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Is Piperacillin-Tazobactam Effective for the Treatment
of Pyelonephritis Caused by Extended-Spectrum
B-Lactamase—Producing Organisms?
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Background. Limited data exist regarding the efficacy of piperacillin-tazobactam (TZP) for the management of nonbacteremic
pyelonephritis caused by extended-spectrum B-lactamase (ESBL)-producing organisms.

Methods. We conducted a multicenter observational study comparing clinical outcomes of adults hospitalized with ESBL-
producing pyelonephritis who were receiving TZP versus carbapenems, using an inverse probability of treatment weighted propen-
sity score analysis. Patients were eligible for inclusion if all of the following criteria were met: (1) urine cultures growing Escherichia
coli, Klebsiella pneumoniae, Klebsiella oxytoca, or Proteus mirabilis at >50 000 colony-forming units/mL; (2) identification of an ESBL
gene; (3) pyuria (>10 white blood cells per high powered field in the urine); and (4) dysuria and fever plus at least 1 of the following
symptoms: emesis, rigors, hypotension, or flank pain.

Results. There were 186 patients included in the propensity score-weighted cohort; 45 (24%) received TZP and 141 (76%) re-
ceived a carbapenem. Of these 186 patients, 27% were admitted to the intensive care unit, 48% were immunocompromised, and 45%
had underlying urologic abnormalities. There were no differences between the 2 groups in the proportion of patients (20% vs 25%)
with recurrent cystitis or pyelonephritis with the same ESBL-producing organism within 30 days (odds ratio, 0.75; 95% confidence
interval, .31-1.81; P = .52). There were no differences in the resolution of clinical symptoms by Day 7 or in 30-day mortality. There
was 1 (2%) patient in the TZP arm and 11 (8%) patients in the carbapenem arm who had incident carbapenem-resistant organisms

isolated within 30 days (P =.09).
Conclusions.

TZP may be a reasonable alternative to carbapenems for the management of ESBL-producing pyelonephritis and

may mitigate the risk of emergence of carbapenem-resistant organisms, compared with carbapenem therapy.
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Pyelonephritis is among the most common conditions leading
to hospitalization in the United States, resulting in over 100 000
hospital admissions annually [1]. The proportion of urinary tract
infections (UTIs) caused by extended-spectrum p-lactamase
(ESBL)-producing bacteria has been steadily increasing, both
in the United States and globally [2-5]. Although regional var-
iation exists, between 5-20% and 3-35% of Escherichia coli and
Klebsiella pneumoniae in the United States, respectively, are
ESBL-producing [6, 7]. Few studies have estimated the preva-
lence of ESBL-production among Proteus mirabilis isolates in
the United States, but available data suggest these numbers are
in the range of 10-17% [8, 9].

The continued increase in ESBL-producing bacterial in-
fections, in which the B-lactam ring of most noncarbapenem
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B-lactam agents (eg, penicillins, cephalosporins, and aztreonam)
is inactivated in the setting of ESBL enzymes, has limited effec-
tive treatment options for these infections. Despite the dispro-
portionate burden of ESBL-producing organisms causing UTIs
compared to other sites of infection, the majority of large, ade-
quately powered studies examining the optimal management of
ESBL-producing infections have focused on bloodstream infec-
tions [10-14]. The MERINO study was a multinational, random-
ized, controlled trial of patients with ESBL-producing bacteremia
[13]. It demonstrated that, when compared to meropenem, the
administration of piperacillin-tazobactam (TZP) for ESBL-
producing bloodstream infections increased 30-day mortality.
Although this was a pivotal study that addressed important gaps
in knowledge in the management of ESBL-producing blood-
stream infections, it remains unclear whether patients with
ESBL-producing pyelonephritis, in the absence of bacteremia,
still require carbapenem therapy. The few studies comparing the
role of TZP and carbapenems for ESBL-producing UTIs are lim-
ited by small numbers of patients receiving either agent [15-19],
unclear distinctions between cystitis versus pyelonephritis [17-
19], or no molecular confirmation of ESBL status [15, 16, 19,
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20]. Our objective was to compare the clinical outcomes of hos-
pitalized patients with molecularly confirmed ESBL-producing
pyelonephritis without associated bacteremia who received TZP
versus carbapenem therapy.

