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Objectives: To compare the therapeutic effect of pivmecillinam and other common oral

antibiotics for community-acquired urinary tract infections (UTIs) caused by Extended

Spectrum Beta-Lactamase (ESBL)- or non-ESBL-producing Escherichia coli.

Methods: Retrospective cohort study from 2010 to mid-2016 with data from the regional

Laboratory Database and three national databases on antibiotic prescriptions, hospital admis-

sion, and mortality, respectively. Primary care patients (≥18 years) empirically treated for

UTI caused by non-ESBL- or ESBL-producing E. coli (non-ESBL and ESBL E. coli) were

included. Seven antibiotics, commonly used empirically for UTI, were investigated.

Treatment failure measured as the redemption of a new antibiotic prescription or admission

to hospital due to UTI. Cox proportional hazard ratios and adjusted risk differences along

with 95% confidence intervals were calculated for 14 and 30 days, respectively.

Results: Thirty-six thousand two hundred and ninety-three (95.7%) and 1624 (4.3%) cases

were included in the non-ESBL and ESBL groups, respectively. Male sex, high age, ESBL

production, and resistance to empirical therapy were found to independently increase the risk

of treatment failure. Compared to pivmecillinam, ciprofloxacin had significantly lower

treatment failure for non-ESBL E. coli, but significantly higher treatment failure in ESBL

E. coli. There was no significant difference between nitrofurantoin and pivmecillinam.

Conclusion: All antibiotics seem to have a higher risk of treatment failure for UTI caused

by ESBL-producing E. coli as compared to non-ESBL-producing E. coli. At present,

nitrofurantoin and pivmecillinam seem to be the most relevant orally available therapies

for E. coli UTI. Local resistance data should guide which of the two that should be the

contemporary first-line option.
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Introduction
Urinary tract infection (UTI) is a prevalent bacteriological infection in humans,

commonly caused by Escherichia coli.1,2 The rate of UTI caused by E. coli with

Extended Spectrum Beta-Lactamase production (ESBL E. coli) has increased over

recent decades and the effect of antibiotic treatment, especially the oral options, is

gradually becoming limited.3–6

In vitro studies have shown a clear majority of ESBL E. coli to be susceptible to

the beta-lactam antibiotic mecillinam (amdinocillin), but with an increased MIC
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compared to non-ESBL E. coli. This has made mecillinam

an interesting therapeutic candidate for infections caused

by ESBL E. coli.7–9 Several studies have shown oral

prodrug pivmecillinam (pivoxil amdinocillin) to be a safe

and effective agent in the treatment of UTI.10,11 Even in

countries where it is widely used, there continues to be

low rates of resistance.5,12,13 Clinical studies on pivmecil-

linam´s effectiveness against UTI caused by ESBL E. coli

are few, with a limited number of patients, and conflicting

results.14–16 There are no comparative studies with other

antibiotics for UTI caused by ESBL E. coli, where nitro-

furantoin would be interesting due to the low prevalence

of resistance in ESBL E. coli.9,17 Thus, this study was

designed to compare the therapeutic effect of pivmecilli-

nam and other common oral antibiotics for UTIs caused by

ESBL and non-ESBL E. coli, respectively. We present the

evaluation of a large dataset and comprehensive compar-

isons of different oral antibiotics for UTI prescribed at the

debut of the E. coli bacteriuria; with follow-up on hospital

admission and new antibiotic prescriptions for UTI, but

clinical data were not available.

Material and methods
Study design
A retrospective cohort study was conducted on unique

cases of UTI caused by non-ESBL and ESBL E. coli,

empirically treated with pivmecillinam or other common

antibiotics for UTI. The study was pre-approved by the

National eHealth Authority Denmark (FSEID-00002684/

DST nr: 706,471).

