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Summary

Background

UTlIs are common infections handled in primary care. The thesis explores diagnostic
strategies and bacteriology of uncomplicated, lower UTIs. The thesis also evaluates a
possible narrow-spectrum antibiotic treatment for UTI caused by extended spectrum [3-

lactamase (ESBL) producing E. coli.
Methods

Paper I: A prospective, randomised, controlled trial to evaluate a standardised

diagnostic algorithm for uncomplicated lower UTIs.

Paper II: A retrospective comparison of cohorts to evaluate the bacteriological findings
and resistance patterns in urine samples from women with uncomplicated lower UTIs

over a 15 year time period in Norway.

Paper III: A prospective, single-centre cohort study to evaluate factors which predict
longer symptom duration following empiric antibiotic treatment for a UTI and

significant bacteriuria.

Paper IV: Prospective, multi-centre observational cohort study to evaluate the clinical
and bacteriological efficacy of pivmecillinam treatment on uncomplicated lower UTIs

caused by ESBL E. coli versus non-ESBL E. coli.
Results

Paper [: A median of three days until symptom resolution was noticed in both the
group treated according to the diagnostic algorithm and the control group (log rank test
p=0.3). During the follow-up period, 12% of the patients treated according to the

diagnostic algorithm contacted a doctor versus 18% in the control group (p = 0.08).

Paper II: The main bacteriological agent in all the three study populations was E. coli,
ranging from 78% to 82%. For E. coli, resistance to pivmecillinam demonstrated some

variation, but retained below 9%.
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Paper III: Urine dipstick positivity for nitrite (OR 3.22, 95% confidence interval (CI)
1.58-7.01, p<0.01) was associated with an increased probability of significant
bacteriuria. The findings with a leukocyte esterase value of 2 or 3 + were associated
with significant bacteriuria, but did not reach significance. Severe symptoms or
significant bacteriuria were not predictors of longer symptom duration after empirical

treatment.

Paper IV: The median duration until symptom resolution after treatment initiation was
five days for the ESBL cases and three days for the non-ESBL controls, p<0.01.
Among the patients treated with pivmecillinam 400 mg thrice daily, there was no
significant difference in the risk for treatment failure between the ESBL cases and the
non-ESBL controls regardless of the treatment duration (<5 days OR 2.17, 95% CI
0.31-14.64, p=0.43, >5 days OR 2.16, 95% CI 0.32-14.65, p=0.43).b The ESBL cases
demonstrated significantly higher rates of in vitro resistance to many other commonly
used oral treatment options for UTI, including trimethoprim, co-trimoxazole and

ciprofloxacin.
Implications of findings

A validated and standardised clinical registration form is a safe method to identify
women with uncomplicated lower UTI who are likely to respond to antibiotic
treatment. Stronger symptoms do not correlate with significant bacteriuria at
presentation or protracted duration of symptoms following empiric treatment.
However, strong symptoms can still be an indication for immediate antibiotics due to
discomfort. Nitrofurantoin and pivmecillinam are appropriate first choice agents for
empiric treatment of uncomplicated lower UTIs, and increased consumption of

pivmecillinam has not caused marked increase in resistance rates for E. coli.

ESBL producing isolates demonstrate marked in vitro co-resistance to several oral
treatment options. However, pivmecillinam treatment in dosage of 400 mg x 3 is a
viable treatment option for community acquired (CA) UTI caused by ESBL producing
E. coli.
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Aim and objectives of the thesis

The overall aim of this thesis was to improve the handling of UTIs diagnosed and
treated in primary health care and highlight the current challenges, including increased

resistance rates and the presence of multi-resistant microbes.
The objectives of the individual studies were:

Paper 1: To compare the clinical outcome of patients presenting with symptoms of
acute uncomplicated UTI who were treated after a regular consultation by a doctor,
with patients who received treatment following a diagnostic algorithm. The secondary

objectives of the study were to compare the safety and rate of complications in the two

groups.

Paper II: To evaluate the bacteriological findings and resistance patterns in the urine
samples from women with uncomplicated lower UTI in three cohorts during the time
period of 2001-2015 in Norway, and assess the relationship between the use of
antimicrobial agents in the treatment of UTI and the resistance patterns in the country
during 2000-2015.

Paper III: To identify the factors which predict a significantly longer duration of
symptoms in patients with acute uncomplicated UTI after empirical antibiotic
treatment and to identify the factors predicting significant bacteriuria in patients

presenting with an acute uncomplicated UTTI.

Paper IV: To examine the clinical and bacteriological efficacies of pivmecillinam
treatment on CA-UTI caused by ESBL producing E. coli versus CA-UTI caused by

non-ESBL producing E. coli in an out-patient setting.
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1. Introduction

1.1 Preface

Whenever I am asked what the topic of my thesis is, the answer UTI very often seems
to evoke interest, especially among non-healthcare personnel. This interest is possibly
due to personal experiences with the condition. Uncomplicated lower UTIs are
common. Although the condition is painful, the risk of progression to an upper UTI is
low, even without antibiotic treatment. Antibiotic treatment is the current cornerstone
of UTI treatment and accounts for a large proportion of total antibiotic prescriptions
(1, 2). Symptom duration is longer for patients who do not receive antimicrobial

therapy (3-7).

From a global perspective, the total antibiotic consumption, specifically the use of
broad-spectrum antibiotics, is worrying (8). Alternative treatment strategies to known

antibiotics are limited (9, 10).

The swift increase in the prevalence of ESBL producing Enterobacteriaceae causing
infections including CA-lower UTIs poses therapeutic challenges. Even though the
clinical condition is relatively mild, the microbe’s resistance pattern may warrant

broad spectrum antibiotics. Possible narrow spectrum alternatives are sought after.

My thesis explores the diagnostic methods and strategies for the treatment of UTIs in
general practice. Furthermore, I have studied the resistance patterns, and specifically
ESBL producing E. coli and the possibility of a narrow-spectrum treatment option

(pivmecillinam).
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1.2 Urinary tract infection

1.2.1 Definition

UTIs are categorised as lower/upper and uncomplicated/complicated.

A lower UTI (cystitis) is diagnosed when the presenting symptoms affect only the
bladder. The cardinal symptoms include pollakisuria, dysuria and urgency. An upper

UTI is suspected if the acute symptoms also include flank pain and/or fever (> 38°C)

(11).

A UTI can be complicated or uncomplicated depending on the presence of
comorbidity. An uncomplicated UTI is limited to otherwise healthy individuals who
are diagnosed outside the hospital and possess no known abnormality of the urinary
tract. For women, the definition applies if they also are pre-menopausal and non-

pregnant (11-13).

UTIs are classified as complicated in persons with comorbidity that may affect the
treatment outcome in a negative manner. Relevant conditions include: infections
acquired while in hospital care, signs of sepsis, instrumentation of the urinary tract,
anatomical abnormalities of the urinary tract, diabetes mellitus, immunosuppression,

pregnancy, recent antibiotic use and kidney failure (11-13).

Complicated UTIs may be more difficult to diagnose due to subtle and/or atypical
symptoms and might also be quite challenging to treat because of the increased risk of
multi-resistant bacteria and inadequate treatment response, for example due to

anatomical defects (11-13).

The most common presentation in general practice is an uncomplicated lower UTL
1.2.2 Epidemiology

Urinary tract infection is common worldwide, and is the most common infection

diagnosed in women in a primary health care setting (14).
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Around 37% of adult women in England report having had at least one UTI in their
lifetime, and 29% report more than one episode. Approximately half of women
reported their last episode as fairly or very severe and the vast majority (95%)
consulted a health professional for assessment and treatment (14-16). A world-wide

prevalence of 0.7% is estimated for CA UTIs (17).

An annual incidence of 0.5% -0.7% is reported for uncomplicated lower UTIs in
young women (18). However, a much larger percentage (around 20%) report dysuria
(19). The rate of lower UTIs is much higher than that of upper UTISs. It is estimated
that around 12-13 cases of the latter occur per 10 000 of the female outpatient
population (20).

The human anatomy possesses the urethra as an opening for the excretion of urine.
The structure, however, simultaneously allows the entry of microbes into the bladder
and the urinary tract. Owing to this factor, UTIs occur commonly. For women, the
proximity of the urethra to the vaginal and rectal openings and the short distance from
the urethral opening to the bladder is associated with the increased frequency of UTIs
(21). Bacterial influx to the bladder may result in colonisation or infection. Host and

bacterial factors play a part in determining the risk of an infection.

A marked increase in antibiotic consumption is observed in late teenage women,
which corresponds to, and is partially explained by the increased incidence in UTIs

from this age onwards.
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Figure 1. Proportion of the Norwegian population who dispensed at least one

prescription of antibiotics in ambulatory care in 2017 (1).

The exact incidence is difficult to estimate as the disease is not reported (13). In
addition, the diagnostic criteria of UTIs, uncomplicated lower UTIs especially, are a
topic of debate. The main point of discussion is whether or not the diagnosis can and

should be made based on the symptoms alone (22, 23).

CA-UTIs in men have traditionally been viewed as complicated infections and
antimicrobials with relatively high tissue absorption are prescribed for longer duration.
Nevertheless, in the last approximately five years publications have challenged this
notion and have suggested that men with lower UTIs without other complicating

factors should be treated with empiric first choice agents as recommended for women

(24).

A study from Ireland compared the male and female treatment outcomes with the first-
line treatment choice of nitrofurantoin. The re-consultation rates were similar for both
the genders treated with the drug. In accordance with the guidelines for treatment of

UTTI in Ireland the men included in the study were treated for seven days versus three

21



days for women. The authors recommend that men and women should receive empiric

first-line treatment according to the guidelines (25).
1.2.3 Diagnosis

For uncomplicated lower UTIs, clinical symptoms (dysuria, urinary frequency and
urgency) are the mainstay of diagnostics. A presentation with typical clinical
symptoms and the absence of vaginal symptoms (vaginal discharge or irritation)
yielded a sensitivity of about 90% based on the findings of a meta-analysis (26). A
review article uncovered that a combination of symptoms and signs (nitrite positive,
leukocyte esterase positive, hematuria, moderately severe dysuria and moderately
severe nocturia) provided a sensitivity of 76% and a relatively acceptable specificity of
74% (27). The correlation between patient-initiated treatment and confirmed UTI
diagnosis varies: studies with poorer correlation have indicated a relatively high

percentage of vaginal symptoms and chlamydia infections (28-30).

Women with a history of cystitis, frequent somatic symptoms, presence of bacteria
resistant to the chosen antibiotic regime and severe symptoms at baseline are more
likely to have symptoms of acute cystitis lasting longer than three days after the

initiation of treatment (31).

A urine dipstick analysis may be recommended as a part of the diagnostic procedure
(14, 26, 32, 33). Detection of nitrites, leukocyte esterase and nitrites, or erythrocytes
and nitrites on the urine dipstick is considered to be moderately sensitive and specific

for detecting UTI when using a positive culture as the gold standard (33-36).

Noticeably, when a positive urine culture is used as the gold standard, a negative
urinary dipstick test cannot rule out the diagnosis in women with high pretest
probability (31). Antibiotic treatment administered to women with clinically suspected

UTI but negative urine dipstick test significantly reduces their symptoms (37).

Clinical examination has not been proven to improve the diagnostic accuracy of UTIs
(38). A urine culture is not routinely recommended for CA, uncomplicated lower UTIs

(23, 39).
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Relying on clinical practice guidelines is an established tool for the management of
uncomplicated lower UTIs. Evaluation following the implementation of clinical
guidelines has revealed that its use has decreased the laboratory utilisation and overall

costs while improving the adherence to antibiotic guidelines (40-42).

A validated, self-reporting questionnaire as a diagnostic aid is of great value for
identifying women with uncomplicated lower UTIs who qualify for standard treatment
regimens. The presence of symptoms suggestive of uncomplicated lower UTI (dysuria,
urgency and frequency) and the absence of symptoms and signs suggestive of other
conditions (vaginal irritation/discharge and fever) determine inclusion. Relevant
complicating factors (diabetes mellitus, pregnancy) exclude screened women from

further treatment according to the algorithm (43).

Acute pyelonephritis is diagnosed by the presence of clinical symptoms (fever, rigors
or costovertebral angle tenderness) and relevant bacteriuria (44,45). A urine culture is
recommended for all patients with suspected pyelonephritis (uncomplicated or

complicated) (23).
1.2.4 Treatment options

Antimicrobial agents are the mainstay for treating UTIs. Refraining from antibiotic
therapy has been shown to increase the duration of symptoms and decrease the rate of

clinical and bacteriological cure (4, 31, 46, 47).

Current Norwegian guidelines recommend pivmecillinam 200 mg x 3 for three days,
nitrofurantoin 50 mg x 3 for three days and trimethoprim 160 mg x 2 or 300 mg x 1 for
1-3 days as equal empirical treatment options for uncomplicated lower UTI. For
complicated lower UTI the same agents are recommended, however the length of the

treatment should be extended to 5-7 days (48).

A three-day treatment regimen for uncomplicated lower UTIs is shown to be equally
effective in providing symptomatic relief when compared with longer treatment
regimens (5 days or longer). Nevertheless, the rate of bacteriological cure is higher in

the groups who received treatment for a prolonged duration (49, 50).
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For upper UTIs, that following clinical consideration can be treated out of the hospital,
co-trimoxazole 160 mg + 800 mg (2 tablets) x 2 is recommended. Pivmecillinam 400
mg x 3 and ciprofloxacin 500 mg x 2 can also be used. The recommended treatment

duration is 7-10 days (48).

Guidelines for the other Scandinavian countries (Sweden and Denmark) are generally
in line with the Norwegian recommendations, but the Swedish guidelines for
uncomplicated lower UTIs endorse only pivmecillinam and nitrofurantoin as first
choice agents for empiric treatment. Trimethoprim and cefadroxil (a cephalosporin)

are recommended as second choice treatment options (51).

Swedish guidelines include two of the third generation cephalosporins (cefixim and
ceftubutin) as the second choice oral treatment options for acute pyelonephritis (febrile

UTI) (51).

Noticeably, trimethoprim is not considered as a first line agent in Denmark for
uncomplicated lower UTIs and co-trimoxazole is not included as an empiric oral

treatment option for acute pyelonephritis (52).

Guidelines for other European countries differ somewhat from those existing in
Norway and Scandinavia. Specifically pivmecillinam is not considered a first choice
agent for antimicrobial treatment of lower UTIs, but as a secondary choice. Several
nations including France recommend fosfomycin as a first choice empiric agent (53-

56).

The Infectious Disease Society of America (IDSA) recommends nitrofurantoin, co-
trimoxazole, fosfomycin or pivmecillinam as first choice empiric agents for lower
uncomplicated UTIs (39, 57). The most commonly used Australian guidelines
recommend trimethoprim, cephalexin, amoxicillin clavulanic acid and nitrofurantoin
as equal first choice agents. Fosfomycin and pivmecillinam are not registered

antimicrobial agents, but are available via a special access scheme (58).
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Internationally recommended oral treatment options for acute pyelonephritis include
ciprofloxacin, amoxicillin clavulanic acid and cephalexin. Australian guidelines also

advise trimethoprim as an oral treatment option for mild pyelonephritis (55, 58).

Fosfomycin and nitrofurantoin have gained international focus as oral empiric
treatment options owing to the increased rates of multi-drug resistant microbes
(including ESBL producing Enterobacteriaceae) (59). A recent study has identified
nitrofurantoin to be superior to fosfomycin for the clinical and bacteriological cure of

uncomplicated lower UTIs (60).

International treatment guidelines with relevant adjustments to local resistance data,
clinical aspects, safety data and pharmacokinetics are enticing possibilities and would

possibly pave the way to an enhanced focus on the correct use of antimicrobial agents.
1.2.5 Management strategies for uncomplicated lower UTlIs

Uncomplicated lower UTIs account for the vast majority of UTIs diagnosed in primary
health care setting and emphasis has been placed on identifying alternative, antibiotic

sparing treatment strategies.

The use of delayed prescription in which empiric antibiotic therapy is started only after
48 hours following diagnosis if the symptoms persist has been shown to decrease the
use of antimicrobial treatment for uncomplicated lower UTIs by about 20%. However,

the duration of symptoms increased (61).

Non-steroidal anti-inflammatory drugs (NSAIDs) have been studied in several
randomised controlled trials published in the last few years. These drugs are inferior to
antibiotics in obtaining symptomatic relief, but can constitute an appropriate treatment
strategy for a selected group of women (62). The difference between the two groups
varies in the published studies, perhaps due to different choices of empiric
antimicrobial therapy and NSAID, including their dosage. Existing data cannot
adequately address whether or not the use of NSAIDs during an infection increases the
risk of progression to pyelonephritis (3, 6, 7, 63). A meta-analysis is planned to

address this issue (Ingvild Vik, personal communication).
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Ibuprofen given along with a delayed prescription for uncomplicated lower UTI has
been established to reduce the number of patients resorting to antibiotics by one per

seven women (64).

It is noteworthy that adequate hydration reduces the episodes of recurrent

uncomplicated UTIs and should be ensured for all women at risk (65).
1.2.6 Bacteriology and bacteriological resistance

Escherichia coli (E. coli) is the most common pathogen isolated in CA-UTI (66, 67).
Other pathogens commonly identified are Staphylococcus saprophyticus (S.
saprophyticus), Klebsiella pneumoniae (K. pneumoniae), Enterococcus species (spp.),

Enterobacter spp. and Proteus mirabilis (P. mirabilis) (68, 69).

In uncomplicated UTIs, E. coli’s dominance as the causative agent is more prominent
(75%) than in complicated UTIs (65%). S. saprophyticus and K. pneumoniae are the
second most common agents (both 6%). In complicated UTIs, Enterococcus spp.

(11%), K. pneumoniae (8%) and Candida albicans (C. albicans) (7%) are the second

most common agents (70).

In men too, E. coli is the dominant bacterial agent responsible for 51% of UTIs in all
age groups. The other half consists of various organisms including Klebsiella spp., P.

mirabilis and Enterococcus spp. (71).

It has been shown that a rather large percentage of women with typical symptoms of
UTTI have a negative urine culture (approximately 20-30 %). The use of polymerase
chain reaction (PCR) to enhance the bacteriological diagnostic methods has shown that
in nearly all urine samples of women with typical symptoms, a uropathogen is found.
As with conventional uropathogen culturing, E. coli is by far the most dominant

microbial agent when this technique is used (72).

Data on uropathogen distribution in uncomplicated CA-UTTI from Belgium spanning a
20-year period (1995-2005-2015) have reported the species distribution to be relatively
stable, with an insignificant increase in the rate of E. coli isolation (78.4%-80.3%-

81.6%). S. saprophyticus was the second most commonly isolated agent in all three
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cohorts studied, and there was no significant change in how frequently the microbe

was isolated (73).

E. coli has displayed low resistance to fosfomycin and nitrofurantoin in the past two

decades and the sensitivity remains at nearly 100% (73-76).