METHODS

Study Population

Allhospitalized patients with a urine culture growing Escherichia
coli, Klebsiella pneumoniae, Klebsiella oxytoca, or Proteus mira-
bilis at 3 hospitals within The Johns Hopkins Health System
(The Johns Hopkins Hospital, Bayview Medical Center, and
Howard County General Hospital) between January 2014 and
December 2016 were considered for inclusion. Patients meeting
all of the following criteria were categorized as having pyelone-
phritis: (1) urine cultures with at least 50 000 colony-forming
units/mL with E. coli, K. pneumoniae, K. oxytoca, or P. mirabilis;
(2) pyuria (greater than 10 white blood cells per high powered
field in the urine); (3) identification of an ESBL gene in the
uropathogen, as outlined below; (4) a temperature of at least
38.5°C and dysuria (except in cases of a neurogenic bladder
for the later), plus at least 1 of the following symptoms: em-
esis, rigors, hypotension, or flank pain; and (5) receipt of either
TZP or a carbapenem within 48 hours from the time the ini-
tial urine culture was obtained and for at least the subsequent
72 hours. Patients who did not remain on the study drug (ie,
TZP or a carbapenem) for the duration of therapy were in-
cluded only if they transitioned to ciprofloxacin, levofloxacin,
or trimethoprim-sulfamethoxazole (TMP-SMX) and the iso-
late was susceptible to the selected agent. Patients transitioned
to antibiotics to which the uropathogen was not susceptible,
to antibiotics not expected to reach appropriate levels in the
kidney parenchyma (eg, nitrofurantoin), to antibiotics the al-
ternate arm (eg, TZP to ertapenem) after 72 hours, or patients
who did not have a blood culture obtained within 48 hours of
collection of their urine culture were excluded. Furthermore,
patients with prostatitis, concomitant bacteremia, or renal ab-
scesses were also excluded. Eligibility was determined based on
independent adjudication by two physicians (S. L. S. and P. D.
T.) through chart review.

Data Collection

Data on demographics, preexisting medical conditions, se-
verity of illness, microbiological results, antibiotic treatments,
and outcomes were collected by manual chart review for all pa-
tients. The primary exposure was receipt of TZP. The primary
outcome was recurrent cystitis or pyelonephritis with the same
ESBL-producing organism (based on the same genus and spe-
cies and confirmatory ESBL testing) within 30 days. Secondary
outcomes included the resolution of symptoms by Day 7,
30-day mortality, or identification of an incident carbapenem-
resistant organism (a Gram-negative organism resistant to

ertapenem, meropenem, or imipenem) in the 30 days following
antibiotic initiation. The Epic Care Everywhere network, which
includes inpatient and outpatient records from a large number
of health care facilities in the United States, was reviewed for
all patients to identify relevant pre- and postdischarge data.
Similarly, the Chesapeake Regional Information System for Our
Patients, which includes inpatient, outpatient, and emergency
department information for patients in the state of Maryland
and the District of Columbia, was also reviewed. If patients
were discharged before Day 7 and no follow-up health care en-
counters documenting treatment failure were identified, the
assumption was made that clinical resolution occurred. The
study was approved by The Johns Hopkins University School
of Medicine Institutional Review Board. A waiver of informed
consent was granted.

Microbiological Testing

Bacterial identification and antimicrobial susceptibility testing
results were identified using matrix-assisted laser-desorption
ionization time-of-flight mass spectrometry (Bruker Daltonics
Inc., Billerica, MA) and the BD Phoenix Automated System
(BD Diagnostics, Sparks, MD). Urinary isolates growing E. coli,
K. pneumoniae, K. oxytoca, and P. mirabilis with ceftriaxone
minimum inhibitory concentrations (MICs) of >1 mcg/mL
(but susceptible to ertapenem, meropenem, and imipenem) un-
derwent evaluation with ESBL ETESTs (bioMérieux, Durham,
NC). These results were reported to treating clinicians. Isolates
with positive ESBL ETESTs were stored at —80°C in glycerol for
future evaluation for the presence of ESBL genes. Specific ESBL
genes identified were not reported to clinicians and were per-
formed for research use only.

