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Background: Urinary tract infections (UTIs) caused by extended spectrum beta-lactamase 
(ESBL) producing pathogens have increased and are treated with carbapenem in general. 
Carbapenem use is associated with prolonged hospitalization or daily outpatient visit. The 
aim of this study was to investigate patients with UTIs by ESBL-producing pathogens for 
early discharge using an old oral antibiotic, trimethoprim-sulfamethoxazole (TMP-SMX), 
which is susceptible to ESBL-producing pathogens.
Methods: Data on UTIs caused by ESBL-producing pathogens from a single tertiary 
hospital were collected retrospectively. Patients who had been treated with intravenous 
carbapenems or oral TMP/SMX were included. Patients’ clinical and microbiological out-
comes were compared between oral TMP/SMX and ertapenem treatment groups.
Results: A total of 103 patients were included, 21 of whom had been treated with TMP/ 
SMX, whereas 82 with ertapenem. Clinical outcomes between the two groups were not 
significantly different (TMP/SMX: 90.5%; ertapenem: 84.1%, p = 0.73). The microbiological 
cure rate was higher in the TMP/SMX group than in the ertapenem group (90.5% vs 58.5%, 
respectively, p = 0.01). The mean duration of hospitalization was significantly shorter in the 
TMP/SMX group than in the ertapenem group (8.00 ± 10.50 days vs 14.00 ± 37.00 days, p = 
0.07). The mean duration of antibiotic treatment was longer in the ertapenem group than in 
the TMP/SMX group (16.45 ± 4.77 vs 12.76 ± 5.37 days, p = 0.006).
Conclusion: For susceptible pathogens, TMP/SMX may enable early discharge as an 
effective oral antibiotic treatment option for UTIs caused by ESBL-positive pathogens. 
Additionally, use of oral antibiotics can shorten hospital stays and reduce medical costs.
Keywords: oral antibiotics, ESBL, UTI, TMP/SMX, outpatient treatment

Introduction
Urinary tract infections (UTIs) are a major health problem that people worldwide 
suffer from.1,2 Estimates from United States registries have shown that UTIs 
correspond to 0.7% (standard error 0.1%) of ambulatory care globally.3 More 
importantly, UTIs caused by extended spectrum beta-lactamase (ESBL) producing 
Enterobacteriaceae are increasing, not only in hospital-acquired infections (HAIs) 
but also in community-onset infections.4–7 In the United States, ESBL-producing 
Enterobacteriaceae accounted for 17.2% of patients with UTI in 2018–2019.8 In 
Korea, one study in 2014 showed 6.4% of E. coli cases in community acquired UTI 
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were ESBL-producing.9 Further, it is also estimated that 
16.4% of pediatric UTI cases were caused by ESBL 
producers.10

For ESBL producing strains, there are limited options 
for antibiotic treatment, and carbapenems have been the 
drug of choice; however, there are several disadvantages to 
carbapenems. First, most carbapenems are only available 
in intravenous formulations.11 As a result, patients have to 
be hospitalized or daily visit the hospital for the parenteral 
antibiotic treatment even after they have become stable or 
asymptomatic. Second, extensive use of carbapenems may 
lead to the selection of some bacteria, such as 
Stenotrophomonas maltophilia.12 Third, carbapenems are 
broad-spectrum antibiotics; therefore, there is an increased 
risk of collateral damage, changes in normal microbiomes, 
and development of resistant strains, such as carbapene-
mase-producing Enterobacteriaceae (CPE). From an 
infectious point of view, carbapenem-sparing regimens 
are required for non-severe multi-drug resistant (MDR) 
infections, such as UTIs.13

Ertapenem is a non-Pseudomonas covering carbape-
nem used as standard treatment for ESBL-UTIs. It was 
approved by the food and drug administration (FDA, US) 
to treat community-acquired pneumonia, complicated UTI, 
acute pelvic infections, complicated skin and soft tissue 
infections, and complicated intra-abdominal infection. It is 
commonly used and maintains higher susceptibility among 
ESBL-producing Enterobacteriaceae.14 Using ertapenem 
helps reduce hospitalization duration through outpatient 
antibiotic treatment. However, patients still have to visit 
the hospital daily to treatment and keep intravenous routes. 
Moreover, it is difficult to administer parenteral antibiotics 
during holidays at Korean outpatient clinics.

