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Abstract

Background: Urinary tract infections caused by extended-spectrum beta-lactamase organisms pose a significant concern
worldwide. Given the escalating prevalence of drug resistance and the limited data on the effectiveness of oral antibiotics
in treating these infections, this study aimed to assess the clinical outcomes in adult patients with extended-spectrum beta-
lactamase urinary tract infections treated with oral antibiotics.

Methods: A retrospective observational cohort study was conducted at King Abdulaziz Medical City, Saudi Arabia, from
January 2018 to December 2021. It included patients = |8years with complicated or uncomplicated urinary tract infections
from extended-spectrum beta-lactamase Enterobacterales and treated with oral antibiotics as step-down or mainstay therapy.
All-cause clinical failure within 30days post-discharge was evaluated as the efficacy outcome. Statistical analyses were
performed using SPSS software.

Results: Out of 643 screened patients, |52 patients met the inclusion criteria. The patients were divided into oral step-down
therapy (51.3%) and oral-only (48.7%) groups. The majority (69.1%) were females, with a mean age of 62years. Complicated
urinary tract infections were diagnosed in (75.5%) of cases, and the predominant pathogen was E. coli (79.6%). Clinical
failure was observed in 23.1% in the oral step-down group and 13.5% in the oral-only group, with no significant difference
(p=0.128). Total antibiotics duration was significantly lower in the oral-only group (8days vs. 12.2days; p <0.001). Binary
logistic regression identified elder age, diabetes mellitus history, and prior extended-spectrum beta-lactamase infection as
predictors of clinical failure.

Conclusion: This study suggests that both step-down or primary oral antibiotic treatment yielded similar clinical outcomes
in managing patients with extended-spectrum beta-lactamase urinary tract infections. Further prospective studies are
required to validate these findings.
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Conclusion

Oral antibiotics, either as initial or step-down antibiotic therapy yielded similar clinical outcomes in patients with ESBL
UTls. Our study findings emphasize the practicality of adopting oral antibiotics as a primary approach for managing these
infections.

Introduction

Urinary tract infections (UTIs) caused by extended-spectrum
beta-lactamase (ESBL)-producing Enterobacterales
(ESBL-E) are a major public health concern worldwide.!
These pathogens are responsible for numerous UTI cases in
both community and hospital settings.> In Saudi Arabia,
ESBL-producing Escherichia coli (E. coli) accounts for
approximately 33% of urine isolates.>*

ESBL genes are highly prevalent in Enterobacterales
such as E. coli, Klebsiella pneumoniae, and Proteus mirabi-
lis, with these bacteria being among the most commonly iso-
lated ESBL producers.> ESBL, as a plasmid-mediated
enzyme, can hydrolyze a wide range of beta-lactam antibiot-
ics, including most penicillin, cephalosporins, and monobac-
tams, which limit the treatment options for ESBL infections.
However, non-beta-lactam antibiotics, including fluoroqui-
nolones, trimethoprim-sulfamethoxazole (TMP/SMX), and
aminoglycosides, remain unaffected by ESBL enzymes.>¢

According to the Infectious Diseases Society of America
(IDSA) guidelines, the selection of empiric regimens should
be guided by institutional susceptibility patterns and
encourage urine cultures to be obtained for patients at risk
of UTIs with multidrug-resistant (MDR) pathogens.>® The
rising incidence of MDR infections complicates the selec-
tion of antibiotics, as ESBL-E pathogens are resistant to
multiple oral antibiotics, leading to the need for parenteral
options, mostly carbapenems.> However, parenteral antibi-
otics are associated with higher healthcare costs, a greater
risk of complications, and reduced patient satisfaction.” As
a result, there is a need to explore alternative treatment
strategies to reduce the reliance on parenteral therapy. The

current literature offers limited insight into the efficacy of
oral antibiotics, particularly beyond fosfomycin and for
complicated UTIs (cUTIs).*!" Moreover, the effectiveness
of oral antibiotics in our population remains understudied.
Considering this knowledge gap, our study aimed to evaluate
the clinical outcomes in adult ESBL UTI patients treated
with oral antibiotics, either exclusively or after initial empiric
intravenous (IV) therapy.