After isolates were subcultured twice from frozen stock to
tryptic soy agar with 5% blood agar, genomic DNA was ex-
tracted using the DNeasy Blood & Tissue Kit (QIAGEN, Inc.,
Valencia, CA). Identification of P-lactamase-encoding genes
was assessed utilizing a DNA microarray-based assay, Check-
MDR CT101 (Check-Points, Wageningen, The Netherlands),
according to the manufacturer’s protocol. The Check-Points

assay detects a number of bla .,  ESBL genes (bla ., ,  group,

CTX-M

bla group, bla group and bla_, . , group), as

CTX-M-2 CTX-M-8 & -25
well as single nucleotide polymorphisms that correspond to rel-
evant amino acid changes, resulting in bla,, ESBL genes (TEM
E104K, TEM R164S, TEM R164H, and TEM G238S) and blag,,,

ESBL genes (SHV G238S, SHV G238A, and SHV E240K).

Statistical Analysis

Baseline categorical data were compared using the Chi-square
test and continuous data were compared using the Wilcoxon
rank-sum test. Inverse probability of treatment weighting was
performed to balance differences in baseline characteristics be-
tween the 2 groups. Using multivariable logistic regression, with
the dependent variable being exposure to TZP, propensity scores
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were created for each patient. The covariates used to generate
propensity scores included age, gender, chronic kidney disease,
hemodialysis dependency, cirrhosis, diabetes, hypotension re-
quiring vasopressors, active urologic abnormalities (neurogenic
bladder, benign prostatic hypertrophy, nephrolithiasis, ureteral
stent, urinary catheter, suprapubic catheter, nephrostomy tube,
persistence of urinary hardware, including urinary catheters
not removed during the treatment course, or urologic sur-
gery), immunocompromised status (chemotherapy within the
past 6 months, hematopoietic stem cell transplant within the
past 12 months, solid organ transplant recipient, or immuno-
suppressive therapy within the previous 30 days), intensive care
unit (ICU) status on Day 1 of pyelonephritis, and pathogens re-
covered from the urine.

Patients who received TZP were weighted by the inverse of
the propensity score, and those receiving carbapenem anti-
biotics were weighted by the inverse of 1 minus the propensity
score. A new pseudo-population was created, in which an indi-
vidual who received the “unexpected” antibiotic (ie, a patient
who received meropenem when the predicted probability—also
known as the propensity score—was high that the patient would
receive TZP) was given an increased weight. In comparison, an
individual who received the “expected” treatment (ie, a patient
who received TZP and who also had a high predicted proba-
bility of receiving TZP) was given a decreased weight, as this
patient would already be adequately represented in that expo-
sure group. Weights were stabilized to reduce the influence of
extreme weights and visual inspection was performed to de-
termine whether trimming was needed. The baseline charac-
teristics were considered balanced if the standardized mean
difference values were less than 10%. In the final analysis,
odds ratios (ORs) and 95% confidence intervals (CIs) for the
primary outcome (ie, recurrent cystitis or pyelonephritis with
the same ESBL-producing organism within 30 days) were es-
timated using regression analysis, adjusting for variables with
standardized mean differences greater than 10%. A 2-sided P
value < .05 was considered statistically significant for all tests.
The statistical analysis was completed using STATA version 13.0
(StataCorp, College Station, TX).