European data depict a significant increase in the resistance of E. coli to commonly
used oral treatment options for UTI, namely fluoroquinolones, co-trimoxazole and
trimethoprim. Increased E. coli resistance towards nitrofurantoin is also reported in

some studies (76-78).

Canadian data on uncomplicated UTIs from 2015 showed comparable sensitivity rates
for co-trimoxazole and nitrofurantoin, but the research reported higher rates of
ciprofloxacin sensitivity than the European data (90.3%) (79). The Australian data are
in line with Canadian findings on reporting lower levels of ciprofloxacin resistance for
E. coli causing UTI (7.3% resistance). Trimethoprim and co-trimoxazole resistance

rates exceed 20% (80).

Data from Poland contradict these observations and claim high overall resistance rates
for the common uropathogens to first-line treatment regimens, including fosfomycin

and nitrofurantoin (81).

Multi-drug resistant bacteria causing UTIs are increasing, with ESBL producing
Enterobacteriaceae being the most prevalent and clinically important group. Data
from the European Centre for Disease Prevention and Control (ECDC) in 2017 found
that all European countries report ESBL producing E. coli at 5% and above for the
invasive isolates. The vast majority of European countries report percentages between
10 and 25, whereas Italy, Slovakia, Bulgaria and Cyprus stand out with percentages

between 25 and 50 (82).

UTIs caused by ESBL producing microbes are not negligible with rates nearing 10%

even in countries with low resistance (83).

Updated knowledge on local microbial findings and resistance rates is important as

UTIs are common and tend to be treated empirically. As the ESBL producing
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Enterobacteriaceae are relatively common, empiric treatment should account for this
subgroup in many of countries. Sentinel surveillance is suggested as a method of
keeping this knowledge up to date as national and international guidelines do not

suggest routine culturing of urine samples from uncomplicated UTIs (84-86).

Justly, emphasis is placed on the resistance rates at the group level: however, the effect
on the individual following antibiotic treatment is not negligible. A meta-analysis also
uncovered that persons receiving antibiotics for a respiratory tract infection or a UTI
develop bacterial resistance to the given drug. This effect was most prominent in the

first month succeeding treatment but could last up to 12 months (87).

1.3 ESBL producing microbes

1.3.1 Background

Knowledge of transferable resistance to cephalosporins by the use of plasmids was
gained in the 1980s (88, 89). There has been a steady rise in infections caused by
multi-resistant bacteria in general. The rise in ESBL producing Enterobacteriaceae is
an especially worrying situation (1, 83, 90-93). The role of such organisms in CA-

UTIs has been a clinically relevant issue since the late 1990s (94).
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Figure 2. ESBL producing E. coli and K. pneumoniae isolated from blood and urine
samples in 2017 in Norway.

The term ESBL was originally coined to elucidate the difference from broad spectrum
B-lactamases, and to signify the fact that ESBLs also mediate resistance to extended

spectrum cephalosporins.

ESBL are enzymes that offer resistance to most B-lactam antibiotics, including
penicillin, cephalosporin and the monobactam aztreonam, by hydrolysing the f-lactam
ring. Current classification methods divide ESBLs into classic ESBLs (ESBLA), mixed
ESBLs (ESBLwm) and carbapenemases (ESBLcarsa). Examples of ESBLA B-lactamases
include CTX-M, TEM-ESBLs and SHV ESBLs. Class ESBLwm B-lactamases are
divided into two subgroups which include plasmid mediated Amp C (ESBLwm-c) and
OXA ESBLs (ESBLwm-p). For ESBLcaRBA, a subdivision into ESBLcarga-a (fex KPC),
ESBLcarBa-B (MBL) and ESBLcarBa-D (OXA-carbapenemase) is suggested (94,95).

ESBLA producers are non-susceptible to extended-spectrum cephalosporins and
exhibit clavulanic acid synergy. ESBLwm producers are non-susceptible to extended-
spectrum cephalosporins and possess the phenotype ESBLw.c or the genotype ESBLum-
p. ESBLcarBa are non-susceptible to extended spectrum-cephalosporins and at least
one carbapenem and ESBLcarga are detected with phenotypic and/or genotypic

methods (95).
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Known risk factors for CA bacteriuria caused by ESBL-producing Enterobacteriaceae
include clinical and lifestyle factors. Travel to North-America, Africa and Asia and
recreational fresh water swimming are associated with increased risk of ESBL carriage
(83, 96). Clinical factors comprise old age, use of proton pump inhibitors or H2
blockers, recurrent UTIs, prostatic disease, prior hospitalisation, and recent use of
antibiotics (fluoroquinolones and penicillins, except pivmecillinam) (83, 91, 92, 96-

99).

Following colonisation by ESBL producing Enterobacteriaceae, the duration of faecal
carriage and the risk factors for prolonged carriage are not completely known. A
Norwegian study of individuals with CA-UTIs caused by ESBL producing E. coli or
K. pneumoniae estimated the ESBL point prevalence at follow-up. The authors
discerned a prevalence of 61% after four months, 39% after 13 months and 15% after
three years or more of follow-up. It is noteworthy that the known risk factors of
infections caused by ESBL producing microbes, including recent antibiotic use and
travel to high-prevalence countries, were not associated with prolonged ESBL
carriage. However, certain phylogroups of E. coli were linked with prolonged faecal
carriage (100). This finding is supported by Swedish research which found that 43% of
the included patients were still carriers 12 months following their initial infection

(101).

Nonetheless, studies concerning travel to high-endemic areas reported shorter duration

of faecal carriage (< 3 months) (102).
1.3.2 Treatment options

For hospitalised patients infected with ESBL producing Enterobacteriaceae, antibiotics
are usually administered intravenously and the drugs of choice are the carbapenem.
Aminoglycosides are viable alternatives (103-105). Broad-spectrum B-lactams may be
plausible alternatives based on the resistance data (fex ceftazidim-avibactam and

piperacillin-tazobactam), however clinical data are limited (106-108).
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A cephalosporin (cefotaxime) with the addition of amoxicillin clavulanic acid has
demonstrated in vitro synergy in the treatment of ESBL producing E. coli. In vivo

studies in a murine model noted the combination to be as effective as imipenem (109).

These drugs are broad-spectrum agents and oral formulations are not available, hence

they are not plausible options for the treatment of mild to moderate CA infections.

Oral treatment options are limited for patients infected with ESBL-producing
Enterobacteriaceae. Fosfomycin, pivmecillinam, oral f-lactam antibiotic and
clavulanic acid combination, and nitrofurantoin have been identified as potential

alternatives based on antimicrobial susceptibility testing.

A pharmacodynamic study has suggested that nitrofurantoin is effective against ESBL
producing E. coli, and in vitro studies indicate a relatively low resistance rate (9%) for
ESBL producing E. coli (110-112). However, the drug should be considered as an

alternative only in cases of lower UTIs.

ESBL producing Enterobacteriaceae show low levels of resistance to fosfomycin (113-
115). Data on clinical cure are sparse: nevertheless in a study from India 93% of
patients with UTI caused by ESBL producing Enterobacteriaceae were reported to be
cured following fosfomycin treatment (n=28) (116). The drug has also been suggested
as an appropriate outpatient or step-down therapy for patients with UTI caused by

ESBL producing Enterobacteriaceae (104).

Clinical studies on the efficacy of pivmecillinam treatment for CA-UTI caused by
ESBL-producing Enterobacteriaceae are limited and involve a small sample size (117-
121).

Preliminary results are inconsistent and vary from favourable bacteriological and

clinical cure rates to instances of failure.

The largest clinical study consisting of 41 patients with CA-UTI caused by ESBL
producing E. coli identified that 44% demonstrated clinical treatment failure with the
use pivmecillinam during the follow-up period. High minimal inhibitory concentration

(MIC) values have been suggested as a predictor of treatment failure (118).
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One study has indicated increased rates of pivmecillinam resistance with the use of a
high inoculum (10° colony forming units (cfu)/spot versus 10* cfu/spot): the addition
of clavulanic acid reversed the resistance and increased the sensitivity from 40% to

98% (122).
1.4 Pivmecillinam

Pivmecillinam is widely used in the Scandinavian countries, and the drug is included
in internationally recommended empirical treatment guidelines for uncomplicated
lower UTIs (39, 48). The worldwide increase in the incidence of resistant Gram
negative microbes causing hospital acquired (HA) and CA-UTIs has led to increased

interest in older antimicrobial agents, including pivmecillinam.

The use of pivmecillinam was first reported in 1972 (123). Clinical cure rates for
uncomplicated lower UTIs with pivmecillinam treatment are high (124). The
compound is a 6-amidinopenicillanic acid derivative with selective activity against
Gram-negative bacteria. Pivmecillinam, the pivaloyloxymethyl ester of mecillinam, is
absorbed from the gastrointestinal tract and hydrolysed to its active form of

mecillinam (125).
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Figure 3. Chemical structure of pivmecillinam and the active form mecillinam (126).

The antimicrobial agent displays the beneficial characteristics of being highly
concentrated in urine, possesses the ability to be administered in the case of impaired

renal function, and exerts minimal impact on the gut and vaginal flora (126-129).

Peak plasma concentrations are reached within one hour (5mg/kg) for a dose of 400
mg pivmecillinam given to an adult. Mecillinam is well distributed in the body fluids,
but only lower concentrations are detected in the foetus and breast milk. Over 40% of

the ingested dose is excreted in the urine within the first 12 hours (130).

Pivmecillinam has potent antimicrobial activity against Enterobacteriaceae which
include the most common uropathogen E. coli, K. pneumoniae and P. mirabilis.
Treatment effect has also been demonstrated against the Gram positive microbe S.

saprophyticus, owing to the high concentration of the drug in the urine (67).

B-lactams are a large group of commonly used antibiotics which have been known for
a long time, and their capacity to interfere with bacterial cell wall assembly has been

recognized since the 1950s (131). The specific pharmacokinetic and pharmacodynamic
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properties of mecillinam have been researched and established to be related to the MIC

of the drug. The drug exerts bactericidal effects (132).

The B-lactam drug class is known to target specific enzymes named penicillin binding
proteins (PBPs), which are important components of the bacterial cell wall. Bacterial
cells are surrounded by a cell wall, which protects the cytoplasmic membrane from
rupturing due to osmotic forces. Bacteria are dependent on the cell wall for growth,
cell division and maintenance of their cellular structure. The bacterial cell wall is
composed of glycan chains with attached peptides that are cross-linked to adjacent
glycans to form a mesh structure (133). The synthesis of the peptidoglycan polymer is
disrupted by the B-lactam antibiotics owing to inactivation of the enzyme PBP (134).

Bacteria possess several PBPs which build peptidoglycans (135). Most -lactam drugs
inhibit several PBPs, thereby making the exact process difficult to interpret. However,
mecillinam inhibits only PBP 2 in E. coli. Hence, the drug’s effect on E. coli has been
studied in detail to identify the exact mechanism by which the B-lactam antibiotics
induce cell death. It has been asserted that mecillinam interferes with the
peptidoglycan synthesis and induces a cycle of the compound’s synthesis and
degradation, which consumes the cellular resources. Inhibition of PBPs leads to
several changes in the bacterial structure, including irregularities in the cell wall

elongation and predefined permeability. These changes may lead to cell death and

lysis (133).

Mecillinam’s specific and high affinity for PBP-2 is a possible explanation for several
observed synergistic effects. In vitro synergistic effects has been observed with the
combination of mecillinam and other B-lactams for the treatment of infections by
Enterobacteriaceae (136). For B-lactamase producing Enterobacteriaceae isolates with
mecillinam resistance, effect has been noted upon the addition of clavulanic acid or

sulfbactam (a B-lactamase inhibitor) (137-138).

Widespread use of pivmecillinam over many years has not caused any significant
increase in resistance rates among uropathogenic E. coli, and the practice has exerted

only limited effects on the normal microflora (128, 129). In a study comparing the
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antimicrobial activity of mecillinam with other -lactam antibiotics, the drug displayed
significantly greater antibacterial potency and stability to B-lactamase hydrolysis in the
TEM-, IRT- and AmpC-producing isolates (139). Owing to its’s limited resistance
driving effect and evidence of significantly higher antibacterial potency and in vitro
stability to B-lactamase hydrolysis than other penicillins, pivmecillinam has recently
been suggested as an oral treatment option for CA-UTI caused by ESBL-producing
Enterobacteriaceae (1, 121, 126, 139-141).

A study of pivmecillinam versus placebo in bacteria resistant to mecillinam treatment
(80% E. coli, but the study included other uropathogens as well) demonstrated higher
cure rates and lower mean symptom scores at follow-up for the cohort treated with
pivmecillinam (67). At the time of publication, the authors speculated as to whether
the treatment response for in vitro resistant microbes was related to comparatively
higher concentration of mecillinam in urine and the relatively low MIC for the

uropathogens.

Reversion of a specific type of mecillinam resistance (cysB gene mutation) by E. coli
has been demonstrated. The authors found that the isolates were more susceptible to
mecillinam when grown in urine, and some of the strains demonstrated complete
reversion of resistance. In addition, a correlation was observed between low osmolality

and increased antibiotic susceptibility (142).

Therefore, several factors support the use of pivmecillinam as an empiric treatment

choice for CA-UTI.

According to the Norwegian national guidelines, pivmecillinam is recommended at a
dosage of 200 mg administered thrice daily for three days to treat uncomplicated lower
UTIs. Furthermore, the drug can be considered as an oral treatment option for acute

pyelonephritis at a dosage of 400 mg given thrice daily for 7-10 days (48).

The antibiotic is commonly used in the Nordic countries for acute uncomplicated
UTlIs, and is among the four recommended agents for the first-line therapy of acute
uncomplicated UTIs. However, the drug has limited availability internationally. In the

International Clinical Practice Guidelines from 2011 endorsed by Infectious Disease
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Society of American (IDSA) and European Society of Microbiology and Infectious
Diseases (ESCMID) a dose of 400 mg for 3-7 days is recommended (39).
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2. Material and Methods

2.1 Table 1 - Overview of the studies

Paper I-The diagnostic II-The [II- The predictor study IV-The ESBL UTI
algorithm study bacteriology study study
Design Prospective, Retrospective, Prospective, single-centre | Prospective, multi-
randomised, comparison of cohort study. centre, observational
controlled trial. cohorts. cohort study.
Study Women aged 16-55 Women aged 16- | Women aged 16-55 years | Women aged >16
population | years (n 441). 55 years (n 441). years with
(n 186, 406, 259). pivmecillinam-treated
UTIs caused by E. coli
with or without ESBL
production
(n 88, 74).
Data 2010-2011 2001,2010-2011, | 2010-2011 2013-2016
collection 2013-2015
period
Data Registration of data Recruitment of Registration of data Recruitment of data
collection pertaining to women patients from pertaining to women with | from general practice.
method with symptoms of general practice at | symptoms of
uncomplicated cystitis | three different uncomplicated cystitis
presenting at a time periods. presenting at a primary
primary care out-of- care out-of-hours service.
hours service.
Data Descriptive analyses. Descriptive Descriptive analyses. Descriptive analyses.
analysis Kaplan-Meier plot to analyses. Chi Logistic regression Kaplan Meier and log

evaluate the primary

outcome measure.

square calculator
to compare the

aggregated data.

analyses to identify the
predictors of bacteriuria,
and negative binomial
model to identify the
predictors of longer

symptom duration.

rank tests to evaluate
the time until symptom
resolution. Logistic

regression models.
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2.2 The study settings

Patient recruitment for the data presented in the studies was performed in the general

practice setting.

In Norway, universal health care is provided for all the inhabitants. From 2001, all the
residents are assigned to a general practitioner (GP) of their choice. These
professionals play a central role in the health care system, and are responsible for the
assessment, treatment and follow-up of their patients. Referral to hospital care is made
by the GP. As of 31.12.2017, 99.3% of the nation’s population was registered with a
GP receiving reimbursement from the government. The number of practicing GPs is
increasing, and as of 31.12.2017, 4759 practitioners with government reimbursement
were registered. The average number of persons registered per GP was 1106 at the

same point of time (143).

The first cohort (2010-2011) of papers II and IV were recruited in the general practice

setting.

GP run out-of-hours (OOH) services exist in all municipalities (143). Admissions to
secondary care after the regular office hours is largely done through OOH services, in
Norwegian: Legevakt. In circumstances of acute emergencies, patients are driven

directly to the emergency departments by ambulance personnel.

Data collection for paper I, III and the latter two cohorts of papers Il were performed

at the Oslo OOH service, OAEOC.
2.3 The diagnostic algorithm study

Data collection

Since 2007, OAEOC has utilised a diagnostic algorithm to identify women with

suspected uncomplicated lower UTI (figure 4).
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Diagnostic algorithm: uncomplicated UTI

Yes No
Are you a woman aged 16-55 years? D D
Do you have —painful urination? mild D moderate D sirong D E
-increased frequency of urination? mild ] moderate ] strong ] [J
-increased need to urinate? ] J
-visible hematuria? ] L]
Are you pregnant or breastfeeding (infant under | month of age)? O O
Do you have diabetes or kidney disease? O [
Do you have -fever? J O
-reduced general condition? D C
-back/flank/stomach pain? O O
Do you have -increased vaginal secretion? ] [
-itching/irritation? O O
-STRONG lower abdominal pain? O O
Have you had pain for more than 7 days? D E
Have you in the past 4 weeks had a urinary tract infection
or used a urinary tract catheter? J O
Are you using antibiotics now? O |
Have you previously had an allergic reaction to penicillin? O O
Do you have esophageal passage problems? O O
Do you use the medication Probecid? O O
Temperature (<38° C) D E
Delegated treatment Doctor’s consultation
Treatment chosen by support staff; O O

Figure 4. Diagnostic algorithm.

The algorithm was developed by Endre Sandvik, the head of OAEOC at that time, on
the basis of known UTI symptoms. Relevant exclusion criteria included symptoms and
comorbidities suggesting a complicated UTT or other diagnoses. The diagnostic

algorithm had not been validated before the present study.

In the course of 14 months from September 2010 to November 2011, 441 women in
the age group of 16-55 years were included in the study. The criteria for inclusion
were dysuria and increased frequency of urination. Visible hematuria and enhanced
urinary urge were also registered, but such factors did not determine inclusion. The

criteria for exclusion were relevant co-morbidities (diabetes, kidney disease, or

39



esophageal passage problems), symptoms indicative of pyelonephritis, complicated
UTI or sexually transmitted infection (STI), ongoing antibiotic/probenecid treatment,

fever, and previous allergic reaction to penicillin.

All patients included in the study fulfilled the criteria for treatment according to the
diagnostic algorithm; however, the individuals were randomised to therapy according

to the diagnostic algorithm or a regular doctor’s consultation after the screening.