Methods
Study design and setting

A retrospective observational cohort study was conducted at
King Abdulaziz Medical City, a tertiary academic hospital in
Riyadh, Saudi Arabia. All hospital or emergency department
(ED) admitted patients, who received oral antibiotics for
UTIs caused by ESBL-E between January 2018 and
December 2021 were identified using the hospital reporting
system. The study was approved by the Institutional Review
Board at King Abdullah International Medical Research
Center (NRC22R/051/01). Patients were included if they
were >18years, diagnosed with uncomplicated or compli-
cated UTIs (cystitis or pyelonephritis) due to an ESBL
organism, and treated with oral antibiotics as step-down or
mainstay therapy. Patients were classified to have compli-
cated UTIs if they were male, pregnant, immunocompro-
mised, had renal transplant, had anatomical abnormalities, or
had a urinary catheter. For all included patients, a urine sam-
ple was collected, and a microbiological study was per-
formed at the time of patient admission (or the time of
symptom initiation for already-admitted patients). Patients
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with bacterial infections other than UTIs, polymicrobial
infections, those discharged on inactive antibiotics against
ESBL or prophylactic antibiotics for recurrent UTIs after
completing the regimen, and those with incomplete medi-
cal records were excluded. Patient demographics, comor-
bidities, laboratory results, microbiology data, antibiotics
regimen, duration of treatment, and clinical outcomes were
collected. The primary outcome was a composite of all-
cause clinical failure, defined as hospital readmission,
clinic or emergency department visits, or the need for a new
prescription for antibiotics due to recurrent or worsening
UTI within 30days of hospital discharge. Secondary out-
comes included the individual components of the primary
outcome and the duration of therapy, calculated from the
first day of active therapy.

Study groups

The patients were divided into two groups. The first group
was the oral step-down group, which included patients who
transitioned from IV to oral antibiotics during their therapy.
The second group was the oral-only group, which consisted
of patients who received oral antibiotics for the entire dura-
tion of their treatment. The selection of either approach was
based on the clinical judgment of the providers, taking into
consideration factors such as the admission status of the
patients, severity of illness, previous history of urine culture,
and the ability of patients to take oral medications. The anti-
microbial susceptibility test (AST) results of the infecting
microorganism were not immediately available to the clini-
cians at the initiation of treatment. Patients were started on
empirical therapy based on treatment guidelines and the best
clinical judgment of the healthcare providers influenced by
patient-related factors. Once susceptibility results became
available, adjustments to the antibiotic regimen were made.
However, for patients who were not hospitalized or were dis-
charged before the availability of AST results, the antibiotic
regimen might not have been modified.

Statistical analysis

The data were summarized using descriptive statistics.
Categorical variables were compared using a Chi-square
test, while continuous variables were analyzed using an
independent #-test. Binary logistic regression was used to
calculate the odds ratio and investigate the risk factors asso-
ciated with the primary outcome based on patient character-
istics. All statistical tests were two-sided, and p-values < 0.05
were considered statistically significant. All analyses were
performed using SPSS software (IBM Corporation, Version
29, Armonk, NY, USA).

Results

Of the initial 643 screened patients, a total of 152 patients
were included in this study (Figure 1). The oral step-down

All adult patients with ESBL UTIs who
received oral antibiotic between January 2018
and December 2021 were screened

(n=643)

Excluded (n=491)
Not treated with oral antibiotics=217
Other concomittent infection=120
Polymicrobial infection= 103
Discharged on inactive antibiotics or prophylactic dose= 10
No positive ESBL urine culture= 9
Incomplete medical records= 32

Oral step-down group
(n=178)

Oral-only group
(n=74)

Figure |. Flow diagram of study enrolment.

group comprised 78 patients (51.3%), and the oral-only
group comprised 74 patients (48.7%). The majority of these
patients were female (69.1%), with a mean age of 62 years
(range: 18-96 years). Most patients had cUTIs (75.5%), with
no instances of pyelonephritis diagnosed. The most preva-
lent comorbidities were cardiovascular diseases (67.8%),
diabetes mellitus (63.8%), and the presence of a urinary
catheter (39.5%). Sixty patients (39.6%) had a previous his-
tory of ESBL infection. The most commonly isolated patho-
gens from urinary cultures were E. coli (79.6%) and
Klebsiella species (19.7%). Table 1 presents the details of the
baseline characteristics.

Regarding the sensitivity profiles, results showed that
nitrofurantoin had the highest sensitivity rate (94.21%)
against E. coli isolates, followed by TMP/SMX (42.15%).
On the other hand, ciprofloxacin displayed the lowest sensi-
tivity rate (32.3%) against E. coli isolates. Conversely, for
Klebsiella species, ciprofloxacin showed the highest sensi-
tivity (50%), followed by nitrofurantoin (33.3%) and TMP/
SMX (20%) (Supplemental Table S1).

