P = .368).

Conclusions. The common practice of changing to a different APBL from that of recent exposure may not be warranted.
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Antimicrobials are among the most commonly prescribed 
drugs; however, approximately 50% of antimicrobial utilization 
is inappropriate [1, 2]. Misuse has contributed to an antimicro-
bial resistance global health emergency estimated to be respon-
sible for 700 000 deaths per year worldwide [3].

Increasing resistance to commonly utilized antibiotics has 
devastating effects. For example, infections due to multidrug- 
resistant pathogens are associated with worse clinical outcomes 
compared to those caused by more susceptible pathogens [4]. 
Moreover, inadequate early therapy is associated with 

increased mortality for severe gram-negative infections [5– 
11]. In cases of severe illness caused by a presumed bacterial in-
fection, many clinicians rely on broad-spectrum antibiotics to 
cover the majority of likely pathogens. Frequently, patients 
are treated with broad-spectrum antibiotics although there ap-
pears to be a substantial difference between perceived risk and 
actual detection of resistant pathogens [12, 13]. Additionally, 
this practice perpetuates the cycle of resistance as broader anti-
biotics are utilized to combat growing resistance, subsequently 
contributing to further increasing resistance. A balance be-
tween optimizing empiric therapy to improve clinical out-
comes without “overtreating” large populations is needed.

Previous antibiotic exposure is consistently recognized as a 
primary predictor of subsequent antibiotic-resistant pathogen 
colonization and/or infections [1, 3, 10, 11, 14, 15]. Exposure 
to an antibiotic class increases the likelihood of resistance to 
that same class; however, development of cross-resistance to 
other classes is also observed and adds complexity to optimiz-
ing empiric antibiotic decision making [16, 17]. Guidance for 
empiric treatment of resistant gram-negative infections sug-
gests considering antibiotic exposure in the past 30 days with 
endorsement of a gram-negative agent from a different class 
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that offers a comparable spectrum of activity to that of the pre-
vious exposure [18]. The Infectious Diseases Society of 
America guidelines for pneumonia do not specify using the 
same versus a different agent as the empiric treatment choice 
in instances of previous exposure to an antipseudomonal agent 
[19, 20]. Although it is clear that antibiotic exposure increases 
the likelihood of infection with a subsequent resistant patho-
gen, it is not clear whether changing to another antibiotic 
will improve susceptibility rates or clinical outcomes. We 
sought to determine whether empiric therapy with the same 
antipseudomonal β-lactam (APBL) versus a different APBL 
or other antibiotic from prior exposure impacts the likelihood 
of susceptibility in serious gram-negative infections.

METHODS

Setting and Participants

This retrospective, single-center cohort study was conducted at 
Methodist Dallas Medical Center, a 580-bed urban community 
teaching hospital. All hospitalized adult (≥18 years) patients 
with a gram-negative pathogen identified on blood and/or re-
spiratory cultures (index infection) between 1 April 2017 and 
31 March 2022 were eligible for inclusion. To be included, pa-
tients additionally needed to have been treated with a study 
APBL (cefepime, piperacillin-tazobactam, or meropenem) for 
at least 48 hours in the 90 days prior to the index infection. 
Patients were excluded if they had a history of a bacterial isolate 
resistant to any of the study APBLs in the previous 6 months, 
any antibiotic exposure within 5 days of the index infection, 
or previous exposure to >1 APBL (Figure 1). Antibiotic expo-
sure and resistant bacterial pathogens were determined for any 
hospitalization occurring within the 6 hospitals of Methodist 
Health System. Data were collected from the hospital’s elec-
tronic medical record (EMR) with a query that included age, 
sex, hospital length of stay (LOS), intensive care unit (ICU) 
LOS, Charlson Comorbidity Index score, Acute Physiology 
and Chronic Health Evaluation II (APACHE II) score (using 
the worst physiological parameters within 24 hours of index in-
fection), microbiology laboratory results (pathogen identifica-
tion, specimen type and source), and antibiotic exposures. 
Manual chart review was performed to collect data on the infec-
tion source (for bacteremia), pathogen susceptibility testing re-
sults, and timing/duration of prior antibiotic exposure. Source 
of infection was determined based on concomitant positivity of 
blood cultures with other sterile cultures (eg, cerebrospinal flu-
id, tissue, or urinary) plus the descriptive diagnosis document-
ed in the EMR. When these criteria were not met, an “unknown 
source of infection” was assigned.