Randomisation was performed by the registering nurse by drawing the number ‘1’ or
2’ from an envelope, which was generated by the study coordinator in equal amounts.
We did not use block randomisation. At the end of the inclusion period, a higher

number was included in the group treated as per the diagnostic algorithm (242) versus

the control group (191).
Women assessed for eligibility (n=832)
Excluded (n=391)
-Not randomized (n=36)
-Refusal to participate (n=40)
v
Randomized (n=441)
\
Diagnostic algorithm (n=245) Doctor’s consultation (n=196)
-Excluded due to faulty treatment length (n=3) -Left before consultation (n=5)
\ 4 Y
Treated according to diagnostic algorithm (n=242) Treated after doctor’s consultation (n=191)
-Lost to follow up first contact (n=4) -Lost to follow up first contact (n=4)
v Y
Analyzed main objective (n=238) Analyzed main objective (n=187)

Figure 5. Trial flow chart: randomised controlled trial of a diagnostic algorithm for
uncomplicated cystitis at an OOH service in Oslo, Norway.

40



The group treated according to the diagnostic algorithm received pivmecillinam 200
mg x 3 for three days. The treatment of patients in the control group was left to the
doctor’s discretion. The attending physician was unaware that the patient was included

in the study and fulfilled the criteria of the diagnostic algorithm.

Urine dipstick findings were evaluated in both groups along with urine samples
collected for culturing on the day of presentation at the OOH service. Furthermore, the
samples were also sent to the laboratory one week after the completion of treatment.
All urine samples were cultured at the Department of Medical Microbiology, Oslo
University Hospital, Ulleval according to established procedures for identification of
the causative agents and resistance patterns. The uropathogens were quantified in
cfu/mL. Significant bacteriuria was defined based on the current European guidelines

(45).

The follow-up included a telephone call from the study coordinator one week after the
contact and two weeks after the treatment was completed. During the first follow-up
telephone call, the following data were registered: country of birth; first language;
municipality of residence; type of antibiotic and number of days taken (to register
potential deviations from the treatment given); number of days until symptom-free;
contact with the health care system during the follow-up period, cause of the contact
and/or new antibiotic prescribed. Two-weeks after the treatment, the following data
were registered: symptoms of a UTI during the two-week follow-up; contact with the
health care system during the follow-up period, cause of contact and/or new antibiotic

treatment prescribed.
Data analyses

To identify the potential differences between the two groups, the demographic and
clinical data at presentation were examined. The bacteriological parameters were
evaluated at presentation and in the follow-up urine culture to identify the differences
in the rate of single culture isolates at presentation and the proportion of persisting

bacteriuria in the follow-up sample.
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The main clinical outcome was the number of days until resolution of the symptom:s.
The proportion of patients who contacted a doctor in the follow-up period and the
proportion who received a second antibiotic prescription were analysed in the study

cohorts.
Statistical methods

All analyses were performed using SPSS (Released 2009, PASW Statistics for
Windows, version 18.0. Chicago: SPSS Inc.).

Statistical power of the data was based on symptom relief in 85% of the control group
versus 75% in the group treated according to the diagnostic algorithm by day four and
a given power of 80% and a p-value of <5% (two-sided test). Sample size calculation

indicated that 250 patients were needed in each group.

Descriptive analysis of data was done. For comparison of the proportions, p-value was

calculated using Pearson Chi-Square test.

For evaluating the primary outcome measurement, a Kaplan Meier plot was utilised.
2.4 The bacteriology study

Data collection and analyses

We compared the bacteriology and resistance patterns in the urine cultures of women
with uncomplicated UTIs presenting in a general practice setting during three different
time-periods in Norway. The material consisted of 184 urine cultures from 2001, 406

from 2010-2011 and 259 from 2013-2015.

The first study was performed in the county of Telemark in 2001. This investigation
enrolled arbitrarily selected women presenting to the GP practitioner with symptoms
of an uncomplicated UTI for which they received antibiotics. Fresh midstream urine
samples were sent to the local microbiology department in sterile containers with 1.6%
boric acid. Significant bacteriuria was defined as pure or dominant growth of >10*
cfu/mL for all the pathogens. Antimicrobial susceptibility breakpoints were set

according to the Norwegian Working Group on Antibiotics (146, 147).
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The next two studies were performed at OAEOC, Department of Emergency General
Practice. Sequential consulting women were enrolled in the time periods of September

2010-November 2011 and April 2013-December 2015.

In the 2010-2011 study inclusion criteria were determined by a diagnostic algorithm
based on established symptoms and risk factors for complicated UTI. This research
was conducted to validate a specific diagnostic algorithm, and the results have been

published as paper I in this thesis.

In the 2013-2015 study the same inclusion criteria were applied to identify women

with uncomplicated UTI (3).

For the two latter studies a fresh midstream urine sample was sent to the Department
of Microbiology, Oslo University Hospital, Ulleval, in sterile containers with 1.6%
boric acid. The uropathogens were quantified in cfu/mL. Significant bacteriuria was
defined according to current European guidelines as >10° /mL for primary pathogens,
>10*mL for secondary pathogens and >10°/mL for doubtful pathogens (44). Clinical
breakpoints were acquired from the European Committee on Antimicrobial

Susceptibility Testing (EUCAST), which have remained unchanged since 2010 (147).

Data on antibiotic use were collected from two nation-wide databases; the Norwegian
Drug Wholesale Statistics Database and the Norwegian Prescription Database

(NorPD) (148). The former database logs the sales of all medicines in Norway, while
the latter contains a complete list of all prescription drugs dispensed by pharmacies in

the country since 2004.

National resistance patterns were collected from the Norwegian Organisation for
Surveillance of Antimicrobial Resistance (NORM). From 2000 onwards, NORM has
provided annual reports on the national usage of antimicrobial agents and the
occurrence of resistance (1). Data on resistance were compared with the total use

(wholesale statistics) of the selected antibiotics.
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Statistical methods

The results of this study represent a retrospective comparison and a power calculation
was not performed. IBM SPSS statistics 23.0 was used for descriptive analyses of the
data. The aggregated data were compared using a chi square calculator with a

significance level of 0.05 (149).
2.5 The predictor study

Data collection
The analyses were based on the study described in paper 1.
Data analyses and statistical methods

For analytical purposes, the cohort was divided into three age groups: 16-22, 23-28

and >29 years.

The traditional negative binomial (NB2) model was fitted to the count data for
identifying the factors that predict longer symptom duration. The NB2 was chosen to
account for over-dispersion of the data, which was confirmed with the Pearson

dispersion statistics (4.31).

Selection of factors into the final model proceeded with the elimination of the
predictor with the largest P-value at each stage before the model was refitted. The
Aikaike Information Criterion (AIC) was also estimated, which was employed to
compare all the subsequent models; the smaller the AIC, the better the model.
Therefore, each subsequent step eliminated the least significant variable in the model
until the AIC estimate was higher than in the previous step. However, in each stage,

the variable age was retained regardless of its predictive power.

To identify factors predicting significant bacteriuria sensitivity, specificity and positive

predictive values (PPV) were first calculated.

Binary logistic regression models were applied to ascertain the predictors of

significant bacteriuria. Firstly, univariate logistic regression models were fitted to the
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data for discerning the significant predictors. Secondly, those predictors, together with
the clinically relevant ones, were used to fit a multivariate logistic regression model.
To assess the accuracy and discriminative value of the final prediction model, the area

under the receiver operating characteristic curve was calculated.

All statistical analyses were performed using SPSS 22, and significance was set at

p<0.05.

2.6 The ESBL UTI study

Study design and data collection

This work is a prospective, observational, multi-centre study of women with CA-UTI
caused by ESBL-producing E. coli and a control group of non-ESBL-producing E.

coli.

In collaboration with the primary care physician, study coordinators at eight different
microbiological laboratories conducted preliminary screening according to the
following inclusion criteria: women aged >16 with symptoms of UTI, significant
monoculture growth of ESBL-producing E. coli in urine sample (>10° cfu/mL) and
treated with pivmecillinam (dose and treatment length determined by the treating
physician). Patients were excluded if, prior to inclusion, they had been hospitalised
>48 hours during the past 90 days, had received haemodialysis or intravenous
chemotherapy within the last 30 days, had received specialised medical treatment at
home, including change of permanent urinary catheter in the last 30 days, were unable
to provide informed consent or had a urine culture containing ESBL-producing
bacteria identified within the last six months. No patients with indwelling urinary

catheters were included.

Candidate cases were invited by their primary care physician to a consultation two
weeks after the end of the treatment, which represents the follow-up period. Treatment
failure was defined as persistent symptoms leading to a second antibiotic prescription

during the follow-up.

45



For all patients, a clean-catch morning urine control sample was analysed no later than
two weeks after the end of the treatment. Nonetheless, in case of clinical treatment
failure, the urine sample taken at the time of initiating the alternative treatment was

included for analysis.

The control patients adhered to the same protocol as the ESBL cases. Inclusion criteria
were identical for both the groups with respect to antibiotic treatment, geographical
origin and time period of inclusion. Initially, both ESBL cases and the non-ESBL
controls were matched 1:1 for age (+/- 5 years), but the inclusion of non-ESBL
controls proved to be challenging. Therefore, after approval by the regional ethics
committee, matching by age was abandoned; however, the other inclusion criteria
remained unchanged. Twenty-seven matched cases and controls were included

according to the initial protocol.
Data analyses

Urine sample culturing, species identification and antibiotic susceptibility testing were
performed according to the laboratory’s standard procedures. E. coli resistant to third
generation cephalosporins were examined for ESBL-production. Nordic clinical

breakpoints were in line with EUCAST. (148)

Species identification was verified by the use of matrix-assisted laser desorption
ionization-time of flight mass spectrometry (MALDI-TOF MS) (Bruker Daltonics,
Germany) according to the manufacturer’s instruction. MIC of pivmecillinam was
determined using the MIC gradient test (Liofilchem®, Italy) as per the EUCAST

methodology and clinical breakpoints.

ESBL production was confirmed by the double disk synergy test using cefotaxime and
ceftazidime with and without clavulanic acid (Becton Dickinson, USA), in keeping

with the manufacturer’s procedure.
Statistical methods

Statistical power was calculated based on 60% efficacy among the ESBL cases versus

80% efficacy among the non-ESBL controls for complete symptom resolution by day
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three. This measure provided a relative difference of 25% with B 80% and a 5%.
Sample size calculation indicated that 82 patients were needed in each group, which

was increased to 100 to compensate for possible drop-outs.

Kaplan-Meier and log-rank tests were utilised to estimate the time until symptom
resolution. Treatment failure was analysed using a binary logistic regression model. A
two-way interaction term for treatment length and group (treatment) was employed to
understand the effect of treatment over time. The modelling process proceeded in two
steps: firstly, crude estimates of odds ratio (OR) were obtained from logistic models
adjusted for the interaction of treatment length and group only. Secondly, the models
fitted in step 1 were further adjusted for clinical factors. All the models were fitted
using StataSE 14, and the significance level was set at p=0.05. The collected data were
analysed by the use of SPSS version 24.

2.7 Ethics

All persons included in the prospective trials were included only after obtaining
informed consent. The participation was voluntary, and the members received written
information about their right to withdraw from the study at any time. All data were
anonymised so that they could not be traced back to any participant without the
anonymisation key which was kept in a separate, locked location. The data were
securely maintained in locked devices as per the regulations. The studies were

performed in accordance with the principles outlined in the Declaration of Helsinki.
Paper I

Participation was voluntary. Written informed consent was obtained. Confidentiality

for patients was kept by a one-way encrypted ID-number.

Approval was obtained from the Regional Committees for Medical and Health

Research Ethics in Norway (reference number: 2010/486).
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Paper I1

All three studies were conducted in accordance with the Declaration of Helsinki and
current national and institutional standards. The last two studies were both approved
by the Regional Committees for Medical and Health Research Ethics in Norway
(reference numbers 2010/486 and 2012/1569). The first study was an observational

study and did not require a specific approval from the ethical committee at that time.
Paper 111

The participation was voluntary, and written informed consent was obtained.

Confidentiality of the patients was maintained by a one-way encrypted ID-number.

Approval was obtained from the Regional Committees for Medical and Health

Research Ethics in Norway (reference number: 2010/486).
Paper IV

The participation was voluntary and written informed consent was obtained.
Confidentiality of the patients was maintained by a one-way encrypted ID-number.
The study was registered with the Regional Committees for Medical and Health
Research Ethics in Norway, (reference number: 2011/2214) and Clinical Trials (ID:
NCTO01531023).
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3. RESULTS

3.1 The diagnostic algorithm study

By day four, 188 out of 238 (79%) in the group treated on the basis of the diagnostic
algorithm and 134 out of 187 (72%) in the control group were symptom free (p=0.09).
A median of three days until symptom resolution was noticed in both the groups, with

log rank test p=0.3.

No significant differences existed between the diagnostic algorithm group and the
control group either in the growth rate of single culture bacteria or in the clinical and

demographic findings at presentation.

In the control group, the vast majority were diagnosed with cystitis, and the other
diagnoses were pyelonephritis (2), bacterial vaginosis (1), cystitis and other illness

(bacterial vaginosis and muscular pain) (2) and lack of illness (2).

In the group examined by a doctor, 80% were treated with pivmecillinam. The other
prescribed antibiotics were trimethoprim (13%) and nitrofurantoin (6%). Two patients

(1%) were not given any antibiotic treatment.

During the follow-up period, 12% of the patients treated according to the diagnostic

algorithm contacted a doctor versus 18% in the control group (p = 0.08).

Among those patients who made a follow-up contact, significant bacteriuria was noted
in 19% of the urine specimens in the diagnostic algorithm group and 26% in the
control group. For those who did not contact a doctor again, 10% significant

bacteriuria was observed in both the groups

The follow-up period was devoid of severe pyelonephritis cases or hospital

admissions.
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3.2 The bacteriology study

All the three study populations represented adult women aged 15-65 years and

experiencing uncomplicated UTIs. The first group represented an older cohort (mean

age 38.3 years), whereas the mean age of the two groups from the OAEOC was 27.1

years.

Significant bacterial growth was found in 57%-74% of all urine samples cultured. The

main bacteriological agent in all the three study populations was E. coli, ranging from

78% to 82%. The second most common isolate was S. saprophyticus, ranging from 6%

to 17% (table 2).

Microbe 2001 2010-2011  2013-15

n (%) n (%) n (%)
E. coli 112 (82.4)* 180 (78.3)* 129 (81.6)*
S. saprophyticus 8 (5.9)* 38 (16.5)* 22 (13.9)*
Enterobacter spp. 0* 1(0.4)* 4 (2.5)*
Enterococcus faecalis 3(2.2)* 2 (0.9)* 1(0.6)*
Klebsiella spp. 6 (4.4)* 5(2.2)* 2 (1.3)*
Proteus spp. 53.7)* 4 (1.7)* 0*
S. aureus 2 (L.5)* 0* 0*
No significant growth 48 (26.1)° 176 (43.3)° 101 (39.0)°
Total number of cultures with significant 136 (73.9)° 230 (56.7)° 158 (61.0)°
bacteriuria
Total number of cultures 184 406 259

* % of total number of cultures with significant bacteriuria

° % of total number of cultures

Table 2. Bacteriological findings in the study cohorts.



For E. coli, resistance to pivmecillinam demonstrated some variation, but retained
below 9%. The resistance to nitrofurantoin was negligible. In case of trimethoprim, the
resistance substantially increased from 2001 to 2010/2011 and then stabilised at
around 20%. Amoxicillin resistance exhibited some variations, but remained stable at
around 30%. S. saprophyticus isolates depicted an increase in resistance to amoxicillin
from 2010-2011 to 2013-2015. However, the organism did not show an increase in

resistance to nitrofurantoin, co-trimoxazole or trimethoprim.
None of the changes in the resistance rates were statistically significant.

There was a steady rise in the total consumption of selected antibiotics commonly used
to treat urinary tract infections during the period 2000-2015; however, from 2012

onwards, there has been an overall reduction in antibiotic usage (figure 6).
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m Pivmecillinam and mecillinam

Figure 6. Total use of selected antibiotics commonly used to treat urinary tract

infections in Norway (wholesale statistics).
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Data on the preferred antibiotics for treating uncomplicated UTIs revealed an increase
in pivmecillinam and fall in trimethoprim consumption, while the use of nitrofurantoin

and co-trimoxazole remained stable.

Women used more antibiotics than men and were more frequently prescribed

pivmecillinam, while quinolones were more often prescribed for men.

The relationship between the consumption of the two most commonly used antibiotics,
trimethoprim and pivmecillinam, and E. coli resistance rates was analysed for our
study cohorts and national data. For trimethoprim, there was a reduction in usage over
the last 15 years, but the resistance of E. coli to the drug slightly increased. For
pivmecillinam, there was a clear rise in consumption occurring during the study
period, with a minimal decrease over the last two years. The resistance rates of E. coli

to the antibiotic depicted some variation, but the overall trend was a slight increase.
3.3 The predictor paper

Urine dipstick positivity for nitrite (OR 3.22, 95% CI 1.58-7.01, p<0.01) was
associated with an increased probability of significant bacteriuria. The findings with a
leukocyte esterase value of 3+ (OR 2.40, 95% CI 0.88-6.05, p=0.09) or a leukocyte
esterase value of 2+ (OR 2.51, 95% CI 0.92-6.83, p=0.07) were associated with

significant bacteriuria, but did not reach significance.

Logistic regression analysis indicated that neither age nor pronounced clinical

symptoms upon presentation correlated with the presence of significant bacteriuria.

Severe symptoms or substantial bacteriuria were not significant predictors of longer
symptom duration after empirical treatment. The presence of leukocyte esterase 1+ on
the urine test strip (incidence rate ratio (IRR) 1.93, 95% CI 1.23-3.01 p<0.01) and the
significant growth of a microbe resistant to the given antibiotic (IRR 1.41, 95% CI
1.07-1.89, p=0.02) predicted significantly longer symptom duration in the multivariate

analyses.
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3.4 The ESBL UTI study

Eighty-eight ESBL cases and 74 non-ESBL controls treated with oral pivmecillinam
were included in the study. Cases and controls were similar in age (the mean age of the
ESBL cases was 49.4 and that of the non-ESBL controls was 50.1, p=0.82) and
clinical presentation; however, reduced general condition was noted in a significantly
greater proportion of ESBL cases than the non-ESBL controls (33.9% versus 22.9%,
p=0.04). Reduced general condition was associated with increased risk of treatment
failure both in univariate (OR 3.19, 95% CI 1.50-6.80, p <0.01) and multivariate
analyses (OR 2.84, 95% CI 1.18-6.84, p=0.02).

No differences in the relevant comorbidities were found.

Thirty-seven of the 87 ESBL cases (42.5%) were treated with pivmecillinam 200 mg
administered thrice daily versus 48/73 (65.8%) of the non-ESBL controls. The

remaining patients were treated with 400 mg of the drug given thrice daily.

The median duration until symptom resolution after treatment initiation was five days

for the ESBL cases and three days for the non-ESBL controls, p<0.01.

Among the patients treated with pivmecillinam 400 mg thrice daily, there was no
significant difference in the risk for treatment failure between the ESBL cases and the
non-ESBL controls regardless of the treatment duration (<5 days OR 2.17, 95% CI
0.31-14.64, p=0.43, >5 days OR 2.16, 95% CI 0.32-14.65, p=0.43).

