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Antibiotic switch after treatment with UTI antibiotics
in male patients

Marius A. H. Skow, Ingvild Vik and Sigurd Høye

The Antibiotic Centre for Primary Care, Department of General Practice, Institute of Health and Society, University of Oslo,
Oslo, Norway

ABSTRACT
Background: There is a lack of evidence on treatment of urinary tract infections (UTIs) in male patients in a primary care
setting, and whether narrow-spectrum antibiotics are safe and effective.

Objectives: To explore antibiotic switch rates after treatment with UTI antibiotics in men over the last 11 years.

Material: We analysed data from the Norwegian Prescription Database (NorPD). Men �16 years receiving cefalexin, cipro-
floxacin, cotrimoxazole, nitrofurantoin, ofloxacin, pivmecillinam or trimethoprim during the period 2008–2018 were
included. Antibiotic switch was defined as being prescribed a different antibiotic drug appropriate for UTI within 14days
after initial treatment. We calculated rates of antibiotic switch and corresponding odds ratios for each antibiotic drug.

Results: Seven hundred twenty-six thousand and ninety-six (726,096) prescriptions to 429,807 men were defined as pos-
sible UTI episodes. Fluoroquinolones, pivmecillinam and cotrimoxazole were most frequently prescribed. Forty-nine thou-
sand five hundred and thirty-one (49,531) (6.8%) of the treatments resulted in antibiotic switch. Compared to
cotrimoxazole, the risk of antibiotic switch was higher for pivmecillinam (OR: 2.46; 95% CI, 2.39–2.53) and trimethoprim
(OR: 2.12; 95% CI, 2.04–2.20), and lower for fluoroquinolones (OR: 0.40; 95% CI, 0.39–0.42) and cefalexin (OR: 0.28; 95% CI,
0.26–0.30). Treatment duration of �7 days and age of �50 years were associated with an increased risk of antibiotic switch.

Conclusion: Fluoroquinolones and cefalexin were associated with lower antibiotic switch rates than the recommended UTI
antibiotics (pivmecillinam, nitrofurantoin and trimethoprim). However, the rates of antibiotic switch following treatment of
male patients with first-line empirical UTI antibiotics are relatively low, indicating that the current guidelines are safe.
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Introduction

Antibiotic resistance in common organisms is an increas-
ing global concern, and the need to reduce over-use of
antibiotics is evident [1]. In Norway, approximately 84%
of all antibiotics for human treatment are prescribed in
primary health care [2]. Urinary tract infections (UTIs) are
among the most common infections treated with antibi-
otics in general practice in Norway, estimated to
account for almost 25% of all antibiotic prescriptions in
general practice [2,3]. Approximately, 20% of all UTIs
occur in men [4,5]. The incidence of UTI in the commu-
nity is estimated to 0.9–2.4 cases per 1000 men below
the age of 55 years, increasing with age to levels at or
above 7.7 per 1000 men of 85 years and older [4,6,7].

Traditionally, UTIs are categorised as uncomplicated or
complicated infections [8]. It is common practice to treat all
UTIs in male patients as complicated infections, and most
international guidelines recommend fluoroquinolones or tri-
methoprim-sulfamethoxazole (cotrimoxazole) for 7–14days
[9,10]. Randomised trials have shown that 14days of cipro-
floxacin is favourable to both 7days and 28days in male
patients with a febrile UTI [11,12]. However, there are on-
going discussions regarding the safety and efficacy of treat-
ing acute cystitis in male patients as uncomplicated UTIs
[13]. Some newer studies suggest that men with acute
cystitis do not need treatment for more than 5–7days
[14–16], and others argue that nitrofurantoin or pivmecilli-
nam are appropriate as empirical treatment options [17,18].

In Norway, the current treatment guidelines recom-
mend treating acute cystitis in male patients empirically
with nitrofurantoin, pivmecillinam or trimethoprim for
5–7days, whereas at-risk patients or men with suspected
pyelonephritis or prostatitis should be treated with cotri-
moxazole or ciprofloxacin for 7–14days [19]. The lack of
evidence calls for studies investigating how to effectively
treat male patients with acute cystitis in general practice.