RESULTS

Description of Full Cohort

Overall, there were 188 unique hospitalized patients whose
urine cultures grew an ESBL-producing Enterobacterales and
who met eligibility criteria (Table 1). The TZP group consisted
of 47 patients (25%) and the carbapenem group consisted of
141 patients (75%). The median age was 63 years (interquar-
tile range [IQR], 49-74) and 127 patients (68%) were female.
Almost half (47%) of the cohort had immunocompromising
conditions and 88 (46%) patients had underlying urologic ab-
normalities. In total, 49 (26%) patients were admitted to the

ICU for at least 24 hours for symptoms related to their UTIL.
The organisms identified included E. coli (56%), K. pneumoniae
(30%), P. mirabilis (10%), and K. oxytoca (3%). We identified
bla g,y .y geNes in 87% of the ESBL uropathogens, whereas
blasl_mtype and blaTEMtype ESBL genes were identified in 24% and
2%, respectively; some organisms contained more than 1 ESBL
gene. The median MIC of TZP was 2 mcg/mL (IQRs, 2-8 and
2-16, respectively) for isolates in the TZP group as well as the
carbapenem group.

Weighted Cohort

Because of differences in the distribution of baseline variables
between the 2 treatment groups, propensity score generation
and inverse probability of treatment weighting were pursued
(Table 1). There were 186 patients included in the propensity
score-weighted cohort; 45 (24%) received TZP and 141 (76%)
received a carbapenem. After propensity score weighting,
standardized mean differences were below 0.10 for most meas-
ured variables, except for the identification of Proteus mirabilis
in urine, indicating similar distributions of variables in the TZP
and carbapenem groups (Figure 1).

Antibiotic Treatment Regimens

Table 2 describes antibiotic treatment regimens administered
to the TZP and carbapenem groups in the weighted cohort.
Common antibiotics administered on the day the urine cul-
ture was obtained are shown in Table 2. The carbapenem group
consisted of 69 (49%) patients receiving ertapenem, 59 (42%)
patients receiving meropenem, and 13 (9%) patients who were
switched between the 2 carbapenems during their treatment
course. There were 9 (20%) patients in the TZP group that tran-
sitioned to oral therapy (ie, a fluoroquinolone or TMP-SMX)
after at least 72 hours of receiving TZP, whereas 11 (8%) patients
in the carbapenem group transitioned to oral therapy after at
least 72 hours of receiving a carbapenem antibiotic (P = .03).
The median duration of TZP in the TZP group was 8 days
(IQR, 7-10) and the median duration of a carbapenem in the
carbapenem group was 8 days (IQR, 7-13; P = .08). The overall
durations of antibiotic therapy for the TZP and carbapenem
groups were 9 days (IQR, 7-12) and 10 days (IQR, 7-14), re-
spectively (P =.07).

