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Abstract
Background: Uncomplicated lower urinary tract infections (LUTI) are very common, and presumably around
200,000 female patients are treated for this annually in Denmark. The current Danish national clinical practice
guidelines recommend pivmecillinam as a first-line drug (i.e., 400 mg t.i.d. for 3 days). Pivmecillinam is also one of
the first-line drugs recommended in the international guidelines for LUTIs (i.e., 400 mg b.i.d. for 5 days). The
international recommended duration is based on evidence saying that a 7-day regimen is better than a 3-day
regimen. However, no data says that a 5-day regimen is superior to a 3-day regimen. With this study we aim to
identify and to compare the efficacy of pivmecillinam 400 mg t.i.d in a 3-day respectively 5-day regimen, against
community acquired uncomplicated LUTI, i.e., in women at the age of 18–70 year old.
Method/design: The general practitioner will at consultation give a suitable patient the opportunity to participate
in the study. If the patient will give her consent, a double-blinded kit (i.e., the antibiotic with/without placebo,
questionnaires and self-urinary samples) will be given to the patient. We aim for 161 evaluable patients in each arm.
Discussion: Pivmecillinam is an excellent choice against urinary tract infections and we believe this study will fill in
the gaps and strengthen the evidence on the treatment against one of the most common infections in our society.
Thus, aiming to provide a more rational and ecological beneficial antimicrobial therapy.
Trial registration: EudraCTno.: 2014-001321-32.
Keywords: Cystitis, UTI, Pivmecillinam, General practice, Study protocol

Background
Uncomplicated lower urinary tract infections (LUTIs)
are very common (i.e. 10% of all women has it each year
and 60% of all women experience at least one episode
during their lifetime) [1], and we presume there are
about 200,000 patients treated for this in Denmark
annually. Most patients are otherwise healthy women,
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and these infections are often the main reason of exposure to antibiotics for these patients [2]. Uncomplicated
LUTIs are primarily community acquired and diagnosed
as well as treated in primary care. The most common
pathogen is Escherichia coli [2, 3], and diagnosis can be
made clinical with 90% positive predictive value (i.e. new
onset dysuria, pollakisuria and urgency, together with
absence of vaginal discharge or pain) [4].
In Denmark, the current clinical practice recommendations is pivmecillinam (i.e., 400 mg t.i.d for 3 days) as
the first line drug against uncomplicated LUTIs [5].
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Pivmecillinam is a prodrug of mecillinam. It is an amidinopenicillin, selective and highly effective against Gramnegative bacteria, especially E. coli. The side effects are
few; most commonly reported are mild gastrointestinal
symptoms (e.g. nausea) [6]. It has for a long time primarily been used for UTIs in the Scandinavian countries
[7]. Several studies have shown pivmecillinam to be a
safe and effective agent in the treatment of LUTIs [6, 8].
Even in countries where it is well used, there seems to
be low rates of resistance [3, 8, 9] (e.g. 5% resistance in
E. coli of the Danish primary sector [10]), and indications of a low rate of collateral damage and low risk of
clonal spread of resistance [11].
The current international and European clinical practice guidelines for acute uncomplicated UTI recommend
pivmecillinam as one of the first line drugs, the therapy
is recommended to be 400 mg b.i.d for 5 days. Although,
at the same time saying 400 mg b.i.d in any duration between 3 and 7 days is an appropriate choice, but pointing out a 5-day or a 7-day course probably is superior to
a 3-day course [2]. The recommended duration is, however, based on evidence showing a 7-day course is better
than a 3-day course [12]. Clinical studies on pivmecillinam treatment of LUTI caused by ESBL producing bacteria shows different success rates, i.e. 56% (200 mg
t.i.d.) and 80% (mainly 400 mg t.i.d) [13, 14]. The higher
success rate of 400 mg is supported by Monte Carlo
simulations [15]. Thus, evidence point to a superiority of
400 mg dose.
With this knowledge, we wanted to compare the efficacy of a 400 mg t.i.d. 3-day versus 5-day regimen of pivmecillinam against uncomplicated LUTI.

