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Pivmecillinam versus sulfamethizole for short-term treatment of
uncomplicated acute cystitis in general practice: A randomized
controlled trial
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Abstract
Objective. To investigate whether short-term treatment with pivmecillinam was more effective than sulfamethizole in patients
with acute uncomplicated urinary tract infection (UTI). Design. Randomized controlled trial. Setting. General practice,
Denmark. Subjects. Patients (n�167) with uncomplicated UTI confirmed by positive urine phase-contrast microscopy.
Main outcome measures. Drug efficacy based on clinical and bacteriological cure. Results. Urinary symptoms disappeared first
in patients treated with pivmecillinam, but after five days there was no significant difference in clinical cure rate between the
two antibiotics. At the follow-up visit 7�10 days after initiation of treatment, 95.4% of patients treated with pivmecillinam
and 92.6% of patients treated with sulfamethizole had no persistent cystitis symptoms (difference 2.8%, CI �4.5%; 10.0%).
Bacteriological cure was observed in 68.8% of patients randomized to pivmecillinam and in 77.9% randomized to
sulfamethizole (difference �9.2%, CI �24.7%; 6.3%). Some 26.8% of patients randomized to pivmecillinam experienced a
new UTI within 6 months after treatment compared with 18.4% of patients randomized to sulfamethizole (difference 8.4%,
CI �4.5%;21.4%). No patients developed septicaemia with urinary pathogens within one year after initial treatment.
Conclusion. Patients treated with a three-day regime of pivmecillinam experienced faster relief of symptoms compared with
patients treated with a three-day regime of sulfamethizole. Five days after initiation of treatment there was no significant
difference in clinical and bacteriological cure between the two antibiotic regimes.
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A major proportion of women with uncomplicated

urinary tract infection (UTI) are treated in general

practice, and it is one of the most frequent reasons

for which women consult their GP [1]. In Den-

mark, most patients are prescribed a short-term

(three days) treatment with sulfamethizole or

pivmecillinam [2]. About 80% of uncomplicated

UTIs are caused by Escherichia coli. The rationale

of sulfamethizole has been questioned due to

increasing rates of in vitro resistance to sulfamethi-

zole. Today, up to 30% of E. coli strains isolated at

bacteriological laboratories are resistant to sulfa-

methizole [3�5]. It has been debated whether

sulfamethizole should still be recommended for

empiric treatment of uncomplicated UTI or

whether it should be changed to pivmecillinam to

which resistance is negligible. According to Danish

recommendations, both pivmecillinam and sulfa-

methizole may be used for patients with uncom-

plicated UTI [6,7]. The efficacy of sulfamethizole

and pivmecillinam has been compared in epide-

miological studies based on prescriptions from

more than 57 000 patients with UTI, and no

significant difference in the rate of treatment fail-

ures was found [8,9]. Only a few trials have

compared the effect of pivmecillinam and sulfa-

methizole, and most of them are more than 20

years old [10,11]. We need data from recent

studies to explore whether the empiric treatment

of uncomplicated UTI should be modified.

We hypothesized that in women with acute

uncomplicated UTI short-term treatment with
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pivmecillinam was more effective than sulfamethi-

zole. The aim of this study was to test this hypothesis

among patients in general practice.

Material and methods

Study population

The study was conducted in the period 1 January

2003 to 31 December 2004 as a multi-practice

study including 20 general practices in the County

of Funen, Denmark. Two of the authors (LB and

PG) visited all practices and instructed the staff in

carrying out the trial. Patients assessed for inclu-

sion were women who contacted general practice

due to symptoms of uncomplicated UTI. A

complete history was obtained at the study enrol-

ment, and urinary symptoms were considered to

be due to an uncomplicated UTI if the patient was

a non-pregnant, previously healthy woman be-

tween 18 and 65 years, who had no episodes of

UTI within the last three months, had not been

treated with antibiotics within the last two weeks,

and had no known functional or anatomical

abnormalities of the genitourinary tract. Patients

were excluded from enrolment if they were preg-

nant, had symptoms suggestive of upper urinary

tract infection or revealed a history of allergy to

sulfa or mecillinam. Patients were also excluded if

they were immunoincompetent, had diabetes or

other chronic illness requiring medical treatment

and supervision, or if they did not want to

participate.