The primary outcome of this study included rates of suscept-
ibility in patients receiving empiric therapy with the same 
APBL from prior exposure (repeat group) compared to rates 
of susceptibility in patients receiving an antibiotic different 

from the prior exposure (change group). A priori subgroup 
comparisons were planned between groups with pathogens 
“susceptible” compared to “nonsusceptible” to the initial expo-
sure APBL and between groups stratified by the initial APBL re-
ceived. Post hoc analysis of the subgroup of patients that 
received an APBL as treatment in the change group was also 
conducted. Secondary outcomes included ICU LOS, hospital 
LOS, and in-hospital all-cause mortality.

Microbiology Methods

Pathogen identification and antimicrobial susceptibility testing 
was standardized and was determined using a MicroScan 
Walkaway system (Beckman Coulter) until June 2021 when 
matrix-assisted laser desorption/ionization–time of flight be-
gan being utilized for pathogen identification. The minimum 
inhibitory concentration (MIC) breakpoints and interpretative 
criteria utilized were up to date and concordant with the 
Clinical and Laboratory Standards Institute M100 document 
(Supplementary Table 1). All classifications of antibiotic 
susceptibility were based on in vitro susceptibility testing 
using these established breakpoints. The presence of an extended- 
spectrum β-lactamase (ESBL) was determined by testing 
ceftazidime and cefotaxime with and without the presence of clav-
ulanate. A ≥3 2-fold concentration decrease in and MIC for either 
agent in combination with clavulanate versus the MIC of the agent 
alone was considered to confirm the presence of an ESBL. 
Additionally, any isolates testing intermediate to a study antibiotic 
were classified as nonsusceptible for analyses purposes.

Statistical Methods

The sample size was based off the primary outcome (ie, rates of 
susceptibility) and assumed that the use of the same empiric an-
tibiotic from previous exposure led to a 30% incidence of non-
susceptibility and the use of a different empiric antibiotic from 
previous exposure led to a 13% incidence of nonsusceptibility 
for gram-negative pathogens identified [11]. A sample size of 
180 (90 patients in each arm) was estimated to meet 80% power 
and the study timeframe was established to capture the neces-
sary cohort based on incidence rates of gram-negative infec-
tions at our hospital. Descriptive analysis was performed for 
all continuous variables. Mean and standard deviation were 
presented for normally distributed data and median and inter-
quartile range (IQR) were presented for nonparametric data. 
Count and proportions are presented for all categorical vari-
ables. Categorical data were analyzed using Pearson χ2 or 
Fisher exact test where appropriate, and continuous data 
were analyzed using Student t test where appropriate. Risk 
factors for nonsusceptibility to the treatment antibiotic and 
to the exposure APBL were evaluated utilizing both univariate 
and multivariable analyses. Repeat APBL exposure, along 
with all variables associated with the outcome of interest at 
a P value <.2 on bivariate analyses and biologic plausibility, 
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were entered into conditional logistic regression models simul-
taneously. The variables were then removed in a backward, 
stepwise fashion, being retained in the logistic regression model 
if the P value for the likelihood ratio test for their removal was 
<.1. Repeat APBL was forced to remain in the final step of the 
regression models even if no statistical association was ob-
served. Model fit was assessed with the Hosmer-Lemeshow 
goodness-of-fit test; models with a nonsignificant result were 
considered adequate. Multicollinearity was assessed via the var-
iance inflation factor, with values between 1 and 5 considered 
acceptable. A P value <.05 was considered statistically signifi-
cant. All statistical analyses were performed using SPSS soft-
ware (IBM SPSS Statistics, version 22.0).