TMP/SMX, an antibiotic in use since 1974, has been 
approved to treat UTIs by the United States Food and 
Drug Administration. Because of the high resistant rate 
of TMP/SMX to UTI pathogens, it is not recommended as 
a first line treatment in Korea. However, for that reason, 
the resistant rate of TMP/SMX to E. coli seems to have 
become lower.15 In real clinical practice, this tendency is 
much clear, and clinicians are experiencing cases of 
improvement with oral conversion to TMP/SMX.16 TMP/ 
SMX is available in oral form and can be used in UTIs 
caused by ESBL-producing bacteria, which are susceptible 
to it. The aim of this study was to obtain evidence that 
TMP/SMX therapy (initial or step-down) is comparable to 
the ertapenem treatment for ESBL-positive TMP/SMX- 
sensitive Enterobacteriaceae. The Institutional Review 

Board of the Gil medical center approved the study proto-
col (GDIRB2020-288). A waver for patient parental con-
sent to review their medical records was granted by the 
Institutional Review Board. The handling of the patient 
data confidentiality strictly followed the rules set by the 
institution and was in compliance with the Declaration of 
Helsinki.

Methods
This was a retrospective observational study performed at 
the Gachon University Gil Medical Center (GMC), 
a tertiary teaching hospital in Incheon, South Korea from 
January 2017 to June 2020. This study was approved by 
the GMC Institutional Review Board. The trial was 
designed and overseen by infectious diseases specialists. 
Data were collected and analyzed by infectious disease 
specialists.

Patients who received TMP/SMX or carbapenem, 
including ertapenem, for UTI by ESBL producing patho-
gens from January 2017 to June 2020 were screened for 
study enrollment. Inclusion criteria were: (i) age ≥ 18 
years, (ii) treatment with TMP/SMX or carbapenem, 
including ertapenem, for symptomatic UTI by ESBL pro-
ducing pathogens; and (iii) positive urine cultures with 
microbiologically confirmed ESBL-producing pathogens 
resistant to penicillin, monobactams, and cephalosporins. 
Exclusion criteria were: (i) culture demonstrating non- 
susceptibility to TMP/SMX or carbapenem, including erta-
penem; (ii) non-UTI bacteremia; and (iii) less than 72 h of 
effective antibiotic treatment.

The following data were extracted from the patient’s 
electronic medical record: baseline patient demographics; 
select comorbid conditions and medical history; previous 
12-month history of UTI by ESBL producing pathogens 
and other healthcare exposures; renal function and serum 
creatinine at baseline and throughout antibiotic treatment; 
duration of hospitalization and patient care unit where 
applicable; duration and history of empirical antibiotic 
use where applicable; TMP/SMX or ertapenem dose and 
duration of treatment; initial urine and blood culture 
results and date; follow-up urine and blood culture results 
and date where applicable; recurrence, reinfection, and 
relapse; microbiological outcomes; and clinical outcomes.

Microbiological data collected included date and 
method of urine culture collection; quantity (in CFU) and 
identification of urinary specimen(s); culture susceptibil-
ities with minimum inhibitory concentrations (MICs) of 
select antibiotics (aminoglycosides, fluoroquinolones, 
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sulfonamides, and carbapenems), dates of positive blood 
cultures if applicable, and end of treatment follow-up urine 
cultures when available. Identification and susceptibility of 
urinary isolates were determined via conventional methods 
using the VITEKR2 microbial identification system 
(bioMerieux, Marcy-l’Etoile, France) and according to 
the standard of care. Data collected included bacterial 
genus and species name, MICs, and susceptibility inter-
pretations according to Clinical and Laboratory Standards 
Institute (CLSI) breakpoints.17 ESBL production was ver-
ified using the VITEK R2 ESBL test panel.

