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Abstract 

Background: Urinary tract infections are among the most common reason for encounter and subsequent antibiotic 
prescriptions. Due to the risk of collateral damage and increasing resistance rates, explicit recommendations against 
the use of fluoroquinolones like ciprofloxacin in uncomplicated urinary tract infections have been issued. However, 
to what extent these recommendations were followed and if there are relevant differences between the disciplines 
involved (general practitioners, urologists, paediatricians and gynaecologists) are unknown.

Methods: We used anonymized data from a local statutory health insurance (SHI) company, which covered about 
38% of all SHI-insured persons in the federal state of Bremen, Germany between 2015—2019. Data included demo-
graphics, outpatient diagnoses and filled prescriptions on an individual level.

Results: One-year prevalence of urinary tract infections was 5.8% in 2015 (females: 9.2%, males: 2.5%). Of all 102,715 
UTI cases, 78.6% referred to females and 21.4% to males, 6.0% of cases were younger than 18 years. In females, general 
practitioners were the most common diagnosing speciality (52.2%), followed by urologists (20.0%) and gynaecologists 
(16.1%). Overall, fluoroquinolones were most often prescribed (26.3%), followed by fosfomycin (16.1%) and the com-
bination of sulfamethoxazole and trimethoprim (14.2%). Fluoroquinolones were most often prescribed by urologists 
and general practitioners, while gynaecologists preferred fosfomycin. During the study period, shares of fluoroqui-
nolones decreased from 29.4% to 8.7% in females and from 45.9% to 22.3% in males.

Conclusions: Despite a clear trend toward a more guideline adherent prescription pattern, there is still room for 
improvement regarding the use of second-line antibiotics especially fluoroquinolones. The choice of antibiotics 
prescribed differs between specialities with higher uptake of guideline-recommended antibiotics by gynaecologists, 
mainly because of higher prescription shares of fosfomycin.
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Background
Urinary tract infections (UTI) are among the most com-
mon reasons for consultations in primary care with a 
prevalence of nearly 9% per year in women [1, 2]. UTI 
and upper respiratory tract infections are the most com-
mon reasons for antibiotic prescriptions. The majority of 
patients with UTIs receive an antibiotic as recommended 
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by most European guidelines [3]. However, the inappro-
priate use of broad-spectrum antibiotics is an important 
driver for antibiotic resistance, which is a serious public 
and individual health concern. Additionally, inappropri-
ate antibiotic prescription, in general, is an important 
contributor to this development.

The implementation of evidence-based guidelines with 
specific recommendations on antibiotic prescriptions 
ideally based on local resistance rates can be an impor-
tant tool to tackle antibiotic resistance and increase the 
quality of care [4].

In 2000 the first guideline on UTI was published by 
the German College of General Practitioners and Family 
Physicians. As patients in Germany have direct access to 
specialist care, those with UTI symptoms might choose 
between seeing a General Practitioner (GP) or a gynae-
cologist/ urologist/paediatrician depending on age, sex 
and availability. Fortunately, in 2010, the national guide-
line on UTI was published. This guideline has been devel-
oped as an interdisciplinary project with representatives 
of GPs, urologists and gynaecologists.

This guideline has been updated regularly [5, 6] with 
few changes in the antibiotics recommended. Since 2010 
nitrofurantoin, fosfomycin, pivmecillinam and trimetho-
prim are recommended for uncomplicated urinary tract 
infections in adult women. With the 2017 update [6] 
nitroxoline was additionally recommended as another 
first-line therapy. In men, pivmecillinam and nitrofuran-
toin were recommended as a first choice.

Due to the high risk of collateral damage, increasing 
resistance rates and potential of individual harm (tendi-
nopathy and aortic dissection among others), both inter-
national and German guidelines explicitly recommend 
against the use of fluoroquinolones (FQ) like ciprofloxa-
cin in uncomplicated urinary tract infections [5, 7]. These 
recommendations were further augmented by safety 
alerts. The European Medicine Agency (EMA) recom-
mended a restricted use in 2018 and 2019 and as a conse-
quence Dear doctor letters were sent out in Germany to 
inform physicians individually [8].

However, actual prescription patterns do not necessar-
ily follow guideline recommendations. As the awareness 
regarding the increasing antimicrobial resistance has 
grown and the safety concerns regarding inappropriate 
FQ use have risen [9] current data on prescription pat-
terns are warranted to adapt antibiotic stewardship strat-
egies. According to an analysis of claims data from 2009, 
ciprofloxacin was still among the top three antibiotics for 
all indications prescribed by GPs, urologists and gynae-
cologists in Germany [10]. In 2013 ciprofloxacin was 
prescribed in 33% of all urinary tract infections [1] but 
the current prescription habits for UTIs are not known. 
Therefore, we wanted to analyse current prescription 

patterns and trends in urinary tract infections and assess 
if prescriptions differed between GPs, urologists and 
gynaecologists.