The aim of this study was to explore the rates of anti-
biotic switch as a proxy for treatment failure in men
receiving antibiotic treatment appropriate for UTI in the
last 11 years, and to investigate whether the rate of anti-
biotic switch varied between different antibiotic treat-
ments. A secondary aim was to describe the prescription
patterns in the study period.

Materials and methods

Ethics

The Regional Committee for Medical and Health
Research Ethics granted a dispensation from professional

secrecy requirements (ref 2018/2496/REK sør-øst C). Data
protection was approved by the Norwegian centre for
Research Data (NSD number: 796958). The study proto-
col was approved by the Norwegian Prescription
Database (ref 19/10717). The study was conducted in
accordance with the Declaration of Helsinki, as well as
national and institutional standards.

Setting and design

We analysed data from the Norwegian Prescription
Database (NorPD), a national electronic database with a
complete listing of all prescription drugs dispensed by
pharmacies in Norway since 2004 [20]. In Norway, all
antibiotics are available by prescription only, and the
database contains information on drugs dispensed to
patients in ambulatory care, that is, general practice,
out-of-hours services and outpatient treatment in spe-
cialist health services. The NorPD covers the entire
Norwegian population (5,328,212 inhabitants per 1
January 2019). Each prescription record contains a
unique anonymised person-identifier, age, sex, munici-
pality, full account of the dispensed product, the dis-
pensed quantity and the date of purchase. The NorPD
contains diagnosis codes (ICD-10 or ICPC2) only for pre-
scriptions given through the general reimbursement
programme for chronic conditions (The Blue Prescription
Programme). The database does not contain information
on signs, symptoms or diagnosis for patients receiving
standard non-reimbursed prescriptions.

From the NorPD database, we extracted all prescrip-
tions of cefalexin, ciprofloxacin, cotrimoxazole, fosfomycin,
nitrofurantoin, ofloxacin, pivmecillinam, sulfadiazine and
trimethoprim to male patients in the period January 2008
to December 2018. We decided not to include amoxicillin
in our study as it is not recommended for UTI treatment
in the national guidelines, and it is more frequently used
to treat respiratory tract infections [19]. Patients were eli-
gible for inclusion if they were male and �16 years old
when the prescription was dispensed. Patients treated
with fosfomycin or sulfadiazine were excluded, as the
drugs are infrequently used in Norway. The DDDs used in
the dataset were according to the ATC/DDD index of
2019 [21]. For population statistics, we used Norwegian
population data from Statistics Norway (SSB) [22].

Identification of UTI episodes

For each individual, we identified a UTI episode as a pre-
scription of a UTI antibiotic, defined as cefalexin,
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cotrimoxazole, fluoroquinolones (ciprofloxacin or ofloxa-
cin), nitrofurantoin, pivmecillinam or trimethoprim. To
be defined as a UTI episode, prescriptions had to con-
tain a sufficient quantity and dosage, with cut-offs at
minimum two DDD and maximum 14 DDD. We did not
include prescriptions if there were more than one anti-
biotic prescription on the same day. As a measure to
identify “new” infections and to avoid prophylactic treat-
ment, we only included prescriptions if the patient had
at least 90 days without treatment with the relevant
antibiotics prior to the start of UTI treatment. The pre-
scription had to be attained at least 90 days after the
start of the study period (i.e. 30 March 2008 at the ear-
liest), and before 28 days prior to the end of the study
period (i.e. 3 December 2018 at the latest).

Outcome

Antibiotic switch was defined as a prescription of a dif-
ferent UTI antibiotic than the initial treatment within the
first 14 days after start of treatment. Each follow-up
period started at the time of initial prescription.