Methods
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 Dysuria (i.e. pain or burning sensation when urinating)
 Urgency (i.e. feeling an increased and more frequent

need to urinate)
 Pollakisuria/frequency (i.e. urinating more frequently

than usually)
An accepted definition of uncomplicated LUTI is symptoms in concordance with uncomplicated LUTI and significant bacteriuria of uropathogenic bacteria [1], but we
choose not to include the latter criteria in our intention to
treat (ITT) analysis. This is because we want the included
patients in the ITT group to mimic the realistic settings as
much as possible (i.e. in which patients with uncomplicated LUTI will receive antibiotic therapy without urine
samples in most primary care settings).
Key exclusion criteria
 Allergy to penicillins and cephalosporines.
 Clear signs of (i.e. high fever ≥38,5 °C or flank pain/

tenderness) or high suspicion of pyelonephritis.
 Any condition that may lead or predispose to








Design

This study will be a prospectively, double-blinded, randomized, multi-center placebo-control trial, comparing
the efficacy of a 3- and 5-day regimen of pivmecillinam
400 mg. t.i.d. against uncomplicated urinary tract infections. The study will be conducted according to good
clinical practice (GCP) and each patient has to sign a
consent form to be able to participate.
Study population
Inclusion criteria

Women in the age of 18–70 years old, with clinical features of community acquired uncomplicated LUTI, with
the ability to understand the study and give consent, can
participate. Patients need to have a symptom cumulative
score of ≥2 p (i.e. none, mild, moderate or severe, scoring 0–3, respectively) in accordance to the validated
questionnaires for uncomplicated UTI [16]. The following symptoms are included:



complicated urinary infection (i.e. indwelling urinary
catheter, pregnancy, immunosuppressive therapy,
abnormal urinary tracts, recurrent UTI, serious
neurological disease affecting the bladder).
Porphyria or systemic primary carnitine deficiency
or of the type organic aciduria (i.e. methylmalonic
aciduria and propionacid anemia).
Symptoms correlating with differential diagnosis (i.e.
vaginal discharge or pain).
Ongoing/current antibiotic therapy.
Oesophageal stricture.
Current intake of allopurinol (i.e. increases the risk
of allergic skin reaction to mecillinam) or
probenecid (i.e. decrease the renal excretion of
mecillinam) or valproate.
Currently part of another clinical trial. Inability/unable
to understand and/or take part in the clinical trial

Settings and recruitment

The patients will be recruited in general practice (GP)
clinics by GPs in Denmark. With nine collaborating
clinics we aim to recruit 161 evaluable patients in each
arm over app. 24 months. Female patients will, during
this period, be screened for uncomplicated LUTI and recruited to the study. To receive the treatment goal as
soon as possible the investigators will contact and support the GPs from time to time during the trial period.
Intervention

All patients included will receive pivmecillinam therapy
for 3 days or 5 days. The 3-day regimen group will
receive blinded placebo tablets on day 4 and 5. If a

Jansåker et al. BMC Infectious Diseases (2016) 16:727

secondary antibiotic treatment is required due to
treatment failure (i.e. ongoing or worsening symptoms),
a new antibiotic cure will be chosen in line with the
results from the pre-treatment (inclusion day) urine
culture. The GPs will be at any time welcome to call the
Department of Clinical Microbiology (DCM) (i.e. central
investigation site) for consultation in the matter.
Drug processes and randomization All drug process
will be conducted according to the requirements of
Good Manufacturing Practice (GMP) and Good Distribution Practice (GDP), in accordance with the Danish
Health and Medicine Authority. The placebo tablets will
be indistinguishable from the pivmecillinam tablets (i.e.
in color, taste and design), and packaged in an identical
blister-packaged (i.e. the commercial pivmecillinam
blister-package). To guarantee blinding of both the patients, treating physicians and the investigators, a central
randomization will be conducted by an independent
qualified researcher. The randomization will be conducted in R 3.2.2 [17], with each kit given a number
from 1 to 500 and randomized into 25 blocks including
20 kits each. The kits will be delivered to the collaborating clinics. Encrypted data will be stored centrally at the
hospital research department and the collaborating
hospital pharmacy for possible de-blinding.
Questionnaires