Patient assessment and follow-up

At the assessment a midstream urine specimen was

collected for urine phase contrast microscopy. Only

patients with a positive phase contrast microscopy

were included in the study. Positive microscopy was

defined by]1 rods per field of vision at 400 times

magnification in uncentrifuged urine [12].

After informed consent the participants were

randomized to pivmecillinam (400 mg x 3 daily) or

sulfamethizole (1 gram x 2 daily) each for three days.

We used a blocked randomization and allocated one

block with 20 treatments (10 courses of sulfamethi-

zole cures and 10 courses of pivmecillinam cures) to

each practice. Assignments were placed in sealed,

sequentially numbered envelopes, which were

opened at the time of enrolment. The severity of

urinary symptoms (dysuria and pollakisuria) was

monitored at baseline on a scale from 0 (no

symptoms) to 3 (severe symptoms). At the follow-

up visit after 7�10 days patients were asked for the

effect of treatment and the number of days until the

symptoms disappeared. A midstream urine speci-

men for culture was obtained at baseline and follow-

up visit. Urine cultures were forwarded to the

Department of Clinical Microbiology, Odense Uni-

versity Hospital, where standard methods were used

for organism isolation, quantification, and identifi-

cation. Antimicrobial susceptibility testing was done

using an agar diffusion method.

Outcome measures

The primary study outcome was drug efficacy based

on clinical cure. Patients were considered to be cured

when the urinary symptoms (dysuria and pollaki-

suria) had subsided and no persistent symptoms

were present at the follow-up visit. Patients were also

requested to record any adverse effects during the

follow-up period. The secondary outcome was drug

efficacy based on bacteriological cure. Bacteriologi-

cal cure was defined as eradication of the causative

uropathogens with sterile urine culture (B103 colony

forming units (CFU)/mL) at follow-up. In order to

investigate potential relapse or complications all GPs

received a questionnaire six months after the treat-

ment. We also explored the bacteriological labora-

tory database covering all the patients included, in

order to identify any episodes of bacteraemia up to

one year after enrolment in the study.

Based on an expected effect of sulfamethizole of

85%, a minimal relevant effect difference of 10%, a

type 1 error of 5%, and a power of 80%, we

calculated to include 320 patients, 160 in each

group. All analyses were performed according to

the intention to treat principle, and calculations were

performed by means of the statistical programme

In Denmark a considerable number of patients

with uncomplicated UTI are prescribed short-

term treatment with sulfamethizole. Due to an

increasing sulfa-resistance in Escherichia coli the

rationale of this has been questioned and it has

been debated whether empiric treatment

should be changed to pivmecillinam, to which

resistance is negligible.

. This randomized trial compared a three-day

regime of pivmecillinam with a three-day

regime of sulfamethizole and showed that

both antibiotic regimes were followed by a

rapid reduction of symptoms, but patients

treated with pivmecillinam experienced fas-

ter relief of symptoms compared with pa-

tients treated with sulfamethizole.

. Five days after initiation of treatment there

was no significant difference in clinical and

bacteriological cure between the two anti-

biotic regimes.
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STATA, version 9.0 [13]. We used 95% confidence

intervals.

Results

A total of 210 women were assessed for eligibility

(Figure 1). A total of 35 patients were excluded

because they did not meet the inclusion criteria

or they refused to participate; 175 patients were

randomized to either pivmecillinam ( n�89) or

sulfamethizole ( n�86). Eight patients (three rando-

mized to pivmecillinam and five to sulfamethizole)

did not turn up to the follow-up visit, leaving us with

167 patients (86 randomized to pivmecillinam and

81 randomized to sulfamethizole) for the analysis of

clinical cure. Some 44 patients were excluded from

the analysis of bacteriological cure because they had

a negative urine culture at baseline (n�33) or no

urine sample at follow-up (n�11), leaving us with

123 patients for the analysis of bacteriological cure.