Patient Consent Statement

This retrospective review of the EMR was approved and in-
formed consent requirements were waived by the Methodist 
Health System Institutional Review Board (Dallas, Texas).

RESULTS

Cohort Description

A total of 605 patients were evaluated for eligibility with 197 in-
cluded: 94 patients in the repeat group and 103 in the change 
group (Supplementary Figure 1). Baseline patient characteris-
tics, infection microbiology, exposure and treatment antibiot-
ics, and clinical outcomes between the 2 groups are described 
in Table 1. The majority of overall patients were male 

(61.4%), with a lower rate observed in the repeat group 
(56.4%) compared to the change group (66.0%). There were 
fewer patients with pneumonia in the repeat group (41.5%) 
compared to the change group (52.4%). ICU admission 
(68.1% vs 69.9%), vasopressor support (46.8% vs 40.8%), and 
mechanical ventilation (42.6% vs 50.5%) were frequent in 
both the repeat and change groups. The treatment antibiotic 
was more commonly piperacillin-tazobactam (53.2% vs 
28.2%; P < .001) and less likely meropenem (2.1% vs 12.6%; 
P = .006) in the repeat group compared to the change group. 
Total hospital LOS (median, 12 [IQR, 5–28] vs 15 [IQR, 
7–26] days; P = .404), ICU LOS (median, 7 [IQR, 3–16] vs 12 
[IQR, 3–20] days; P = .331), and in-hospital mortality (18.1% 
vs 23.3%; P = .369) were comparable between the repeat and 
change groups (Table 1).

Microbiology

A total of 58 (29.4%) patients had a previously identified gram- 
negative infection during the APBL exposure time frame of 
which 30 (51.7%) were the same pathogen as the cause of the in-
dex infection (Supplementary Table 2). The most commonly 
identified pathogens causing the index infection overall were 
Klebsiella spp (27.9%), Escherichia coli (24.4%), and 
Pseudomonas spp (17.8%). Klebsiella spp were more common 
in the repeat group than in the change group (35.1% vs 
21.4%). In contrast, Pseudomonas spp were less frequently iden-
tified in the repeat group compared to the change group (14.9% 
vs 20.4%). An ESBL phenotype was determined in 10.2% of 

Figure 1. Eligibility for study cohort. All included patients received at least 48 hours of 1 antipseudomonal β-lactam (APBL) between day –90 and day –5 prior to the index 
gram-negative infection. Patients treated with the same APBL were in the repeat group (A) and those treated with a different antibiotic were in the change group (B).
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Table 1. Patient Characteristics and Outcomes