Methods
Data source and study population
We used anonymized data from the AOK Bremen/
Bremerhaven, a local statutory health insurance (SHI) 
company, which in 2019 covered about 38% of all SHI-
insured persons in the federal state of Bremen [11]. 
Bremen, the smallest of the 16 German federal states, has 
about 680,000 inhabitants corresponding to 0.8% of the 
German population. The study period encompassed the 
years 2015 to 2019. Data included demographics (sex and 
birth year) as well as outpatient diagnoses and filled pre-
scriptions on an individual level.

The study population included all persons with valid 
information on age and sex with at least one diagnosis of 
UTI as an outpatient during the study period.

Case definition
UTI diagnoses were defined according to the Ger-
man modification of the International Classification 
of Diseases (10th revision) [12] and included: urinary 
tract infection, site not specified (N39.0), acute cystitis 
(N30.0), cystitis, unspecified (N30.9) and acute tubulo-
interstitial nephritis (N10). This diagnosis by ICD does 
not allow the differentiation between complicated and 
uncomplicated infections, often used by guidelines to 
recommend a specific therapeutic approach.

In Germany, outpatient diagnoses are only reimbursed 
quarterly (i.e. four three-month periods per year). The 
data did not allow to determine whether diagnoses from 
different physicians or diagnoses recorded in the end of 
one and the beginning of the next quarter referred to one 
UTI (including follow-up visits) or multiple (separate) 
infections. Therefore, a UTI case was defined as a person 
with at least one UTI diagnosis in a respective quarter. 
Consequently, persons with multiple UTI diagnoses in 
one quarter were counted as one case only. Infections 
spanning the turn of a quarter and resulting in physician 
contacts in both quarters were calculated as two cases. A 
person could therefore become a UTI case in each quar-
ter of the study period.

For each case, we assessed the respective UTI diagno-
sis. Cases with different UTI diagnoses in one quarter, 
irrespective of whether these were recorded by one or 
more physicians, were classified as having received “mul-
tiple diagnoses”. Information on the diagnosing physician 
included his or her speciality (i.e. about 70 distinct spe-
cialities). These specialities were grouped as GP, urolo-
gist, gynaecologist, paediatrician, or other. If more than 
one grouped speciality recorded UTI diagnoses in a 
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quarter, the case was considered diagnosed by “multiple 
specialities”.

Subgroup analysis included only incident UTI cases 
defined as those who had no UTI diagnoses in the four 
quarters preceding a respective quarter while being 
insured in each of these four quarters. In this analysis, 
persons could also be included as a case more than one 
time when further episodes also fulfilled this definition.

Antibacterial treatment
Antibacterial treatment was based on the anatomical 
therapeutic chemical (ATC) classification [13]. Prescrip-
tions were classified according to the current German 
guideline [14] and included beta-lactam antibacterials, 
penicillins (J01C excl. J01CA08), cephalosporins (J01DB, 
J01DC, J01DD, J01DE), fluoroquinolones (J01MA), fos-
fomycin (J01XX01), nitrofurantoin (J01XE01, J01XE51), 
nitroxoline (J01XX07), pivmecillinam (J01CA08), the 
combination of sulfamethoxazole and trimethoprim 
(J01EE01), trimethoprim (J01EA01) and other antibacte-
rials (all other ATC codes starting with J01).

In the data, prescriptions could not be directly linked 
to a respective diagnosis or the diagnosing physician. 
Therefore, all prescriptions filled in the quarter of a UTI 
diagnosis were included. However, two different defini-
tions of antibacterial treatment were applied: First, a UTI 
case was classified as treated if he or she received at least 
one antibacterial drug in the quarter of a UTI diagnosis 
at all. In a second and more narrow definition, a case was 
only considered treated if an antibacterial drug had been 
prescribed by at least one speciality also recording a diag-
nosis in the respective quarter.

Analysis
First, prevalences of UTI were assessed by year (2015, 
2016, 2017, 2018 and 2019), stratified by sex and age 
group (0–5, 6–13, 14–17, 18–24, followed by seven 
10-years age intervals and the interval 95 +). The preva-
lence was defined as the number of persons with at least 
one UTI diagnosis in a year divided by all persons of the 
respective stratum insured for at last one day of that year.

Second, we assessed the number of cases per per-
son (e.g. in how many of the 20 quarters at least a UTI 
diagnosis was recorded). We also calculated how many 
persons had recurring UTI diagnoses defined as (1) diag-
noses in two consecutive quarters and (2) diagnoses in 
three of four consecutive quarters.

Third, case characteristics including the UTI diag-
nosis, the grouped speciality of the diagnosing physi-
cian and whether cases received antibacterial treatment 
were presented by sex and age group (0–5, 6–13, 14–17, 
18 + years) using descriptive statistics (frequencies and 
percentages).

Fourth, time trends of antibacterial prescriptions every 
quarter (i.e. 20 quarters) were displayed by sex and by the 
grouped speciality of the prescribing physician.

Fifth, these analyses were rerun for the subgroup of 
incident UTI cases.

Analyses were performed using SAS, version 9.4 (SAS 
Institute Inc., Cary, NC).

Results
UTI prevalence and recurring UTIs
In total, 102,715 UTI cases were recorded between 2015 
and 2019. The UTI prevalence was 5.8% in 2015 (females: 
9.2%, males: 2.5%) and 5.1% in 2019 (females: 8.2%, males: 
2.1%), Table 1; Supplemental Table 1. With respect to age, 
in 2019, the prevalence ranged from 1.4% in the youngest 
group to 12.1% in those aged 85 to 94 years.