The two treatment groups were similar in terms of

age, intensity, and duration of symptoms and there

were no significant differences found by urine

microscopy (Table I). In patients with a positive

urine culture, the most frequent microorganism was

E. coli, which was isolated in 80% of patients

randomized to pivmecillinam and in 85% to sulfa-

methizole. In both groups, about 4/5 of positive

cultures contained�105 CFU/mL.

The symptoms disappeared first in patients trea-

ted with pivmecillinam (Figure 2). Two days after

initiation of treatment 46.5% of patients treated with

pivmecillinam still had persistent dysuria compared

with 66.3% treated with sulfamethizole (difference

19.7%, CI 5.0%; 34.5%). For pollakisuria the

corresponding figures were 47.1% for pivmecillinam

and 58.8% for sulfamethizole, respectively (differ-

ence 11.7%, CI 3.4%; 26.8%). After five days there

was no significant difference in the cure rate between

the two antibiotics (Figure 2). At the follow-up visit

7�10 days after initiation of treatment, more than

90% of all patients were clinically cured without any

persistent symptoms irrespective of the type of

antibiotic used (Table II). In patients with UTI

caused by sulfa-resistant coli the cure rate was

slightly higher for pivmecillinam than for sulfa, and

in patients with UTI caused by coli strains suscep-

tible to sulfamethizole the cure rates were similar for

the two antibiotics. Bacteriological cure rates were

slightly higher in patients treated with sulfamethizole

than in patients treated with pivmecillinam, but the

differences were not significant (Table II).

Enrolment 

Allocation

Follow-up 

Analysis

Lost to follow-up (n = 3)

Randomized (n = 175)

Excluded (n = 35) because they did
not meet inclusion criteria or they
refused to participate    

Allocated to Pivmecillinam (n = 89)

Analysed (n = 86)

Lost to follow-up (n = 5)

Allocated to Sulfamethizole (n = 86)

Assessed for eligibility (n = 210)

Analysed (n = 81)

Figure 1. Derivation of the study population.
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Both antibiotic drugs were well tolerated, but

minor adverse effects were reported by 14.1% of

patients treated with pivmecillinam and 12.8% of

patients treated with sulfamethizole (difference

1.3%, CI �9.5%; 11.8%). Most adverse reactions

were from the gastrointestinal tract with nausea and

diarrhoea as the most frequent symptoms.

Data on potential relapse or complications up to

six months after treatment of the UTI were obtained

from 158 patients corresponding to a response rate

of 95% in the pivmecillinam group and 94% in the

sulfa group. A total of 26.8% of patients randomized

to pivmecillinam experienced a new UTI within six

months after treatment compared with 18.4% of

patients randomized to sulfamethizole (difference

8.4%, CI �4.5%; 21.4%). Only one of the patients

included developed septicaemia within one year after

initial treatment. This patient was operated on for a

dermoid cyst and the causative agent was a Bacter-

oides fragilis.

Discussion

This trial compared a three-day regime of pivme-

cillinam with a three-day regime of sulfamethizole in

patients with uncomplicated UTI. Both antibiotic

regimes were followed by a rapid reduction of

symptoms. However, patients treated with pivmecil-

linam experienced a faster relief of symptoms

compared with patients treated with sulfamethizole.