Table 2 presents details about the management and antibi-
otic selection. In the step-down group, the most frequently
prescribed empirical IV antibiotics were meropenem
(55.1%), followed by ciprofloxacin (24.4%) and piperacil-
lin—tazobactam (23.1%). Nitrofurantoin (43.6%) and cipro-
floxacin (37%) were the most frequently prescribed oral
antibiotics as step-down therapy in this group. This group’s
average IV and oral antibiotics duration were 4.6 = 2.6 and
7.6 = 3.5 days, respectively. The average of the total duration
of IV plus oral antibiotics was 12.2 = 4 days. The most com-
monly prescribed oral antibiotics in the oral-only group were
ciprofloxacin (50%) and nitrofurantoin (40.5%). The aver-
age duration of antibiotics in the oral group was 8.3 = 4.1 days.

The composite outcomes of clinical failure occurred in 18
patients (23.1%) in the oral step-down therapy group and 10
patients (13.5%) in the oral group with non-statistically
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Table |. Baseline characteristics of the included patients.

Table 2. Treatment characteristics of the included patients.

Characteristic Oral step-down  Oral-only
(n=78) (n=74)
Age (years), mean = SD 64+ 17 61 =18
Female, n (%) 56 (71.8) 49 (66.2)
BMI (kg/m?), mean + SD 3088 29.5+84
Past medical history, n (%)
Cardiovascular disease 55 (70.5) 48 (64.9)
Diabetes mellitus 51 (65.4) 46 (62.2)
Malignancy 15(19.2) 12 (16.2)
Chronic kidney disease 14 (17.9) 14 (18.9)
Solid organ transplant 10 (12.8) 3(4.1)
History of infection with ESBL- 35 (44.9) 25 (33.8)
producing organism, n (%)
Urethral catheterization, n (%) 32 (41) 28 (37.8)
UT] classification, n (%)
Uncomplicated cystitis 20 (25.6) 17 (23)
Complicated cystitis 58 (74.4) 57 (77)
Laboratory analysis, mean = SD
WBCs (mg/dl) 9.7+3.79 88*4.]
C-reactive protein (mg/dl) 136 97 97.8=*7I
Creatinine clearance (ml/min) 7443 91 =59
Isolated pathogen, n (%)
Escherichia coli 60 (76.9) 61 (58.9)
Klebsiella species 17 (15.4) 13 (14.6)
Enterobacter aerogenes 1 (1.3) 0
Antimicrobial resistance rates, n (%)
Ciprofloxacin 42 (53.8) 40 (54.1)
Trimethoprim/sulfamethoxazole 46 (59) 47 (63.5)
Nitrofurantoin 6 (8.1) 4 (5.1

BMI: body mass index; ESBL: extended-spectrum beta-lactamase; SD:
standard deviation; UTI: urinary tract infection; WBC: white blood cells.

significant difference (p=0.128) (Table 3). All secondary
outcomes were non-statistically significant between the two
groups except for the ED visit within 30days due to UTI
(17.9% vs. 6.8%; p=0.037) and total antibiotics duration
(12.2days vs. 8days; p <0.001) were significantly higher in
the oral step-down group. The binary logistic regression
analysis results for clinical failure showed that advancing
age, history of diabetes mellitus, and previous ESBL infec-
tion were significant predictors of clinical failure. However,
receiving IV antibiotics or a longer duration of antibiotics
(>7days) did not significantly reduce the risk of clinical
failure (Table 4). A subgroup analysis of patients with uri-
nary catheters showed no significant difference in clinical
outcomes or duration of therapy when compared to patients
without urinary catheter (Supplemental Table S2 and S3).

Discussion

In this retrospective study, we assessed the clinical outcomes
in patients with UTIs caused by ESBL-E, focusing on using
oral antibiotics either exclusively or after initial empiric
IV therapy. Our study findings suggest that using oral

Oral step-down group n=78
Intravenous antibiotics, n (%)

Meropenem 43 (55.1)
Imipenem 1 (1.3)
Piperacillin/tazobactam 18 (23.1)
Ciprofloxacin 19 (24.4)
Gentamicin 1 (1.3)
Duration of IV antibiotics (days), mean = SD 46+26
Duration of IV antibiotics (days), n (%)

<3 32 (41)
>3 46 (59)
Selection of oral step-down therapy, n (%)