Definitions
UTI symptomatology and diagnosis were assessed accord-
ing to pre-determined criteria using objective information 
available in the electronic medical records. Characteristics 
of symptomatic UTIs included increased urinary fre-
quency, dysuria, urgency, abdominal or flank pain, and 
fever. Upper UTI was defined as acute pyelonephritis or 
complicated UTI. All definitions coincided with those 
from the Infectious Diseases Society of America (IDSA) 
or the World Health Organization (WHO), where 
applicable.18 For patients who could not describe their 
urinary symptoms, characteristic symptoms may not have 
been included in the diagnosis.15,19

The following definitions were used: 1) febrile: 
a patient’s recorded temperature was ≥ 38°C. 2) 
A complicated urinary tract infection was defined as the 
presence of any of the following conditions: (a) renal 
abscess; (b) hydronephrosis; (c) presence of any metastatic 
infections (psoas muscle abscess, brain abscess, infective 
endocarditis, etc.); (d) presence of urinary stones, urethral 
strictures, congenital abnormalities; or (e) presence of 
prostatitis in men.15,19,20 3) Clinical improvement was 
defined as improvement in symptoms and being afebrile 
by 72 h after treatment. 4) Clinical failure was the persis-
tence of symptoms after 7 days of treatment. 5) 
Intermediate clinical status was neither clinical improve-
ment nor failure. 6) Relapse was defined as developing 
a UTI with the same pathogen within 30 days, 7) reinfec-
tion was developing a UTI with a different organism 
within 30 days, and 8) recurrence was developing an 
infection with the same organism within 3 months. 9) 
Microbiological cure was a negative urine culture at com-
pletion of therapy and/or the absence of relapse or reinfec-
tion and, lastly, 10) microbiological failure was the 
development of relapse or reinfection after adequate anti-
microbial treatment.

Statistical Analysis
This study was designed to determine whether TMP/SMX 
was comparable to ertapenem for the treatment of ESBL 
UTIs. Results are expressed as mean ± standard deviation 
and as incidences in the study population. The Student’s 
t-test and Mann–Whitney U-test were used to compare 
continuous variables, and the chi-square test and Fisher’s 
exact test were used for categorical variables. All P values 
were two-tailed, and P values < 0.05 were considered 
significant. All statistical analyses were performed using 
IBM SPSS Statistics for Windows version 24.0 (IBM 
Corp., Armonk, NY).

Results
From January 1, 2017, to June 30, 2020, a total of 26,780 
UTI cases were retrieved. Among them, 103 were caused 
by ESBL-producing Enterobacteriaceae and treated with 
the oral TMP-SMX or intravenous ertapenem. Of all 
patients, 21 were treated with TMP/SMX, whereas 82 
with ertapenem (Figure 1). Treatment groups were divided 
based on the pathogen-specific treatment, not the empirical 
treatment. In the ertapenem group, the most common 
empirical treatment was ertapenem (35cases), followed 
by cephalosporins (31 cases), quinolones (seven cases), 
piperacillin/tazobactam (five cases), meropenem (two 
cases), doripenem (one case), and others (one case). In 
the TMP/SMX group, the most common empirical treat-
ment was cephalosporins (nine cases), followed by cipro-
floxacin (three cases), ertapenem (three cases), TMP/SMX 
(two cases), meropenem (two cases), imipenem (one case), 
and piperacillin/tazobactam (one case). The mean dura-
tions of empirical antibiotics were 6.29 and 6.88 in erta-
penem and TMP/SMX groups, respectively (data not 
shown). Table 1 shows the baseline characteristics of the 
two groups. A total of 34% were male patients, with 
42.9% in the TMP/SMX group and 31.7% in the ertape-
nem group. The mean age was 71.1 years and more than 
93% of patients had symptoms when the culture was 
collected. There were no significant differences between 
the two groups with respect to age, sex, or initial symp-
toms. Most of the diagnoses were upper UTIs (90.5% in 
the TMP/SMX group and 90.0% in the ertapenem group, 
P = 0.26). The mean duration of hospitalization was sig-
nificantly different between two groups (8.00 ± 10.50 in 
TMP/SMX group, 14.00 ± 37.00 in ertapenem group, 
P =0.07). The mean duration of antibiotic treatment was 
also longer in the ertapenem treatment group than in the 
TMP/SMX group (16.45 ± 4.77 days vs 12.76 ± 5.37 days, 
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respectively, P = 0.006; Table 1). We investigated the rate 
of septic shock from hypotension or ICU admission. There 
were nine shock cases: two (14.3%) in the TMP/SMX 
group and nine (11.9%) in the ertapenem group (p = 0.55).