Variable Repeat (n = 94) Change (n = 103) P Value

Age, y, mean ± SD 59.4 ± 13.1 61.0 ± 13.9 .395

Male sex 53 (56.4) 68 (66.0) .165

Charlson Comorbidity Index, median (IQR) 5 (3–8) 5 (3–8) .721

Chronic heart failure 26 (27.7) 24 (23.3) .483

Chronic kidney disease 31 (33.0) 33 (32.0) .888

COPD 25 (26.6) 21 (20.4) .304

Connective tissue disease 2 (2.1) 3 (2.9) .989

Cerebrovascular accident 13 (13.8) 16 (15.5) .736

Dementia 8 (8.5) 6 (5.8) .464

Diabetes mellitus 45 (47.9) 54 (52.4) .523

Hemiplegia 4 (4.3) 7 (6.8) .542

HIV 0 (0) 4 (3.9) .123

Leukemia 4 (4.3) 1 (1.0) .194

Lymphoma 5 (5.3) 1 (1.0) .105

Myocardial infarction 7 (7.4) 16 (15.5) .077

Liver disease 24 (25.5) 20 (19.3) .303

Peptic ulcer disease 5 (5.3) 1 (1.0) .105

Peripheral vascular disease 8 (8.5) 13 (12.6) .35

Solid tumor without metastases 8 (8.5) 11 (10.7) .606

Solid tumor with metastases 5 (5.3) 5 (4.9) .882

Solid organ transplant 11 (11.7) 16 (15.5) .435

Type of index infection

Pneumonia 39 (41.5) 54 (52.4) .142

Community-acquired 9 (9.6) 11 (10.7) .622

Hospital-acquired 11 (11.7) 14 (13.6) .506

Ventilator-associated 19 (20.2) 29 (28.2) .092

Bacteremia 55 (58.5) 50 (48.5) .133

Pathogen of index infection

Achromobacter xylosidans 2 (2.1) 1 (1.0) .261

Burkholderia cepacia 0 (0) 1 (1.0)

Citrobacter freundii 0 (0) 1 (1.0)

Citrobacter koseri 1 (1.1) 3 (2.9)

Enterobacter cloacae 10 (10.6) 6 (5.8)

Escherichia coli 21 (22.3) 27 (26.2)

Klebsiella aerogenes 3 (3.2) 3 (2.9)

Other Klebsiella spp 30 (31.9) 19 (18.4)

Morganella morganii 1 (1.1) 0 (0)

Proteus mirabilis 4 (4.3) 8 (7.8)

Providencia spp 3 (3.2) 1 (1.0)

Pseudomonas spp 14 (14.9) 21 (20.4)

Serratia spp 4 (4.3) 8 (7.8)

Stenotrophomonas maltophilia 1 (1.1) 4 (3.9)

FEP/TZP-R 10 (10.6) 10 (9.7) .829

Severity

APACHE II, median (IQR) 16.5 (5.8–36.4) 18.7 (6.7–38.9) .425

ICU stay 64 (68.1) 72 (69.9) .783

Mechanical ventilation 40 (42.6) 52 (50.5) .265

Vasopressors 44 (46.8) 42 (40.8) .394

Exposure antibiotic

Cefepime 43 (45.7) 41 (39.8) .4

Meropenem 2 (2.1) 5 (4.9) .448

Piperacillin-tazobactam 49 (52.1) 57 (55.3) .651

Fluoroquinolone exposure 5 (5.3) 8 (7.8) .573

Treatment antibiotic

Cefepime 42 (44.7) 39 (37.9) .331

Meropenem 2 (2.1) 13 (12.6) .087

4 • OFID • Wibisono et al



pathogens and did not differ between groups. Most pathogens 
with an ESBL phenotype were Klebsiella spp (50%) or E coli 
(45%) isolates along with 1 Proteus mirabilis isolate (5.0%).

Antibiotic Susceptibility

Pathogen susceptibility to the empiric antibiotic given for the 
index infection was higher in the repeat group compared to 
the change group (76.6% vs 60.2%; P = .014; Figure 2). It is im-
portant to note that after accounting for patients in the change 
group who received an antibiotic other than an APBL (23.3%), 
the susceptibility rate increased to 78.5%. Susceptibility rates 
to the exposure APBL were not different between the repeat 
and change group (76.6% vs 74.8%; P = .767; Figure 2). A total 
of 39 pathogens nonsusceptible to the empiric APBL utilized 
were identified with most either having an ESBL phenotype 
(n = 15 [38.5%]), or being Pseudomonas aeruginosa (n = 8 
[20.5%]) or Stenotrophomonas maltophilia (n = 5 [12.8%]). 
In multivariable logistic regression, the repeat group was asso-
ciated with increased likelihood of pathogen susceptibility to 
treatment (adjusted odds ratio [aOR], 2.513 [95% confidence 
interval {CI}, 1.227–5.146]; P = .012; Table 2). Bacteremia 
(aOR, 2.080 [95% CI, 1.125–3.847]; P = .020) and ICU admis-
sion (aOR, 2.293 [95% CI, 1.337–3.933]; P = .003) were 
associated with increased likelihood of susceptibility to 
empiric therapy, whereas cefepime/piperacillin-tazobactam 
resistance (FEP/TZP-R) (aOR, 0.041 [95% CI, .010–.160]; 
P < .001) and chronic obstructive pulmonary disease 
(COPD) (aOR, 0.332 [95% CI, .148–.741]; P = .007) were asso-
ciated with a decreased likelihood of susceptibility. An additional 
multivariable logistic regression model was created including 
only patients who received an APBL as treatment in the change 
group (n = 79; Table 3). The repeat group did not exhibit a 
difference in susceptibility to treatment in this model (aOR, 
0.936 [95% CI, .433–2.021]; P = .865). COPD (aOR, 0.323 
[95% CI, .141–.739]; P = .007) and dementia (aOR, 0.289 
[95% CI, .086–.964]; P = .043) were the only variables significantly 
associated with a decrease in likelihood of susceptibility to 
treatment.