Setting
The study was conducted at the Departments of Clinical

Microbiology (DCM), Copenhagen University Hospital,

Hvidovre, and Herlev, Denmark. Data were collected

between the 1st of January 2010 and 30th of

September 2016, from the Capital Region of Denmark

(Copenhagen), corresponding to a catchment area of

approximately 1.8 million inhabitants. Visits to the general

practitioners and following laboratory tests are free of

charge for the patients as part of the public tax-financed

Healthcare system in Denmark. Bacteriological data from

urine samples, sent for investigation at one of the DCMs

from primary care patients, were extracted through the

common laboratory system of the DCMs. Data on these

patients´ collection of antibiotic prescriptions, hospital

admission and mortality were collected from Statistic

Denmark’s national databases. All data were linked using

the unique civil registration number given to all Danish

citizens.18

Databases
For this study, the following four databases were used: The

Laboratory Database for the DCMs (Capital Region of

Demark) containing detailed information on pathogens

and date of microbiological samples beside patient identi-

fications; The Danish Registry of Medicinal Product

Statistics containing detailed information on all dispensed

drug prescriptions from Danish pharmacies using the

Anatomical Therapeutic Chemical system; The Danish

National Patient Registry containing information on

every hospital admission and discharge; and finally, The

Danish National Cause of Death Register containing date

and cause of death.

Participants
The study included men and women ≥18 years, with sig-

nificant bacteriuria for E. coli (ie, ≥103 colony forming

units, cfu/mL) and to whom a simultaneous oral empirical

antibiotic for UTI had been redeemed. The available oral

antibiotics in Denmark at the time were pivmecillinam,

sulfamethizole, nitrofurantoin, ciprofloxacin, trimetho-

prim, pivampicillin or amoxicillin. Patients were stratified

according to empirical treatment and ESBL production (ie,

ESBL and non-ESBL). Exclusion criteria were previous

significant bacteriuria within the last month, prior inclu-

sion in the study (ESBL cases were the primary inclusion

criteria and included before non-ESBL), prescription of

long-term prophylactic UTI antibiotic therapy or no pre-

scription to commonly used antibiotics for acute UTI

within four days before and after the date of obtaining

the urine sample. Specimens are generally not routinely

obtained for uncomplicated UTI, which is why it is reason-

able to assume that participants had more complicated

UTI. However, clinical symptoms and comorbidity were

unavailable, and thus, the precise distribution of uncom-

plicated and complicated UTI is unknown.

Outcome definitions
Clinical treatment failure was defined as the redemption of

any new prescription of antibiotics for UTIs or admission

to hospital due to UTI at 14 and 30 days, respectively. The

unadjusted and adjusted model for known factors at the

time of prescription (ie, sex and age) demonstrated the

outcome of empiric therapy. Antibiotics that were not
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exclusively recommended for UTI in Denmark (ie, cipro-

floxacin, trimethoprim or an aminopenicillin) needed to

have an indication for UTI on the new prescription to be

used in the outcome analyses as treatment failure.

Antibiotics that were exclusively recommended for UTI

in Denmark (ie, pivmecillinam, sulfamethizole and nitro-

furantoin) were considered treatment failure if no other

indication was written on the new prescription.

Microbiological data
During the study period, all the urine samples had been

secured at a general practitioner’s office and transported in

containers (Urine-Monovette® with boric acid, Sarstedt,

Nümbrecht, Germany) once daily on workdays to the

DCMs to be analyzed and logged in the common laboratory

database routinely. Each urine sample was processed either

automated (DCM, Hvidovre) or manually (DCM, Herlev),

according to the routine methods used at each laboratory. In

brief, 10 μL of urine was spread on each of CHROM-

agarTM and 5% blood agar and incubated at 37°C for

20 hrs. Significant growth of E. coli (103 cfu/mL) was

identified at the species level by MALDI-TOF MS

(Bruker, Germany). Antimicrobial susceptibility testing

was performed by Disk Diffusion Test Methodology as

described by the European Committee on Antimicrobial

Susceptibility Testing (EUCAST) and interpreted according

to EUCAST clinical breakpoints using Oxoid disks

(Basingstoke, UK) on Mueller–Hinton agar plates.19–21

Strains with a zone diameter for cefpodoxime of ≤24 mm,

for ceftazidime of ≤24 mm or for cefotaxime of ≤24 mm

were considered ESBL-screening test-positive. ESBL

strains were phenotypically confirmed by either the

MAST test, performed as a combined-disk method, using

disks containing cefpodoxime ± ESBL and/or AmpC inhi-

bitors (MAST®, Merseyside, UK) or as a combined-disk

method using disks containing ceftazidime ±ESBL or

AmpC inhibitors and cefotaxime ±ESBL and/or AmpC

inhibitors (Rosco NeoSensitabs, Rosco, Taastrup,

Denmark) at the participating laboratories.22,23

Statistical analysis
Characterization of the study population included medians

and interquartile ranges (IQRs) and frequency tables.