Table 2 shows the microbiological characteristics of 
the two groups. E. coli was the most common pathogen 
of the initial urine culture in both groups (85.7% in the 
TMP/SMX group and 80.4% in the ertapenem group), 
which is consistent with previous studies15,18 In the 
TMP/SMX group, all 21 patients had positive initial 
urine cultures (Table 2), 18 (85.7%) of which had E. coli 
and 2 (9.5%) had P. mirabilis. Initial blood culture in the 
TMP/SMX group showed 33% positivity, and E. coli was 
the most common pathogen. In the ertapenem group, 81 
(98.8%) of the initial urine cultures were positive, and 
again, E. coli was the most common pathogen (66 cases, 
80.4%), followed by K. pneumoniae (11 patients, 13.4%), 
P. mirabilis (2 patients, 2.4%), and E. faecalis (1 patient, 
1.2%). The culture performance rate decreased in both the 
TMP/SMX and ertapenem groups and in both the urine 
and blood cultures (Table 2).

We compared the clinical cure rate, clinical improve-
ment after 48 h of treatment, clinical failure, and death for 
clinical outcomes (Table 3). Overall, there were no statis-
tically significant differences in clinical outcomes between 

the TMP/SMX and ertapenem groups (Table 3). Nineteen 
cases (90.5%) in the TMP/SMX group and 69 (84.1%) in 
the ertapenem group achieved a clinical cure (overall, 
85.4%; P = 0.73). The clinical improvement rate after 48 
h of treatment was 23.8% in the TMP/SMX group and 
25.6% in the ertapenem group (P = 0.13). After 72 h, 
however, the clinical improvement rate was 90.5% in the 
TMP/SMX group and 84.1% in the ertapenem group (P = 
0.46) (data not shown). Clinical failure was also similar in 
both groups (14.3% in the TMP/SMX group and 14.6% in 
the ertapenem group, P = 0.99). Overall death after 1 
month only occurred in the ertapenem group (2 patients, 
3.4%), but none were associated with the UTI.

The microbiological outcomes of the two groups are 
shown in Table 4. The microbiological cure rate, negative 
urine culture at therapy completion, and the absence of 
relapse or reinfection were significantly higher in the TMP/ 
SMX group than in the ertapenem group (90.5% vs 58.5%, 
respectively, P = 0.01). The negative follow-up urine culture 
(FUUC) conversion was similar in both groups (TMP/SMX: 
47.6%; ertapenem: 43.2%, P = 0.81). Two patients (9.5%) in 
the TMP/SMX group and 12 patients (14.6%) in the ertape-
nem group experienced UTIs with the same pathogen within 
30 days (relapse), but the difference was not statistically 
significant (P = 0.81). Recurrence tended to occur somewhat 

Figure 1 Flow chart of population in this study.
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Table 1 Baseline Characteristics of the TMP/SMX and Ertapenem Groups

TMP/SMX 
N=21 (%)

Ertapenem 
N=82 (%)

Total 
N=103 (%)

P value

Male 9 (42.9) 26 (31.7) 35 (34) 0.44

Age (year) (median ± IQR) 63.67 ± 21.43 73.16 ± 58.07 71.11 ± 52.51 0.46

Symptom at the time of culture 21 (100) 74 (94.4) 95 (93.1) 0.34

Frequency 9 (42.9) 29 (35.4) 38 (36.9) 0.61

Urgency 8 (38.1) 15 (18.3) 23 (22.3) 0.07
Nocturia 4 (19.0) 11 (13.4) 15 (14.6) 0.50

Fever 17 (81.0) 63 (76.8) 80 (77.7) 0.78
Dysuria 15 (71.4) 42 (51.2) 57 (55.3) 0.14

CVAT 9 (42.9) 27 (32.9) 36 (35.0) 0.45

Initial shock 2 (9.5) 9 (11.0) 11 (10.7) 1.00
Residual urine 7 (33.3) 32 (39.0) 39 (37.9) 0.80

Rate of upper UTIs 90.5% 90% 90.9% 0.26

Mean duration of hospitalization (mean ± SD) 10.62 ± 14.32 27.66 ± 42.02 24.17 ± 38.42 0.07

Mean duration of total antibiotics (Intravenous plus Per oral) 

(Median ± IQR)

8 ± 10.50 14 ±37.00 13.41 ± 5.46 0.006

Started with selective antibiotics 0 27 (45.8) 27 (37.0)

Abbreviations: TMP/SMX, trimethoprim-sulfamethoxazole; N, number; IQR, interquartile range; CVAT, costovertebral angle tenderness; SD, standard deviation; IQR, 
interquartile range.