The GP will receive an inclusion-questionnaire that he/
she will fill out on day 0 (inclusion day). The questionnaires his will include age, positive inclusion criteria (i.e.
LUTI symptom load), exclusion criteria, debut date of
symptoms, and annual incidence of LUTI. All participants will be given a diary-questionnaire for day 0 to day
7. In which they daily will answer questions on LUTI
symptoms, score them of severity on daily bases and report on which day they feel completely cured (i.e. back
to habitual conditions). They will also be asked to
register impairment in daily life activities and quality (i.e.
work, physical activity, sleep, mental well-being) similar
to the symptom score, previous UTI, travel, weight (i.e.
>70 kg) possible adverse effects, adherence to the therapy, use of analgesics and other optional information.
The patient will also receive a second follow-up
questionnaire which need to be filled out once anytime
around day-28 (i.e. possible symptoms or side effects
since end of therapy, current status of questions asked
in the symptom-diary). All questionnaires on symptoms
are constructed according to the validated questionnaires for LUTI symptom score [16]. They will be
submitted together with the urine samples. All of the
patients’ questionnaires will be so patients can easily
understand and answer the questions.
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Microbiological diagnostics

One pre-treatment urine sample (day 0) with optional
urine-dipstick, and two control urine samples (day 8–10
and day 28–30, respectively) will be sampled from the
patient. The three urine samples will be sent to the
DCM, Hvidovre University Hospital, Denmark, for
examination of the presence and count of uropathogenic
bacteria. In presence of significant bacteriuria (i.e. ≥103
bacteria/ml [E. coli] / ≥104 bacteria/ml [other uropathogenic bacteria]) the isolates will also be examined for resistance mechanisms and patterns, minimal inhibitory
concentration (MIC) to mecillinam (i.e. by E test, AB
Biodisk, bioMe’rieux, Marcy-l’E’ toile, France) and
determining the bacterial specimen (i.e. MALDI-TOF,
Brukner, Germany). All urine samples will processed
according to laboratory routine and susceptibility tested
according to EUCAST guidelines [18]. During the study
all significant uropathogenic isolates will be stored at
minus 80 °C. At the end of the study these isolates will
be genetically examined to determine their more specific
identity/type, i.e. so we can evaluate if the potential relapse is either a true relapse or a reinfection (i.e. the
same or different type of bacterial specimen).

Data collection and procedures
Standardization

To the most possible standardized and similar inclusion
process all GPs participating in the study will be
educated in the inclusion procedures by the principal
investigator and one senior investigator whom will visit
all clinics before the initiation of the study.
Day 0/inclusion

When consulting a patient examined and considered a
suitable participant according to the inclusion and exclusion criteria, the GP will give the patient the opportunity
to participate in the study. If the patient is still willing to
participate, the patient will sign a form of consent with
the GP, be scored by the GP on initial symptom load,
and give a urine sample which will be sent with the
questionnaire to the central laboratory and optionally
examined with dipstick
Follow-up

The investigators at the central laboratory will be calling
or sending text messages (patient’s decision) to the included patients to follow-up on the questionnaires and
control urine-samples, as well as answering any questions the patients might have. The phone calls or textmessages are app. made on day 3–5, day 9–11 and day
28–30, respectively. However, not at any time will we try
to increase the adherence to the treatment, since the
study ought to be mirroring a realistic patient situation.
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Criteria for termination from the study

Procedures to evaluate endpoints

If a patient during the study would develop signs of upper
UTI (i.e. pyelonephritis), treatment failure, serious adverse
effects or allergic reactions to the medicine, or decision of
withdrawal, she will have to terminate from the study and
possibly get a new evaluation by a physician.

By comparing the questionnaires we can evaluate the
clinical endpoints. By examining the urine samples we
can evaluate the bacteriological endpoints. By asking
for a questionnaire on day 28 we can evaluate any
relapse/reinfection, hospitalization or secondary consultation, and afterwards look in the collaborating
department of clinical microbiology’s databases for
urosepsis or pyelonephritis.

Second medical consultation

Patients will be told at recruitment to visit the GP again
if she develops worsening of symptoms or not experiencing any symptom relief during the study period. In that
case the GP is able to choose a new treatment strategy
for the patient and will have the potential microbiological diagnostic answers (i.e. from pre-treatment urine
sample) to take in consideration in this approach.