A pivmecillinam dosage of 200 mg given three times daily for <5 days was associated

with treatment failure (OR 4.77, 95% CI 1.40-19.44, p=0.03) in the ESBL E. coli
group.

The proportion of women warranting a second antibiotic prescription during the
follow-up period was higher for the ESBL cases (30/88 (34.1%) than the controls
10/72 (13.9%), p= 0.003). One patient in the ESBL group was admitted during the

follow-up period and treated with ampicillin and gentamicin for pyelonephritis.
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Persistent bacteriuria was non-significantly more common among the ESBL cases than

in the control group (15/81 (18.5%) versus 6/67 (9.0%), p=0.10).

The E. coli isolates from the ESBL cases and those from the non-ESBL controls
possessed similar levels of in vitro resistance to pivmecillinam and nitrofurantoin. The
ESBL cases, however, demonstrated significantly higher rates of in vitro resistance to
many other commonly used oral treatment options for UTI, including trimethoprim,

co-trimoxazole and ciprofloxacin.

The vast majority of ESBL E. coli isolates had pivmecillinam MIC values <2 mg/L
(84/86, 97.7 %).
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4. Discussion

4.1 Main findings

There was no significant difference in the time to symptom resolution or the
rate of reconsultation with a doctor during the follow-up period between the
diagnostic algorithm and control groups. No cases of severe pyelonephritis or
hospital admission were encountered during the follow-up period (Paper I).
During 2001-2015, a stable and high susceptibility to pivmecillinam and
nitrofurantoin was found for the E. coli isolates causing uncomplicated UTIs in
the country. For trimethoprim, there was a reduction in usage over the last 15
years. For mecillinam, there was a clear rise in consumption during the study
period. The resistance rates of E. coli exhibited some variations, but the overall
trend was a slight increase in mecillinam resistance (Paper II).

Positive urine dipstick results for nitrite and leukocytes (3+, 2+) were
associated with an increased probability of significant bacteriuria. More
pronounced symptoms did not correlate with the presence of significant
bacteriuria or longer symptom duration following empiric treatment. The
presence of leukocyte esterase 1+ on the urine dipstick and the presence of a
microbe resistant to the given antibiotic predicted longer symptom duration
(Paper III).

The administration of pivmecillinam 400 mg thrice daily yielded comparable
clinical and bacteriological cure rates in women with E. coli CA-UTI
irrespective of ESBL production. Persistent bacteriuria was non-significantly

more common in the ESBL cohort than in the non-ESBL controls (Paper IV).
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4.2 Methodological considerations

The majority of clinical contacts take place in the primary care setting, but research
projects are more commonly performed in secondary care. Nonetheless, primary care
research is a necessary prerequisite for treatment advances in the domain. Several
factors are responsible for this uneven distribution. The patients typically spend only a
short time in the healthcare institution, and the prescribed treatment is typically
initiated and completed at home. For many of the conditions, a follow-up consultation
is not warranted. Besides, physicians work in smaller offices, thereby leading to
logistic challenges.

The following sections describe the methodological considerations in the research
projects that are a part of this thesis. As data inclusion has taken place in the primary
care setting, the process has given valuable insights into the relevant challenges and
possibilities.

4.2.1 The diagnostic algorithm study

A randomised controlled trial

At the time of implementing the diagnostic algorithm (2007), the method was not
validated. A prospective study was needed to evaluate the usage and a randomised

controlled trial is considered the best method to compare two different practices.

The diagnostic algorithm is a standardised method for identifying patients with
suspected uncomplicated lower UTI. To evaluate whether or not the algorithm
coincided with clinical practice, the diagnostic findings from a regular doctor’s
consultation were used for comparison. As the algorithm had not been previously
validated, this study was conducted as a superiority trial with symptomatic resolution
as the main outcome variable. Although we initially hypothesised that the doctors'
consultation would be more effective (superior) compared to the questionnaire, our
findings suggest that perhaps a non-inferiority design would have been adequate to

address the research question.

Sample size calculation
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The sample size calculation is described in the methods section (section 2.3).
Resolution of symptoms was defined as the primary outcome as it is the clinical
measure of cure. Bacteriological culture follow-up is not routinely recommended for

uncomplicated lower UTIs (23).

According to studies on antibiotic treatment for uncomplicated lower UTIs, the sample
size calculation was based on an expectation of symptomatic relief for 85% of patients
in the control group by day four (46). For the calculation, a difference of 10% was
chosen as a clinically significant decrease in the number of women with complete
symptom resolution by day four. This choice was based on discussions with colleagues
and PhD supervisors. It was reasoned that the treatment outcome of the two study

cohorts would not differ.
Inclusion and exclusion criteria

The basis for inclusion was the presence of cardinal UTI symptoms without factors
associated with complicated infections, upper UTIs or other causes of similar
symptoms. This symptom-based strategy was recommended by the Norwegian
national guidelines, and served as the basis of the diagnostic algorithm employed at the
OAEOC (23). The study sought to validate the algorithm’s clinical use. Adjustments
were considered prior to initiating the study but later abandoned as the clinical
experience was good and the practice was supported by a previously published larger

meta-analysis (26).
Randomisation

The process of inclusion and randomisation proved to be challenging. Randomisation
was conducted by the registering nurse at the OAEOC who drew a number (1 or 2)
from an envelope. Block randomisation was not considered initially as the procedure
was meant to take place at one centre with a defined number of ones and twos in the
envelope. As the inclusion proceeded, it was noted that a larger number of patients
were present in the diagnostic algorithm group. Each completed registration form was
signed by the respective nurse, and it was noted that a few of them had only included

patients in the diagnostic algorithm group. This issue was discussed with the persons
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involved, and it was observed that the procedure had not been followed as described in
the methods section. For this reason, all the patients included by this method were
omitted (n=36, see figure 5). Diversion from the protocol was confirmed at an
advanced stage of the inclusion process, and the trial was ended when the time frame
agreed upon with the OAEOC was reached. The study was time consuming for a
department with a large turnover of patients, and a prolonged inclusion period was
decided against. The demographic and clinical characteristics of the two groups did
not reveal significant differences at presentation, and they were hence considered to

represent comparable cohorts.
The control group

The women in the control group were identified as eligible for inclusion in the study
by the registration nurse; however they were seen by a doctor who was not aware that
the screening process had been done. Before the commencement of the study as well
as during it, identification of women who fulfilled the criteria of the diagnostic
algorithm in the electronic medical records used by doctors was not practiced. Hence,
the treating doctors were not aware that the screened women were eligible for
treatment following the diagnostic algorithm. The study did not comprise change in
practice or involvement from the doctors; therefore, the individual consultations are

not likely to be biased by the ongoing research.
4.2.2 The bacteriology study

Recruitment of the patients

For comparison, the data from three study cohorts were used. The inclusion process
and setting for the latter two study cohorts were identical. For the first study cohort,
the inclusion took place in general practice with recruitment from several separate
practices in the county of Telemark (one of the 19 counties in Norway). The cohorts
recruited at the OAEOC represented a younger age group than the one from general
practice. The latter two cohorts were recruited from the county of Oslo, which
comprises the city and the surrounding suburbs, and represents mostly urban
population.
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The geographical variation between the first and the latter two cohorts could possibly
have impacted the bacteriological findings; however, Telemark county also consists of

several urban areas and is located in the South-Eastern part of Norway, just like Oslo.

The mean age of the eldest cohort was 38 years and represented women of child-
bearing age. The cohorts were considered comparable with regards to age. Elderly

women experience an increased incidence of UTIs (66).

For the latter two studies, the identification of eligible women was made by the
diagnostic algorithm described under paper I. For the first study, the recognition of an
uncomplicated lower UTI was left to the GP’s discretion. The current guidelines for
diagnosis of UTI in general practice were established before the study periods (23).
The guidelines recommend that the diagnosis of uncomplicated lower UTI should be
based on cardinal symptoms, and they do not advise further diagnostic steps unless
complicating factors exist. As the identification of eligible women for all the three
studies was based on cardinal symptoms of uncomplicated lower UTI, we deemed the
cohorts to be comparable. In support of this view, the results of paper I were available
at the time of analysis, which validated the correlation between the diagnostic

algorithm and the conclusion following a regular doctor’s consultation.
Bacteriological findings

The microbiological evaluation of the urine culture obtained at presentation was
performed according to the national and international guidelines which prevailed at the
time of the respective studies. In 2001 (between the first and the second inclusion
periods), a guideline for urine analysis was published by ESCMID. In this document,
uropathogens were defined as primary, secondary and doubtful. Significant bacteriuria
was defined in line with the current European guidelines as >10° /mL for primary
pathogens, >10*/mL for secondary pathogens and >103/mL for doubtful pathogens
(45). In comparison, for the first cohort, significant bacteriuria was defined as pure or
dominant growth of >10*cfu/mL for all the pathogens. E. coli and S. saprophyticus
make up the common and fairly common primary pathogens as per the ESCMID

document. As the definition of significant bacteriuria was changed between the first
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and the latter study periods, bias resulting from a higher proportion of the pathogens
being defined as primary could be expected in the latter two cohorts. Studies have
proven that lower counts of E. coli (>10*/mL) are relevant in the case of typical UTI
symptoms (150, 151). However, the latter two studies did not reveal a higher
proportion of E. coli even though they did show elevated counts of S. saprophyticus.
Another plausible partial explanation is that the latter two cohorts consisted of younger
populations, and S. saprophyticus is more commonly a causative uropathogen in such

women.
Resistance

The susceptibility breakpoints for the isolated microbes were evaluated according to
values furnished by the Norwegian Working Group on Antibiotics for the first study
and EUCAST for the latter twvo. The EUCAST values have remained unchanged since
2010 (146, 147). No differences were discerned between the mecillinam MIC values

for E. coli during the three time periods.

To evaluate the association between antibiotic consumption and microbial resistance,
data on antibiotic use were collected from two nationwide databases: the Norwegian
Drug Wholesale Statistics Database and the NorPD (148). The former captures the
sales of all medicines in the country, while the latter includes information on all
prescriptions dispensed at Norwegian pharmacies to individual outpatients since 2004.
Both databases merely provide estimates of the antibiotic load to which the population
is exposed. As the analysis was conducted retrospectively, a history of antibiotic
consumption for each included individual was not available. The findings were
considered relevant as the effect of antibiotic use on the resistance rates is of interest
on several levels (individual, groups of persons, national and international). Our

findings are relevant for the Norwegian national data.
Sample size calculation/power analysis

This study was a retrospective analysis and the sample size calculations for the
relevant data were not performed with respect to this research. A retrospective power

analysis was discussed but eventually ruled out as such calculations are done to
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understand how one might characterize the findings in the future for a particular study
design and specifications. The data are presented with CI wherever available, and

retrospective power analysis would not yield additional information (152).
4.2.3 The predictor study

The questionnaire

Data analysis was based on women included in the study, as described in paper 1. The
questionnaire comprised clinical presentations, including the intensity of the cardinal
UTI symptoms, age, dipstick and bacteriological findings with resistance patterns. All
women presenting with factors that increase the risk of an upper UTI or common
alternative diagnoses (STI) and relevant comorbidity with regard to the risk of

complicated and serious infections were excluded.

The questionnaire did not probe the complete medical, social and psychological
history. Hence, those factors which could influence the duration of reported symptoms
or significant bacteriuria were possibly not identified. As the study was primarily
designed to validate the diagnostic algorithm for women with uncomplicated lower
UTlIs and ensure the feasibility of the study with regard to the time needed to enroll
patients, it was decided against including additional questions. In light of the
discussions on the strategies to decrease antibiotic consumption for mild and common
bacterial infections, we attempted to evaluate which factors were possibly associated
with a suboptimal response to antibiotic treatment (longer duration of symptoms
following empiric treatment) and significant bacteriuria. The available data, along with
the relevant clinical and bacteriological findings, were considered relevant to evaluate

this association.

The questionnaire excluded postmenopausal women and those presenting with
symptoms associated with upper UTIs. Hence, some of the excluded women could
possibly have an uncomplicated lower UTI, but were removed from the analyses
owing to the exclusion criteria. However, the study represents a relatively large

proportion of patients who receive treatment for UTI in general practice.
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At the time of designing the protocol, the Norwegian national guidelines indicated that
women in the age group of 16-55 years were more likely to have an uncomplicated
UTI when presenting to the GP with symptoms of the infection and could hence be
prescribed treatment without being seen by a doctor (23). This guideline was the

rationale for our choice of the age group.

Current data on the consumption of antibiotics commonly used to treat UTIs assert that
there is a peak in the usage for women aged 16-28, followed by a gradual increase
from age 55 (1). The relatively low mean age in the study (27 years) is in line with this
finding. Uncomplicated UTIs are common and hence potential sources of antibiotic
overprescribing. We believe that the potential to reduce the unnecessary use of
antibiotics is greater in this group, and an analysis of factors predicting inadequate

response to empiric antibiotic treatment and significant bacteriuria are relevant for it.
Confounding factors

The women included in the diagnostic algorithm and control groups were pooled into
one dataset for this study. With regard to the duration of symptoms following the
commencement of treatment, the univariate analysis was adjusted for this variable but

did not show significance.
4.2.4 The ESBL-UTI study

Geographical considerations

The design of a study which accounts for a representative proportion of patients
treated in primary care entails several challenges. First, as Norway is a relatively
sparsely populated country with rural and urban areas, it was pertinent to ensure that
patients from all these groups were recruited. The Norwegian health service is divided
into four regional health authorities (Northern/nord, Central/midt-Norge, Western/vest
and South-Eastern/ser-ost) (figure 7) (153).
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M Region Sor-Ost:
Ostfold, Akershus,
Oslo, Hedmark,
Oppland, Buskerud,
Vestfold, Telemark,
Aust-Agder, Vest-Agder

Bl Region Vest:
Rogaland, Hordaland,
Sogn og Fordane

I Region Midt-Norge:
Meare og Romsdal,
Ser-Trondelag.
Nord-Tron

Il Region Nord:
Nordland, Troms,
Finnmark

Figure 7. Overview of the regional health authorities in Norway (Northern/nord,

Central/midt-Norge, Western/vest and South-Eastern/sor-ost).

Recruitment proceeded from the microbiological laboratories in all the four regions.
Each laboratory received samples from a large number of GPs and 76 different
municipalities in the country. Norway consisted of 426 municipalities in 2017. Hence,
patients were included from a relatively large percentage of municipalities, but by far

from all.
Recruitment of patients from the primary care setting

To successfully include patients in the study, cooperation with the individual GPs was
essential. As the percentage of ESBL-producing Enterobacteriaceae has escalated even
in primary care, many GPs have personal experience with the difficulties in finding
adequate oral treatment options. This focus could spur some physicians to exhibit
increased interest in partaking in the study. The same rationale also applies to patients

with UTI caused by ESBL-producing E. coli. This fact was reflected in the difficulties
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faced while including control patients; the drop-out rates were higher in this category,

which resulted in a lower number of control patients than ESBL cases.

The difficulties encountered in recruiting controls were more profound than expected.
To account for the increased number of drop-outs in the control group, the criterion of
matching the participants according to the age was omitted during the inclusion period.

This change of protocol was approved by the ethics committee.

Owing to the challenges in the recruitment of controls, the study was terminated just
short of the planned number of included candidates (74/82). The reason for
termination was that the required number of ESBL cases was reached and the planned
time of inclusion was over. A prolonged inclusion period for the controls was
considered but not implemented as the inclusion of both ESBL cases and controls

should be done within the same time frame.

The potential cohort for controls was large. As there was no significant difference in
the clinical and demographic data between the two cohorts, we concluded that the
difficulties faced and the adjustments made in inclusion most probably did not lead to
a bias capable of compromising the finding and that the control cohort was

representative.
Identification of study candidates in the microbiological laboratories

For the eight participating laboratories, study coordinators were appointed for planning
and data collection. These individuals were co-authors of the main publication and
were dedicated to the task of identifying possible patients for inclusion based on the
urine culture findings. Each GP included a few patients and was in many instances
introduced to the study for the first time with a written information leaflet and a
proposal to inform, screen and include the patients. Written information was prior to
the study start sent to all the GPs through a newsletter which was meant to convey
practice-related news. What percentage of the physicians actually read this information
and developed an acquaintance with the process before receiving an invitation to

recruit a patient remains unknown.
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Inclusion and exclusion criteria

The study population was chosen to represent CA infections and was limited to
women. Hence, the data are not representative of the entire population. Patients with
suspected HA infections due to hospitalisation or undergoing specialised medical

treatment were excluded.

The rationale behind the exclusion of men at the time of planning the study was that
UTIs in men were always complicated and the administered antibiotic had to
demonstrate a high level of penetration into the prostatic tissue. Following
administration of the drug, prostate concentration of mecillinam is about one half of
the serum concentration (156). However, current research challenges this notion. It is
suggested that for UTI without other complicating factors except the gender, empiric
treatment options for men should be equivalent to those for women but for a longer

duration. In a similar future study, male patients should be included.
Consent for participation

The included patients provided consent to participate in the study during the follow-up
consultation with the GP. In the planning stages, a study with prospective inclusion of
all women with UTI treated in primary care was discussed, but disregarded as the total
number of included patients would have to be a very large number to obtain the

planned number of ESBL cases. The inclusion of such a large number of patients who

were not the primary targets of the study was considered unethical.
Sample size calculation

The sample size calculation is described in the methods section (section 2.6). The
primary outcome and basis for the sample size calculation was complete symptom
resolution by day three. Symptom resolution was chosen over bacteriological cure as
symptomatic treatment outcome is used to define clinical cure for the UTIs treated in
primary care. Symptomatic cure following empiric antibiotic treatment was expected
to be around 80% versus 60% for patients with ESBL-producing E. coli. The expected

values were based on antibiotic versus placebo studies in which the placebo illustrated
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the expected effect of pivmecillinam on ESBL-producing E. coli (46). Comparable

studies were not available at the time of planning (118).

4.3 Discussion of results

4.3.1 The feasibility of a symptom-based diagnostic algorithm

Our findings showed that the algorithm identified women with an uncomplicated
lower UTI when the diagnostic decision following a regular doctor’s consultation was

employed as the gold standard. The two cohorts also had comparable clinical courses.

The established symptom-based diagnostic strategy has been debated recently as the
focus on ways to decrease antibiotic consumption and the associated drug resistance

has increased.

It has been suggested that cases of STI are overlooked in case of young women
presenting with dysuria to the emergency departments (29). No cases of Chlamydia
trachomatis infection were identified in the control group (paper 1), but two patients
were diagnosed with bacterial vaginosis. Our study cohort was also young with a
mean age of 27 years. A possible interpretation is that the questionnaire identifies
women with symptoms suggestive of an STI by the use of relevant exclusion criteria.
A written and standardised set of exclusion criteria ensures that all the relevant ones

are considered for each patient.

The need for standardised inclusion and exclusion criteria is also highlighted as the
diagnosis of uncomplicated lower UTI based on symptoms alone has been shown to

not correlate adequately with the conclusion following a doctor’s consultation (30).

Positive urine dipstick results for nitrite and leukocyte esterase (2+, 3+) were
associated with significant bacteriuria; however, strong symptoms were not linked to
significant bacteriuria or longer duration of symptoms following empiric treatment

(paper I1I).