Table 2 Microbiological Characteristics

Pathogen Initial Urine Culture Initial Blood Culture Follow-Up Urine Culture Follow-Up Blood Culture

TMP/SMX 
N=21 (%)

Ertapenem 
N=82 (%)

TMP/SMX 
N=21 (%)

Ertapenem 
N=82 (%)

TMP/SMX 
N=21 (%)

Ertapenem 
N=82 (%)

TMP/SMX 
N=21 (%)

Ertapenem 
N=82 (%)

No growth 0 1 (1.2) 10 (47.6) 36 (43.9) 10 (47.6) 36 (43.9) 4 (19.0) 28 (34.1)
E. coli1 18 (85.7) 66 (80.4) 4 (19.0) 14 (17.1) 4 (19.0) 14 (17.1) 0 0

K. pneumoniae2 0 11 (13.4) 0 2 (2.44) 0 3 (5.1) 0 0

P. mirabilis3 2 (9.5) 2 (2.4) 1 (4.7) 2 (2.44) 1 (4.7) 2 (3.4) 0 0
E. faecalis4 0 1 (1.2) 1 (4.7) 2 (2.44) 1 (4.7) 2 (3.4) 0 0

E. faecium5 0 0 1 (4.7) 6 (7.32) 1 (4.7) 6 (10.2) 0 0
S. maltophilia6 0 0 0 0 0 2 (3.4) 0 0

C. albicans7 0 0 0 0 0 3 (5.1) 0 1 (1.2)

Others 0 1 (1.2) 0 4 (4.88) 0 0 0 0
Total 20 (95.3) 82(100) 17 (81) 66 (80.5) 17 (81) 73 (84.7) 4 (19) 29 (35.3)

Not done 1 (4.7) 0 4 (19.0) 16 (19.5) 4 (19.0) 9 (15.3) 17 (81.0) 53 (64.7)

Abbreviations: 1E. coli, Escherichia coli; 2 K pneumoniae, Klebsiella pneumoniae; 3 P. mirabilis, Proteus mirabilis; 4E. faecalis, Enterococcus faecalis; 5 E. faecium, 
Enterococcus faecium; 6 S. maltophilia, Stenotrophomonas maltophilia; 7 C. albicans, Candida albicans.

Table 3 Clinical Outcomes of the TMP/SMX and Ertapenem Groups

TMP/SMX N=21 (%) Ertapenem N=82 (%) Total N=103 (%) P value

Clinical cure* 19 (90.5) 69 (84.1) 88 (85.4) 0.73
Clinical improvement after 48 h of treatment 5 (23.8) 21 (25.6) 26 (25.2) 0.13

Clinical failure# 3 (14.3) 12 (14.6) 15 (14.6) 0.99

Death within 1 month 0 2 (3.4) 2 (2.6) 0.01

Notes: Clinical cure*: clinical improvement after 72 h of adequate antibiotic treatment. Clinical failure#: persistence of symptoms after 7 days of adequate antibiotic treatment. 
Abbreviations: TMP/SMX, trimethoprim-sulfamethoxazole; N, number.
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less in the TMP/SMX group than in the ertapenem group, 
but this difference was also not statistically significant (9.5% 
vs 13.4%, respectively, P = 0.78). Reinfection was also not 
statistically significantly different (Table 4).

Discussion
TMP/SMX is not recommended as an empirical therapy 
for UTIs because of its high resistance rate in some 
countries15,18,21 While approximately 80% of UTIs are 
caused by E. coli,22 the resistance rate of E. coli to 
TMP/SMX is 14.6%–37.1% in developed countries and 
54%–82% in developing countries.23 However, recent stu-
dies revealed that the susceptibility of E. coli has changed, 
showing that TMP/SMX had equal or better susceptibility 
compared to ciprofloxacin, a first-line treatment option for 
uncomplicated UTIs.13,23,24 Moreover, when drug sensitiv-
ity results are present and ESBL-producing pathogens are 
susceptible to TMP/SMX, there is no reason TMP/SMX 
cannot be used as a definitive antibiotic for UTIs.25