Statistical analysis

Patient characteristics are described with mean (stand-
ard deviation, SD) or median (interquartile range, IQR)
for numerical variables and with numbers (percentage)
for categorical variables. Binary responses relating to
antibiotic switch were collected at different time points
for each patient. This rendered the standard logistic
regression model inappropriate. Therefore, we used a
mixed effect binary logistic regression model to account
for the variability between the patients. The modelling
process was executed in two steps. First, unadjusted
models were fitted to the data. Secondly, based on the
results from step 1, all the variables with p< .05 were
used to fit an adjusted model. We obtained an estimate
of intra-cluster correlation (ICC), which explained the
amount of variability in the response variable that was
due to differences between the patients. All analyses
were conducted using commercially available software
(STATA, version 16.0; StataCorp LLC) and the significance
level was set at a¼ .05.

Results

Total antibiotic prescriptions

During the 11-year study period, 476,423 men received
in total 1,515,878 prescriptions of the relevant

antibiotics. Overall mean age at prescription date was
63.4 years. Mean age varied between the different antibi-
otics, and was higher for nitrofurantoin, trimethoprim
and pivmecillinam, and lower for cefalexin or fluoroqui-
nolones (Table 1). Men <65 years received 67.7% of the
cefalexin and 55.0% of the fluoroquinolone prescriptions
but only 29.8% of the nitrofurantoin, 33.5% of the tri-
methoprim and 36.2% of the pivmecillinam
prescriptions.

During the study period, the total number of prescrip-
tions of UTI antibiotics decreased from 70.3 prescriptions
per 1000 male inhabitants in 2008 to 62.9 prescriptions
per 1000 male inhabitants in 2018. The frequency of
fluoroquinolone prescriptions decreased from 23.4 to
14.0 prescriptions per 1000 men from 2008 to 2018,
while usage of cotrimoxazole increased from 10.0 to
21.0 prescriptions per 1000 men (Figure 1).
Pivmecillinam, nitrofurantoin and cefalexin usage mar-
ginally decreased. In 2018, cotrimoxazole, pivmecillinam
and fluoroquinolones were the most frequently pre-
scribed UTI antibiotics.

UTI episodes

Seven hundred twenty-six thousand and ninety-six
(726,096) prescriptions in a total of 429,807 men fulfilled
the criteria to be defined as UTI episodes. The mean age
of men with a UTI episode was 61.3 years. The most fre-
quently prescribed antibiotics for treatment of the UTI
episodes were the fluoroquinolones ciprofloxacin and
ofloxacin (225,439 prescriptions) and pivmecillinam
(206,814 prescriptions). The UTI prescriptions had a
median duration of 10 DDD [5.6–10]. Regardless of anti-
biotic type, the median DDD did not differ between UTI
episodes and the overall prescriptions described in
Table 1.

Antibiotic switch

Ninety-two thousand five hundred and sixty four
(92,564; 12.8%) of the initial prescriptions were followed

Table 1. Total UTI antibiotic prescriptions to men �16 years in
Norway 2008–2018.

Age DDD
Antibiotic Prescriptions Patients Mean (SD) Median (IQR)

Cotrimoxazole 308,358 155,794 61.6 (17.7) 7.5 (5.0–10.0)
Cefalexin 88,298 60,419 53.4 (19.4) 5.0 (5.0–10.0)
Fluoroquinolones 468,111 238,515 59.9 (17.8) 10.0 (5.0–10.0)
Nitrofurantoin 93,605 37,771 70.4 (15.5) 6.3 (6.3–12.5)
Pivmecillinam 377,036 174,360 67.3 (17.4) 10.0 (6.7–13.3)
Trimethoprim 180,470 84,241 68.8 (17.1) 5.6 (5.3–7.5)
Total 1,515,878 476,423 63.4 (18.1) 10.0 (5.6–10.0)

INFECTIOUS DISEASES 407



by a new prescription of a UTI antibiotic within the first
14 days. Of these, 49,531 (6.8%) prescriptions were
switches to another type of antibiotic than the initial
treatment, while 43,033 (6.3%) were re-prescriptions of
the same antibiotic as the initial treatment. When we
prolonged the follow-up period to 28 days, we found a
switch rate of 10.9% and rate of repeat prescriptions at

19.2%. Table S1 displays which antibiotics were pre-
scribed as repeat prescriptions. The rates of antibiotic
switch increased slightly from 6.5% in 2008 to 7.1% in
2018. The antibiotic switch rate was highest between
day 3 and day 14 after initial treatment (Figure 2).
Thereafter, the rates decreased steadily with exceptions
on days 21 and 28. The antibiotic switch rates were

Figure 1. Yearly prescriptions of the different UTI antibiotics per 1000 male inhabitants in Norway 2008–2018. Population statistics based
on male inhabitants �16 years of age, collected by Statistics Norway (SSB).