The most commonly prescribed antibiotic dosages were as
follows: TZP at either 3.375 grams (81%) or 4.5 grams (19%)
intravenously (IV) every 6 hours; ertapenem at 1 gram IV every
24 hours; and meropenem at 1 gram IV every 8 hours, with ad-
justment based on renal function as needed. Of note, based on
accumulating evidence that a higher dosage of TZP may be war-
ranted for the effective treatment of ESBL-producing infections
[21], in the fall of 2016, our local guidelines were revised to rec-
ommend TZP at 4.5 grams IV every 6 hours for the treatment of
ESBL-producing UTIs in the absence of bacteremia [22].
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Table 1. Baseline Characteristics
Full Cohort Propensity Score-Weighted Cohort®
Piperacillin- Standardized Piperacillin- Standardized
Tazobactam, Carbapenem, Mean Tazobactam, Carbapenem, Mean
Variable n=47:25% n=141,75% PValue Differences n=45;24% n=141,76% PValue Differences
Age, years, median (IQR) 62 (48-73) 63 (49-74) .986 0.003 64 (50-72) 63 (49-74) .886 0.023
Female gender (%) 2 (68.1) 95 (67.4) 928 -0.047 32 (71.1) 96 (68.1) 756 -0.055
Race/ethnicity
Black 15 (31.9) 44 (31.2) .928 0.030 16 (35.6) 4(31.2) .643 0.084
White 24 (51.1) 74 (562.5) .866 -0.049 22 (48.9) 74 (52.5) .705  -0.068
Asian 5 (10.6) 11(78) .546 0.105 4(8.9) 0(71) .602 0.079
Latino 2(43) 8(5.7) 707 -0.060 2 (4.4) 8(5.7) 716 -0.063
Other 1(2.1) 4(2.8) 794 -0.042 1(2.2) 4(2.8) 682  -0.092
Preexisting medical conditions
Diabetes 11 (23.4) 41 (29.1) 451 -0.116 13 (28.9) 39 (277) .970 0.007
Chronic kidney disease 6(12.8) 1(14.9) 719 -0.053 5 (11.1) 20 (14.2) 741 -0.057
Cirrhosis 2 (4.3) 0(7.1) 491 -0.118 2 (4.4) 9(6.4) 666  -0.076
Renal transplant 4(8.5) 16 (11.3) .585 -0.088 5 (11.1) 15 (10.6) .960 -0.009
Solid organ transplant, other than renal 4 (8.5) 8(12.8) 432 -0.131 5(11.1) 16 (11.3) .818  -0.043
transplant
Bone marrow transplant within past 1(2.1) 4(2.8) 794 -0.042 2 (4.4) 4(2.8) .806 0.053
12 months
Chemotherapy within past 6 months 3(6.4) 10 (7.1) .868 -0.022 4(8.9) 10 (7.1) .823 0.045
Immunosuppressive therapy within the 5 (10.6) (16.3) 344 -0.158 7 (15.6) 1(14.9) 997  -0.001
past 30 days®
Urologic abnormalities
Foley catheter, not removed 5 (10.6) 17 (12.1) .793 -0.037 5(11.1) 6 (11.3) 939 -0.014
Intermittent catheterization 8(17.0) 32 (22.7) 410 -0.132 8(17.8) 0(21.3) 756 -0.058
Nephrostomy tube or suprapubic catheter 3 (6.4) 2 (1.4) .067 0.261 1(2.2) 4(2.8) .963 0.006
Nephrolithiasis 1(2.1) 8(5.7) 324 -0.180 2 (4.4) 7 (5.0) 783  -0.061
Prior genitourinary surgery 4 (8.5) 6 (4.3) .260 0.180 3(6.7) 8(5.7) 799 0.040
Persistence of urinary hardware throughout 5(10.6) 14 (9.9) .889 0.031 4 (8.9) 15 (10.6) .864  -0.034
antibiotic treatment
ICU admission for pyelonephritis 11 (23.4) 38 (270) .684 -0.069 13 (28.9) 38 (27.0) .825 0.042
Vasopressors 2 (4.3) 8(5.7) 729 -0.060 2 (4.4) 7 (5.0 625 -0.075
Pathogen
Escherichia coli 29 (61.7) 77 (54.6) .396 0.126 25 (55.6) 79 (56.0) .970 0.007
Klebsiella pneumoniae 13 (27.7) 44 (31.2) .647 -0.064 15 (33.3) 43 (30.5) .704 0.072
Klebsiella oxytoca 2(4.3) 4(2.8) .632 0.081 1(2.2) 4(2.8) .990 0.002
Proteus mirabilis 3(6.4) 16 (11.3) .328 -0.169 3(6.7) 14(9.9) 469 -0.129

Data are for patients hospitalized with ESBl-producing Enterobacterales pyelonephritis without concomitant bacteremia who were treated with piperacillin-tazobactam versus carbapenem

therapy. Data are shown as n (%), unless otherwise indicated.

Abbreviations: ESBL, extended-spectrum f-lactamase; ICU, intensive care unit; IQR, interquartile range.

“Propensity score-weighted numbers were rounded to whole numbers for ease of interpretation. All patients from the eligible population (ie, full cohort) were included in the propensity
score-weighted cohort but the process of weighting led to a slightly decreased sample size in the propensity score-weighted cohort.

®Other than for the conditions described in the table.

Outcomes

In the weighed cohort, 44 patients (24%) developed recurrent
cystitis or pyelonephritis with the same ESBL organism within
30 days; 9 patients (20%) were in the TZP group and 35 pa-
tients (25%) were in the carbapenem group (OR, 0.75; 95% CI,
.31-1.81; P = .52). There were no differences in the secondary
outcome of resolution of symptoms within 7 days of the first
positive urine culture between the TZP and carbapenem groups
(42 [93%] vs 125 [89%], respectively; OR, 1.79; 95% CI, .50-
6.46; P = .37). There were 2 deaths in the TZP group (4%) and
10 deaths (7%) in the carbapenem group within 30 days, with

no differences between the groups (OR, 0.38; 95% CI, .05-3.06;
P =.36).