The 102,715 UTI cases referred to 47,396 persons with 
at least one UTI diagnosis during the study period. Of 
those persons, 41.3% received UTI diagnoses in more 
than one quarter (females more often than males), 22.0% 
had diagnoses in two consecutive quarters and 11.4% 
were diagnosed in at least three of four consecutive quar-
ters (Supplemental Table 2).

Characteristics of UTI cases
Of all 102,715 UTI cases, 78.6% referred to females and 
21.4% to males; 6.0% of cases were observed in patients 
younger than 18 years. The most common diagnosis was 
a “urinary tract infection, site not specified” (64.3% over-
all, > 80% in those up to the age of 13). In females, GPs 
were the most common diagnosing specialty (52.2%), fol-
lowed by urologists (20.0%) and gynaecologists (16.1%), 
whereas male patients most often received their diagno-
sis from urologists (53.8%) and GPs (38.3%). Up to the 
age of 13  years, paediatricians were the most common 
diagnosing speciality.

Antibacterials were prescribed in 70.8% of female and 
56.4% of male cases. In patients up to 17  years, higher 
proportions of antibacterial treatment were recorded 
(> 74%) than in those aged 18  years and older (67.3%). 
When considering only prescriptions that have been 
issued by the physician specialties (GP, paediatrician, 
urologist, gynaecologist) who had documented a UTI 
diagnosis in the respective quarter, 65.9% of females and 
48.3% of males received antibacterial treatment. This 
proportion further increased if only incident cases were 
considered (see below).

Antibacterial treatment by age and sex
In total, 102,006 antibacterial prescriptions were issued 
in quarters with UTI diagnoses. Overall, fluoroqui-
nolones (FQ) were most often prescribed (26.3%), fol-
lowed by fosfomycin (16.1%) and the combination of 
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sulfamethoxazole and trimethoprim (co-trimoxazole, 
14.2%).

In females, most commonly prescribed antibiotics were 
FQ (23.3%) and fosfomycin (19.4%), whereas in male 
cases FQ dominated (39.5%), followed by (far less) pre-
scriptions of cephalosporins (16.2%, Fig. 1).

Up to the age of 13, cephalosporins, penicillins and 
co-trimoxazole accounted for more than three quar-
ters of prescriptions for both sexes. In females aged 14 
to 44, fosfomycin was the most commonly prescribed 
antibacterial, whereas FQ dominated prescriptions in 
those aged 45 and older. In male patients, FQ were the 

Table 1 Characteristics of UTI cases from 2015 to 2019 by sex and age group based on all UTI cases during the study period

a in the quarter of a UTI diagnosis, by any physician
b in the quarter of a UTI diagnosis, by a physician specialty diagnosing a UTI in the respective quarter

UTI Urinary tract infection

Total Sex Age group

(N = 102,715) Female 
(N = 80,767)

Male 
(N = 21,948)

0–5 years 
(N = 1,864)

6–13 years 
(N = 2,190)

14–17 years 
(N = 2,109)

 >  = 18 years 
(N = 96,552)

Age group in 
years

(N = 102,715) (N = 80,767) (N = 21,948) (N = 1,864) (N = 2,190) (N = 2,109) (N = 96,552)

 0–5 1,864 (1.8%) 1,453 (1.8%) 411 (1.9%) 1,864 (100%)

 6–13 2,190 (2.1%) 1,914 (2.4%) 276 (1.3%) 2,190 (100%)

 14–17 2,109 (2.1%) 1,938 (2.4%) 171 (0.8%) 2,109 (100%)

 18–24 9,131 (8.9%) 8,187 (10.1%) 944 (4.3%) 9,131 (9.5%)

 25–34 13,217 (12.9%) 11,462 (14.2%) 1,755 (8.0%) 13,217 (13.7%)

 35–44 10,530 (10.3%) 8,794 (10.9%) 1,736 (7.9%) 10,530 (10.9%)

 45–54 10,808 (10.5%) 8,424 (10.4%) 2,384 (10.9%) 10,808 (11.2%)

 55–64 11,466 (11.2%) 8,540 (10.6%) 2,926 (13.3%) 11,466 (11.9%)

 65–74 13,302 (13.0%) 9,606 (11.9%) 3,696 (16.8%) 13,302 (13.8%)

 75–84 19,302 (18.8%) 13,858 (17.2%) 5,444 (24.8%) 19,302 (20.0%)

 85–94 8,051 (7.8%) 5,971 (7.4%) 2,080 (9.5%) 8,051 (8.3%)

 95 + 745 (0.7%) 620 (0.8%) 125 (0.6%) 745 (0.8%)

Diagnoses (N = 102,715) (N = 80,767) (N = 21,948) (N = 1,864) (N = 2,190) (N = 2,109) (N = 96,552)
 N39.0 66,022 (64.3%) 50,881 (63.0%) 15,141 (69.0%) 1,594 (85.5%) 1,787 (81.6%) 1,431 (67.9%) 61,210 (63.4%)