Five days after initiation of treatment there was no

significant difference in clinical and bacteriological

cure between the two antibiotic regimes. At follow-

up after 7�10 days more than 90% of patients were

clinically cured in both groups, and there was no

significant difference between the effects of the two

antibiotics. The clinical effect of sulfamethizole was

only slightly reduced in patients with UTI caused by

sulfa-resistant E. coli compared with UTI caused by

sulfa-susceptible E. coli. When focusing on bacter-

iological cure rates and the rate of relapse within six

months after treatment, we found a slightly better

effect of sulfamethizole compared with pivmecilli-

nam, but the differences were not significant. No

patients developed septicaemia with urinary patho-

gens within one year after the initial treatment.

It is a limitation that we used different regimes

for pivmecillinam and sulfamethizole. For some

Table I. Baseline patient demographic and clinical and micro-

scopic characteristics (95% confidence intervals) by treatment

groups: pivmecillinam (n�86) and sulfamethizole (n�81).

Characteristics

Pivmecillinam

treated

Sulfamethizole

treated

Age, mean (range) 32 (18�64) 34 (17�61)

Symptoms:

Pollakisuria 89.3% (80.6; 95.0) 90% (81.4; 95.6)

Dysuria 81.2% (71.2; 88.8) 87% (78.5; 93.9)

Intensity of symptoms:

Moderate to severe

pollakisuria

69.1% ( 57.9; 78.9) 65% (53.0; 75.0)

Moderate to severe

dysuria

57.3% (45.9; 68.1) 54.4% (42.8; 65.7)

Duration of symptoms�3 days:

Pollakisuria 28.6% (19.2; 39.5) 35.8% (25.4; 47.2)

Dysuria 22.3% (14.0; 32.7) 29.6% (19.9; 49.8)

No. of bacteria per field of vision:

1�10 48.8% (37.9; 59.9) 45.0% (33.8; 56.5)

] 10 51.1% (40.1; 62.1) 55.0% (43.5; 66.2)

No. of leucocytes per field of vision:

1�10 81.4% (71.5; 90.0) 80.0% (69.6; 88.1)

] 10 18.6% (11.0; 28,4) 20.0% (11.9; 30.4)

0

10

20

30

40

50

60

70

80

90

<1 1-2 3-4 5-6 7-10
Days after treatment start

% persistent
dysuria 

Pivmecillinam

Sulphamethizole

0

10

20

30

40

50

60

70

80

90

100

<1 1-2 3-4 5-6 7-10
Days after start of treatment

% persistent
pollakisuria 

Figure 2. Percentage of patients with persistent dysuria and

pollakisuria after treatment with sulfamethizole or pivmecillinam

for uncomplicated urinary tract infection.

Treatment of acute cystitis in general practice 9



patients it may have been difficult to adhere to a

regime of three doses a day and some treatment

failures in the pivmecillinam group might be due to

lower compliance.

Another limitation is the restricted number of

patients included. Uncomplicated UTI is a frequent

reason for encounter in general practice [1,14], and

we expected to include more than 300 patients.

However, in spite of repeated reminders, the GPs

were not able to include the expected number of

patients within the study period. The GPs partici-

pated on a voluntary basis, and they were not paid

for the extra work related to the project. For some

GPs, it might have been difficult to dedicate

sufficient time, and they may not have included all

patients with uncomplicated UTI. We may have

committed a type 2 error, i.e. overlooked a real

difference in cure rate between pivmecillinam and

sulfamethizole. However, our data do not support a

potential superiority of pivmecillinam in excess of

10% (95% confidence). A potential selection bias

might have occurred if some patients fulfilling the

criteria for inclusion were not invited to participate.

However, due to the randomization, we do not think

that such a potential selection bias should have a

major influence on the main results.