In the subgroup of patients with a previously identified path-
ogen (n = 80), the median duration of APBL exposure in the 90 

days preceding the index infection was similar (3 [IQR, 2–6] vs 
4 [IQR, 2–6] days; P = .381) to those without a previously iden-
tified pathogen. Similar results were observed comparing pa-
tients with a previous gram-negative infection to those 
without. Moreover, the time between the exposure and index 
infection was shorter for patients with a previously identified 
pathogen than those without (29 [IQR, 10–65] vs 21 [IQR, 
9–47] days; P = .063). Similar results were observed comparing 
patients with a previous gram-negative infection to those with-
out (median time from APBL exposure to infection: 41 [IQR, 
14–68] vs 21 [IQR, 8–45] days; P = .009).

Susceptibility rates were highest for meropenem overall 
(94.9%) and across all groups when stratified by initial 
APBL exposure (Supplementary Table 3). Susceptibility rates 
were similar for both cefepime (77.2%) and piperacillin- 
tazobactam (75.1%) overall and for all exposure subgroups 
with minimal increases in susceptibility observed in changing 
from cefepime (exposure) to piperacillin-tazobactam (treat-
ment) or vice versa.

Patients with a pathogen nonsusceptible to exposure APBL 
(n = 49) were compared to those with a susceptible pathogen 
(n = 148) (Supplementary Table 4). The nonsusceptible patho-
gen group was more likely to have pneumonia (61.2% vs 42.8%; 
P = .026), COPD (38.8% vs 18.1%; P = .003), and an infection 
caused by a FEP/TZP-R pathogen (36.7% vs 1.4%; P < .001) 
compared to the susceptible group. The median duration 
of APBL exposure in the 90 days preceding the index infec-
tion was longer (5 [IQR, 2–7] vs 3 [IQR, 2–5] days; P = .019) 
and the median time between the exposure and index infec-
tion was shorter (17 [IQR, 7–39] vs 27 [IQR, 11–57] days; P = 
.022) among patients with an APBL-nonsusceptible patho-
gen (Supplementary Figure 2). In multivariable logistic 
regression, exposure duration (aOR, 1.099 [95% CI, 1.021– 
1.184]; P = .012) and chronic kidney disease (aOR, 2.2025 
[95% CI, 1.968–4.234]; P = .002) were associated with 
increased likelihood of nonsusceptibility to the exposure 
APBL (Supplementary Table 5). When forced into explor-
atory multivariable models, prior infections were not 
significantly associated with nonsusceptibility; hence, it 
was excluded from the final model.