The use of patient near bacteriological diagnostics (Flexicult™) tests have been

advocated as a method of ensuring that antibiotic treatment is given only to women
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with an identified uropathogen and symptoms of a UTI (155). The use of the
Flexicult™ test and hence accepting that the presence of an identified uropathogen is
the gold standard for diagnosis could potentially lead to reduced antibiotic
prescription. However, it has been seen that Flexicult™ tests have a high sensitivity
and low specificity when compared with the standard urine culture which could lead to

overtreatment (22).

In paper I we found that 12.9% of patients with a negative primary urine culture and
16.1% of those with significant growth of a uropathogen did not recover during the
follow-up period, which implies that women with a negative urine sample but typical

symptoms respond to empiric antibiotic treatment.

Our findings suggest that a combination of cardinal symptoms (independent of
severity) and the exclusion of symptoms and findings suggestive of a complicated UTI
or an alternative diagnosis is a feasible method for identifying women with acute,

uncomplicated UTI in a general practice setting.

Symptomatic resolution is widely accepted as the main treatment outcome for
uncomplicated lower UTIs. Delayed prescription and the use of analgesics (possibly
not anti-inflammatory agents) should be recommended to women with a low

probability of longer symptom duration following empiric treatment (31).

4.3.2 Trends in the bacteriology and resistance patterns of common

uropathogens

E. coli dominated as the most common cause of UTI throughout the study period, and
this finding is in line with international data (66, 67, 70). Empiric treatment choices for
uncomplicated lower UTIs must be adequate considering the regional E. coli resistance
rates (68). Other commonly identified pathogens from CA-UTIs comprise S.
saprophyticus, K. pneumoniae, Enterococcus spp., Enterobacter spp. and P. mirabilis

(68, 69).

As routine culturing of urine samples from patients who present with symptoms of

uncomplicated lower UTI is not recommended the need for sentinel surveillance has
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been advocated. Our comparison of the national surveillance data from Norway
(NORM data) which include both HA and CA-UTIs, and uncomplicated lower UTIs
did not reveal significant differences in the resistance rates for the most common
uropathogens. Other studies have found increased rates of resistance for samples
acquired from hospitalised patients. The use of hospital-based data for recommending
empiric treatment of CA-UTIs may lead to unnecessary use of broad spectrum
antimicrobial agents (78, 156). Systematic surveillance of unselected samples from
patients with uncomplicated lower UTIs should be universally performed to provide a

basis for international guidelines with local adjustments.

Response to antibiotic treatment did not correlate with the presence or absence of
significant bacteriuria in our study (paper III). In addition, a negative urine dipstick
cannot rule out antibiotic response (37). A possible explanation for this finding is that
current standards for urine culture do not identify all the relevant infections.
Quantitative PCR technology has demonstrated that for culture-negative patients with

symptomatic UTI E. coli can be isolated in approximately 95% of the samples (72).

Other possible technological options for point of care (POC) testing include MALDI-
TOF, flow cytometry and fluorescent in situ hybridization (FISH) which could
facilitate concomitant antimicrobial susceptibility testing in the future. Even though
these techniques are fast and highly sensitive, the utilisation is expensive and hence are

not sustainable in the primary care setting as of now (157).

4.3.3 Empiric treatment guidelines based on the bacteriological

findings

Paper I validates the use of a diagnostic algorithm to identify women with
uncomplicated lower UTIs. A standardised diagnostic procedure to identify women
who can be treated based on the guidelines may enhance adherence to first choice
antibiotic treatment. Studies have demonstrated that adherence to the guidelines is
often suboptimal, thereby leading to increased antibiotic consumption (158). Feedback
on prescription has documented the effect of adherence to guidelines (159). An

intervention which focused on increased use of the recommended first-choice agent for
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uncomplicated lower UTI demonstrated not only a heightened use of nitrofurantoin as

desired, but also an increase in total antibiotic prescriptions (160).

Introducing international guidelines for empiric antimicrobial treatment is an enticing
prospect. The possibility of setting a global standard to streamline when antibiotics
should be prescribed for treating common infections and what treatments should be
considered as the first-line options could be of immense value in the fight against
resistance. Adjustments to local resistance data, clinical aspects, safety-related
statistics and pharmacokinetics would be needed; nonetheless, common guidelines that
serve as a “backbone” to make informed decisions could help improve antibiotic
stewardship. Importantly, the guidelines should not promote the use of broad-
spectrum agents in countries where the resistance rates do not warrant their
application. Empiric first-choice agents could be listed, preferably accompanied by
valid reasons. This practice could form a basis for national guidelines that take the

aforementioned relevant factors into consideration.

The applicability of the guidelines would depend on continuous updates to ensure that
the recommendations are in line with current knowledge. To ensure that relevant
narrow-spectrum agents are available, antibiotic use should be regulated by an
international non-profit organisation to minimise political influence. The World Health

Organisation could possibly be an appropriate administrator.

4.3.4 Is pivmecillinam a feasible treatment option for CA-UTI caused
by ESBL producing E. coli?

From the 1990s until today increased resistance in Gram-negative bacteria have come
to dominate over resistant Gram-positive pathogens (including methicillin resistant
Staphylococcus aureus (MRSA)). ESBL producing Enterobacteriaceae are a particular
therapeutic challenge (90).

Oral treatment options are needed to avoid hospitalisation of persons with mild
infections caused by ESBL producing microbes. The first reports on pivmecillinam

treatment for ESBL producing Enterobacteriaceae suggested a possible effect.
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However, as only few patients were involved in the studies and/or substantial
variations prevailed in the clinical presentation, no conclusions could be drawn (117-

120, 161).

The isolates from our study displayed marked co-resistance to other non -lactam oral
treatment options for CA- UTlIs, including trimethoprim, co-trimoxazole and
ciprofloxacin, based on in vitro susceptibility testing. This data supports previously
published findings (118). Susceptibility to nitrofurantoin and pivmecillinam was high.
This finding emphasizes the challenges in identifying possible oral treatment options

for CA uncomplicated lower UTIs.

In 2014 a study which included 41 patients receiving pivmecillinam for the treatment
of CA-UTI caused by ESBL producing E. coli demonstrated a significantly higher rate
of treatment failure in the cohort with UTI caused by ESBL producing E. coli (44%)
than in the control group (14%). Multivariate analyses asserted that each doubling of
MIC was associated with more pronounced treatment failure (OR 2.0, CI 1.4-3.0, p<
0.001). Our results also established the presence of significantly higher rates of
treatment failure (and need for a second antibiotic prescription) in the ESBL producing
cohort, 34%, versus 14% in the control group. Subgroup stratification was performed
which revealed interesting data regarding the cohort treated with 400 mg
pivmecillinam thrice daily. Regardless of the treatment duration no significant
difference in the risk of treatment failure was observed between the ESBL cases and

the non-ESBL controls.

As the vast majority of ESBL isolates exhibited MIC values < 2 mg/L (84/86, 97.7%)
an evaluation of treatment/response failure according to MIC values was not

performed.

Our findings suggest that a higher treatment dosage correlates with improved clinical
treatment response. Bactericidal activity of f-lactam antibiotics is dependent on the
duration for which the drug concentration exceeds MIC at the site of infection. The
efficacy of these drugs is challenged when the concentrations do not exceed MIC for

40%-50% of the dosing interval. The duration can be enhanced with higher dosages

70



for oral treatment options (162). A study has proven that with a dosage of 400 mg
given thrice a day, the urine concentrations of pivmecillinam exceeded MIC in 50% of

the strains for 24 hours and in 90% of the strains for approximately 21 hours (163).

A study on serum drug concentrations following ingestion of pivmecillinam was
conducted to evaluate the necessary dosage for exceeding MIC values. Susceptible
ESBL-producing E. coli was used for this in vitro study that involved Monte Carlo
pharmacokinetic and pharmacodynamics methods. Based on these findings, the
authors suggested a raised dosage of 800 mg administered four times daily for UTIs
caused by ESBL-producing E. coli. A total dose of pivmecillinam 60 mg/kg is
tolerated by adults (164). For non-ESBL uncomplicated lower UTIs, there is no strong

evidence to suggest that a higher dosage could improve the clinical outcome (165).

Pivmecillinam is concentrated in urine, which helps ensure adequate exposure to the
drug (125). Organ-specific breakpoints would perhaps provide a more accurate

presentation of the expected treatment results for UTIs.

A clinical study on the effect of higher dosages for CA-UTIs caused by ESBL-
producing E. coli is warranted. The recurrence rates of UTIs caused by cephalosporin
resistant Enterobacteriaceae have been shown to be higher if the empiric treatment is
inadequate (166). Hence, a long-term follow-up study is also required to identify the

rate of recurrence following pivmecillinam treatment of ESBL-producing E. coli.
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5. Clinical implications of the findings

e A validated and standardised clinical registration form is a safe method to
identify women with uncomplicated lower UTI who are likely to respond to
antibiotic treatment. This simplification of the treatment strategy can lead to
shorter waiting time for the patient, better adherence to the antibiotic guidelines
and a more rational use of consultation time in the outpatient clinics.

e Stronger symptoms do not correlate with significant bacteriuria at presentation
or protracted duration of symptoms following empiric treatment. However,
strong symptoms can still be an indication for immediate antibiotic therapy
owing to discomfort for the patient.

e Urine dipstick positivity for nitrite and leukocyte esterase (2+ and 3+) is
associated with significant bacteriuria.

e Nitrofurantoin and pivmecillinam are appropriate first-choice agents for empiric
treatment of uncomplicated lower UTIs. The use of trimethoprim as an empiric
first-choice agent is compromised by increased resistance rates.

e Higher consumption of pivmecillinam has not augmented the resistance rates in
E. coli.

e Pivmecillinam treatment at a dosage of 400 mg thrice daily is a viable treatment
option for CA-UTI caused by ESBL producing E. coli.

e Duration of symptoms is longer for UTIs caused by ESBL producing E. coli
when compared with non-ESBL controls (5 vs 3 days).

e Reduced general condition is associated with treatment failure in patients with
ESBL producing E. coli infections as well as in non-ESBL controls, thereby
suggesting the need for increased follow-up.

e ESBL isolates demonstrate marked in vitro co-resistance to other oral treatment
options including trimethoprim, co-trimoxazole and ciprofloxacin. This finding
highlights the need for alternative oral treatment options and the potential for

pivmecillinam use.
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6. Future research

Methods to improve the diagnosis and handling of women with suspected UTI

Precise diagnostic methods of UTIs are called for in the form of POC tests which
could identify the causative microbe with adequate sensitivity and specificity
(including ESBL production) and provide the resistance pattern (157, 167, 168).
Advances in these aspects could ensure that appropriate narrow-spectrum antibiotic
treatment is given. The current practice of culture-based diagnostics is flawed owing to
the low sensitivity rates and the time lapse until obtaining the results. With medical
advances, an improved microbiological gold standard for the diagnosis of UTI will

hopefully be established.
Treatment options

The possibility of using established narrow-spectrum antibiotics should be thoroughly
explored. Collateral sensitivity is an interesting mechanism which could possibly be
employed to utilise antimicrobial agents against which certain microbes have

developed resistance (169).

Antibiotic treatment does not distinguish between pathogenic and non-pathogenic
beneficial microbes. The removal of beneficial microbes is potentially harmful (170,
171). Bacteriophage therapies and monoclonal antibodies are potential future treatment
options, but they are merely in the early stages of development (172, 173). Therapeutic
modalities which are not affected by the current bacterial resistance mechanisms is an

interesting future prospect for dealing with multi-resistant bacteria.

Current research should focus on developing sustainable treatment options for a longer
time period. Effective prophylactic strategies to reduce the need for antibiotic
treatment could prove useful in the future. Many variables need to be considered for
reducing the infection rate and severity. Host susceptibility and virulence potential
(virulence factor genes and phylogenetic groups) of the bacterial strain probably play a

part in determining the UTI risk and outcome (174, 175).

Bacterial lysates or microbe-specific vaccines are enticing possibilities (176, 177).
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Even though efforts to develop an effective vaccine are promising, challenges are
posed by the wide variations in genes associated with uropathogenic E. coli strains.
Vaccines targeting extra-intestinal pathogenic E. coli strains demonstrated favorable
safety results, but the clinical trial was underpowered to detect a significant reduction

in vaccine-specific response (176).
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Abstract

Objective. To compare the clinical outcome of patients presenting with symptoms of uncomplicated cystitis who were seen
by a doctor, with patients who were given treatment following a diagnostic algorithm. Design. Randomized controlled trial.
Seting. Out-of-hours service, Oslo, Norway. Intervention. Women with typical symptoms of uncomplicated cystitis were
included in the trial in the time period September 2010—November 2011. They were randomized into two groups. One
group received standard treatment according to the diagnostic algorithm, the other group received treatment after a regular
consultation by a doctor. Subjects. Women (n =441) aged 16-55 years. Mean age in both groups 27 years. Main outcome
measures. Number of days until symptomatic resolution. Results. No significant differences were found between the groups
in the basic patient demographics, severity of symptoms, or percentage of urine samples with single culture growth.
A median of three days until symptomatic resolution was found in both groups. By day four 79% in the algorithm group and
72% in the regular consultation group were free of symptoms (p = 0.09). The number of patients who contacted a doctor again
in the follow-up period and received alternative antibiotic treatment was insignificantly higher (p = 0.08) after regular consultation
than after treatment according to the diagnostic algorithm. There were no cases of severe pyelonephritis or hospital admissions
during the follow-up period. Conclusion. Using a diagnostic algorithm is a safe and efficient method for treating women with
symptoms of uncomplicated cystitis at an out-of-hours service. This simplification of treatment strategy can lead to a more
rational use of consultation time and a stricter adherence to National Antibiotic Guidelines for a common disorder.

Key Words: After-hours care, algorithms, amdinocillin (mecillinam), general practice, Norway, primary health care,
urinary tract infection

Norwegian guidelines for the treatment of symp-

Introduction e
toms of acute cystitis in women have concluded that

Uncomplicated cystitis accounts for approximately
95% of all consultations related to urinary tract
infections (UTIs) in primary health care [1].

Several strategies have been explored to increase
adherence to antibiotic guidelines for the treatment of
acute urinary tract infection with variable results [2,3].
No antibiotic treatment, symptomatic treatment by
the use of NSAIDs, cutting back on treatment length,
and wait-and-see prescriptions are methods that aim
to decrease the overall use of antibiotics. These strate-
gies have a combined interest in preventing further
development of antibiotic resistance [4-9]. However,
refraining from antibiotic treatment increases the
length of arduous symptoms [10,11].

treatment can be given without a urine dipstick test.
For repeated episodes of symptoms of cystitis, treat-
ment can be given without seeing a physician, the
suggested procedure being telephone contact with
the medical secretary. Women suffering from recur-
ring cystitis should see a doctor for examination and
a urine culture [12].

The out-of-hours service in Oslo uses a question-
naire to identify patients who qualify for a simplified
routine of diagnosing and treating uncomplicated
cystitis, the objective being a safe, time-, and cost-
saving procedure.

Mecillinam is the antibiotic of choice in treating
cystitis according to the diagnostic algorithm. This is
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e Lower urinary tract infections in women are
very common and account for a significant
percentage of consultations in primary
health care.

e A search in relevant medical literature has
not revealed any previous studies assessing
the use of a diagnostic algorithm as part of
the treatment scheme.

e Qur study demonstrated that the use of a
diagnostic algorithm is a safe and efficient
method for identifying women eligible for
treatment without seeing a doctor.

e This simplification of treatment strategy can
contribute to shorter waiting time for the
patient, better adherence to antibiotic guide-
lines, and a more rational use of consulta-
tion time in outpatient clinics.

a Scandinavian agent. This choice is based on epide-
miological findings of Escherichia coli (E.coli) as the
predominating bacterial agent [13,14]. E.coli has a
relatively low rate of resistance towards mecillinam
[15-17]. It is also found to have a relatively low resis-
tance driving effect, which has caused increased
focus on the possibility of use in the context of the
increasing load of multi-resistant bacteria [18,19].

Acute uncomplicated cystitis is a common disor-
der, but current diagnostic strategies in general prac-
tice show considerable variation. Population-based
before-and-after studies have proved that use of a
diagnostic algorithm significantly decreases the use
of urine analysis, urine culture, and office visits. At
the same time it also increases the number of patients
receiving recommended antibiotics. Randomized
controlled trials were sought to evaluate the use of a
diagnostic algorithm in identifying women with
uncomplicated cystitis [20-22].

The objectives of the study were:

e to compare the clinical outcome of patients
presenting with symptoms of uncomplicated
cystitis who were treated after a regular consul-
tation by a doctor with patients who were given
treatment following a diagnostic algorithm;

e to compare safety and rate of complications in
the two groups.

Material and methods

Since 2007 the out-of-hours service in Oslo has used
a diagnostic algorithm to identify patients with an
uncomplicated cystitis. Inclusion and exclusion
criteria were chosen based on established symptoms

and risk factors for complicated UTI. The study was
preceded by a pilot investigation conducted for one
week in June 2010, with the aim of identifying poten-
tial logistical challenges.

In the course of 14 months from September
2010-November 2011, 441 women in the age group
16-55 years were included. Patients eligible for inclu-
sion were identified by use of a diagnostic algorithm
as shown in Figure 1. Women presenting with dysu-
ria and increased frequency of urination were
included. Visible haematuria and increased urge for
urination were also registered, but did not determine
inclusion. Criteria for exclusion were relevant comor-
bidity (diabetes, kidney disease, and oesophageal
passage problems), symptoms indicative of pyelone-
phritis or a complicated UTI, symptoms indicative
of a sexually transmitted infection (STI), ongoing
antibiotic/probenecid treatment, or a previous aller-
gic reaction to penicillin. Temperature was measured
and ongoing fever led to exclusion.

Included patients were randomized into two
groups. The registering nurse completed the ran-
domization process by drawing a number 1 or 2 from
an envelope. The envelopes were generated by the
study coordinator with an equal amount of numbers.
We did not use block randomization. This may have
contributed to the higher number of patients in one
group; 242 patients were given diagnostic algorithm-
based care versus 191 patients who were seen by a
doctor (Figure 2).

The study group received pivmecillinam 200 mg
X 3 for three days in accordance with the diagnostic
algorithm. The control group was seen by a doctor
who was not aware that the patient was included in
the study.

Urine dipstick findings were evaluated in both
groups along with a cultured urine sample taken on
the day of presentation at the out-of-hours service.

In both groups the follow-up included a tele-
phone call from the study coordinator one week after
contact and two weeks after the treatment was ended.
A total of 12 patients in the study group and
16 patients in the control group were lost during the
follow-up. Four patients in each group were unreach-
able for the first phone call.

According to protocol, a urine sample was sent
to the laboratory for evaluation one week after finish-
ing treatment. The vast majority of samples were
received during a time period of one to two weeks
after treatment. All urine culture results were evalu-
ated by both the study coordinator and the treating
physician.