Outcome
Primary endpoint

We have two co-primary endpoints:
 Co-primary endpoint no. 1 –clinical efficacy (i.e.

which group will be clinically cured fastest and
proportion of patients cured at day four).
 Co-primary endpoint no. 2 – bacteriological efficacy
(i.e. proportion of patients bacteriologically cured at
first control urine sample).
Secondary endpoints
 Clinical signs and symptoms in uncomplicated

LUTIs in women.
 Frequency and timing of relapse of symptoms and/

or bacteriuria.
 Bacteriological findings (i.e. ESBL producing bacteria).
 Complications (i.e. urosepsis and/or pyelonephritis)

within 28 days.
Definitions

Power, sample size and analysis
Definitions

The intention-to-treat (ITT) analysis will be consisting
of all included patients (i.e. patients that present with
symptoms of uncomplicated LUTI and are included in
the study). The per-protocol (PP) analysis will be consisting of all the patients that follow-up with clinical and
bacteriological data (i.e. excluding the dropouts). The
need-to-treat (NTT) analysis will be stratified from the
PP analysis to only include patient with true uncomplicated LUTI (i.e. symptoms and significant bacteriuria,
only isolates susceptible to mecillinam).
Power analyze

We hypothesize that there is a 15% absolute differences
in efficacy between the groups, measured in clinical efficacy. We believe there to be an even bigger difference
in bacteriological efficacy. Assuming an efficacy of 90
and 75% for 5 days and 3 days therapy, respectively,
using a double-sided test with p < 0.05, and a statistical
power of 0.8, we will need 113 patients in each group
for the NTT analysis. With an estimated fall-out rate of
app. 30% between each arm; 161 patients per group will
need to be included for the PP analysis, and 230 in each
group for the ITT analysis. There is a possibility for an
interim analysis after 300 included participants, since
we cannot reject a possibility for a higher (i.e. 20%)
absolute efficacy.

 Clinically cured is defined as cumulative symptom

score of <2.
 Clinical relapse is defined as initial clinically cured

followed by cumulative clinical score of ≥2 at day 28.

 Bacteriologically cured is defined as significant

reduction (i.e. ≥ 102 fold decrease in uropathogenic
bacteria) or potentially full eradication of
uropathogenic bacteria (i.e. sterile culture or
asymptomatic contaminations of non-uropathogenic
bacteria).
 Bacteriological relapse is defined as initially
bacteriologically cured followed by significant
growth at day-28, with the same bacteria. Growth of
other uropathogenic bacteria is defined as
reinfection.

Data processing and statistical analysis
The source data is the GP’s and patient’s questionnaires
and the diagnostics answers from the microbiological lab
at the DCM. All source data will all be stored by the investigator and sponsor, in originals and scanned copies,
at the DCM. The collected source data are transferred,
logged and processed in the computers of the DCM.
Analysis will be made in ITT, PP, and NTT form, respectively. All data will be analyzed coded, and only decoded after the analysis is done and the analytic results
are written in the relevant sections in the future article.
The statistical software packages SAS (SAS Institute,
Cary, NC) will be used for all analyses. Categorical data
will be analyzed using a Fisher’s Exact test.
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Presentation of the results
Results (i.e. positive, negative and/or inconclusive) will be
presented at scientific meetings, and in scientific publications in accordance to CONSORT 2010 statement [19].
Ethical considerations
The study will comply with all the requirements to secure patients safety and to be carried out according to
the Declaration of Helsinki, national laws and regulations. Ethical approval has been obtained by the Danish
committee on biomedical research ethics for the capitol
region of Denmark (No. H-4-2014-072). Approvals have
also been obtained from the Danish National Health and
Medicines Authority and the Danish Data Protection
Agency. The study will be conducted according to the
principle of Good Clinical Practice (GCP) and monitored by the GCP Unit of Bispebjerg Copenhagen University Hospital, Denmark. All patients will be included
in concordance with rights of a research subject in clinical research, according to the national committee of
health and research ethics document, which each subject
will be provided the option to read before deciding to
participate. The informed consent is obtained at the GP
office, where the participant also will be informed about
potential risks, benefits and procedures etc. based on an
information sheet that the central investigators have prepared in concordance with above mentioned committees’ standards. The patient can withdraw their consent
at any time without disadvantages.
Data storage