 N30.0 14,963 (14.6%) 11,262 (13.9%) 3,701 (16.9%) 59 (3.2%) 116 (5.3%) 218 (10.3%) 14,570 (15.1%)

 N30.9 12,961 (12.6%) 11,327 (14.0%) 1,634 (7.4%) 102 (5.5%) 175 (8.0%) 281 (13.3%) 12,403 (12.8%)

 N10 950 (0.9%) 776 (1.0%) 174 (0.8%) 53 (2.8%) 23 (1.1%) 13 (0.6%) 861 (0.9%)

 Multiple diag-
noses

7,819 (7.6%) 6,521 (8.1%) 1,298 (5.9%) 56 (3.0%) 89 (4.1%) 166 (7.9%) 7,508 (7.8%)

Any antibacte-
rial prescribed?a

(N = 102,715) (N = 80,767) (N = 21,948) (N = 1,864) (N = 2,190) (N = 2,109) (N = 96,552)

 Yes 69,591 (67.8%) 57,206 (70.8%) 12,385 (56.4%) 1,381 (74.1%) 1,625 (74.2%) 1,623 (77.0%) 64,962 (67.3%)

Grouped diag-
nosing physician 
specialty

(N = 93,412) (N = 73,082) (N = 20,330) (N = 1,678) (N = 2,019) (N = 1,943) (N = 87,772)

 GP 45,975 (49.2%) 38,181 (52.2%) 7,794 (38.3%) 138 (8.2%) 385 (19.1%) 910 (46.8%) 44,542 (50.7%)

 Urologist 25,575 (27.4%) 14,631 (20.0%) 10,944 (53.8%) 66 (3.9%) 145 (7.2%) 145 (7.5%) 25,219 (28.7%)

 Gynaecologist 11,826 (12.7%) 11,798 (16.1%) 28 (0.1%) 2 (0.1%) 29 (1.4%) 256 (13.2%) 11,539 (13.1%)

 Pediatrician 3,519 (3.8%) 3,002 (4.1%) 517 (2.5%) 1,434 (85.5%) 1,402 (69.4%) 508 (26.1%) 175 (0.2%)

 Other 1,438 (1.5%) 1,169 (1.6%) 269 (1.3%) 12 (0.7%) 7 (0.3%) 25 (1.3%) 1,394 (1.6%)

 Multiple spe-
cialties

5,079 (5.4%) 4,301 (5.9%) 778 (3.8%) 26 (1.5%) 51 (2.5%) 99 (5.1%) 4,903 (5.6%)

Any antibacte-
rial prescribed 
by diagnosing 
specialty?b

(N = 93,412) (N = 73,082) (N = 20,330) (N = 1,678) (N = 2,019) (N = 1,943) (N = 87,772)

 Yes 57,993 (62.1%) 48,165 (65.9%) 9,828 (48.3%) 1,210 (72.1%) 1,469 (72.8%) 1,438 (74.0%) 53,876 (61.4%)
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most common antibacterials in all groups aged 18 years 
or older. Use increased with rising age but decreased in 
cases aged 75 or older.

Trends in antibacterial treatment
During the study period, shares of FQ decreased in 
females (from 29.4% in the first quarter of 2015 to 8.7% 
in the last quarter of 2019) and in males from 45.9% 
to 22.3%, Fig.  2). In females, the largest increase was 
observed for fosfomycin (13.8% to 22.6%) and pivmecil-
linam (reaching 7.4% at the end of the study period). In 
males, cephalosporins (14.1% to 22.9%) and, to a lesser 
extent, penicillins and co-trimoxazole compensated the 
decrease of FQ.

Antibacterial treatment and trends by physician speciality
GPs and urologists most often prescribed FQ (overall 
29.9% and 33.0% of all antibacterial prescriptions, respec-
tively). From the first quarter of 2015 to the last quarter 
of 2019, FQ prescriptions by GPs decreased from 35.4% 
to 12.7%, while fosfomycin increased (9.1% to 18.8%) as 
did pivmecillinam (up to 8.7%, Fig. 3). Shares of FQ pre-
scriptions by urologists declined during the study period 
(from 43.3% to 14.7%), while use of co-trimoxazole 
increased (9.8% to 15.6%). The respective trends stratified 
by sex are displayed in Fig. 4.

Overall, nearly half of all antibacterial prescriptions 
issued by gynaecologists were fosfomycin (49.2%). Shares 
increased during the study period (from 44.6% to 52.3%, 
Fig. 3), while FQ prescriptions decreased (15.9% to 3.7%). 
Among paediatric prescriptions, cephalosporins domi-
nated (overall 34.6%) although use decreased during 
the study period (43.6% to 26.1%). In contrast, penicil-
lin prescriptions increased (18.4% to 26.4%) as did, to a 
lesser extent, co-trimoxazole and trimethoprim (mono 
preparation).