Table 1. Continued  

Variable Repeat (n = 94) Change (n = 103) P Value

Piperacillin-tazobactam 50 (53.2) 29 (28.2) <.001

Double coverage 4 (4.3) 2 (1.9) .428

Non-APBL 0 (0) 24 (23.3) <.001

Hospital LOS, d, median (IQR) 12 (5–28) 15 (7–26) .404

ICU LOS, d, median (IQR) 7 (3–16) 12 (3–20) .331

In-hospital mortality 17 (18.1) 24 (23.3) .369

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; APBL, antipseudomonal β-lactam; COPD, chronic obstructive pulmonary disease; FEP/TZP-R, cefepime/ 
piperacillin-tazobactam resistant; HIV, human immunodeficiency virus; ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; SD, standard deviation.
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DISCUSSION

Repeated exposure to the same APBL was associated with a sig-
nificantly higher likelihood of treatment susceptibility to gram- 
negative pneumonia or bloodstream infections in this cohort. 
Conversely, when the evaluation was limited to only APBL 
treatment, no difference in likelihood for susceptibility was 
found between the repeat and change groups. An empiric 
APBL for serious gram-negative infections is clearly favorable 
over non-APBLs (eg, ceftriaxone) in the setting of recent anti-
biotic exposure; however, changing to a different APBL from 
that of the recent exposure may not be warranted. Moreover, 
the magnitude and timing of the exposure appear to be impor-
tant considerations. Both longer and more recent exposures 
were associated with decreased likelihood of susceptibility to 
the exposure APBL.

Frequently, clinicians may choose an APBL based on a pa-
tient’s recent treatment history (eg, utilize cefepime in a patient 
recently treated with piperacillin-tazobactam). Although this 
logic is well meaning, it is not currently well established based 
on robust evidence. Our study found the likelihood of gram- 
negative pathogen susceptibility to be comparable between 
the repeat group and the change group when evaluating cefe-
pime and piperacillin-tazobactam. In contrast, meropenem 
demonstrated higher rates of susceptibility across all subgroups 
of APBL exposure although actual empiric utilization of this 
agent was limited.

Our results suggest that the majority of patients with a sus-
pected gram-negative infection at our institution would have 
the greatest benefit if treated with a carbapenem; however, we 
do not know what the clinical (or epidemiologic) impact of 
such a strategy would be. Carbapenems remain a “last line” 
class of antibiotics and are protected through judicious utiliza-
tion at many hospitals such as our own. Our study only evalu-
ated patients with an identified gram-negative infection. We 
know that many patients present with an infectious process (in-
cluding sepsis and septic shock) that has no identified patho-
gen. Moreover, many patients are treated with antibiotics 
even though they do not have a bacterial infection. Taking these 
discrepancies into consideration, routine use of carbapenems 
to improve the likelihood of in vitro activity among patients 
with recent APBL exposure must be balanced against the po-
tential harms, most notably further exacerbation of antimicro-
bial resistance. Thus, further evaluations of the interplay 
between prior antibiotic exposure and empiric utilization are 
needed to define the optimal strategy.

Figure 2. Susceptibility to treatment and exposure antibiotic between the repeat and change groups. Abbreviation: APBL, antipseudomonal β-lactam.

Table 2. Predictors of Susceptibility to Treatment Antibiotic

Predictor OR (95% CI)
P 

Value
Adjusted OR (95% 

CI)
P 

Value

Repeat 
group

2.164 (1.165–4.021) .015 2.513 (1.227–5.146) .012

FEP/TZP-R 0.062 (.017–.221) <.001 0.041 (.010–.160) <.001

Bacteremia 1.962 (1.067–3.607) .030 2.080 (1.125–3.847) .020

ICU 1.613 (.856–3.041) .139 2.293 (1.337–3.933) .003

COPD 0.459 (.232–.906) .025 .332 (.148–.741) .007

SOT 2.279 (.820–6.328) .114 2.726 (.794–9.360) .111

Hosmer-Lemeshow goodness-of-fit = 0.434; area under the receiver operating 
characteristic curve = 0.796.  