The study will comply with the Danish regulation about
management of personal information by the act on processing of personal data (Act No. 429 of 31 May 2000).
All patient data will be carefully processed and stored at
the Department of Clinical Microbiology, Hvidovre University Hospital, Denmark. All data will be anonymous
in any possible future publication.
In trial intervention

The only time during the study in which we will intervene
with antimicrobial therapy is if we during microbiological
diagnostics find out that the patient is receiving a possibly
ineffective therapy. This will for example be the case if we
find causing uropathogenic bacteria to be:
1. resistant to mecillinam (i.e. a small proportion of
uropathogenic bacteria) [9]
and/or
2. a specimen to which pivmecillinam is not
recommended for various reasons (non-susceptible,
natural resistance etc.) - i.e. Pseudomonas spp.,
Acinetobacter spp., or Enterococcus spp. and other
Gram positive uropathogenic bacteria etc.
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We will then make contact and recommend another
more suitable antimicrobial therapy.
Adverse effects/risks

Pivmecillinam has been proven in RCTs to be safe and effective in the treatment of UTIs [6, 8, 20]. The risk off
selecting and spreading off for mecillinam resistant bacteria
is at very low risk [11], and mecillinam has a minor impact
on the normal microflora [21]. Side effects are not more
common than in any other penicillin, severe side effects are
very rare, and the most common side effects are gastrointestinal complaints (i.e. nausea). Other common sideeffects are rash and vulvovaginitis [6]. In the questionnaires
the patients will be asked for possible adverse effects on
day 1–7 and day 28. Any adverse reactions, serious adverse
reactions or events during the study period will be reported
according to GCP principles and in concordance with the
Danish National Health and Medicine Authority.

Discussion
Pivmecillinam is an excellent choice against urinary tract
infections, and has shown to be both safe and effective
against UTI [6, 12, 22], with a clear superiority to placebo
[12] and superiority to sulftamethiazole [22]. In these days,
with the concerning rise of multidrug-resistant bacteria,
pivmecillinam has shown to be of an especial advantage;
demonstrating low collateral damage (i.e. minor impact
on the normal microflora [21], low resistance [3, 9], low
selectivity and clonal spread of resistance [11]), as well as
indication of clinical and bacteriological effective against
ESBL producing Enterobacteriaceae [13, 23]. Hence, there
are good evidences backing pivmecillinam as a first line of
drug in the treatment of LUTI, as stated in the international guidelines [2], and as long time practiced in the
Scandinavian countries.
Ferry et al. [12] have demonstrated that a 7-day regimen
is superior to a 3-day regimen against uncomplicated
LUTI. However, the current guidelines do not recommend
a 7-day therapy, because of the increased risk of side effects (i.e. GI-problems). Nevertheless, there are no data
comparing the 3-day vs. the 5-day therapy. With the 5-day
therapy possibly to be more effective and with nonsignificant increased risk of side effects than the 3-day; a
5-day therapy might be a more cost-beneficial duration
for the patient in the treatment of uncomplicated LUTI.
Thus, with this study we want to strengthen and fill the
gaps of evidence in our guidelines.
We have chosen the 400 mg dose t.i.d., since that is the
dose we recommend in Denmark; and we believe 200 mg
t.i.d to be an insufficient dose (i.e. supported by pharmacokinetic mouse models [15] and the recent study from
Soraas et al. [14]). With this knowledge, we believe it to be
unethical of us to use a 200 mg dose, and have therefore
excluded a treatment arm with 200 mg.
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Design and definitions

We designed this protocol similarly to previous similar clinical studies on uncomplicated LUTI [12, 22, 24, 25], in
order to be able to compare results in the future in a more
accurate way. We define uncomplicated LUTI in concordance with the acknowledged definition [1, 26], with one
difference; we choose to include post-menopausal women
in our study, since we do not necessarily believe them to always be of complicated LUTI. Hence, if a post-menopausal
woman has no other complicated conditions (see exclusion
criteria) we believe her to be a potential candidate.
Procedures