Incident cases
In total, 38,099 cases had no UTI diagnoses in the 4 quar-
ters preceding a respective quarter (Table  2). Incident 
cases were younger (median age 51 vs. 56  years) com-
pared to all cases. They were also more often diagnosed 
by a GP (55.6% vs. 49.2%) and less often received diag-
noses from a urologist (19.3% vs. 27.4%). Antibacterial 
treatment was more common with respect to any pre-
scriptions (females: 79.7%, males: 69.5%) and prescrip-
tions issued by a diagnosing specialty (females: 76.2%, 
males: 63.0%) compared to all cases. Additionally, in inci-
dent UTI cases, proportions of antibacterial treatment 
did not differ between age groups.

Incident UTI cases received a total of 40,977 anti-
bacterial prescriptions. Shares were comparable to 
those observed for all cases with 25.5% FQ, followed by 

Fig. 1 Shares of antibacterials prescribed in the quarter of a UTI diagnosis from 2015 to 2019 by sex and age group. (N = 102,006 prescriptions)
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Fig. 2 Trend: shares of antibacterials prescribed in the quarter of a UTI diagnosis by sex. (N = 102,006 prescriptions)

Fig. 3 Trend: shares of antibacterials prescribed by GP, urologist, gynaecologist and paediatrician in the quarter of a UTI diagnosis. (N = 95,648 
prescriptions)
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fosfomycin (18.0%) and co-trimoxazole (15.6%, data not 
shown).

Discussion
Based on the anonymized data from a regional SHI, pre-
scribing patterns for 102,715 UTI cases over a five-year 
period in the federal state of Bremen were analysed. 
Prevalence of UTI remained stable with even a little 
decline (5.8 to 5.1%) in both sexes. The type of antibiot-
ics prescribed was subject to relevant changes over time 
depending on the speciality.

The change in prevalence is in contrast to an increase 
reported from Norway between an earlier period [15]. 
Changes in antibiotic prescription with a general decline 
in antibiotic use for all indications was seen in Germany, 
mainly due to decreasing prescription rates in children. 
This decrease could be demonstrated for nearly all anti-
biotic classes with the exception of nitrofurantoin/ fos-
fomycin/nitroxoline for which the rates increased [16]. 
When focusing on UTI, FQ were still among the most 
common prescribed antibiotics but with a substantial 
decrease over recent years. Comparable data from other 
European countries report even lower rates of FQ pre-
scriptions in urinary tract infections with 13.8% from 
Switzerland [17] or even 7% in Sweden [18]. The rea-
sons for this trend towards a more guideline adherent 

prescription pattern in Germany are unclear. Guideline 
recommendations as well as Dear doctor letters regard-
ing the restricted use of FQ might at least partly explain 
the changes. According to an earlier review, several 
approaches to improve antibiotic prescribing by health-
care providers in Primary Care were explored, but none 
of them could be identified as the most appropriate strat-
egy [19]. A strategy that might explain the changes in 
our study is the development of local recommendations 
issued by an accepted body. Since 2011 General Practi-
tioners in Bremen were provided with detailed evidence 
based recommendations [20]. They were developed by 
pharmacologists and supported by the local Associa-
tion of Statutory Health Insurance Physicians and well as 
some SHI (including the one providing the data for this 
analysis). Their use is voluntary but supported by regular 
feedback and implementation of the recommendations 
in the physician’s software. From a previous study on 
uncomplicated urinary tract infections in north western 
Germany local resistance rates of bacteria are available, 
which support the antibiotic recommendations of the 
German guidelines [21].

Increasing evidence and subsequent guideline rec-
ommendations support the option of a non-antibiotic 
therapy in uncomplicated UTI in women [22] but not in 
men. In 2010 this option was mentioned in the German 

Fig. 4 Trend: shares of antibacterials prescribed by GP and urologist in the quarter of a UTI diagnosis by sex. (N = 79,665 prescriptions)
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guideline and further endorsed in the 2017 update. Due 
to a lack of clinical data this approach is not recom-
mended for men. Therefore, we would expect higher 
shares of antibiotic prescriptions in men when a UTI 

was diagnosed. However, the share of antibacterials pre-
scribed was even lower in men (56.4%) than in women 
(70.8%). Even when including only incident cases (thus 
reducing possible documentation errors) this share 

Table 2 Characteristics of incident UTI cases from 2016 to 2019 by sex and age  groupa based on all incident UTI cases during the 
study period

a no UTI diagnosed in the 4 quarters preceding the respective quarter
b in the quarter of a UTI diagnosis, by any physician
c in the quarter of a UTI diagnosis, by a physician specialty diagnosing a UTI in the respective quarter

UTI Urinary tract infection

Total Sex Age group

(N = 38,099) Female 
(N = 29,483)

Male (N = 8,616) 0–5 years 
(N = 904)

6–13 years 
(N = 1,122)

14–17 years 
(N = 1,019)

 >  = 18 years
(N = 35,054)

Age group in 
years

(N = 38,099) (N = 29,483) (N = 8,616) (N = 904) (N = 1,122) (N = 1,019) (N = 35,054)

 0–5 904 (2.4%) 715 (2.4%) 189 (2.2%) 904 (100%)

 6–13 1,122 (2.9%) 949 (3.2%) 173 (2.0%) 1,122 (100%)

 14–17 1,019 (2.7%) 925 (3.1%) 94 (1.1%) 1,019 (100%)