Event-free survival was calculated from the time of collec-

tion of the urine sample until clinical treatment failure,

death or the last day of follow-up, whichever came first.

Due to multiple pairwise comparisons, only results with

a p-value of less than 0.01 were considered significant. HR

were calculated using Cox proportional hazard regression

analysis along with 99% CIs for 14 days and 30 days of

clinical treatment failure, respectively. The outcomes were

adjusted for potential confounders such as age (as

a continuous variable) and sex. The adjusted model for

these factors known at the time of prescription was

regarded to demonstrate the outcome of empiric therapy.

However, since resistance varies between countries and

Denmark is a low-resistance country,13 resistance was

included in a second adjusted model to investigate

a more generalizable empirical outcome. Adjusted risk

difference was calculated post hoc for significant findings

using the R package stdReg (version 3.0.0). A sensitivity

analysis was performed to test the robustness of the defini-

tion of clinical treatment failure. For this analysis, we

removed the restriction regarding the indications on the

prescriptions, thereby including all prescriptions on the six

antibiotics (Tables S2 and S3).

Study size
Denmark has generally low prevalence of ESBL E. coli

(eg, 4% in 2016) and as many years as possible was

included to get as substantial a study size as possible.

Few ESBL E. coli were seen in Denmark before 2010,

and we only had access to sufficient data in the civil

registry databases from Statistic Denmark up until

September 2016.13,23

Results
Around 125 270 episodes were identified with bacteriuria

caused by E. coli from patients aged ≥18 years. After apply-
ing the exclusion criteria, 36 293 cases remained, of which

1624 (4.3%) were infected with ESBL E. coli (Figure 1).

Descriptive data
Patients in the non-ESBL group were significantly younger

than in the ESBL group (52 [IQR 31–71] versus 58 [IQR

35–75] years, p<0.001). The proportion of females was

higher in the non-ESBL cases compared to the ESBL

cases (89.5% vs 87.2%, p=0.003). Pivmecillinam was the

most common empirical treatment in both groups. Patients

receiving nitrofurantoin, ciprofloxacin and trimethoprim

were significantly older compared to those who received

pivmecillinam (Table 1).

Antibiotic resistance data
For all antibiotics, prevalence of resistance was considerably

higher in the ESBL group compared to the non-ESBL group
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(Table 1). Nitrofurantoin showed significantly lower fre-

quency of resistance (2.9%) compared to mecillinam

(10.7%) in the ESBL group (p<0.001), as all other antibiotics

here studied showed significantly higher resistances (eg, cipro-

floxacin [67.1%] and trimethoprim [57.6%]). Resistance to

mecillinam was 2.5% for non-ESBL E. coli, and even lower

for nitrofurantoin (0.8%; p<0.001) and amoxicillin-clavulanic

acid (2.1%; p<0.001), but not all isolates were tested.

Clinical outcome
Increasing age (HR 1.01 [99% CI 1.01–1.01, p<0.001])

and male sex (HR 1.74 [99% CI 1.61–1.86, p<0.001])

were significant risk factors for clinical treatment failure.

There was a greater proportion of ESBL cases with clin-

ical treatment failure within 14 and 30 days compared to

the non-ESBL cases, when looking at all new antibiotic

prescriptions, prescription of a new type of antibiotic and

hospital admissions due to UTI (Table 2, Figure 2). ESBL

production also increased the risk of treatment failure

significantly for the commonly used antibiotics: pivmecil-

linam, ciprofloxacin, sulfamethizole and trimethoprim.

Resistance to the empirically prescribed antibiotic also

significantly increased the risk of treatment failure.