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEP/ 
TZP-R, cefepime/piperacillin-tazobactam resistant; ICU, intensive care unit; OR, odds ratio; 
SOT, solid organ transplant.
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Johnson et al evaluated prior antibiotic exposure in a cohort 
of patients with gram-negative bloodstream infections compli-
cated by sepsis or septic shock [11]. Prior antibiotic exposure 
and inappropriate initial therapy were associated with higher 
rates of in-hospital mortality in the overall cohort. In contrast, 
the rates of inappropriate initial antimicrobial therapy and in- 
hospital mortality were similar in a subgroup analysis compar-
ing patients receiving the same antibiotics to those with prior 
antibiotic exposure who did not have antibiotic reuse. We sim-
ilarly found no difference in susceptibility rates between repeat 
utilization of an APBL compared to changing to an alternative 
for treatment of serious gram-negative infections. Although 
similarities between likelihood of susceptibility are present be-
tween studies, we should recognize the disparity in overall rates 
of susceptibility to the repeat APBL identified in the Johnson 
et al cohort (55%) compared to the current study (70.9% to 
76.6%). This comparison reflects the need for epidemiologic 
guidance on a local level to optimize antibiotic use in critical 
populations.

Empiric antimicrobial decision making can be difficult to 
optimize due to the lack of robust data available to guide treat-
ment. Current guidance recommends considering past culture 
data within the last 6 months as well as any exposure to antimi-
crobials within the prior 30 days when determining empiric 
therapy for gram-negative infections [18]. Although prior stud-
ies have attempted to design models and tools to predict resis-
tance patterns and improve empiric antibiotic decision making, 
inappropriate empiric prescribing practices are an ongoing is-
sue [21–23]. We observed 23 instances in the current cohort 
where a patient received an antibiotic considered too “narrow” 
based on recent APBL exposure. Of those cases, 91% of the pa-
tients could have been effectively treated by utilizing the same 
exposure APBL. Micek et al developed a real-time alert for pa-
tients prescribed the same antibiotic (cefepime, meropenem, or 
piperacillin-tazobactam) to which they had exposure or isola-
tion of an antibiotic-resistant pathogen in the previous 6 
months [24]. The automated alert was able to identify >40% 
of critically ill patients who were prescribed inappropriate an-
tibiotics. Sanden et al evaluated antibiotic exposures among pa-
tients with consecutive gram-negative infections at a single 

hospital and found varying degrees of increased resistance to 
most antibiotic classes following exposure [17]. Moreover, 
cross-resistance was observed for a majority of antibiotic clas-
ses where exposure to 1 class was associated with increased re-
sistance in another. In the current study, change from cefepime 
or piperacillin-tazobactam to the other APBL was not associat-
ed with increased likelihood of pathogen susceptibility. 
Cross-resistance between classes may add complexity to deci-
sion making as simply switching to another APBL was not ben-
eficial. Moreover, timing and duration of exposures may be 
important considerations for predictive analytics. Patel et al 
demonstrated that the threshold for an exposure predictive of 
resistance among P aeruginosa respiratory infections is differ-
ent for various antibiotics but increases with the duration of ex-
posure for all agents evaluated [25]. Additionally, each 
additional day of APBL exposure has been demonstrated to in-
crease the likelihood of subsequent resistance [26]. We set a 
threshold of 48 hours for APBL exposure but similarly found 
that patients with pathogens nonsusceptible to the exposure 
APBL had longer and more recent exposures compared to 
those with susceptible isolates. Further evaluations of how to 
optimize real-time prediction of resistance in serious gram- 
negative infections are needed.