Figure 2. Proportion (%) of prescriptions of UTI antibiotic resulting in antibiotic switch by days after initial treatment.
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highest for pivmecillinam and trimethoprim, 12.5% and
10.8%, respectively, and lowest for fluoroquinolones and
cefalexin, 2.3% and 1.5%, respectively.

Comparing treatment for 2-9 DDD vs. 10-14 DDD
revealed an increased switch rate for shorter courses of
trimethoprim (11.0% vs. 8.8%) and nitrofurantoin (11.1%
vs. 6.4%), and a decreased switch rate for shorter
courses of pivmecillinam and fluoroquinolones
(Table S2).

Table 2 presents the results of the multilevel logistic
regression model on antibiotic switch during the first
14 days after initial treatment. Pivmecillinam and tri-
methoprim yielded significantly higher ORs compared to
treatment with cotrimoxazole, whereas cefalexin and flu-
oroquinolones yielded significantly lower ORs. Higher
age and duration of therapy of seven DDD or more was
associated with higher odds for antibiotic switch. The
year of prescription did not significantly influence the
odds for antibiotic switch. From the adjusted model, we
obtained an ICC estimate of 0.119, meaning that 11.9%
of the variability in antibiotic switch was due to differen-
ces between patients.

Discussion

Strengths and limitations

The Norwegian Prescription database covers the entire
population of Norway, and contains every prescription
dispensed at Norwegian pharmacies during the study
period. As all antibiotic drugs in Norway are available by
prescription only, our data represents almost all out-
patient treatments for all males in Norway during the
study period. However, this study was retrospective and

patients were not randomised to receive particular treat-
ments. It is possible therefore, that the choice of anti-
biotic drug and the duration of treatment reflect
symptom severity and specific patient risk factors rather
than the arbitrary preferences of the individ-
ual physician.

The NorPD-database does not link prescription data
to patient journal records. Nor does it provide informa-
tion about symptom or diagnosis codes such as ICD or
ICPC of non-reimbursed prescriptions. Hence, we are not
able to distinguish between acute cystitis and febrile
UTI. In reality, a prescription of our selected antibiotics
did not necessarily represent a bacterial urinary tract
infection. About half of the prescriptions defined as UTI
episodes were dispensed to men <65 years. UTIs mainly
occur in men older than 65 years [4,23]. We found a
higher mean age for antibiotics exclusively used to treat
UTIs (pivmecillinam, trimethoprim and nitrofurantoin),
and lower mean age for antibiotics used to treat both
UTIs and other infections (fluoroquinolones and cefa-
lexin). This might imply that a substantial part of the
younger patients did not actually have a UTI but were
treated for other infections.

We did not have information on patient hospitalisa-
tion or death. This could potentially lead to an over-esti-
mation of effectiveness of treatments that potentially
resulted in complications such as pyelonephritis, urosep-
sis or death, and not just the need for a new prescrip-
tion as an outpatient. Drugs given during hospitalisation
or at nursing homes are not usually registered in the
database. Therefore, the elderly patients included in the
study are likely among the healthiest among their age.
This, and the fact that the patients could end up in a

Table 2. Multivariate logistic analysis showing factors associated with antibiotic switch within 14 days after initial prescription.
Total initial
treatments

Antibiotic switch (%)
within 14 days

Crude OR
[95 %]