 18–24 3,888 (10.2%) 3,428 (11.6%) 460 (5.3%) 3,888 (11.1%)

 25–34 5,506 (14.5%) 4,645 (15.8%) 861 (10.0%) 5,506 (15.7%)

 35–44 4,121 (10.8%) 3,306 (11.2%) 815 (9.5%) 4,121 (11.8%)

 45–54 4,288 (11.3%) 3,213 (10.9%) 1,075 (12.5%) 4,288 (12.2%)

 55–64 4,258 (11.2%) 3,062 (10.4%) 1,196 (13.9%) 4,258 (12.1%)

 65–74 4,424 (11.6%) 3,053 (10.4%) 1,371 (15.9%) 4,424 (12.6%)

 75–84 5,858 (15.4%) 4,108 (13.9%) 1,750 (20.3%) 5,858 (16.7%)

 85–94 2,481 (6.5%) 1,893 (6.4%) 588 (6.8%) 2,481 (7.1%)

 95 + 230 (0.6%) 186 (0.6%) 44 (0.5%) 230 (0.7%)

Diagnoses (N = 38,099) (N = 29,483) (N = 8,616) (N = 904) (N = 1,122) (N = 1,019) (N = 35,054)
 N39.0 24,631 (64.6%) 18,737 (63.6%) 5,894 (68.4%) 760 (84.1%) 902 (80.4%) 693 (68.0%) 22,276 (63.5%)

 N30.0 5,511 (14.5%) 4,158 (14.1%) 1,353 (15.7%) 42 (4.6%) 59 (5.3%) 101 (9.9%) 5,309 (15.1%)

 N30.9 5,171 (13.6%) 4,351 (14.8%) 820 (9.5%) 65 (7.2%) 106 (9.4%) 148 (14.5%) 4,852 (13.8%)

 N10 361 (0.9%) 292 (1.0%) 69 (0.8%) 10 (1.1%) 10 (0.9%) 4 (0.4%) 337 (1.0%)

 Multiple diag-
noses

2,425 (6.4%) 1,945 (6.6%) 480 (5.6%) 27 (3.0%) 45 (4.0%) 73 (7.2%) 2,280 (6.5%)

Any antibacterial 
prescribed?b

(N = 38,099) (N = 29,483) (N = 8,616) (N = 904) (N = 1,122) (N = 1,019) (N = 35,054)

 Yes 29,476 (77.4%) 23,492 (79.7%) 5,984 (69.5%) 719 (79.5%) 881 (78.5%) 817 (80.2%) 27,059 (77.2%)

Grouped diag-
nosing physician 
specialty

(N = 34,038) (N = 26,314) (N = 7,724) (N = 804) (N = 1,023) (N = 934) (N = 31,277)

 GP 18,925 (55.6%) 15,098 (57.4%) 3,827 (49.5%) 74 (9.2%) 174 (17.0%) 448 (48.0%) 18,229 (58.3%)

 Urologist 6,573 (19.3%) 3,367 (12.8%) 3,206 (41.5%) 29 (3.6%) 77 (7.5%) 62 (6.6%) 6,405 (20.5%)

 Gynaecologist 4,864 (14.3%) 4,852 (18.4%) 12 (0.2%) 16 (1.6%) 116 (12.4%) 4,732 (15.1%)

 Paediatrician 1,739 (5.1%) 1,466 (5.6%) 273 (3.5%) 685 (85.2%) 727 (71.1%) 257 (27.5%) 70 (0.2%)

 Other 453 (1.3%) 342 (1.3%) 111 (1.4%) 5 (0.6%) 3 (0.3%) 7 (0.7%) 438 (1.4%)

 Multiple spe-
cialties

1,484 (4.4%) 1,189 (4.5%) 295 (3.8%) 11 (1.4%) 26 (2.5%) 44 (4.7%) 1,403 (4.5%)

Any antibacte-
rial prescribed 
by diagnosing 
specialty?c

(N = 34,038) (N = 26,314) (N = 7,724) (N = 804) (N = 1,023) (N = 934) (N = 31,277)

 Yes 24,862 (73.0%) 20,015 (76.1%) 4,847 (62.8%) 636 (79.1%) 797 (77.9%) 734 (78.6%) 22,695 (72.6%)
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increases only to 69.5% (women 79.7%). As a possi-
ble explanation, urologists more frequently use urine 
microscopy and will care for a higher number of patients 
with urinary catheters. This might result in higher detec-
tion rates of asymptomatic bacteriuria (due to the detec-
tion of leukocytes in otherwise asymptomatic patients). 
This condition should not be treated with antibiotics but 
might be coded as UTI. This is supported by the fact that 
73.2% of all cases diagnosed by a GP received an antibi-
otic compared to 51.3% diagnosed by a urologist (data 
not shown). Another explanation might be that male 
patients were diagnosed and treated by a GP and addi-
tionally referred to a urologist. This is supported by the 
fact that 68.0% of male cases diagnosed by a GP received 
an antibiotic compared to 44.0% diagnosed by a urolo-
gist (data not shown). When patients have contacts with 
GPs and urologists within the same quarter an antibiotic 
prescription will be issued only by one specialty but the 
diagnosis will be coded by both, thus reducing the pro-
portion of antibiotic prescriptions. And as another expla-
nation, men with UTI seen in out of hours care will most 
probably receive an antibiotic prescription immediately. 
The diagnosis will be documented again, when seeing a 
GP or urologist afterwards but without another antibiotic 
prescription issued. We are not aware of any quality indi-
cator or gold standard regarding an optimal prescriptions 
rate in relation to the number of diagnoses, therefore our 
data might foster further research and discussion on this 
topic.