We want the inclusion procedures to be as realistic as
possible. Therefore, the consulting with the GPs will be
changed as little as possible and restricted to the inclusion day. However, patients will be clearly instructed to
return to the GP as usual at sign of treatment failure, or
if they wish to consult for any other reason.
Outcomes

The primary outcome we want to focus on is the clinical
effect, since that is of most importance to the patient.
However, it is important to know that the bacteria disappear and not cause clinical relapses in the future;
therefore, we included two follow-up urine sample at
day-4 and day-28, respectively.
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Scientific and societal perspective
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infections in our society.
Abbreviations
b.i.d: Two times daily; DCM: Department of clinical microbiology; ESBL: Extended
Spectrum Beta-Lactamase; GCP: Good clinical practice; GP: General practitioner;
ITT: Intention-to-treat; LUTI: Uncomplicated Lower Urinary Tract Infections;
NTT: Need-to-treat; PP: Per-protocol; t.i.d.: Three times daily

Ethics approval and consent to participate
The study is approved by the Danish committee on biomedical research
ethics for the capitol region of Denmark (No. H-4-2014-072) and informed
consent will be obtained from all participants prior to enrollment.
Author details
1
The Department of Clinical Microbiology, Copenhagen University Hospital,
Hvidovre Hospital, Kettegård Allé 30, 2650 Hvidovre, Denmark. 2The
Department of Clinical Microbiology, Copenhagen University Hospital,
Rigshospitalet, Blegdamsvej 9, 2100 Copenhagen, Denmark. 3Section of
General Practice and Research Unit of General Practice, Department of Public
Health, University of Copenhagen, Oester Farimagsgade 5, 1014 Copehangen
K, Denmark.
Received: 6 September 2016 Accepted: 14 November 2016

References
1. Nicolle LE. Uncomplicated urinary tract infection in adults including
uncomplicated pyelonephritis. Urol Clin North Am. 2008;35(1):1–12. v.
2. Gupta K, Hooton TM, Naber KG, Wullt B, Colgan R, Miller LG, Moran GJ,
Nicolle LE, Raz R, Schaeffer AJ, et al. International clinical practice guidelines
for the treatment of acute uncomplicated cystitis and pyelonephritis in
women: A 2010 update by the Infectious Diseases Society of America and
the European Society for Microbiology and Infectious Diseases. Clin Infect
Dis. 2011;52(5):e103–120.
3. Schito GC, Naber KG, Botto H, Palou J, Mazzei T, Gualco L, Marchese A. The
ARESC study: an international survey on the antimicrobial resistance of
pathogens involved in uncomplicated urinary tract infections. Int J
Antimicrob Agents. 2009;34(5):407–13.
4. Bent S, Nallamothu BK, Simel DL, Fihn SD, Saint S. DOes this woman have an
acute uncomplicated urinary tract infection? JAMA. 2002;287(20):2701–10.

Jansåker et al. BMC Infectious Diseases (2016) 16:727

5.
6.
7.
8.
9.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.
22.

23.

24.

25.

26.