Finally, there was no significant difference in the pro-
portion of patients with an incident carbapenem-resistant
organism recovered within 30 days of antibiotic initiation
between the 2 treatment groups (OR, 0.16; 95% CI, .02-1.29;
P =.09). In the TZP treatment group, 1 patient (2%) had an
incident carbapenem-resistant organism recovered, which
was a carbapenem-resistant Pseudomonas aeruginosa. In the
carbapenem treatment group, 11 patients (8%) had subse-
quent carbapenem-resistant organisms recovered, including
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Standardized mean differences comparing the full, unweighted cohort and the propensity score—weighted cohort after inverse probability of treatment

weighting in a study of 188 adults with ESBL-producing Enterobacterales pyelonephritis. The dotted vertical lines represent standardized mean differences at -0.10 and
0.10, with the gray squares inside this range representing an adequate variable balance in the weighted cohort. Abbreviations: ESBL, extended-spectrum {3-lactamase;

ICU, intensive care unit.

3 carbapenem-resistant E. coli, 4 carbapenem-resistant
K. pneumoniae, 3 carbapenem-resistant P. aeruginosa, and
1 carbapenem-resistant Acinetobacter baumannii. Of the
11 patients who experienced infections with carbapenem-
resistant organisms after receiving carbapenem therapy, 5
(45%) had received ertapenem and 6 (55%) had received
meropenem.

Table 2. Antibiotic Treatment Regimens

Piperacillin-
Tazobactam, Carbapenem,
n =45; 24% n=141;76% PValue
Antibiotic initiated within 24 hours of urine culture collection
Ceftriaxone 2 (4.4) 14 (9.9) .34
Cefepime 0 11 (78) .05
Piperacillin-tazobactam 43 (95.5) 14(9.9) <.01
Ertapenem 0 51 (36.2) <.01
Meropenem 0 47 (33.3) <.01
Fluoroquinolone 0 4(2.8) <.01
Oral step-down therapy
Trimethoprim-sulfamethoxazole 3(6.7) 3(2.1) 19
Ciprofloxacin 6 (13.3) 8(5.7) 12
Duration of therapy
Total duration, median (IQR) 9 (7-12) 10 (7-14) .07
Duration of study drug, median 8 (7-10) 8 (7-13) .08

(IQR)

Data are for regimens administered to a cohort of patients hospitalized with ESBL-
producing Enterobacterales pyelonephritis without concomitant bacteremia, after inverse
probability of treatment weighting. Data are shown as n (%) unless otherwise indicated.

Abbreviations: ESBL, extended-spectrum f-lactamase; IQR, interquartile range.

DISCUSSION

Our findings suggest that in the absence of bacteremia, TZP
therapy may result in similar clinical outcomes as carbapenem
therapy for the treatment of hospitalized patients with pyelone-
phritis caused by ESBL-producing organisms. We also observed
no difference in the resolution of symptoms within 7 days of
treatment initiation or in 30-day all-cause mortality between the
2 treatment groups. Although not achieving statistical signifi-
cance, 2% of patients receiving TZP, compared to 8% of patients
receiving a carbapenem, had an incident carbapenem-resistant
organism recovered from clinical cultures within 30 days of
antibiotic initiation. This study highlights the potential utility
of TZP as a carbapenem-sparing agent for the management of
ESBL-producing pyelonephritis.