The probability of clinical success over time can be seen in

Figure 2. For cases with susceptible isolates, there was

a relatively high probability of clinical success compared to

125 270 identified
episodes,age ≥ 18

years

118 404 nonESBL

100 116 with no prior
UTI within the last 30

days

5 166 with no prior
UTI within last 30 days

6.867 ESBL-production

1 701 excluded
because of prior UTI

within the last 30 days

2 087 excluded did not
retrieve AB whithin ± 4

day or received
prophylactic AB

3 079 treated with AB
for UTI  whithin ± 4 days

of the episode

31 328 did not retrieve
AB whithin ± 4 day or
received prophylactic

AB
68 788 treated with AB

for UTI whithin ± 4 days 
of the episode

67 121 after removing
ESBL cases

465 excluded because
they had been included
before

2 614 first episodes of
unique patients

296 excluded because
they retrieved their
antibiotic after the

result of urine culture

2 318 with no
antibiotic before

result of urine culture

508 excluded because
they received antibiotic
tretment prior to UTI

247 excludded post hoc
due inconsistencies in
the ESBL classification

1624 included for
analysis in the ESBL

cases

1 810 with no
antibiotic treatment

the last 30 days

48 846 first episodes
of unique patients

41 921 received AB
treatment before

results of urine culture

36 293 included in the
analysis in the

nonESBL cases

5 628 excluded
because they received

antibiotic treatment
prior to UTI

6 925 excluded
because they retrieved

their antibiotic after
the result of urine

culture

18 275 excluded
because they had been

included before

1 667 excluded because 
they had been included

in ESBL group 

18 288 excluded
becouse of prior UTI

within the last 30 days

Figure 1 Flow diagram of included patients with E. coli bacteriuria.
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Table 1 Descriptive characteristics of the 37 917 cases of bacteriuria caused by E. coli

Non-ESBL (%) ESBL (%)

Total number 36 293 1624

Female/male 32 480/3813 1416/208

Median age (IQR), years 52 (31–71) 58 (35–75)

No with age 18–50 years 17,514 (48.3) 677 (41.7)

No with age 51–70 years 9148 (25.2) 412 (25.7)

No with age >70 years 9631 (26.5) 535 (33.9)

Patients with a new prescription of an UTI antibiotic (clinical treatment failure) within

14 days 6756 (18.6) 431 (26.5)

30 days 9274 (25.6) 579 (35.7)

Patients with a hospital admission due to UTI within

14 days 404 (1.1) 26 (1.6)

30 days 512 (1.4) 36 (2.2)

Patients treated with pivmecillinam 24 945 (68.7) 1123 (69.2)

Median prescribed length (IQR) 5 (5–6.7) 5 (5–6.7)

Median age (IQR) 51 (31–71) 58 (33–72)

Female/male 18–50 years 11,551/676 446/31

Female/male 51–70 years 5083/1128 228/52

Female/male >70 years 5438/1069 302/64

Patients treated with nitrofurantoin 1034 (2.9) 85 (5.2)

Median prescribed length (IQR) 7.5 (7.5–7.5) 7.5 (7.5–7.5)

Median age (IQR) 65 (42–77)III 66 (57–77)I

Female/male 18–50 years 337/10 20/n<3

Female/male 51–70 years 257/32 22/4

Female/male >70 years 343/55 33/4

Patients treated with ciprofloxacin 793 (2.2) 61 (3.8)

Median prescribed length (IQR) 10 (5–10) 10 (5–10)

Median age (IQR) 65 (47–77)III 69 (57–77)I

Female/male 18–50 years 190/54 11/n<3

Female/male 51–70 years 149/105 15/7

Female/male >70 years 203/92 19/8

Patients treated with trimethoprim 748 (2.1) 32 (2.0)

Median prescribed length (IQR) 7.5 (7.5–7.5) 7.5 (7.5–7.5)

Median age (IQR) 67.5 (49–79)III 65.5 (50.5–76)I

Female/male 18–50 years 191/13 7/n<3

Female/male 51–70 years 182/34 10/n<3

Female/male >70 years 276/52 11/n<3

Patients treated with aminopenicillinsa 440 (1.2) 25 (1.5)

Median prescribed length (IQR) 5.3 (4.8–7) 7 (5.3–7.5)

Median age (IQR) 52 (33–72)I 52 (35–72)I

Female/male 18–50 years 191/24 10/n<3

Female/male 51–70 years 71/32 3/3

Female/male >70 years 88/34 4/4

Patients prescribed with sulfamethizole 8333 (23.0) 298 (18.4)

Median treatment length (IQR) 3 (1.5–3) 3 (1.5–3)

Median age (IQR) 49 (30–79)II 51 (33–72)I

Female/male 18–50 years 4192/85 141/6

Female/male 51–70 years 1932/143 57/9

Female/male >70 years 1806/175 77/8

(Continued)
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the resistant isolates for all antibiotics. The same tendency was

seen for non-ESBL versus ESBL isolates, although the differ-

ence was smaller. For non-ESBL isolates, there was a higher

risk of treatment failure with aminopenicillin, sulfamethizole or

trimethoprim compared to nitrofurantoin, pivmecillinam and

ciprofloxacin, respectively. For ESBL isolates, nitrofurantoin

followed by pivmecillinam had a higher probability of clinical

success compared to the other four investigated antibiotics. For

the resistant isolates, trimethoprim had the lowest chance of

clinical success and pivmecillinam the highest, whereas for

susceptible isolates nitrofurantoin had the lowest probability

of success and ciprofloxacin the highest.