Antibiotikavejledning 2016. Dansk Lægemiddel Information A/S. http://pro.
medicin.dk/Specielleemner/Emner/318565 Accessed 5 Aug 2016.
Nicolle LE. Pivmecillinam in the treatment of urinary tract infections. J
Antimicrob Chemother. 2000;46 Suppl 1:35–9. discussion 63–35.
Naber KG. Survey on antibiotic usage in the treatment of urinary tract
infections. J Antimicrob Chemother. 2000;46 Suppl 1:49–52. discussion 63–45.
Graninger W. Pivmecillinam–therapy of choice for lower urinary tract
infection. Int J Antimicrob Agents. 2003;22 Suppl 2:73–8.
Kahlmeter G, Poulsen HO. Antimicrobial susceptibility of Escherichia coli
from community-acquired urinary tract infections in Europe: the ECO.SENS
study revisited. Int J Antimicrob Agents. 2012;39(1):45–51.
DANMAP. Use of antimicrobial agents and occurrence of antimicrobial
resistance in bacteria from food animals, food and humans in Denmark.
2014. ISSN 1600–2032.
Poulsen HO, Johansson A, Granholm S, Kahlmeter G, Sundqvist M. High genetic
diversity of nitrofurantoin- or mecillinam-resistant Escherichia coli indicates low
propensity for clonal spread. J Antimicrob Chemother. 2013;68(9):1974–7.
Ferry SA, Holm SE, Stenlund H, Lundholm R, Monsen TJ. Clinical and
bacteriological outcome of different doses and duration of pivmecillinam
compared with placebo therapy of uncomplicated lower urinary tract infection
in women: the LUTIW project. Scand J Prim Health Care. 2007;25(1):49–57.
Jansaker F, Frimodt-Moller N, Sjogren I, Dahl Knudsen J. Clinical and
bacteriological effects of pivmecillinam for ESBL-producing Escherichia coli
or Klebsiella pneumoniae in urinary tract infections. J Antimicrob
Chemother. 2014;69(3):769–72.
Soraas A, Sundsfjord A, Jorgensen SB, Liestol K, Jenum PA. High rate of Per oral
mecillinam treatment failure in community-acquired urinary tract infections
caused by ESBL-producing Escherichia coli. PLoS One. 2014;9(1):e85889.
Jensen KS, Henriksen AS, Frimodt-Moeller N (2008) Pivmecillinam: estimation of
adequate dosage for susceptible and ESBL-producing E. coli by Monte Carlo PK/
PD simulation. Abstracts of the 18nd European Congress of Clinical Microbiology
and Infectious Diseases, Barcelona, Spain, 2008 Abstract P1255 European Society
of Clinical Microbiology and Infectious Diseases, Basel, Switzerland
Clayson D, Wild D, Doll H, Keating K, Gondek K. Validation of a patientadministered questionnaire to measure the severity and bothersomeness of
lower urinary tract symptoms in uncomplicated urinary tract infection (UTI):
the UTI Symptom Assessment questionnaire. BJU Int. 2005;96(3):350–9.
Core Team R. R: A language and environment for statistical computing. Austria:
R Foundation for Statistical Computing V; 2015. https://www.R-project.org/.
The European Committee on Antimicrobial Susceptibility Testing. Breakpoint
tables for interpretation of MICs and zone diameters - Version 3.1. Sweden:
EUCAST V; 2013. http://www.eucast.org.
Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 statement:
updated guidelines for reporting parallel group randomised trials. PLoS
Med. 2010;7(3):e1000251.
Dewar S, Reed LC, Koerner RJ: Emerging clinical role of pivmecillinam in the
treatment of urinary tract infection in the context of multidrug-resistant
bacteria. J Antimicrob Chemother. 2013.
Sullivan A, Edlund C, Nord CE. Effect of antimicrobial agents on the
ecological balance of human microflora. Lancet Infect Dis. 2001;1(2):101–14.
Bjerrum L, Gahrn-Hansen B, Grinsted P. Pivmecillinam versus sulfamethizole
for short-term treatment of uncomplicated acute cystitis in general practice:
a randomized controlled trial. Scand J Prim Health Care. 2009;27(1):6–11.
Titelman E, Iversen A, Kalin M, Giske CG. Efficacy of pivmecillinam for
treatment of lower urinary tract infection caused by extended-spectrum
beta-lactamase-producing Escherichia coli and Klebsiella pneumoniae.
Microb Drug Resist (Larchmont, NY). 2012;18(2):189–92.
Vik I, Bollestad M, Grude N, Baerheim A, Molstad S, Bjerrum L, Lindbaek M.
Ibuprofen versus mecillinam for uncomplicated cystitis–a randomized
controlled trial study protocol. BMC Infect Dis. 2014;14:693.
Gagyor I, Hummers-Pradier E, Kochen MM, Schmiemann G, Wegscheider K,
Bleidorn J. Immediate versus conditional treatment of uncomplicated
urinary tract infection - a randomized-controlled comparative effectiveness
study in general practices. BMC Infect Dis. 2012;12:146.
Colgan R, Williams M. Diagnosis and treatment of acute uncomplicated
cystitis. Am Fam Physician. 2011;84(7):771–6.

Page 7 of 7

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