TMP/SMX has an excellent in vitro inhibitory activity 
against many common respiratory and urinary tract patho-
gens as well as many nosocomial infection strains.26 Our 
current study reaffirms the usefulness of TMP/SMX in 
UTI and confirmed that its effects are comparable to 
those of carbapenems in patients with UTI caused by 
ESBL-producing Enterobacteriaceae (clinical improve-
ment rate, >90.5%; microbiological cure rate, 90.5%). 
TMP/SMX has some additional advantages over carbape-
nems. First, it can be administered in both intravenous and 
oral formulations. As previously mentioned, carbapenems 
are available only in intravenous formulations. Therefore, 
patients must be hospitalized and catheterized with an 
intravenous to receive carbapenem treatment. This is 
a drawback because hospitalization and fluid maintenance 
costs accrue. The patients’ activities of daily living are 
restricted even after stabilization of their condition. 

Additionally, having an intravenous route increases the 
risk for phlebitis, thrombosis, and catheter-associated 
blood stream infections. TMP/SMX can be administered 
orally; thus, patients can be treated as outpatients.

One study on cost-effectiveness involving patients with 
bone and joint infections reported that the oral antibiotics 
group saved >3600 dollars on antibiotic, inpatient, and intra-
venous costs than the intravenous antibiotic groups.27 

Another study reported markedly reduced expenses when 
UTI treatment becomes available over the counter.28 In our 
study, the mean hospitalization duration in the TMP/SMX 
group was significantly shorter than that in the ertapenem 
group (8.00 ± 10.50 vs 14.00 ± 37.00, P = 0.07). The mean 
treatment duration was also significantly shorter in the TMP/ 
SMX group than in the ertapenem group (12.76 ± 5.37 vs 
16.45 ± 4.77 days, P = 0.006). Besides, the cost of daily 
antibiotics was also lower in the TMP/SMX group (in GMC, 
the daily cost of TMP/SMX was 160 times cheaper than that 
of ertapenem). Considering the annual UTI incidence,3,29,30 

the impact of this antibiotic treatment on medical costs is 
expected to be enormous.

Furthermore, TMP/SMX is a relatively narrow- 
spectrum antibiotic; thus, potential collateral damage is 
reduced. Carbapenems are known to increase the risk of 
collateral damage, cause changes in normal microbiomes, 
and lead to the development of resistant strains such as 
CPE, which can be difficult to treat.29,31,32 While cipro-
floxacin has been used as a carbapenem-saving oral treat-
ment option for ESBL-UTIs, it can also cause more 
collateral damage, such as pseudomembranous colitis, 
compared to TMP/SMX.

Another possible advantage of TMP/SMX as 
a carbapenem-saving oral treatment option for ESBL- 
producing Enterobacteriaceae is that it can be utilized for 
deep infections. Other oral treatment options, such as fosfo-
mycin, have been highlighted as potential treatments for 

Table 4 Microbiological Outcomes for the TMP/SMX and Ertapenem Groups

TMP/SMX N=21 (%) Ertapenem N=82 (%) Total N=103 (%) P value

Microbiological cure* 19 (90.5) 48 (58.5) 67 (65.0) 0.01
Negative FUUC 10 (47.6) 35 (43.2) 45 (44.1) 0.81

Relapse** 2 (9.5) 12 (14.6) 14 (13.6) 0.73

Reinfection*** 0 14 (17.1) 14 (13.6) 0.07
Recurrence**** 2 (9.5) 11 (13.4) 13 (12.6) 0.78

Notes: *Microbiological cure: negative urine culture at the completion of therapy and/or absence of relapse or reinfection. **Relapse: UTI with the same organism within 30 
days. *** Reinfection: UTI with a different organism within 30 days. ****Recurrence: infection with same organism within 3 months. 
Abbreviations: TMP/SMX, trimethoprim-sulfamethoxazole; N, number; FUUC, follow-up urine culture.
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ESBL-UTIs. Fosfomycin is commonly used for ESBL-UTIs 
and is the recommended first-line treatment for cystitis.15,18 