Adjusted OR
[95% CI]a

Total prescriptions 726,096 49,531 (6.8%)
Initial antibiotic
Cotrimoxazole 141,336 7824 (5.5%) 1 [reference] 1 [reference]
Cefalexin 60,480 878 (1.5%) 0.25 [0.23–0.27] 0.27 [0.26–0.30]
Fluoroquinolones 225,439 5170 (2.3%) 0.39 [0.38–0.41] 0.40 [0.39–0.42]
Nitrofurantoin 19,827 2106 (10.6%) 2.04 [1.93–2.15] 1.98 [1.88–2.09]
Pivmecillinam 206,814 25,759 (12.5%) 2.52 [2.45–2.59] 2.46 [2.39–2.53]
Trimethoprim 72,200 7794 (10.8%) 2.12 [2.05–2.20] 2.13 [2.05–2.21]

DDD
7 days or less 302,087 21,811 (7.2%) 1 [reference] 1 [reference]
8–14 days 424,009 27,720 (6.5%) 0.90 [0.88–0.92] 1.06 [1.04–1.08]
Patient age (mean) 61.3 66.4
16–49 years old 191,908 7370 (3.8%) 1 [reference] 1 [reference]
50–64 years old 173,156 11,791 (6.8%) 1.86 [1.80–1.92] 1.68 [1.63–1.73]
65–84 years old 281,120 23,711 (8.4%) 2.37 [2.30–2.44] 1.80 [1.75–1.85]
>85 years old 79,912 6659 (8.3%) 2.33 [2.25–2.41] 1.49 [1.44–1.55]
Risk factors

Year of prescription 1.02 [1.01–1.02] 1.001 [0.998–1.004]
aAdjusted odds ratios are adjusted for antibiotic group, age group, DDD and year of prescription.
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hospital or in a nursing homes following unsuccessful
treatment, might explain the relatively low rate of repeat
prescriptions for men aged 85 years and older, especially
when compared to men in the age group 50–64
and 65–84 years.

Antibiotic use in the study period

The most prescribed antibiotics in the 11-year study
period were fluoroquinolones and pivmecillinam. From
2012, there has been a steady decline of the use of fluo-
roquinolones and an increased use of cotrimoxazole.
The reduction in overall antibiotic use in general, and
fluoroquinolones in particular, is also seen in other
countries [24], probably caused by the European and
Norwegian stewardship programmes and guidelines,
and a wanted shift from fluoroquinolones as empiric
treatment in primary care due to increasing resistance
and warnings about adverse effects [25,26]. Overall anti-
biotic sales in Norway have decreased by 24% since
2012 [2]. In the last 10 years, the resistance rates in urine
cultured Escherichia coli have remained relatively stable
with a slight increase for most antibiotics. For trimetho-
prim and cotrimoxazole, the resistance rates has been
stable at approximately 20–25%. The rates for pivmecilli-
nam has been at approximately 4–6%, whereas the rates
have increased for ciprofloxacin from 4% to 9% [2].

Antibiotic switch vs. treatment failure

Antibiotic treatment failure may be due to multiple fac-
tors, for example, antibiotic resistance, faulty diagnosis
by the physician and/or poor compliance. As a conse-
quence of our definition of antibiotic switch, prescrip-
tions given as a result of laboratory findings and
treatment for new infections with other organisms have
been included in our analyses. As we did not have
access to the diagnosis for each prescription, we wanted
to reduce the risk of including recurrent or new infec-
tions by choosing 14 days as our cut-off of follow-up.
Previous comparable studies have used 28–31 days as
their limit [27–30]. In a clinical setting, however, we con-
sider 14 days to be sufficient for the patient to get a
new doctor’s appointment and receive additional treat-
ment if needed. We also differentiated between repeat
prescriptions and antibiotic switches, as a prolonged
treatment with the same antibiotic did not answer the
question of adequate initial treatment in terms of anti-
biotic choice. It could, however, implicate a too short

course of treatment, and suggest a need for longer
treatment duration.