Prescribing patterns between GPs, urologists and 
gynaecologists show remarkable differences regarding 
their antibiotic portfolio. Paediatricians differ from other 
disciplines as fosfomycin and FQ are hardly used. The 
first one being approved only from 12 years onwards, at 
this age the patients are mainly treated by GPs. FQ are 
only recommended as second line or in complicated 
infections, a recommendation that seems to be followed 
by paediatricians [23].

Pivmecillinam has been introduced in the German 
market in 2016 and is used mainly by GPs and gynaecolo-
gists with growing albeit still small prescription volumes. 
The reasons are probably the lack of experience with a 
new drug and at the beginning only sparse information 
regarding the resistance rates in Germany. In contrast, 
fosfomycin is increasingly used since its first recom-
mendation in the 2010 guideline and the once only dose 
increases its acceptance with women. Fosfomycin is not 
licensed for men with UTI but when comparing its use 
between gynaecologists and GPs it becomes evident that 
gynaecologists prefer its use. Differences in the choice of 
antibiotics used have been described in the hospital set-
ting [24] and between GPs [25] and GPs and paediatri-
cians [26]. It is likely that resistance patterns of causative 

agents differ between the patients seen by specialists 
compared to those seen in primary care. FQ are still rec-
ommended in case of severe infections and therefore 
are likely to be more often used in selected patients with 
more complicated or advanced infections. However, as 
the German health care system allows direct access to 
specialists, a selection bias i.e. with more complicated or 
advanced infections seen by GPs is very unlikely. Prob-
ably there are more differences in prescribing culture 
between these specialties that have to be considered and 
probably can be of use to promote a higher adherence 
towards local or national guidelines.

Strength and limitations
The main strength is the database covering all physician 
specialities involved in primary care and the large time 
period allowing an assessment of prescribing trends. Fur-
ther, the AOK represents a high share of insured persons 
in the state of Bremen. Although insurance funds differ 
with respect e.g. to demographics, socio-economic sta-
tus and morbidity [27], it seems unlikely that prescrib-
ing behaviour is influenced by affiliation with a certain 
SHI. Nevertheless, there are relevant regional differences 
regarding prescribing behaviour of antibiotics which limit 
a generalization of our results to different regions [16, 
28]. Furthermore, contact patterns with GPs versus other 
specialists often differ between urban and rural areas- 
our results represent a consultation pattern in case of uri-
nary tract infection that is likely to reflect the situation in 
an urban setting only. A further limitation is attributed to 
the administrative nature of the data: The quarterly reim-
bursement precludes determining whether multiple diag-
noses in one or two subsequent quarters referred to one 
or more UTI cases. Accordingly, the prevalence of recur-
rent UTI remains imprecise. Another limitation is that 
no direct linkage is possible between prescriptions and 
diagnoses and therefore it cannot be ruled out that, in the 
quarter of a UTI diagnosis, antibacterials were prescribed 
for other infections. Due to the lack of clinical data (for 
example on renal function, allergies, further medication, 
comorbidities, results of urine cultures) a differentiation 
between complicated/uncomplicated infections is not 
possible. In complicated infections the use of second line 
antibiotics (e.g. FQ) is sometimes warranted. As we do 
not assume a relevant change in the share of complicated 
infections over time this limitation is unlikely to have an 
impact on our results.

Conclusions
Despite a clear trend towards a more guideline adherent 
prescription pattern there is still room for improvement 
regarding the use of second line antibiotics especially 
fluoroquinolones. The choice of antibiotics prescribed 
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differs between specialties with higher uptake of guide-
line recommended antibiotic by gynaecologists, mainly 
because of higher prescription shares of fosfomycin. 
An identification of individual prescribers was not pos-
sible due to the data structure. Such an analysis would 
be needed to identify those with higher proportions of 
inappropriate prescriptions. Based on our analysis we 
encourage every physician involved in treating patients 
with UTI to re-evaluate his or her portfolio of antibiot-
ics used. A further reduction of second line antibiotics 
like cephalosporins seems feasible.

Abbreviations
ATC : Anatomical therapeutic chemical; FC: Fluoroquinolone; GP: General 
practitioner; SHI: Statutory health insurance; N 39.0: Urinary tract infection, 
site not specified; N30.0: Acute cystitis; N30.9: Cystitis, unspecified; N10: Acute 
tubulo-interstitial nephritis.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12875- 022- 01816-6.

Additional file 1: Table S1. Yearly UTI prevalences by sex and age group 
based on all persons insured for at last one day of the respective year. 
Table S2. Frequency of quarters with at least one UTI diagnosis on a 
person level based on all persons with at least one UTI during the study 
period. 