All urine samples were cultured according
to established procedures for identification and res-
istance patterns at the Department of Medical
Microbiology, at Oslo University Hospital, Ulleval.
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Diagnostic algorithm: uncomplicated UTI

Are you a woman aged 16-55 years?

Do you have —painful urination?
-increased frequency of urination?
-increased need to urinate?

-visible hematuria?

Are you pregnant or breastfeeding (infant under 1 month of age)? |:|

Do you have diabetes or kidney disease?

Do you have -fever?
-reduced general condition?

-back/flank/stomach pain?

Do you have -increased vaginal secretion?
-itching/irritation?

-STRONG lower abdominal pain?

Have you had pain for more than 7 days?

Have you in the past 4 weeks had a urinary tract infection

or used a urinary tract catheter?

Are you using antibiotics now?

Have you previously had an allergic reaction to penicillin?

Do you have esophageal passage problems?
Do you use the medication Probecid?

Temperature (<38° C)

Delegated treatment

Treatment chosen by support staff:

mild [_|moderate [_| strong[_]
mild[_] moderate [ ] strong[_|

[]

Yes

[]

Z,
o

[]
[]

[]

O 0oooo oo oogoo goog

Odogoo o gung oo

Doctor’s consultation

[]

Figure 1. Diagnostic algorithm.

The uropathogens were quantified in colony-forming
units/mL. Significant bacteriuria was defined according
to current European guidelines for patients with symp-
toms of UTI as=103 /mL for primary pathogens,
=10%YmL for secondary pathogens, and=105/mL
for doubtful pathogens [23] (see Table II).

The statistical power of the data was based on
symptom relief in 85% of the control group versus
75% in the group treated according to the diagnostic
algorithm by day four, and a given power of 80% and
a p-value of <5% (two-sided test). Sample size cal-
culation indicated that 250 patients in each group
were needed.

SPSS18 manufactured by IBM was used for sta-
tistical analysis. Descriptive analysis of data was
done. For the evaluation of the primary outcome
measurement a Kaplan—Meier plot was performed.

Results

The main outcome measurement of the study was
the number of days until symptomatic resolution in
the two groups as shown in a Kaplan-Meier plot
(Figure 3). By day four 188 of 238 (79%) in the
group treated according to the diagnostic algorithm
and 134 of 187 (72%) in the control group were free
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Women assessed for eligibility
(n=832)

Excluded: (n=391)

-Not randomised (n=36)

-Refusal to participate (n=40)

-Not meeting eligibility criteria (n=315)

‘ Randomised (n=441) ‘

l | l

Diagnostic algorithm (n=245)
-Excluded due to faulty
treatment length (n=3)

Doctor’s consultation (n=196)
-Left before consultation (n=5)

|

Treated according to Treated after doctor’s consultation
diagnostic algorithm: (n=242) (n=191)

-Lost to follow up -Lost to follow up

first contact (n=4) first contact (n=4)

Analysed Analysed
main objective (n=238) main objective (n=187)

Figure 2. Trial flow chart: RCT of diagnostic algorithm for
uncomplicated cystitis at an Out-of-hours service in Oslo,
Norway.

of symptoms (p = 0.09). A median of three days until
symptom resolution was found in both groups, log
rank test p=0.3.

Patient characteristics

Table I gives basic demographic data, including age
and the country of origin. No significant differences
between the two groups were found. Increased fre-
quency of urination and pain on urination along with
female sex and age were valued as absolute criteria
of inclusion. The symptom scores did not reveal sig-
nificant differences between the two groups.

Urine dipstick findings were evaluated; there were
no significant differences in the number of patients
who presented with a positive nitrate or leukocyte
esterase test (see Table I). Bacteriological findings
showed an insignificantly higher rate of growth of
single-culture bacteria in the group seen by a doctor
(Table II).

The value of the control urine samples was com-
promised by a group of patients who failed to deliver
the samples. However, there was an insignificantly
higher (p =0.13) number of negative control urine
samples in the group who had seen a doctor.

A majority of the patients included in the group
seen by a doctor were diagnosed with uncomplicated
cystitis and treated with mecillinam, which is the
standard procedure for treatment according to the
diagnostic algorithm. Of 191 patients, 186 were diag-
nosed with cystitis, two were diagnosed with pyelo-
nephritis, one was diagnosed with bacterial vaginosis,
two were diagnosed with cystitis and other illness
(bacterial vaginosis and muscular pain), and in two
patients no illness was found.

Table I. Baseline demographic and clinical characteristics of consecutive female patients
presenting with symptoms of urinary tract infection at an out-of-hours service in Oslo,

Norway.
Diagnostic algorithm Doctor’s consult
(n=242) n=191) p-value
Age, mean (SD), y 27 (8) 27 (8) NS
Country of origin
Norwegian, n, (%) 206 (85) 159 (83) NS
Other European, n, (%) 25 (10) 27 (14) NS
Outside Europe, n, (%) 9 4) 4 (2) NS
Unknown, n, (%) 2 (1) 1 (1) NS
Patient-reported symptoms
Painful urination
Strong, n (%) 85 (35) 48 (25) NS
Moderate, n (%) 126 (52) 111 (58) NS
Mild, n (%) 31 (13) 32 (17) NS
Increased frequency of urination
Strong, n (%) 89 (37) 64 (34) NS
Moderate, n (%) 132 (54) 110 (58) NS
Mild, n (%) 21 (9) 17 (9) NS
Increased need to urinate, n (%) 237 (98) 190 (99) 0.07
Macroscopic haematuria, n (%) 92 (38) 78 (41) NS
Urinary dipstick findings n=160 n=187
Nitrate positive, n (%) 29 (18) 29(16) NS
Leukocyte esterase positive n (%) 141(88) 164(88) NS

Notes: Crosstabs analysis. Pearson’s chi-square p-value. NS = non-significant. p <0.15 stated.
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Figure 3. Symptom resolution: Percentage of patients with remaining symptoms versus number of days since the start of treatment,
Kaplan—Meier plot. Blue line: Treated according to the diagnostic algorithm. Green line: Treatment chosen after a doctor’s consultation.

P-value (log rank): 0.3.

In the group seen by a doctor 80% were treated
with mecillinam. Other antibiotics used were trimethop-
rim (13%) and nitrofurantoin (6%).Two patients (1%)
were not given any antibiotic treatment.

During the follow-up period 12% of the patients
treated according to the diagnostic algorithm contacted
a doctor versus 18% in the group seen by a doctor
(p 0.08). An alternative antibiotic regime was given to
11% in the group treated according to the diagnostic
algorithm versus 16% in the group seen by a doctor.

For those who made follow-up contact significant
bacteriuria was found in 19% of urine specimens in
the diagnostic algorithm group and 26% in the con-
trol group. For those who did not contact a doctor
again 10% significant bacteriuria was found in both
groups. There were no cases of severe pyelonephritis
or hospital admissions during the follow-up period.

The trial ended when the time frame for inclusion
as agreed with the out-of-hours service in Oslo was
reached. We managed to reach the needed sample in
the algorithm group, but not in the control group.
This was due to practical problems with recruitment
of patients and the time frame given.

Discussion
Main findings

Our study demonstrated that an algorithm-based diag-
nosis of acute uncomplicated cystitis correlated well

with the diagnosis given after a blinded doctor’s con-
sultation. There was no significant difference between
the two groups in the number of days until clinical cure
or in the number of patients who again contacted a
doctor during the follow-up period. Although we did
not manage to include a sufficient number of patients
in the comparison group to meet our power calcula-
tion, we conclude that algorithm-based handling of
patients was equivalent to an ordinary consultation.
This conclusion is strengthened by the fact that we
found an insignificant tendency for shorter duration of
symptoms in the algorithm group.

A strict adherence to the algorithm to identify
inclusion and exclusion criteria is necessary in order
to ensure safe use of the algorithm. No cases of seri-
ous pyelonephritis or hospital admission were
reported in the two groups.

Strengths and weaknesses

The study has been carried out in a setting with a
high number of unselected patients with uncompli-
cated cystitis. During the follow-up, nearly all patients
were successfully contacted regarding clinical cure,
but a follow-up urine specimen was more often not
received. All follow-up contacts were made by the
same clinician.

With a mean age of 27 years in our patient pop-
ulation, the study is less representative of the elderly
segment of included patients. In a young study pop-
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Table II. Bacteriological findings in urine samples of female patients presenting with symptoms
of urinary tract infection at an out-of-hours service in Oslo, Norway.

Diagnostic algorithm  Doctor’s consultation p-value

Urine samples taken at consultation, n 234 172
Negative culture, n (%)’ 102 (44) 71 (41) NS
Single culture isolates, n (%)? 132 (56) 101 (59) NS
Primary pathogens:

Escherichia coli, n (%) 101 (77) 79 (78) NS

Staphylococcus saprophyticus, n (%) 21 (16) 17 (17) NS
Secondary pathogens:

Kilebsiella species, n (%) 3 (2) 2 (2) NS

Proteus mirabilis, n (%) 4 (3) 0 NS

Enterococcus fecalis, n (%) 1) 1) NS

Enterobacter species, n (%) 0 1(1) NS
Doubtful pathogens:

Streprococcus agalactiae, n (%) 2(2) 0 NS

Pseudomonas species, n (%) 0 1(1) NS

Control urine sample, n (% of total) 169 (78) 130 (76)

Negative culture, n (%)! 150 (89) 117 (90) 0.13

Single culture isolates, n (%)? 19 (11) 13 (10) NS

Notes: Crosstabs analysis. Pearson’s chi-square p-value. NS = non-significant. p <0.15 stated. Patients
who did not deliver primary or control urine samples were excluded. Non-significant bacteriuria, see
Material and methods. 2All species-specific percentage values are calculated for the total number of

single-culture isolates.

ulation STTs are more common and it has been noted
that adolescent females with symptoms of UTI could
benefit from testing for both STI and UTI [24].
A Swedish study conducted in general practice
found a prevalence of 4% of Chlamydia trachomatis
among young women with symptoms of UTTI; this is
comparable to the prevalence of 3% in the general
population of women in the same age group [25].

Symptoms of STIs determine exclusion in the
diagnostic algorithm; however, it is possible that
some patients had a co-infection or a primary STI.
There were no patients in the control group
diagnosed with an STT. In addition, equal symptomatic
and bacteriological outcomes in the two arms make a
significant number of STTs less probable.

It is noteworthy that the doctor who treated the
control patients was able to consider the urine dipstick
findings when choosing antibiotic treatment. One
could speculate this this would result in the doctor
choosing an alternative regimen to ensure an effect
against non-nitrate-producing organisms. Our find-
ings did not show such a change in treatment choice.
It is possible that the treating physician did not con-
sider the nitrate status of the urine dipstick findings.

Urine samples were spontaneous samples taken
at the time of consultation, thus a number of women
had not kept the urine in the bladder for at least four
hours, which is regarded as necessary to demonstrate
significant bacteriuria. This may explain why the
studied population showed a lower percentage of
significant bacteriuria than previous studies [15,26].
There was no significant difference between the

groups as to proportion of significant bacteriuria in
the primary urine samples.

Whether it is feasible from a resistance point of
view to keep mecillinam as the treatment of choice
according to the diagnostic algorithm, or whether
variation among the recommended treatment regi-
mens would be more beneficial should be considered.
In Norway recommended treatment regimens include
mecillinam, nitrofurantoin, and trimethoprim. Cipro-
floxacin is not a recommended agent for the treatment
of uncomplicated cystitis in Norway [16].

Comparison with other studies

To the best of our knowledge this is the first randomized
controlled study to assess whether an algorithm-
based care is equivalent to doctor-based care in
treating uncomplicated cystitis.

An article referring to a telephone-based nurse
evaluation and treatment algorithm concluded that
algorithm-based care could allow for successful man-
agement of uncomplicated cystitis. [27]

Previous studies have been performed to evaluate
symptoms or a group of symptoms as a prognostic indi-
cator of the presence of a UTT with variable findings.

A review article evaluated which data from the his-
tory and clinical findings gave significantly increased
diagnostic precision with regard to acute uncompli-
cated cystitis. It was found that a combination of
dysuria and increased frequency of urination without
increased vaginal secretions gave a 96% chance of a
UTI [28]. Another study found the prognostic value
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of symptoms and clinical findings to be low in regard
to how well they predicted a UTT [29].

Recently the results of a self-reporting questionnaire
to assess UTTs and differential diagnosis was published
and found to be applicable for clinical studies and prac-
tice for diagnosis of uncomplicated UTI. The study
was, however, not a randomized controlled trial and
could not provide a comparison with a control group
for symptomatic and bacteriological outcome [30].

Implications/conclusion

This simplification of treatment strategy can give a
shorter waiting period for the patient, better adher-
ence to antibiotic guidelines, and more rational use
of consultation time in outpatient clinics.

We conclude that our algorithm is a feasible and
safe way to handle young women with symptoms of
an acute cystitis, and that the strategy can be trans-
ferred to other out-of-hours services.
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Abstract

Background: Uncomplicated urinary tract infections in women are common, and urine samples
from these patients are not routinely cultured. Empirical treatment is based on knowledge of
resistance patterns for common uropathogens.

Aim: To evaluate the bacteriological findings and resistance patterns in urine samples from women
with uncomplicated urinary tract infections, and to assess the relationship between antimicrobial
use and resistance patterns from 2000-2015 in Norway.

Method: Bacteriology and resistance patterns were compared in 184 urine cultures from 2001, 406
urine cultures from 2010-2011 and 259 urine cultures from 2013-2015. Antibiotic use data from
2000-2015 were obtained from national databases.

Results: Escherichia coli (E. coli) was the main bacterial agent in 80% of the cultures.
Staphylococcus saprophyticus (Staph. saprophyticus) represented 6-17%. For E. coli, susceptibility
for mecillinam showed some variation but remained below 9%. There was negligible resistance to
nitrofurantoin. Resistance to trimethoprim seemed to stabilise over the last 5 years at around 20%.
Amoxicillin resistance had some variations, but remained stable around 30%. There was a steady
rise in total consumption of selected antibiotics commonly used to treat urinary tract infections for
the period 2000-2015.
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Conclusion: Mecillinam and nitrofurantoin are both excellent first choices for empirical treatment of
uncomplicated urinary tract infections. This study suggests that increasing resistance to
trimethoprim challenges the rationale for its use as a first-line agent.

How this fits in

Empirical treatment for acute uncomplicated UTl is based on current resistance patterns and national
guidelines. This study evaluated antibiotic use and bacteriological findings in uncomplicated UTls in
Norway from 2001-2015. This study found stable and high susceptibility to mecillinam and
nitrofurantoin for E. coli. This study suggests that increasing resistance to trimethoprim challenges
the rationale for its use as a first-line agent.

Introduction

Uncomplicated UTI is the most common infection in women presenting to primary health
care.” Most women with symptoms of a UTlI consult a doctor and are prescribed
antibiotics.? Empirical treatment for uncomplicated UTI is based on current resistance patterns and
national guidelines.? Treatment choices made in primary health care are important as they account
for 85% of the total antibiotic use in Norway.*

E. coli is the most common pathogen isolated in community-acquired UTI.>® Other pathogens
commonly identified are (Staph. saprophyticus, Klebsiella species (spp.), Enterococcus spp., Entero-
bacter spp. and Proteus mirabilis.”

Current Norwegian guidelines recommend mecillinam, nitrofurantoin, and trimethoprim as empir-
ical treatment options for uncomplicated UTI.? Previous studies have sought to determine resistance
rates to empirical treatment regimes.®?

Data from Belgium have suggested that species distribution is relatively stable, and that sensitiv-
ity to fosfomycin and nitrofurantoin remain at nearly 100%.”%"" However, international data show
increasing antimicrobial resistance to several recommended empirical treatment regimes.’?~'# Inter-
estingly, Poland recently reported high overall resistance rates of the common uropathogens to first-
line treatment regimes, including fosfomycin and nitrofurantoin.’®

Current guidelines suggest the diagnosis may be given based on symptoms alone.*"® Since 2000
the Norwegian guidelines have recommended not to routinely culture urine samples from patients
with acute uncomplicated UTI. This may lead to potential changes in resistance patterns going unde-
tected and an overestimation of resistance rates.’®"®
The aims of the study were:

e to evaluate the bacteriological findings and resistance patterns in urine samples from women
with acute uncomplicated UTl in three cohorts in the time period 2001-2015 in Norway; and

e to assess the relationship between the use of antimicrobial agents in the treatment of UTI and
resistance patterns in the time period 2000-2015 in Norway.

Method

The bacteriology and resistance patterns were compared in urine cultures collected from women
with uncomplicated UTls presenting in a general practice setting in three different time periods in
Norway. Inclusion and exclusion criteria for the different studies have been published.®"?72° The
material consisted of 184 urine cultures from 2001, 406 urine cultures from 2010-2011, and 259 urine
cultures from 2013-2015.

The first study was performed in the county of Telemark in 2001. This study enrolled arbitrarily
selected women presenting to the GP with symptoms of an uncomplicated UTI for which they
received antibiotics.? Fresh midstream urine samples were sent to the local microbiology depart-
ment in sterile containers with 1.6% boric acid. Significant bacteriuria was defined as pure or domi-
nant growth of >10% colony-forming units per millilitre (cfu/mL) for all pathogens. Antimicrobial
susceptibility breakpoints were set according to the Norwegian Working Group on Antibiotics.?’
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The next two studies were performed at Oslo Accident and Emergency Outpatient Clinic
(OAEOC), Department of Emergency General Practice. Sequential consulting women were enrolled
in the time periods September 2010-November 2011 and April 2013-December 2015.

In the 2010-2011 study, inclusion criteria were determined by a diagnostic algorithm based on
established symptoms and risk factors for complicated UTI. This study was conducted to validate a
specific diagnostic algorithm and the results have been published.”®

In the 2013-2015 study the same inclusion criteria were used to identify women with uncompli-
cated UTI. The data presented here are baseline data from the main centre of an ongoing multi-
centre randomised controlled trial (NCT01849926) to assess ibuprofen versus mecillinam in the
treatment of uncomplicated UTI.2°

For the two latter studies a fresh midstream urine sample was sent to the Department of Microbi-
ology at Oslo University Hospital, Ulleval, in sterile containers with 1.6% boric acid. The uropatho-
gens were quantified in cfu/mL. Significant bacteriuria was defined according to current European
guidelines as >103/mL for primary pathogens, >10%/mL for secondary pathogens, and >10%/mL for
doubtful pathogens.?? Clinical breakpoints were taken from the European Committee on Antimicro-
bial Susceptibility Testing, which have remained unchanged since 2010.%*

Data on antibiotic use were collected from two nationwide databases; the Norwegian drug
wholesale statistics database and the Norwegian prescription database (NorPD).?* The wholesale
database logs sales of all medicines in Norway. NorPD contains a complete listing of all prescription
drugs dispensed by pharmacies in Norway since 2004.

National resistance patterns were collected from The Norwegian Organization for Surveillance of
Antimicrobial Resistance (NORM). From 2000 onwards, NORM has provided annual reports on the
national usage of antimicrobial agents and the occurrence of resistance in Norway.? Data on resis-
tance were compared to the total use (wholesales statistics) of selected antibiotics.