When studying the different antibiotic’s effect on

non-ESBL cases compared to pivmecillinam (adjusted

for sex and age; Table 3), a significantly increased risk

of clinical treatment failure within 14 and 30 days was

observed for amoxicillin/pivampicillin and sulfamethi-

zole, respectively. The 30-day risk difference was

15.0% (99% CI 9.1 to 21.0) and 9.2% (99% CI 7.7 to

10.6), respectively. The difference was eliminated when

adjusting for resistance (Table 3). Compared to pivme-

cillinam, there was no significant difference in risk of

clinical treatment failure for ciprofloxacin, nitrofurantoin

and trimethoprim; however, when adjusting for resis-

tance, there was a significant difference between cipro-

floxacin and pivmecillinam (HR 0.63 [99% CI 0.51 to

0.78, p<0.001]). The risk difference at day 30 when

adjusting for resistance was −10.2% (99% CI −14.6 to

−5.75). Unadjusted risk of treatment failures for each

antibiotic compared to pivmecillinam can be viewed in

Table S1.

For ESBL cases, the risk of treatment failure (adjusted

for age and sex) within 30 days was significantly lower

for pivmecillinam compared to ciprofloxacin and sulfa-

methizole. When adjusting for resistance, the significant

advantages of pivmecillinam over other antibiotics

disappeared.

The sensitivity analysis (Tables S2 and S3) showed

similar results as the primary analysis and thereby showing

that the definition of clinical treatment failure was robust

to changes in regard to prescriptions included.

Discussion
This is to our knowledge the largest cohort study on the

effect of commonly used antibiotics for UTI caused by

non-ESBL and ESBL E. coli. Treatment failure was sig-

nificantly correlated to ESBL production, high age, male

sex and resistance to empirical antibiotic. The recom-

mended threshold of 20% for resistance prevalence to

change empirical antibiotic was seen only for

Table 1 (Continued).

Non-ESBL (%) ESBL (%)

Resistance patterns

Cefpodoxime 0/36 232 (0.0) 1622/1622 (100.0)

Cefuroxime 0/34 660 (0.0) 1617/1617 (100.0)

Mecillinam 888/36 186 (2.5) 173/1619 (10.7)

Ampicillin 11 477/28 929 (39.7) III 1256/1256 (100.0) III

Sulfamethizole 9709/35 128 (27.6) III 952/1562 (61.0) III

Trimethoprim 7524/36 203 (20.9) III 933/1621 (57.6) III

Ciprofloxacin 3153/27 468 (11.5) III 845/1260 (67.1) III

Nitrofurantoin 257/33 253 (0.8) III 44/1530 (2.9) III

Amoxicillin/clavulanic acid 279/13 176 (2.1) I 317/892 (35.5) III

Gentamicin 303/8292 (3.7) III 210/665 (31.6)III

Piperacillin/tazobactam 136/6921 (2.0)I 215/580 (37.1) III

Meropenem n<3 n<3

Notes: Compared to pivmecillinam: Ip>0.01; IIp<0.01; IIIp<0.001. aAmoxicillin or pivampicillin.

Table 2 Failure of empirical treatment for ESBL versus non-ESBL

(reference)-producing E. coli UTI (adjusted for age and sex)

14-day HR

(99% CI)

30-day HR

(99% CI)

Pivmecillinam 1.29 (1.09–1.52)II 1.36 (1.18–1.56)II

Ciprofloxacin 4.85 (3.04–7.73)II 4.24 (2.71–6.62)II

Nitrofurantoin 0.75 (0.35–1.66) 1.02 (0.60–1.75)

Aminopenicillinsa 1.39 (0.60–3.24) 1.36 (0.63–2.92)

Sulfamethizole 1.72 (1.35–2.19)II 1.56 (1.24–1.96)II

Trimethoprim 2.21 (1.05–4.65)I 1.94 (0.98–3.86)