Ciprofloxacin 29 (37)
Moxifloxacin 1 (1.3)
TMP/SMX 6(7.7)
Nitrofurantoin 34 (43.6)
Fosfomycin 8 (10.2)
Duration of oral antibiotics (days), mean = SD 7.6=*35
Total duration of IV plus oral antibiotics (days), 122+4
mean = SD

Oral-only group n=74
Oral antibiotics, n (%)

Ciprofloxacin 37 (50)
TMP/SMX 5(6.8)
Nitrofurantoin 29 (40.5)
Fosfomycin 2 (2.7)
Norfloxacin I (1.3)
Duration of oral antibiotics, days, (mean = SD) 83 x4l

TMP/SMX: trimethoprim-sulfamethoxazole; IV: intravenous.

antibiotics as a mainstay of therapy for treating ESBL UTIs
did not result in worse clinical outcomes and may be consid-
ered an effective alternative to IV therapy.

In our study, E. coli was the predominant pathogen identi-
fied in approximately 80% of the patients, consistent with
the common pathogen responsible for UTIs.® Notably, the
majority of our ESBL E. coli isolates (94%) tested suscepti-
ble to nitrofurantoin, while only approximately 33% of
ESBL Klebsiella isolates demonstrated susceptibility to
nitrofurantoin. Similarly, a study published in 2018 assessed
the susceptibility of 464 urine cultures identifying ESBL-
producing organisms and reported that 93.7% of 384 ESBL
E. coli isolates were susceptible to nitrofurantoin, and 57.7%
of 80 ESBL Klebsiella isolates displaying susceptibility to
nitrofurantoin.® Several in vitro studies were done to assess
the antibiotic susceptibility of ESBL-E.>'"* The results
showed that Fosfomycin, nitrofurantoin, and pivmecillinam
have the highest sensitivity among other oral antibiotics,
such as TMP-SMX and ciprofloxacin.

The efficacy of oral antibiotics for treating UTIs caused
by ESBL-E has yet to be fully established, and there are cur-
rently no randomized controlled trials comparing oral agents
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Table 3. Treatment outcomes.

Outcomes Oral step-down (n=78) Oral-only (n=74) p-Value
Primary outcome

All-cause clinical failure, n (%) 18 (23.1) 10 (13.5) 0.128
Secondary outcomes

Readmission within 30 days due to UTI, n (%) 10 (12.8) 7 (9.5) 0511
Clinic visit within 30 days due to UTI, n (%) 3(3.8) 4(54) 0.647
ED visit due to UTI within 30days, n (%) 14 (17.9) 5(6.8) 0.037
Received a new prescription for an antibiotic within 30days, n (%) 16 (20.5) 9 (12.2) 0.165
Total antibiotics duration (days), mean 12.2 8 <0.001
ED: emergency department; UTI: urinary tract infection.

Table 4. Logistic regression analysis for risk factors of clinical failure in patients with ESBL UTI.

Clinical failure OR 95% ClI p-Value*
Age > 65years old 2.905 1.152-7.326 0.024
Female gender 0.933 0.387-2.249 |
Weight 0.997 0.954-1.043 0.906
BMI 0.995 0.890-1.114 0.936
Complicated UTI 0.616 0.251-1.511 0.331
Diabetes mellitus 6.019 1.725-20.997 0.002
Chronic kidney disease 2618 1.031-6.645 0.056
History of ESBL 6.538 2.565-16.665 <0.001
Urinary catheter present 0.554 0.277-1.354 0.208
Received IV antibiotics 1.920 0.821-4.490 0.147
IV antibiotics duration < 3 days 1.542 0.536—4.437 0.295
Overall antibiotics duration <7 days 0.510 0.202-1.291 0.110

BMI: body mass index; ESBL: extended-spectrum beta-lactamase; Cl: confidence interval; IV: intravenous; OR: odds ratio; UTI: urinary tract infection.

*OR estimates with values of p <0.05 were considered statistically significant.

for the treatment of ESBL UTIs. However, the clinical out-
comes of using oral antibiotics in patients with ESBL UTIs,
such as fosfomycin,'*'® nitrofurantoin,'®* TMP-SMX,?’ and
pivmecillinam?!' were evaluated in small observational stud-
ies. These studies found that these agents could be effective
oral alternatives for the treatment of UTIs caused by ESBL-E.
Of note, pivmecillinam is currently unavailable in the Saudi
market.