We only found one trial that compared the effect

of sulfamethizole and pivmecillinam in patients with

uncomplicated UTI. Bitsch et al. compared pivme-

cillinam (three days) with sulfamethizole (six days)

in women with uncomplicated UTI and found

similar clinical cure rates to those in our study

(pivmecillinam: 95%; sulfamethizole 89%), while

bacteriological cure rates were somewhat higher

(pivmecillinam 96%; sulfamethizole 90%) [10]. In

a randomized study from Copenhagen, patients with

UTI were treated with sulfamethizole (three days) or

pivmecillinam (three days) and bacteriological cure

was found in 81% of sulfamethizole-treated and

74% of pivmecillinam-treated patients, but this trial

only included children [11]. Bergan et al. examined

the effect of sulfamethizole and sulfamethoxazole in

a prospective, randomized study of patients with

uncomplicated UTI and found, like us, that most

symptoms disappeared after 4�5 days (cure rate

92�93%) [15]. Compared with our results, Mabeck

et al. found a slightly lower bacteriological effect of

sulfamethizole (cure rate 68.5%) while Keenan et al.

found a higher effect (bacteriological cure rate 90%)

[16,17]. Nicolle et al. examined the bacteriological

effect of pivmecillinam in patients with uncompli-

cated UTI and found a slightly higher cure rate

(75%) than we did [18]. Similar cure rates for

pivmecillinam have been found in other studies [19].

It was surprising that pivmecillinam in our study

was associated with a lower bacteriological cure rate

than sulfamethizole. However, the relation between

laboratory resistance and clinical outcome is unpre-

dictable, and susceptibility to antibiotics measured

by in vitro techniques may be a poor predictor of

clinical outcome [20]. Furthermore, a considerable

number of patients with uncomplicated UTI are

cured spontaneously [19]. Thus Ferry et al. found

that about 25% of patients with uncomplicated UTI

not treated with antibiotics were cured after one

week [21,22]. Mabeck found that chemotherapy was

no better than placebo for immediate symptomatic

effect in women with uncomplicated UTI [23].

The bacteriological effect of pivmecillinam and

sulfamethizole is correlated with the period of time

the antibiotic concentration exceeds the minimal

inhibitory concentration (MIC) in the urine. Kerrn

et al. found that pivmecillinam (400 mg�3) inhibits

sensitive coli strains all round the clock, while

Table II. Clinical and microbiological outcomes at follow-up visit 7�10 days after start of treatment.

Pivmecillinam Sulfamethizole Difference (95% CI)

Clinical outcomes:

Clinical cure (no persistent urinary symptoms)

UTI, all infections (n�167) 95.4% 92.6% 2.8% (�4.5%; 10.0%)

UTI caused by E. coli (n�109) 96.4% 96.3% 0.1% (�7.0%; 7.1%)

UTI caused by sulfa resistant E. coli (n�36) 95.5% 92.9% 2.6% (�13.5%; 18.6%)

UTI caused by sulfa susceptible E. coli (n�73) 97.0% 97.5% �0.5% (�8.1%; 7.1%)

UTI not caused by E. coli (n�25) 93.3% 90.0% 3.3% (�19.16%; 25.8%)

UTI culture negative (n�33) 93.8% 82.4% 11.4% (�10.2%; 33.1%)

Bacteriological outcomes:

Microbiological cure (B103 CFU per ml)

UVI caused by all bacteria (n�123) 68.8% 77.9% �9.2% (�24.7%; 6.3%)

UVI caused by E. coli (n�101) 72.6% 80.0% �7.5% (�24.0%; 9.1%)

UTI caused by sulfa resistant E. coli (n�34) 65.0% 85.7% �20.7% (�48.5%; 7.1%)

UTI caused by sulfa susceptible E. coli (n�67) 77.4% 77.8% �0.3% (�20.4%; 19.7%)

UVI not caused by E. coli (n�22) 53.8% 66.7% �12.8% (�53.8%; 28.2%)
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sulfamethizole (1 gm�2) only exceeds the MIC of

sensitive coli strains about two-thirds of the day [24].

However, sub-inhibitory levels of antibiotics may

have an influence on the clinical cure by reducing the

adherence of bacteria to the epithelial cells [19].

In summary, the group receiving pivmecillinam

experienced faster relief of symptoms (clinical cure)

compared with the group receiving sulfamethizole,

but after five days there was no significant difference

between the two groups.
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