Notes: aAmoxicillin or pivampicillin. Ip<0.01, IIp<0.001.
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nitrofurantoin, pivmecillinam and ciprofloxacin for non-

ESBL E. coli, but only for nitrofurantoin and pivmecilli-

nam in ESBL E. coli (67.1% ciprofloxacin resistance).2

Based on the resistance patterns correlated with the clin-

ical outcome, we suggest that nitrofurantoin and pivmecil-

linam currently should be the first-line antibiotics for UTI

caused by E. coli and most likely all lower UTI since the

vast majority (80–90%) is caused by E. coli.1,2 The locally

recommended option should be the one with the currently

lowest resistance prevalence, least selective for resistance

and least adverse effects.

Empirical treatment with ciprofloxacin was found to be

significantly inferior to pivmecillinam for lower UTI

caused by ESBL E. coli, but superior to pivmecillinam

for non-ESBL E. coli when adjusting for resistance. This

finding is in concordance with a randomized controlled

trial where the fluoroquinolone was shown superior to

pivmecillinam for older women with uncomplicated

UTI.24 Nevertheless, considering the risk of development

of resistance as well as long-term adverse reactions, fluor-

oquinolones should be saved for more severe infections

and not be used empirically in lower UTI.25
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Figure 2 Empirical treatment success probability over time for E. coli UTI (adjusted for age and sex) “Resistant” denounces resistance toward the antibiotic used for treatment.
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Nitrofurantoin seems to show better effect for ESBL cases,

even when adjusting for the higher resistance in the pivmecil-

linam group. However, the difference was not significant.

A randomized controlled trial comparing pivmecillinam to

nitrofurantoin for UTI is much warranted. Preferably as a

non-inferiority trial using the widely used 10% margin.26

However, we believe this study provides evidence that nitro-

furantoin and pivmecillinam should continue as first-line

recommendations for UTI, especially in regions with high

prevalence of ESBL E. coli – but local resistance patterns

should guide the choice. In Denmark, pivmecillinam has

been the main treatment for UTI during the study period and

thus with a higher resistance compared to nitrofurantoin, espe-

cially in ESBL E. coli (p<0.001), with nitrofurantoin as

the second choice, or as first choice in patients allergic to

penicillins.

Even though aminopenicillins, trimethoprim and sulfa-

methizole should not be used empirically for UTI in

Denmark due to resistance above the 20% threshold,2

several patients received these antibiotics (especially the

latter). The outcome was clearly affected by resistance;

however, the significant inferiority compared to pivmecil-

linam disappeared when adjusting for the resistance. This

means that all the mentioned antibiotics can be considered

equally effective for treatment of lower UTI, if a urine

culture has confirmed susceptibility towards the drug.

A large placebo-controlled study has demonstrated that

about 25% of uncomplicated UTI are self-limited within 14

days.27 In Figure 2, all antibiotics have a much higher clinical

success probability compared to the self-limited effect, even

if the E. coli is resistant to the prescribed antibiotic (except

for trimethoprim). This is probably because of the high

accumulation of the antibiotics in the urine.28

Nonsusceptibility to mecillinam has also been shown to not

necessarily correlate with treatment failure.29 In our study,

resistance to the empirically prescribed antibiotic results in

a worse outcome for all antibiotics, including pivmecillinam.

However, pivmecillinam seems to demonstrate the lowest

Table 3 Failure of empirical treatment for non-ESBL- and ESBL-producing E. coli UTI (adjusted for age, sex and resistance)

Age and sex 14-day HR (99% CI) 30-day HR (99% CI)

non-ESBL ESBL non-ESBL ESBL

Pivmecillinam Ref. Ref. Ref. Ref.

Ciprofloxacin 0.93

(0.75–1.16)

3.73

(2.39–5.83)II
0.84

(0.69–1.01)

2.89

(1.89–4.42)II

Nitrofurantoin 0.93

(0.76–1.14)

0.54

(0.24–1.19)

1.07

(0.91–1.25)

0.81

(0.47–1.38)

Aminopenicillinsa 1.99

(1.60–2.49)II
2.23

(0.97–5.12)

1.81

(1.49–2.21)II
1.89

(0.89–4.02)

Sulfamethizole 1.71

(1.59–1.83)II
2.22

(1.66–2.95)II
1.51

(1.42–1.60)II
1.69

(1.30–2.20)II

Trimethoprim 1.25

(1.02–1.53)I
2.21

(1.06–4.60)I
1.16

(0.97–1.38)

1.71

(0.87–3.37)

Age, sex and resistance

Pivmecillinam Ref. Ref. Ref. Ref.