The most recent IDSA guideline recommends several
treatment oral options for patients with uncomplicated cysti-
tis caused by ESBL-E, including nitrofurantoin and TMP-
SMX as preferred treatment choices, with ciprofloxacin,
levofloxacin, and fosfomycin as alternative options.
Furthermore, the preferred treatment options for complicated
cystitis caused by ESBL-E are TMP-SMX, ciprofloxacin, or
levofloxacin. Approximately three-fourths of the patients in
our study had complicated cystitis, in the step-down group
patients were primarily treated with meropenem before tran-
sitioning to nitrofurantoin or ciprofloxacin orally. In addi-
tion, approximately half of the patients in the oral-only group
received ciprofloxacin, followed by nitrofurantoin in approx-
imately 40% of the cases. The therapeutic approaches in our
study align with current IDSA clinical recommendations for
managing ESBL UTTIs; however, nitrofurantoin was used for

managing complicated cystitis in both groups, which is cur-
rently not recommended by the current guideline. The use of
nitrofurantoin in patients with lower UTIs due to ESBL has
been evaluated before in a small sample retrospective study,
which included 75 patients, 14 of whom had complicated
lower UTIs.! The results of this study found similar clinical
and microbiological success rates in patients with or without
complicating factors.

The all-cause clinical failure did not differ significantly in
our study between the oral step-down and the oral-only
groups, suggesting that the oral-only treatment approach
might be a reasonable strategy. Our findings align with a
recent observational study that investigated the intravenous-
only treatment compared to those who were switched from
intravenous to oral antibiotics, highlighting the feasibility of
an oral treatment strategy.??> They reported 28.4% clinical
failure in the intravenous-only group compared to 27.6% in
the intravenous to oral group (p=0.91). In addition, the anti-
biotic course was shorter in our cohort of patients who
received oral-only therapy as compared to the oral step-down
group (8 vs. 12.2days, p<<0.001); however, this finding
might be related to the oral step-down group being sicker,
which we did not evaluate comprehensively. Gamble et al.??
also found a reduction in antibiotic duration by 2days in
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patients treated with intravenous then oral therapy compared
to the intravenous-only group. Moreover, we observed a
reduction in the number of emergency visits due to UTI
within 30days in the oral-only group compared to the oral
step-down group, which further supports better outcomes
with the oral-only treatment approach. Sadyrbaeva-Dolgova
et al.>* have also demonstrated that de-escalation of intrave-
nous antibiotics to oral options in complicated UTIs was
beneficial and led to a reduction in hospital length of stay,
in-hospital mortality, duration of carbapenems use, and total
duration of antibiotic therapy.

In our evaluation, cases of clinical failure were linked to
many contributing risk factors in a logistic regression anal-
ysis showing that elderly patients (i.e., >65years old),
patients with diabetes mellitus, and patients with a previous
history of ESBL had more chances for clinical failures.
These risk factors are known to be linked to the develop-
ment of ESBL infections.?*?* Hence, for patients exhibiting
these risk factors, it may be advisable to thoroughly assess
the suitability of an oral antibiotic regimen instead of opt-
ing for IV treatment.

To the best of our knowledge, this is the first study that
assesses the feasibility of managing ESBL UTIs using an
exclusively oral regimen in comparison to an oral step-down
regimen while also incorporating a substantial number of
complicated UTI cases. This study fills a significant gap in
the existing literature and introduces novel avenues for tack-
ling this frequently encountered situation in clinical practice
and advancing efforts in antimicrobial stewardship.

This study comes with several limitations. Due to the
study’s retrospective design, there are risks for confounding
and bias, which we attempted to control using logistic regres-
sion. The severity of the UTIs and the need for ICU stay
were not evaluated, which may have limited the distinction
between severe and mild UTI cases. In addition, in this study,
we did not calculate the sample size; however, we retrieved
all available data for the target population. This approach
could potentially impact the generalizability and statistical
power of the findings. Nevertheless, it is worth noting that
the number of patients included in our study is comparable to
the number reported in the currently available literature
addressing this issue. Lastly, the fosfomycin susceptibility
was not reported in this study due to the unavailability of this
data in the electronic medical records.

Conclusion

Our study findings emphasize the practicality of adopting
oral antibiotics as a primary approach to managing UTIs
caused by ESBL-E. This adds to the growing evidence
that supports the use of oral antibiotics to treat UTIs
caused by ESBL-producing organisms. Nevertheless,
additional research is warranted to compare the effective-
ness and safety of various antibiotic options and deter-
mine the optimal treatment strategy tailored to specific

patient comorbidities. Moreover, it remains imperative to
investigate preventive measures to mitigate the emergence
and persistence of ESBL-producing pathogens, to reduce
the prevalence of UTIs caused by these organisms.
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