The results in this study represent a comparison done retrospectively and a power calculation was
not performed. IBM SPSS statistics (version 23.0) was used for descriptive analyses of data. Compari-

son of aggregated data was done using a x? calculator with a significance level of 0.05.72

Results

The three study populations all represented adult women, aged 15-65 years, with uncomplicated
UTls. There was a difference in age distribution between the first population and the two latter pop-
ulations, with the first group representing an older cohort. The mean age in the two groups from the
OAEOC was 27.1 years, whereas the first group had a mean age of 38.3 years. There was no statisti-
cally significant difference in age between the two groups from the OAEOC, but when each of the

OAEOC groups were compared to the first group, the differences in age distribution were statisti-
cally significant with a P-value varying from P = 0.03 to P<0.01.

Table 1. Bacterial isolates from the three study cohorts

Microbe 2001 n (%) 2010-2011 n (%) 2013-2015 n (%)
E. coli 112 (82.4) 180 (78.3) 129 (81.6)
Staph. saprophyticus 8 (5.9)° 38 (16.5)° 2 (13.9)°
Enterobacter spp. 0° 1(0.47° 4(2.5°
Enterococcus faecalis 3(2.2)° 2 (0.9)? 1(0.6)?
Klebsiella spp. 6 (4.4)2 5(2.2)? 2 (1.3
Proteus spp. 5(3.7)? 4(1.7)2 02
Staph. aureus 2 (1.5)? 0? 0®

No significant growth 8 (26.1)° 176 (43.3)° 101 (39.0)°
Total number of cultures with significant bacteriuria 136 (73.9)° 230 (56.7)° 158 (61.0)°°
Total number of cultures 184 406 259

2% of total number of cultures with significant bacteriuria. ®% of total number of cultures.
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Significant bacterial growth was found in 57-74% of all urine samples cultured. The main bacterio-
logical agent in all three study populations was E. coli, ranging from 78% to 82%. The second most
common isolate was Staph. saprophyticus, ranging from 6% to 17% (Table 1).

For trimethoprim there was a substantial increase in resistance from 2001 to 2010-2011, then a
slight decrease from 2010-2011 to 2013-2015. There was a decrease in resistance to mecillinam in
E.coli from 2001 to 2010-2011, followed by an increase from 2010-2011 to 2013-2015. There was
an increase in resistance to amoxicillin for Staph. saprophyticus isolates from 2010-2011 to 2013-
2015. There was no increase in resistance to nitrofurantoin for neither E. coli or Staph. saprophyticus.
None of the changes in resistance rates were statistically significant (Table 2).

Wholesale statistics for commonly used antibiotics showed a steady rise in total consumption
from 2000 until 2012. However, since 2012, there has been an overall reduction in antibiotic
use (Figure 1). Data for the first choice antibiotics in the treatment of uncomplicated UTls showed
an increase in mecillinam consumption and a decrease for trimethoprim, while the use of nitrofuran-
toin and co-trimoxazole remained stable. Other treatment options for UTls include amoxicillin/ampi-
cillin and the quinolones ciprofloxacin and ofloxacin. For these drugs, there was a clear rise in
consumption and a rise in resistance rates. However, the use has slightly decreased from 2012
onwards. Women used more antibiotics than men and the patterns of use were different. Women
were more frequently prescribed mecillinam, while quinolones were more often prescribed for
men (Figure 2).

This study looked specifically at the relationship between consumption and E. coli resistance
rates, both in these and national data, for the two most commonly used antibiotics, trimethoprim
and mecillinam. For trimethoprim, there was a reduction in use over the last 15 years. Trimethoprim
resistance for E. coli, however, slightly increased (Figure 3). For mecillinam there was a clear rise in
consumption during the study period, with a minimal decrease over the last 2 years. The resistance
rates for E. coli showed some variation, but the overall trend was a slight increase in mecillinam
resistance (Figure 4).

Discussion

Summary

E. coli was the dominant pathogen in all three populations. The prevalence of Staph. saprophyticus
was higher in the 2010-2011 and 2013-2015 cohorts, which was expected as these two groups con-
sisted of younger women.?*-%¢

Table 2. Resistance to antibiotics commonly used to treat UTls

Microbe

Antibiotic

2001 n (%) [95 % CI]

2010-2011 n (%) [95 % CI]

2013-2015 n (%) [95 % Cl]

E. coli

Mecillinam

7 (6.3) [1.8 to 10.8]

4(2.2)[0.1 to 4.3]

11 (8.5) [3.7 to 13.3]

Nitrofurantoin

3(2.7)[0.0 to 5.7]

0

0

Trimethoprim

Co-trimoxazole

13 (11.6) [5.7 to 17.5]
NA

38 (21.1) [15.1 to 27.1]
39 (21.7) [15.7 to 27.7]

27 (20.9) [13.9 to 27.9]
24 (18.6) [11.9 to 25.3]

Sulphonamide 21 (18.8) [11.6 to 26.0] NA NA
Amoxicillin 31 (27.7) [19.4 to 36.0] 63 (35.0) [28.0 to 42.0] 38 (29.5) [21.6 to 37.4]
Ciprofloxacin NA NA NA

Staph. saprophyticus Mecillinam NA NA NA
Nitrofurantoin 0
Trimethoprim 1(4.5)[4.2t013.2]
Co-trimoxazole NA 0
Sulphonamide 0 NA NA
Amoxicillin NA 4 (10.5) [0.8 to 20.2] 4(18.2) [2.1 to 34.3]
Ciprofloxacin NA NA NA

NA = not applicable, isolate was not tested for this antibiotic.
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In 2000-2002, nalidixic acid and sulfathiazole were also used in Norway, however these two represented less than 0.3% of total use of antibiotics
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period. National numbers showed resistance rates of 1% for all urinary isolates of E. coli towards
nitrofurantoin in 2015.%

Trimethoprim resistance increased from 2001 to 2011. However, during the last 5 years this trend
has stabilised. These numbers were slightly lower than the national numbers, but the differences
were marginal: 21% versus 23% in 2015 (Figure 3). Although the total use of trimethoprim has
decreased, the resistance level has increased in the last 15 years. Even though these numbers are
lower than the national numbers, the resistance rates exceed 20%. Norwegian guidelines suggest
that antimicrobial agents should not be used empirically if resistance rates exceed 20%.?

There was some variation in the level of resistance to mecillinam in E. coli. In the current compari-
son there was a 'dip’ in resistance for 2010-2011. This does not correspond with the findings in the
national report, which showed a peak in the same period. In the study populations from 2001 and
2013-2015, there were higher resistance rates than the national rates. A possible explanation for
this is that resistance to mecillinam in E. coli is difficult to measure and might have some geographi-
cal variations. These numbers differed somewhat from the national numbers, but both suggest quite
stable and low levels of resistance. Despite a substantial rise in the use of mecillinam in Norway,
there has not been a corresponding increase in the level of resistance to mecillinam for E. coli. This
indicates that mecillinam has a low potential for inducing resistance.

For E. coli the resistance to amoxicillin also showed some variation, but remained high around
30%. Resistance levels were slightly lower in the current analysis than the national numbers, but
again the observed differences were minimal: 30% versus 34% in 2015.

For amoxicillin, there was a marked increase in resistance in Staph. saprophyticus. Antibiotic resis-
tance in Staph. saprophyticus is infrequent,?” and resistance patterns for this bacteria are not
included in national surveillance data. Staph. saprophyticus is not considered to be sensitive to
mecillinam and susceptibility testing is therefore not routinely performed.®

Strengths and limitations

This analysis has three large general practice cohorts presenting with uncomplicated UTI. In Norway,
urine from uncomplicated UTls has not been routinely cultured in the last 20 years. This study evalu-
ated if there has been a change in the distribution of bacterial isolates and resistance patterns in this
population. Looking specifically at this group of patients is important as the national surveillance
data represent a diverse population with more complicated infections. A 15-year comparison is a
long period and provides confidence that this study’s conclusions about the development of antibi-
otic resistance are accurate.

This study compared cohorts from Oslo and Telemark, which represents two of the 19 counties in
Norway. Oslo County consist of the city of Oslo and surrounding suburbs. Telemark County consists
of several municipalities and a few cities. Looking at the three cohorts together, there are data rep-
resenting both an urban and a more rural population, reflecting the general Norwegian population.
A limitation is that the two latter populations are similar and represent a younger population. The
first dataset are from a more diverse population and this can cause some uncertainty when compar-
ing the three groups. Other complicating factors are different procedures in the microbiological lab-
oratories and changes in breakpoints in susceptibility testing. A weakness of this observational study
is that a power calculation was not performed with regards to changes in resistance rates. Conse-
quently, interpretation of significance levels is uncertain. All patients had to consent to participation,
which might have resulted in selection bias.

Comparison with existing literature
Antimicrobial resistance is an international concern, and efforts are being made in many countries to
achieve a better overview of consumption of antibiotics and national resistance rates.?? Strategies to
reduce antibiotic consumption include efforts to identify women with UTI who recover without anti-
biotics.?” The topic of dusting off ‘old’ antimicrobials to treat UTIs has been raised.?® Several Euro-
pean studies suggest that there is little resistance to mecillinam, fosfomycin, and nitrofurantoin,
which the current study supports.”"*27 These three antibiotics all seem to be good first choice
treatment options for many European countries.

Mecillinam is mainly used in the Scandinavian countries, but it should receive more attention in
other European countries. Staph. saprophyticus is considered to be intrinsically resistant to
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mecillinam, and extended spectrum beta-lactamase producing uropathogens are by definition resis-
tant to mecillinam treatment, however smaller clinical studies have shown varying degrees of treat-

ment effect.®>7

~#2 Fosfomycin is widely used in some countries, for example Germany and Spain,
but in Norway it is not marketed or readily available. According to data provided by NorPD, only 28
packages were prescribed to 19 patients in 2015. There is a rationale for Norway and the other Nor-
dic countries to consider including fosfomycin as a first-line antibiotic treatment for uncomplicated
UTI, replacing trimethoprim which has a resistance level of >20% in most European countries. Stud-
ies have shown high susceptibility rates for Staph. saprophyticus to fosfomycin.***4 Common Euro-
pean guidelines for the treatment of uncomplicated UTI might help to ensure good antibiotic
stewardship.

The current analysis and other studies show that national surveillance numbers for resistance are
somewhat higher than in urine cultured from patients with uncomplicated UTI.""**~*¢ Staph. sapro-
phyticus has not been taken into account in the national surveillance of resistant microbes as it has
been known to have very little resistance. In this comparison there was an increase in resistance to
both amoxicillin and trimethoprim, and even though these numbers are small, they warrant increased
monitoring. To keep track of the actual distribution of bacterial isolates and level of resistance it is
important to keep a sentinel surveillance of bacterial agents causing uncomplicated UTls. This is in
line with what researchers from other countries have suggested.”"3¢

Implications for practice
Mecillinam and nitrofurantoin are both excellent first choices for empirical treatment of uncompli-
cated UTls. This study suggests that increasing resistance to trimethoprim challenges the rationale
for its use as a first-line agent. Norway might consider including fosfomycin as a first choice antibiotic
for the treatment of uncomplicated UTI.

Sentinel surveillance of bacterial isolates from uncomplicated UTls is necessary to ensure effective
empirical treatment options.
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ABSTRACT

Objective: To identify baseline predictors of symptom duration after empirical treatment for
uncomplicated urinary tract infection (UTI) and significant bacteriuria in a cohort of women
treated for UTI.

Design: Prospective single-centre cohort study.

Setting: Outpatient clinic in Norway.

Patients: From September 2010 to November 2011, 441 women aged 16-55 years with symp-
toms of uncomplicated UTI were included.

Results: Dipstick findings of leukocyte esterase 1+ (incidence rate ratio (IRR) 1.93, 95% confi-
dence interval (Cl) 1.23-3.01, p < 0.01) and microbe resistant to mecillinam treatment (IRR 1.41,
95% Cl 1.07-1.89, p=0.02) predicted longer symptom duration. More pronounced symptoms
did not predict longer symptom duration (IRR 1.18, 95% Cl 0.94-1.46, p=0.15) or significant
bacteriuria (odds ratio [OR] 1.16, 95% Cl 0.72-1.88, p =0.54). Leukocyte esterase 2+ (OR 2.51,
95% Cl 0.92-6.83, p=0.07) or 3+ (OR 2.40, 95% Cl 0.88-6.05, p=0.09) and nitrite positive urine
dipstick test (OR 3.22, 95% Cl 1.58-7.01, p = <0.01) were associated with bacteriuria.
Conclusion: More pronounced symptoms did not correlate with significant bacteriuria or symp-
tom duration after empirical treatment for acute cystitis. One might reconsider the current prac-
tice of treating uncomplicated UTI based on symptoms alone.

KEY POINTS

e Treatment strategies for milder infectious diseases must consider ways of reducing antibiotic
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consumption to decelerate the increase in antibiotic resistance. Our findings suggest that
more emphasis should be put on urine dipstick results and bacteriological findings in the
clinical setting. One might reconsider the current practice of treating uncomplicated UTls

based on symptoms alone.

Introduction

Urinary tract infections (UTIs) are one of the most
common bacterial infections encountered in the pri-
mary care setting. Most women experience at least
one episode of acute uncomplicated cystitis in their
lifespan [1, 2]. Women report diversity in symptom
burden in relation to an episode of uncomplicated
UTI [3].

Antibiotics prescribed in primary care account
for around 85% of the total human antibiotic con-
sumption in Norway [4]. Empirical treatment of UTls
is based on updated knowledge of antimicrobial

resistance and national guidelines [5,6]. Refraining
from treatment has been found to be inferior for both
symptomatic and bacteriological cure of uncompli-
cated UTI [7-9]. However, a study of ibuprofen versus
fosfomycin for the treatment of uncomplicated UTI
found that two-thirds of women recovered without
antibiotics [10]. Subgroup analysis of the patients
found that five factors predicted the need for subse-
quent antibiotic  treatment:  urgency/frequency,
impaired daily activities, and positive urine dipstick
test results for erythrocytes, leukocyte esterase and
nitrite [11].
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Both national and international guidelines endorse
the treatment of acute uncomplicated cystitis based
on symptoms alone [5,12]. Studies have found diverg-
ing results in terms of how well symptoms predict the
presence of a UTl using a positive urine culture for
known uropathogens as the gold standard [7,13-15].
Women with a history of cystitis, frequent somatic
symptoms, presence of bacteria resistant to the
chosen antibiotic regime and severe symptoms at
baseline are more likely to have symptoms of acute
cystitis lasting longer than three days after the initi-
ation of treatment [16].

Detection of leukocyte esterase and nitrites or
erythrocytes and nitrites on the urine dipstick is con-
sidered to be moderately sensitive and specific for
detecting a UTl when using a positive culture as the
gold standard [14,17,18]. One study showed that a
negative urine dipstick test for leukocytes and nitrites
accurately predicted the absence of infection, as
defined by standard microbiological parameters, but it
did not predict the response to antibiotic treatment.
Antibiotic treatment significantly reduces dysuria in
women with a negative urine dipstick test [19].

Antibiotic resistance rates are increasing, and med-
ical practice now focuses on developing new treatment
strategies to reduce antibiotic use without comprising
patient safety. New generations of drugs to combat
microbial infections will probably not be a reality in the
foreseeable future, and clinicians need alternative strat-
egies to reduce antibiotic consumption [20].

It is of interest to identify which clinical and bac-
teriological factors, if any, predict longer duration of
symptoms following empirical antibiotic treatment
and the presence of bacteriuria. Further studies are
needed to develop good clinical decision aids to iden-
tify those patients who are suitable for symptomatic
treatment and/or delayed prescribing for uncompli-
cated UTI. This could lead to decreased antibiotic con-
sumption and at the same time minimize the
potential for prolonged patient discomfort.

The aims of this study were to identify:

e factors that predict significantly longer duration of
symptoms in patients with uncomplicated UTI after
empirical antibiotic treatment

e factors that predict significant bacteriuria in
patients presenting with an uncomplicated UTI.

Material and methods

The analysed data were based on findings from a
study assessing the use of a diagnostic algorithm to
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identify patients with uncomplicated UTI [21]. A pro-
spective randomized study was performed during the
14 months from September 2010 to November 2011.
Women between the ages of 16 and 55 years present-
ing with dysuria and increased frequency of urination
were included. Visible haematuria and increased urin-
ary urgency were also registered but were not used to
determine inclusion. The exclusion criteria were signifi-
cant co-morbidity including diabetes or kidney dis-
ease, pregnancy, breastfeeding (infant under one
month of age), symptoms of pyelonephritis, symptoms
of a sexually transmitted disease, symptoms lasting
longer than seven days, use of a urinary catheter or
diagnosed a urinary tract infection in the last four
weeks, current use of antibiotics, known allergy to
penicillin, oesophageal passage problems, use of the
medication probenecid and fever (>38°C) (Figure 1).
The patients enrolled were randomized into two
groups by drawing numbers from an opaque enve-
lope. One group received treatment with mecillinam
according to the standard diagnostic algorithm, and
the control group was seen by a doctor who was
unaware that the patient was identified as eligible for
treatment according to the diagnostic algorithm.

The cardinal symptoms of acute uncomplicated UTI
(painful urination and increased frequency of urin-
ation) were registered as mild, moderate or severe
upon presentation to the study nurse.

The follow-up included a telephone call from the
study co-ordinator one week after the primary contact
and two weeks after the treatment was completed.
The number of days until symptom resolution was
recorded. Patients without symptom resolution at the
two-week follow-up were registered as symptomatic
for 15 days for the purpose of statistical analysis. Urine
dipstick findings on the day of presentation were
recorded. The Multistix 5 dipstick produced by
Siemens Healthcare Diagnostics AS was used. The
urine dipstick results were graded from 0 to 4 for
erythrocytes, 0-3 for leukocyte esterase, and positive/
negative for nitrite. A urine sample was sent to the
laboratory for culturing on the day of presentation
and one week after completing the treatment. The
women were instructed to collect a midstream urine
sample after spreading of the labia. The initial sample
was taken upon presentation, regardless of bladder
incubation time. For the follow-up sample the
included patients were instructed to send a morning
urine sample. The vast majority of samples were
received within one to two weeks after treatment.

During the inclusion period, 832 consecutive
women were screened for eligibility to enter the
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Diagnostic algorithm: uncomplicated UTI

-increased need to urinate?

-visible haematuria?

Are you pregnant or breastfeeding (infant under 1 month of age)? O

Do you have diabetes or kidney disease?

Do you have -fever?
-reduced general condition?

-back/flank/stomach pain?

Do you have -increased vaginal secretion?

-itching/irritation?

-STRONG lower abdominal pain?

Have you had pain for more than 7 days?

Have you in the past 4 weeks had a vrinary tract infection

or used a urinary tract catheter?

Are you using antibiotics now?

Have you previously had an allergic reaction to penicillin?

Do you have oesophageal passage problems?
Do you use the medication Probecid?