Ciprofloxacin 0.64

(0.50–0.82)II
1.43

(0.83–2.44)

0.63

(0.51–0.78)II
1.32

(0.79–2.19)

Nitrofurantoin 0.95

(0.77–1.17)

0.47

(0.19–1.19)

1.09

(0.92–1.28)

0.83

(0.47–1.47)

Aminopenicillinsa 1.02

(0.80–1.30)

0.68

(0.26–1.77)

1.02

(0.82–1.27)

0.63

(0.26–1.55)

Sulfamethizole 1.01

(0.93–1.10)

1.22

(0.88–1.71)

1.00

(0.94–1.08)

1.05

(0.78–1.41)

Trimethoprim 0.96

(0.78–1.18)

1.29

(0.61–2.73)

0.95

(0.80–1.14)

1.13

(0.57–2.25)

Notes: aAmoxicillin or pivampicillin. Ip<0.01, IIp<0.001.
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prevalence of treatment failure when the isolates are resistant

to the empirically prescribed antibiotic.

Limitations
The study has some important limitations. Firstly, no informa-

tion on comorbidity or clinical data on the patients were

retrieved. However, it is not recommended to culture sporadic

uncomplicated UTI since it is considered unnecessary in the

diagnosis of uncomplicated UTI.30–32 Thus, we assume that

the population is skewed toward more complicated infections.

Secondly, pivmecillinam was by far the most used antibiotic

and that combined the low prevalence of ESBLE. coli resulted

in a low number of ESBL cases treated with the other anti-

biotics. This might be the reason why a significant inferiority

for ESBL cases compared to non-ESBL cases could not be

demonstrated for nitrofurantoin (n=85) and aminopenicillins

(n=25), as for the other antibiotics. Thirdly, fosfomycin, an

antibiotic that also has low resistance in ESBL E. coli,9,33 was

not available in Denmark during the study period.

Nevertheless, nitrofurantoin has recently shown to be superior

to fosfomycin for UTI, in a population with low proportions of

ESBL E. coli.34 Lastly, failure of treatment rested alone on the

redemption of a new prescription of an antibiotic commonly

used for the treatment of UTI (with an indication for UTI

stated on the prescription) or admission to hospital because

of UTI; both clinical and microbiological outcomes are miss-

ing. Since clinical data were lacking, we cannot know if all

patients had treatment failure due to a true UTI or because of

other reasons (ie, intolerance/allergy to initial prescription,

non-compliance, loss of prescription, change in prescription

due to resistance, etc.). Thus, the considered treatment failures

are likely overestimated in this register study and cannot be

fully compared with prospective controlled clinical trials.

Despite the above-described limitations that come with

a retrospective database study, this kind of methodology to

measure the clinical outcome of antibiotic therapy in UTIs has

been used before and is continuously being used.15,35,36 In

addition, we believe this study has several major strengths that

render the findings robust and useful: it was population-based

including a very high number of unique patients during a long

time period, it compares pivmecillinam and several antibiotics

not compared before (neither for non-ESBL nor ESBL

E. coli), and the data used are highly validated.

Conclusion
In our population, pivmecillinam and nitrofurantoin seem to

have an overall high efficacy compared to other commonly

used antibiotics and should at least be considered as equal

first-line options for UTI caused by E. coli, especially in

areas where ESBL prevalence and resistance to other more

commonly used antibiotics are high. Local resistance data

should guide which of the two should be the contemporary

first-line option.

Résumé box
E. coli UTI is one of the most common infections in

humans. The increased prevalence of ESBL-producing

E. coli has significantly limited oral antibiotic treatment

options. In this study, commonly used oral treatment

options were found to be inferior in E. coli UTI when

ESBL production is present. Pivmecillinam and nitrofur-

antoin seem to be the currently best oral option for E. coli

UTI, and local resistance data should guide which of the

two that should be the contemporary first-line option.
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Supplementary materials

Table S1 Unadjusted empirical treatment failure for nonESBL- and ESBL-producing E. coli UTI

14-days HR (99% CI) 30-days HR (99% CI)

nonESBL ESBL nonESBL ESBL

Pivmecillinam Ref. Ref. Ref. Ref.