This study has several limitations. First, this cohort repre-
sents the experience at a single large community teaching hos-
pital in an urban setting and may not be representative of other 
clinical settings or hospitals. Although the pathogens identified 
in the cohort are seemingly representative of the most common 
gram-negative pathogens identified among patients with seri-
ous infections, differences in geography, practice setting, and 
patient populations should not be ignored. Second, data collec-
tion for exposures or microbiological history was limited to the 
EMR utilized at our hospital, limiting the acquisition of data on 
additional exposures or prior history of resistant pathogens 
that occurred at other facilities. Third, piperacillin-tazobactam 
and cefepime were classified as nonsusceptible for pathogens 
with an ESBL phenotype, which decreased the likelihood of 
pathogen susceptibility reported in this study although it may 
not have been reflective of the determined MIC. Although 
this subject remains somewhat controversial, current 

Table 3. Predictors of Susceptibility to Treatment Antibiotic in Subgroup of Antipseudomonal β-Lactam Treatment Only

Predictor OR (95% CI) P Value Adjusted OR (95% CI) P Value

Repeat group 0.897 (.438–1.840) .768 .936 (.433–2.021) .865

FEP/TZP-R 0.037 (.010–.136) <.001 …

Bacteremia 2.355 (1.131–4.903) .022 2.580 (.943–7.057) .065

COPD 0.330 (.152–.714) .005 0.323 (.141–.739) .007

SOT 2.357 (.667–8.338) .183 1.944 (.515–7.336) .326

Mechanical ventilation 0.627 (.305–1.285) .200 1.344 (.489–3.695) .567

Dementia 0.349 (.113–1.076) .067 0.289 (.086–.964) .043

Hosmer-Lemeshow goodness-of-fit = 0.983; area under the receiver operating characteristic curve = 0.690.  

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEP/TZP-R, cefepime/piperacillin-tazobactam resistant; OR, odds ratio; SOT, solid organ transplant.
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recommendations favor carbapenems for serious infections 
caused by ESBL-producing Enterobacterales [18]. Fourth, mer-
openem exposure was underrepresented and was evaluated in 
combination with the other 2 APBLs in the current cohort. 
Rates of meropenem susceptibility were higher following expo-
sure than those observed for the other APBLs, but the limited 
sample makes it difficult to draw definitive conclusions. 
Further exploration of carbapenem utilization and subsequent 
carbapenem resistance are warranted. Additionally, analysis 
was limited to the commonly utilized APBLs: cefepime, mero-
penem, and piperacillin-tazobactam. Newer antibiotics were 
not evaluated in the current study but could be used in patients 
with recent exposure to APBLs, and evaluation on a local level 
is warranted. Last, exposures of 48 hours or more within 90 
days prior to the index infection were treated the same regard-
less of the extent or timing of the exposures. Comparisons be-
tween patients with an infection due to a pathogen susceptible 
and those nonsusceptible to the exposure APBL demonstrated 
that the magnitude and timing of exposure impact the likeli-
hood of susceptibility. Development of specific cutoffs for 
both may assist in further delineating this relationship, al-
though sensitivity analyses of patients with an exposure within 
30 days did not alter the observed results (data not shown).

Clinicians should recognize the threat of rising antimicrobial 
resistance rates. Due to poor outcomes observed among pa-
tients who receive inadequate early antimicrobial therapy, 
our study aimed to evaluate the impact of the common practice 
of utilizing a different antibiotic than that of recent exposure. 
Prior resistance to an antibiotic in the previous 6 months can 
assist in guiding empiric treatment, so our study excluded 
such patients to focus on whether exposure led to the develop-
ment of new resistance. Although pathogen resistance is not in-
fluenced by one particular variable, we chose to focus on a risk 
factor that is relatively easy to identify (and account for). When 
faced with the choice of repeating treatment with an APBL that 
was administered in the past versus a different APBL, our study 
suggests that changing to a different APBL does not confer a 
significant increase in susceptibility rates against gram-negative 
pathogens universally. Such results may not be consistent in 
other practice settings. Determining and integrating informa-
tion regarding previous resistance and antibiotic exposure at 
the time of empiric prescribing is vital to improve care for pa-
tients with serious gram-negative infections. Refining this ap-
proach on a local level is a vital antimicrobial stewardship 
objective.
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