However, fosfomycin is only approved for treating lower UTIs 
due to its pharmacokinetics/pharmacodynamics(PK/PD) prop-
erties. In most studies reporting that the effects of fosfomycin 
are comparable to those of ertapenem, complicated UTIs have 
been excluded.33 One study applied fosfomycin for compli-
cated UTIs and reported an overall microbiological cure rate of 
50% and clinical cure rate of 71%,34 which were much lower 
than our study findings. The bioavailability of TMP/SMX after 
oral administration, which has been reported to be 97.5%– 
101.8%,35 is excellent. Therefore, TMP/SMX can be used as 
an oral treatment option for deep infections, such as pneumo-
nia, skin and soft tissue infections, bacteremia, and even bone 
and joint infections.36,37 Our study aimed to target upper UTI 
cases; thus, >90% of the enrolled patients had upper UTIs 
caused by ESBL-producing pathogens (Table 1). By showing 
similar levels of clinical and microbial improvement, our 
results provide evidence supporting the use of TMP/SMX for 
upper UTIs. Recent literature has highlighted the trend of 
reinvigorating older antimicrobials to decrease reliance on 
new agents and to preserve the class efficacy of novel 
therapies.24 TMP/SMX also exhibits an ideal PK/PD profile 
and bacterial spectrum for UTI treatments.26 Our study results 
provide evidence supporting TMP/SMX use as outpatient 
management of ESBL-UTIs. As ESBL-producing bacteria 
often cause complicated infections with limited treatment 
options, our data provide significant evidence that TMP/ 
SMX can be used as an alternative to intravenous 
carbapenems.

This study has several strengths. First, although most 
studies comparing the effectiveness between TMP/SMX 
and carbapenem have included only lower UTI cases, this 
study mainly included upper UTI cases. Therefore, these 
results can be applied to both upper and lower UTI treat-
ments. Second, we were able to reliably confirm the effec-
tiveness of TMP/SMX for UTIs by analyzing not only 
clinical improvement but also microbiological improve-
ment and recurrence in various ways and demonstrating 
a lack of statistically significant differences between the 
groups. Third, since many years of real clinical data from 
a tertiary hospital were collected for this study through 
a well-designed protocol, a realistic patient group was 
recruited and comparability was demonstrated.

This study has some limitations. First, due to the retro-
spective design, there may have been bias during data 
collection. Given that this study constituted exploratory 
research without an exact calculation of the sample size 

in a statistical manner, the study could be insufficiently 
powered to detect weaker, but potentially clinically sig-
nificant, effects. Second, a relatively small number of 
patients (21) were treated with TMP/SMX, and most 
patients in the current study received initial therapy in 
the inpatient setting with intravenous antibiotics; therefore, 
the effects observed also reflect this initial therapy and 
may have been biased to show similar outcomes. Third, 
this study did not compare the direct cost-effectiveness 
between TMP/SMX and ertapenems. However, we tried 
to compensate for these shortcomings by comparing their 
hospitalization duration and findings of other studies. 
Finally, the greatest limitation of our study was that only 
a few cases susceptible to TMP-SMX could be converted 
to oral antibiotics. However, susceptibility to TMP/SMX 
has increased recently,15 and among our ESBL producing 
Enterobacteriaceae cases, the resistant rate of ciprofloxa-
cin was 77%, higher than both ertapenem (2.7%) and 
TMP/SMX (49.5%). Therefore, we think TMP/SMX will 
become more useful in near future. It is important to 
monitor the national unit and our hospital unit for anti-
microbial susceptibility data.

TMP/SMX may be used as a step-down oral treatment 
for UTIs caused by ESBL-producing Enterobacteriaceae, 
after obtaining microbiological results, confirming sensi-
tivity, and (probably also) ensuring the patient is in 
a stable clinical condition under appropriate early empiric 
therapy. From the carbapenem-sparing point of view, 
TMP/SMX may even be a better choice compared to 
ertapenem. TMP/SMX can be a cost-effective option, as 
it leads to lower medical costs in the real-world setting and 
avoids unnecessary hospitalizations. TMP/SMX can 
enable early discharge of patients with UTI caused by 
ESBL-producing Enterobacteriaceae. Large-scale, well- 
designed randomized trials are warranted to provide 
more evidence to support these findings.

Key Message
● TMP/SMX can be an effective oral antibiotic treat-

ment for UTIs caused by ESBL-positive pathogens.
● Clinical outcomes between the TMP/SMX and car-

bapenem treatments were equally effective.
● The microbiological cure rate was higher in the 

TMP/SMX group than in the ertapenem group.
● The duration of hospitalization/antibiotics was sig-

nificantly shorter in TMP/SMX.
● The use of TMP/SMX can reduce collateral damage 

and medical costs and shorten hospital stays.
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