During the 11-year study period, the switch rate was
6.8% within the first 14 days after initial antibiotic treat-
ment. As previously seen in a Norwegian study using
data from NorPD [31], our data show peaks in repeat
prescription every seven days (Figure 2 and Figure S1).
Most Norwegian pharmacies are closed on Sundays;
thus, every seventh day cannot be a Sunday if the initial
treatment was dispensed on a weekday. Also, arranging
a follow-up consultation in one or two weeks is com-
mon practice in Norwegian primary care.

Our findings are fairly similar to previous studies of
treatment failure rates of empirical antibiotic treatment
in general practice [32,33]. In a previous study examin-
ing UTI and treatment failure, Montelin et al. [33] investi-
gated men treated for UTI with pivmecillinam,
nitrofurantoin or trimethoprim, and reported a 30% rate
of re-consultation and/or re-prescription within 91 days
after initial treatment, with day 14 being the median
day of re-prescription. Tandan et al. [29] found that re-
consultation rates for men treated with antibiotics for
UTIs were 18% (31 of 177 patients) within 30 days after
initial treatment. Our findings suggest that the rate of
antibiotic switch (11% within 28 days) and repeat pre-
scriptions (19% within 28 days) was relatively low during
the study period, and comparable to the switch and
repeat prescription rates for UTI in female patients at
8–16% within 4weeks [27,28].

Treatment duration and antibiotic type

As more studies are suggesting shorter optimal anti-
biotic treatment duration [14,15], our data also suggest
no obvious benefit of treatment for more than 7 days.
While treatment duration of 7 days or less was associ-
ated with higher crude OR for antibiotic switch com-
pared to 8–14 days, the adjusted OR was lower. As
current guidelines recommend 5–7 days of treatment for
acute cystitis and 7–10 days of treatment for febrile/
complicated UTI, one might expect that shorter courses
might represent treatment for acute cystitis, while lon-
ger courses might represent treatment for febrile UTI.
The switch rate of pivmecillinam, which may not reach
therapeutic concentrations in the kidneys or the pros-
tate [34], was indeed slightly higher in the 10–14 DDD
treatment (12.9%) compared with 2–9 DDD (11.6%).
However, for trimethoprim and nitrofurantoin, which are
not recommended for febrile UTI treatment, switch rates
were considerably lower in 10–14 DDD treatments
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compared with 2–9 DDD treatments. Hence, the number
of DDD does not seem to distinguish between acute
cystitis and febrile UTI in our material.

The current Scandinavian guidelines rely heavily on
the concept that narrow spectrum antibiotics targeted
to a specific infecting organism are less likely to induce
resistance than more broad-spectrum antibiotics, such as
fluoroquinolones, and should be preferred when pos-
sible to reduce the increase in antimicrobial resistance
[35]. Even though the narrow-spectrum antibiotics nitro-
furantoin, pivmecillinam and trimethoprim yielded
higher odds for antibiotic switch than the more broad-
spectrum alternatives cotrimoxazole and fluoroquino-
lones, we find that the rates are satisfactory low, and
comparable to treatment of female UTI. The need for
future randomised controlled studies investigating both
duration of treatment and efficacy of narrow-spectrum
antibiotic drugs for treatment of acute cystitis in male
patients is evident.

Conclusion

This study gives doctors in primary care some observa-
tional evidence of the effectiveness of empirical anti-
biotic treatment of UTIs in men. Our findings suggest
that regardless of the antibiotic prescribed, about 12.8%
of the patients will get a second prescription, and 6.8%
will get a different antibiotic than initially prescribed
within 14 days. Although pivmecillinam, trimethoprim
and nitrofurantoin were associated with higher risk of
antibiotic switch than fluoroquinolones, cefalexin and
cotrimoxazole, we did not find evidence to suggest that
these drugs are inappropriate as first-line empirical treat-
ment options for UTI treatment in male patients. As gen-
eral practitioners should want to avoid excessive use of
fluoroquinolones, the current Norwegian guidelines
seem appropriate for empirical treatment of UTIs in
male patients. There is, however, a great need for clin-
ical trials on acute cystitis in men, exploring the effect-
iveness and safety of different antibiotics and
treatment durations.
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