There have been limited investigations addressing the use
of TZP for pyelonephritis caused by ESBL-producing bac-
teria. The international expert panel assembled to develop the
2010 Infectious Diseases Society of America Guidelines for the
“Treatment of Acute Uncomplicated Cystitis and Pyelonephritis
in Women” highlighted optimal treatment regimens for ESBL-
producing uropathogens as an important gap in knowledge that
needs to be further evaluated [23]. Similarly, when discussing
the generalizability of their findings, the investigators of the
landmark MERINO trial mention that “whether piperacillin-
tazobactam remains effective for urinary infections caused by
ESBL producers in patients without BSI [bloodstream infec-
tion] ... remains uncertain” [13]. Previous studies that have at-
tempted to compare the role of TZP and carbapenems for the
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treatment of pyelonephritis were plagued with small sample
sizes [15-19], hazy distinctions between upper and lower uri-
nary tract disease [17-19], or no molecular confirmation that
the organism was indeed an ESBL producer [15, 16, 19, 20]. No
studies addressing this question have been conducted in the
United States.

Both fluoroquinolones and TMP-SMX have robust data sup-
porting their efficacy for pyelonephritis, and provide conven-
ient, oral treatment options for ESBL-producing organisms
[19, 24-28]. Regrettably, the declining activity of these agents
against Gram-negative organisms by several commonly iden-
tified chromosomal mutations (eg, parC and gyrA mutations)
and acquired resistance genes (eg, dfr, sul, and gnr genes) re-
stricts effective non-p-lactam options for pyelonephritis, often
making hospitalization for patients with ESBL pyelonephritis
with administration of f-lactam agents unavoidable [29].

The rising burden of carbapenem-resistant organisms is well
recognized as a global crisis [30]. Several studies have identified
preceding carbapenem use as a risk factor for the subsequent
development of infections with carbapenem-resistant, Gram-
negative organisms [31-33]. Although not statistically signifi-
cant, our study also suggests a trend towards an increased risk
of harboring carbapenem-resistant organisms with previous
carbapenem exposure. Thisis particularly worrisome, asa number
of studies have indicated that patients who previously received
antibiotics to treat bacteria isolated from the urine—regardless
of whether antibiotics were indicated—are at an increased risk
of a subsequent UTT [34-37], with estimates of affected patients
in the range of 24-44% in the subsequent 612 months after an-
tibiotic use. Moreover, the subsequent UTI is more likely to be
caused by a drug-resistant organism [38, 39]. As almost half of
our cohort had underlying urologic abnormalities and are likely
to have future UTIs, this finding underscores the importance of
judicious antibiotic prescribing for the treatment of UTTs.

There are several limitations to consider when interpreting
our findings. First, this was an observational study and, de-
spite our attempts to account for the inherent selection bias this
poses by analyzing data using inverse probability of treatment
weighting with propensity scores, the potential for unmeasured
confounding remains. Second, there may have been relevant
data (eg, additional outpatient visits, subsequent drug-resistant
urinary isolates, etc) that we did not capture. Although we
used the Epic Care Everywhere network and the Chesapeake
Regional Information System for Our Patients to increase the
likelihood of obtaining postdischarge data, this does not resolve
the possibility of residual missing data. However, there does not
appear to be a reason to believe missing data was more likely
in one treatment group compared to the other. Additionally,
the misclassification of pyelonephritis as cystitis or vice versa
may have occurred despite adjudication by two physicians, al-
though we do not have reason to believe it occurred asymmetri-
cally between the two treatment groups. Furthermore, we were

unable to differentiate recurrent ESBL infections from persis-
tent infections. Our modest sample size may have precluded the
ability to identify poorer outcomes in patients receiving TZP.
Although this possibility remains, none of the primary or sec-
ondary outcomes suggest a trend towards inferior outcomes
with TZP compared to carbapenem therapy, in agreement with
all published studies to date that have evaluated the role of TZP
for ESBL-producing pyelonephritis. Finally, our study was lim-
ited to E. coli, Klebsiella spp., and P. mirabilis and to bla
bla ,and bla

SHV-type TEM-t
the presence of bla_, ,genes. It is unknown whether these find-

CTX-M-type®
e g€Nes from 1 region. We did not test for

ings can be extended to other members of the Enterobacterales
family that are ESBL-producing or to regions where OXA-1
production may be more predominant.

In conclusion, our study suggests that TZP may be a suitable
alternative to carbapenem therapy for the management of pye-
lonephritis by ESBL-producing organisms without bacteremia.
Adequately powered and appropriately designed randomized,
controlled trials are required to confirm these findings.
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