Ciprofloxacin 1,13

(0,91–1,41)

4,21

(2,72–6,54)II
1,04

(0,86–1,26)

3,32

(2,18–5,06)II

Nitrofurantoin 0,97

(0,79–1,18)

0,56

(0,25–1,24)

1,12

(0,96–1,31)

0,56

(0,50–1,46)

Aminopenicillinsa 2,13

(1,71–2,66)II
2,23

(0,97–5,12)

1,94

(0,60–2,36)II
1,86

(0,87–3,96)

Sulfamethizole 1,61

(1,51–1,73)II
2,15

(1,61–2,86)II
1,43

(1,34–1,51)II
1,64

(1,27–2,13)II

Trimethoprim 1,39

(1,13–1,70)II
2,34

(1,12–4,86)I
1,32

(1,10–1,57)II
1,84

(0,93–3,62)

Note: aAmoxicillin or pivampicillin. Ip<0.01, IIp<0.001.

Abbreviations: HR, hazard ratio for treatment failure; CI, confidence interval.

Table S2 Failure of empirical treatment for ESBL versus non-ESBL (reference) -producing E. coli UTI (adjusted for age and sex)

14-days HR

(99% CI)

30-days HR

(99% CI)

Pivmecillinam 1.27 (1.08–1.49)II 1.31 (1.15–1.50)II

Ciprofloxacin 4.39 (2.80–6.88)II 3.85 (2.50–5.93)II

Nitrofurantoin 0.82 (0.39–1.71) 1.08 (0.66–1.79)

Aminopenicillinsa 1.50 (0.70–3.26) 1.45 (0.71–2.96)

Sulfamethizole 1.63 (1.28–2.07)II 1.50 (1.20–1.88)II

Trimethoprim 2.35 (1.18–4.70)I 2.01 (1.06–3.84)I

Note: aAmoxicillin or pivampicillin. I p<0.01, II p<0.001.
Abbreviations: HR, hazard ratio for treatment failure; CI, confidence interval (Sensitivity analysis).
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Table S3 Failure of empirical treatment for non-ESBL- and ESBL-producing E. coli UTI (adjusted for age, sex, and resistance).

Age and sex 14-days HR (99% CI) 30-days HR (99% CI)

nonESBL ESBL nonESBL ESBL

Pivmecillinam Ref. Ref. Ref. Ref.

Ciprofloxacin 0.99

(0.81–1.21)

3.72

(2.41–5.75)II
0.89

(0.75–1.06)

2.93

(1.94–4.45)II

Nitrofurantoin 0.92

(0.76–1.12)

0.59

(0.29–1.23)

1.08

(0.92–1.25)

0.89

(0.54–1.47)

Aminopenicillinsa 2.13

(1.73–2.62)II
2.64

(1.23–5.66)I
1.96

(1.63–2.35)II
2.28

(1.13–4.60)I

Sulfamethizole 1.73

(1.61–1.84)II
2.14

(1.62–2.83)II
1.52

(1.43–1.61)II
1.69

(1.31–2.18)II

Trimethoprim 1.29

(1.06–1.56)II
2.50

(1.26–4.96)II
1.21

(1.03–1.43)I
1.94

(1.03–3.69)I

Age, sex, and resistance

Pivmecillinam Ref. Ref. Ref. Ref.

Ciprofloxacin 0.68

(0.55–0.86)II
1.40

(0.83–2.36)

0.66

(0.54–0.81)II
1.29

(0.79–2.13)

Nitrofurantoin 0.93

(0.76–1.14)

0.55

(0.24–1.26)

1.10

(0.94–1.28)

0.94

(0.55–1.58)

Aminopenicillinsa 1.08

(0.86–1.36)

0.73

(0.29–1.79)

1.09

(0.89–1.34)

0.67

(0.29–1.58)

Sulfamethizole 1.02

(0.95–1.11)

1.17

(0.85–1.63)

1.01

(0.95–1.08)

1.03

(0.76–1.38)

Trimethoprim 1.01

(0.83–1.22)

1.41

(0.70–2.83)

1.01

(0.86–1.20)

1.23

(0.64–2.35)

Note: aAmoxicillin or pivampicillin. I p<0.01, II p<0.001.
Abbreviations: HR, hazard ratio for treatment failure; CI, confidence interval (Sensitivity analysis).
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