Temperature (<38° C)

Delegated treatment

Treatment chosen by support staff:

Yes No

O

i et et rirr el

OOoO0o0oDoO0O O 000 Oogo

Doctor’s consultation

L] []

Dark gray background: mnclusion eritena

White background: exclusion criteria

Light gray background: registered but did not determine inclusion

Figure 1. Data were collected at Oslo Accident and Emergency Outpatient Clinic, Norway 2010-2011. The results have been pre-
viously published: http://www.tandfonline.com/doi/full/10.3109/02813432.2015.1041827 [20].

study; 391 were excluded primarily because they pre-
sented with one or more exclusion criteria. A total of
441 women were randomized to receive treatment in
accordance with the diagnostic algorithm (n=245) or
treatment following a regular doctor’'s consultation
(n=196). A total of eight patients were excluded due

to deviations from protocol leaving 242 in the diag-
nostic algorithm group versus 191 who received treat-
ment following a doctor’s consultation. The trial flow
chart is included as a supplementary file. The cohort
represents a young population with a mean age of 27
years [21].


http://www.tandfonline.com/doi/full/10.3109/02813432.2015.1041827

All urine samples were cultured according to estab-
lished procedures for identification of microbes with
resistance patterns at the Department of Medical
Microbiology, Oslo University Hospital, Ulleval. The
uropathogens were quantified in colony-forming units
(cfu)/mL. Significant bacteriuria was defined according
to current European guidelines for patients with symp-
toms of UTl as >10°cfu/mL for primary pathogens,
>10%cfu/mL for secondary pathogens and >10°cfu/
mL for doubtful pathogens [22]. Bacterial growth
which did not meet the criteria for significant bacteri-
uria was registered as a negative culture.

Most patients included in this study were treated
with a three-day regimen of mecillinam, dosage
200mg TID for three days. Other treatment regimens
were trimethoprim and nitrofurantoin, treatment
length varied from three to 7 days.

The urine from 57% of patients exhibited significant
bacterial growth. The most common pathogens were
Escherichia coli (E. coli) (77%) and Staphylococcus sap-
rophyticus (S. saprophyticus) (16%) [21].

The number of days with symptoms of acute UTI
before the patient sought health care was not regis-
tered, but it was less than seven days for all patients
since longer duration of symptoms led to exclusion. A
median of three days until symptom resolution was
found in both groups (p =0.3) [21].

Statistical methods

To identify factors predicting longer symptom dur-
ation, the traditional negative binomial (NB2) model
was fitted to the count data. The NB2 model was
selected to handle over-dispersed Poisson data. Over-
dispersion of the data was confirmed with the Pearson
dispersion statistic of 4.31, a value that exceeds 1 for
equally dispersed Poisson data.

Selection of predictors into the final fitted model
was based on the backward elimination method. We
started with all possible predictors of longer system
duration in the model and at each stage of model
development, the predictor with the largest p-value
was removed and the model refitted. We also esti-
mated the Akaike Information Criterion (AIC), which
we used to compare all subsequent models; the
smaller the AIC, the better the model. Therefore, each
subsequent step of modelling eliminated the least sig-
nificant variable in the model until the AIC estimate
was higher than in the previous step. However, at
each stage of modelling, the variable age was retained
in the model regardless of its predictive power.
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For the purpose of analysis, the cohort was divided
into three age groups: 16-22, 23-28, and >29 years.

To identify factors predicting significant bacteriuria
sensitivity, specificity and positive predictive values
(PPV) were first calculated.

Binary logistic regression models were also fitted to
the data to identify predictors of significant bacteri-
uria. The analyses proceeded in two steps. Firstly, uni-
variate logistic regression models were fitted to the
data to identify significant predictors. Secondly, the
significant predictors from the univariate analyses
together with clinically relevant predictors were used
to fit a multivariate logistic regression model.

To assess the accuracy and discriminative value of
the final prediction model, sensitivity was plotted
against the false-positive rate (1-specificity) over a
range of cut-point values for the continuous linear
score in the receiver-operating characteristic (ROC)
space, and the area under the ROC curve (AUC)
was calculated.

All statistical analyses were performed using SPSS
22, and significance was set at p < 0.05.

Results

More severe symptoms or the presence of significant
bacteriuria were not significant predictors of longer
symptom duration after empirical treatment. The pres-
ence of leukocyte esterase 1+ on the urine test strip
and the significant growth of a microbe resistant to
the given antibiotic predicted significantly longer
symptom duration (Table 1).

The presence of nitrite on the urine dipstick gave a
PPV of 0.81 for significant bacteriuria; this was the
highest PPV found. The presence of leukocyte esterase
of 24+ and 3+ was also associated with an increased
PPV of significant bacteriuria but to a lesser degree.
More severe symptoms did not predict significant bac-
teriuria (Table 2).

Logistic regression analysis showed that neither age
nor more pronounced clinical symptoms upon presen-
tation correlated with the presence of significant
bacteriuria.

Urine dipstick positive for nitrite (OR 3.22, 95% ClI
1.58-7.01, p<0.01) was associated with an increased
probability of significant bacteriuria (Table 3). Urine
dipstick findings with a leukocyte esterase value of
3+ (OR 240, 95% Cl 0.88-6.05, p=0.09), or a leuko-
cyte esterase value of 2+ (OR 2.51, 95% Cl 0.92-6.83,
p=0.07) showed association with significant bacteri-
uria, but did not reach significance.
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Table 1. Predictors of a longer duration of urinary tract symptoms after empirical antibiotic treatment.

Univariate analyses Multivariate analyses
IRR* (B) 95% Cl p IRR (B) 95% Cl p
Two strong symptoms and urgency n =89 1.12 0.92-1.37 0.27 1.18 0.94-1.46 0.15
(reference: weak symptoms n = 344)
Age, years
(reference: 16-22)
16-22 n=151 1.0 1.0
23-28 n=146 1.05 0.87-1.28 0.60 1.04 0.83-1.29 0.76
>29n=136 1.14 0.94-1.39 0.19 1.06 0.85-1.32 0.59
Leukocytes
(reference: negative n=44)
3+n=121 0.82 0.61-1.10 0.19 1.22 0.80-1.86 0.37
24+ n=129 0.86 0.64-1.14 0.30 1.18 0.78-1.80 0.43
1+ n=55 1.27 0.91-1.75 0.16 1.93 1.23-3.01 <0.01
Leukocytes, all positive n =305 0.92 0.70-1.20 0.53
(reference: negative n =44)
Nitrite positive n =58 1.13 0.89-1.44 0.31
(reference: negative n = 289)
Erythrocytes positive n =294 0.82 0.64-1.05 0.1
(reference: negative n =54)
Negative urine dipstick n =22 0.86 0.60-1.23 0.41 0.65 0.38-1.12 0.12
(reference: any positive dipstick finding n =324)
Microbe susceptibility to given treatment
(reference: sensitive n=179)
Resistant n =47 1.51 1.16-1.97 <0.01 141 1.07-1.89 0.02
No susceptibility testing performed n= 187 1.02 0.85-1.21 0.86 0.92 0.75-1.12 0.40
Doctors’ consultation n =191 1.12 0.95-1.31 0.18
(reference: algorithm group n=242)
Significant bacteriuria n =233 1.06 0.89-1.25 0.53

(reference: negative n=173)

*IRR = incidence rate ratio;

Cl = confidence interval.

The predictors of longer duration of urinary tract symptoms after empirical antibiotic treatment were identified using the traditional negative binomial
model. The data were collected at Oslo Accident and Emergency Outpatient Clinic, Norway, 2010-2011.

Table 2. Symptoms and signs that predicted significant bacteriuria in acute uncomplicated cystitis.

Growth + (%) Growth - (%) Total (%)
Symptoms and signs N=233 N=173 N =406 Sensitivity Specificity PPV*
Pain at urination (all) 233 (100) 173 (100) 406 (100)

Strong 77 (33) 54 (31) 131 (32) 0.33 0.69 0.58
Urinary frequency (all) 233 (100) 173 (100) 406 (100)

Strong 81 (35) 65 (38) 146 (36) 0.35 0.62 0.56
Urgency (n=405)° 228 (98) 172 (99) 400 (99) 0.98 0.58 0.57
Two strong symptoms and urgency 53 (23) 35 (20) 8 (22) 0.23 0.80 0.60
Age, years (all) 233 (100) 173 (100) 406 (100)

16-22 73 (31) 67 (39) 140 (35) 0.31 0.61 0.52

23-28 80 (34) 57 (33) 137 (34) 0.34 0.67 0.58

>29 80 (34) 49 (28) 129 (32) 0.34 0.72 0.62
Urine dipstick findings
Leukocytes (n =327) 192 (59) 135 (41)

3+ 75 (39) 40 (30) 115 (32) 0.39 0.70 0.65

2+ 79 (41) 39 (29) 118 (36) 0.41 0.71 0.67

1+ 25 (13) 27 (20) 52 (16) 0.13 0.80 0.48

Leukocytes, all positive 179 (93) 106 (79) 285 (87) 0.93 0.21 0.63

Negative 13 (7) 29 (22) 42 (13)

Nitrite positive (n=325) 44 (23) 10 (8) 54 (17) 0.23 0.93 0.81
Erythrocytes positive (n=326) 174 (91) 103 (77) 277 (85) 0.91 0.23 0.63

*PPV = positive predictive value.

The sensitivity, specificity and PPV of symptoms and signs that predicted significant bacteriuria were identified using data collected at Oslo Accident and
Emergency Outpatient Clinic, Norway, 2010-2011.

°1 patient did not respond.
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Table 3. Predictors of the presence of significant bacteriuria in urine samples from women with diagnosed acute uncompli-

cated cystitis.

Univariate analyses

Multivariate analyses

OR* (B) 95% Cl p OR (B) 95% Cl p
Two strong symptoms and urgency, n =89 1.16 0.72-1.88 0.54
(reference: weak, n = 344)
Age, years
16-22, n=151 1.00 1.00
(reference)
23-28, n=146 1.29 0.80-2.07 0.30 1.35 0.75-2.40 0.31
>29,n=136 1.50 0.92-2.44 0.10 1.44 0.80-2.56 0.22
Urine dipstick findings
Leukocytes 1.0 1.0
(reference: negative, n =44)
3+, n=121 418 1.96-8.93 <0.01 2.40 0.88-6.05 0.09
2+,n=129 4.52 2.12-9.65 <0.01 2.51 0.92-6.83 0.07
1+, n=55 2.07 0.88-4.84 0.10 1.38 0.46-4.19 0.57
Leukocytes, all positive, n =305 3.77 1.88-7.56 <0.01
(reference: negative, n = 44)
Nitrite positive, n =158 3.71 1.79-7.68 <0.01 3.22 1.58-7.01 <0.01
(reference: negative, n =289)
Erythrocytes positive, n =294 291 1.55-5.46 <0.01 1.40 0.60-3.25 0.45
(reference: negative, n =54)
Positive urine dipstick, 324 (reference: negative, n=22) 9.18 2.63-32.02 <0.01 2.73 0.47-15.73 0.26

*OR = odds ratio;
Cl = confidence interval.

The predictors of the presence of significant bacteriuria were identified in a logistic regression analysis of data collected at Oslo Accident and Emergency

Outpatient Clinic, Norway, 2010-2011.
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Significant bacteriuria receiver operating characteristic curve area [with age]: 0.61 (95% CI: 0.55 - 0.67)

Figure 2. Correlations between the presence of leukocyte esterase, nitrite, age and significant bacteriuria. Cl = confidence interval.
Receiver-operator characteristic (ROC) analysis of the relationship between the presence of leukocyte esterase, nitrite, age and sig-
nificant bacteriuria. The data were collected at Oslo Accident and Emergency Outpatient Clinic, Norway, 2010-2011.

The ROC analysis gave an AUC of the final model of
0.61 (95% Cl 0.55-0.67) (Figure 2).

In our cohort, 59/347 (17.0%) of the registered urin-
ary dipstick findings were nitrite positive. For five of
the patients with a positive nitrite dipstick test, a urine
culture was not performed. After exclusion of these

patients, 42/54 (77.8%) of nitrite positive urine sam-
ples showed significant growth of a gram-negative
uropathogen. For the remaining cultures, one
showed no growth, two showed significant growth of
S. saprophyticus, and the rest showed mixed bacter-
ial growth.
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We found that 176/180 (97.8%) of E. coli isolates
were sensitive to mecillinam and 39/146 (26.7%) of
the urine samples with significant growth of E. coli
and registered urinary dipstick findings were
nitrite positive.

Discussion
Statement of principal findings

Our study identified the presence of leukocyte ester-
ase (24, 34) and nitrite on the urinary dipstick test as
significant predictors of the presence of bacteriuria.
Leukocyte esterase 1+ and microbial resistance to the
given antibiotic was associated with longer symptom
duration. The severity of symptoms at presentation
was neither a significant predictor of the presence of
bacteriuria nor longer symptom duration after
adequate treatment.

Strengths and weaknesses of the study

The study included patients recruited from a large and
relatively young population, and complete data were
obtained from nearly all the included patients. Given
the median age of 27 years in these subjects, the find-
ings are representative of younger patient populations
compared with those included in previously published
studies, and do not represent the elderly population.
Women aged <55 vyears represent around 50% of
women presenting to the general practitioner with
UTls. The questionnaire did not identify a complete
medical history or social and psychological factors that
could have affected the reported symptoms. The study
did not include a control group of untreated women
with symptoms of uncomplicated UTI.

Findings in relation to other studies

Previous studies have shown varying results in terms
of whether symptoms can be used to identify patients
with an uncomplicated UTI [8,11,12]. Norwegian
national guidelines suggest that antibiotic treatment
should be given based on symptoms alone for women
with suspected acute uncomplicated UTI [23].

Nitrite-positive urine dipstick was associated with
significant bacteriuria. Gram-negative bacteria produce
nitrite, and E. coli is by far the most common gram-
negative uropathogen. A previous study of E. coli has
identified specific virulence factor genes and phylo-
genetic groups of the microbe that increase the risk of
persistence and relapse of UTI [24].

A relatively low percentage (26.7%) of patients who
had significant growth of E. coli had a positive nitrite
urinary dipstick test. A possible explanation for this
finding is that the presence of nitrite on the urinary
dipstick is associated with a more virulent isolate and
can explain the association with prolonged symptom
duration. Negative nitrite findings in the urinary dip-
stick test are also related to insufficient bladder time
for conversion of nitrate to nitrite, decreased urine pH
and low urinary excretion of nitrate.

The second most frequently isolated microbe was S.
saprophyticus, which is considered to be intrinsically
resistant to mecillinam treatment. However, a clinical
effect has been shown for lower UTI in women where
S. Saprophyticus as the bacterial agent. It is suspected
that the observed effect of mecillinam treatment on
microbes intrinsically resistant to treatment is related
to the high concentration of mecillinam in urine and
relatively low minimal inhibitory concentration of uro-
pathogens [25].

Analysis of factors that might be associated with
significant bacteriuria showed that detecting leukocyte
esterase 2+ or 3+ on the urine dipstick was more
clearly associated with significant bacteriuria than the
detection of leukocyte esterase 1+. It is possible that
in the cohort where leukocyte esterase 1+ was
detected the symptoms did not represent an acute
uncomplicated UTI and, if so, the antibiotics would
have been expected to be less effective. In addition,
the detection of leukocyte esterase 14+ on the urine
dipstick was associated with longer symptom duration
following empiric antibiotic treatment. We speculate
that a possible treatment strategy for this group may
be symptomatic relief combined with delayed
prescribing.

In this study population, we found significant
growth of uropathogens in 57% of the primary urine
samples. Previous studies have suggested that for
acute uncomplicated UTI, a value >102 cfu/mL could
signify significant bacterial growth, not >10° cfu/mL
as defined by current standards [22]. It is possible that
cases of clinically relevant bacterial growth are missed
and that use of polymerase chain reaction in testing
for bacterial agents may improve the diagnostic preci-
sion [26].

Implications

More pronounced symptoms did not correlate with
significant bacteriuria or longer symptom duration
after empirical treatment for uncomplicated UTI. Our
study identified dipstick findings and bacteriological



findings as clinically useful for identifying women with
an expected longer duration of symptoms after
empiric treatment and significant bacteriuria at
presentation.

Future treatment strategies for milder infectious dis-
eases must consider ways of reducing antibiotic con-
sumption to decelerate the increase in antibiotic
resistance, and several antibiotic-sparing treatment
regimens have been proposed [10,27]. Our findings
suggest that in clinical practice perhaps more
emphasis should be put on urine dipstick results and
bacteriological findings. In order to reduce unneces-
sary use of antibiotics, one might reconsider the cur-
rent practice of treating uncomplicated UTI based on
symptoms alone.
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Registration form for clinical data

Name:

Date of birth:

Address:

Telephone number:

Comorbidity:
[] Diabetes mellitus
[] Urinary tract/kidney stone
Immunosuppression
|:| Malignant disease of the urinary tract/kidney
Pregnancy
Malformation of urinary tract/kidney
|:| Use of urinary tract catheter in the last three months
[] Admitted to hospital for more than two days in the last 90 days before sampling
[] Undergone hemodialysis in the last 30 days before sampling
[] Received iv chemotherapy in the last 30 days before sampling

Undergone specialised medical treatment at home including catheter change in the last
30 days before sampling

Number of urinary tract infections in the last 30 days before current episode?

Date of first evaluation by a doctor for current episode:
Place of treatment:

Physician:

Duration (days) of symptoms before first evaluation by physician:
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Symptoms:

Painful urination:

Frequent urination:
Hematuria:

Fever:

Reduced general condition:
Back/flank pain:
Abdominal pain:

Other:

HoHooun

YES
YES
YES
YES
YES
YES
YES

N ¢

NO
NO
NO
NO
NO
NO
NO

Treatment given at first consultation:
Name:

Dosage:

Duration:

Number of days until symptom free or alternative treatment given:

130




PLEASE FILL OUT THIS PAGE IF THE PATIENT HAS SEEN A DOCTOR AGAIN
IN THE FOLLOW-UP PERIOD:
(If not, please skip this page)

Date of consultation:
Place of treatment:

Physician:

New antibiotic prescription: [] YES [] NO
Name:

Dosage:

Duration:

Symptoms leading to consultation:

Painful urination: [] YES [] NO
Frequent urination: [] YES [] NO
Hematuria: [] YES [] NO
Fever: [] YES [] NO
Reduced general condition: [] YES [] NO
Back/flank pain: [] YES [] NO
Abdominal pain: [] YES [] NO
Other:
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PERSISTENT SYMPTOMS DURING FOLLOW-UP CONSULTATION?
[] YES [] NO (registration complete)

Persistent symptoms at follow-up consultation

Painful urination: L] YES [] NO
Frequent urination: [] YES [ NO
Hematuria: D YES D NO
Fever: D YES D NO
Reduced general condition: [] YES [] NO
Back/flank pain: [] YES [] NO
Abdominal pain: L] YES L] NO
Other:

New antibiotic prescription: [] YES [] NO
Medicaments:

Dose:

Varighet:
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