Acknowledgements
The authors would like to thank the Allgemeine Ortskrankenkasse (AOK) 
Bremen / Bremerhaven for the provision of the data

Authors’ contributions
GS, FH, KJ participated in designing of the study, data analyses as well as writ-
ing of the manuscript. AH participated in data analyses, all authors approved 
the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. The article 
is part of a larger project on treatment decisions in urinary tract infections 
supported by an unrestricted grant from the Allgemeine Ortskrankenkasse 
Bremen / Bremerhaven.

Availability of data and materials
The datasets generated and/or analysed during the current study are not pub-
licly available but are available from the corresponding author on reasonable 
request and with permission of the AOK Bremen/ Bremerhaven.

Declarations

Ethics approval and consent participate
For this study, a waiver was obtained from the Medical Ethics Committee of 
the Carl von Ossietzky University Oldenburg (2022–044). Patient informed 
consent was not required by German regulations, since this study was based 
on anonymous data.

Consent for publication
Not applicable.

Competing interests
GS is author of the German Guideline on urinary tract infections(5), the other 
authors declare no competing interests.

Author details
1 Institute for Public Health and Nursing Sciences, Department for Health Ser-
vices Research, Bremen University, Grazer Str. 4, 28359 Bremen, Deutschland. 
2 Department of Health Services Research, Carl Von Ossietzky University 
of Oldenburg, Ammerländer Heerstraße 114-118, 26129 Oldenburg, Germany. 
3 Department of Medical Microbiology and Virology, Carl Von Ossietzky 
University of Oldenburg, Ammerländer Heerstraße 114-118, 26129 Oldenburg, 
Germany. 

Received: 25 April 2022   Accepted: 29 July 2022

References
 1. Dicheva S. Harnwegsinfekte bei Frauen. In: Glaeske G, Schicktanz C, edi-

tors. Barmer GEK Arzneimittelreport. 1. ed. Siegburg: Asgard Verlagsser-
vice; 2015. p. 107–137.

 2. Butler CC, Hawking MK, Quigley A, McNulty CA. Incidence, sever-
ity, help seeking, and management of uncomplicated urinary tract 
infection: a population-based survey. Br J Gen Pract J R Coll Gen Pract. 
2015;65(639):e702-707.

 3. Malmros K, Huttner BD, McNulty C, Rodríguez-Baño J, Pulcini C, Tängdén 
T. Comparison of antibiotic treatment guidelines for urinary tract infec-
tions in 15 European countries: Results of an online survey. Int J Antimi-
crob Agents. 2019;54(4):478–86.

 4. Hernandez-Santiago V, Davey PG, Nathwani D, Marwick CA, Guthrie B. 
Changes in resistance among coliform bacteraemia associated with a 
primary care antimicrobial stewardship intervention: A population-based 
interrupted time series study. PLOS Med. 2019;16(6):e1002825.

 5. Wagenlehner FME, Hoyme U, Kaase M, Fünfstück R, Naber KG, Schmie-
mann G. Uncomplicated urinary tract infections. Dtsch Ärztebl Int. 
2011;108(24):415–23.

 6. Kranz J, Schmidt S, Lebert C, Schneidewind L, Mandraka F, Kunze M, et al. 
The 2017 Update of the German Clinical Guideline on Epidemiology, 
Diagnostics, Therapy, Prevention, and Management of Uncomplicated 
Urinary Tract Infections in Adult Patients. Part II: Therapy and Prevention. 
Urol Int. 2018;100(3):271–8.

 7. Scottish Intercollegiate Guidelines Network. Management of suspected 
bacterial lower urinary tract infection in adult women: a national clinical 
guideline. 2020.

 8. European Medicines AgencyMA. Quinolone- and fluoroquinolone-con-
taining medicinal products. European Medicines Agency. 2018. https:// 
www. ema. europa. eu/ en/ medic ines/ human/ refer rals/ quino lone- fluor 
oquin olone- conta ining- medic inal- produ cts. Accessed 30 June 2022

 9. Bausch K, Bonkat G. Fluoroquinolone antibiotics – what we shouldn’t 
forget two years after the restriction by the European Commission. Swiss 
Med Wkly. 2022;152:w30126.

 10. Zweigner J, Meyer E, Gastmeier P, Schwab F. Rate of antibiotic prescrip-
tions in German outpatient care – are the guidelines followed or are they 
still exceeded? GMS Hyg Infect Control. 2018;13:Doc04.

 11. Bundesministerium für Gesundheit. Mitglieder und Versicherte der Geset-
zlichen Krankenversicherung (GKV) https:// www. bunde sgesu ndhei tsmin 
ister ium. de/ themen/ krank enver siche rung/ zahlen- und- fakten- zur- krank 
enver siche rung/ mitgl ieder- und- versi cherte. html. Assessed 30 June 2022

 12. BfArM (Federal Institute for drugs and medical devices) - Tabular list. 
www. bfarm. de/ EN/ Code- syste ms/ Class ifica tions/ ICD/ ICD- 10- GM/ Tabul 
ar- list/_ node. html Assessed 30 June 2022

 13. WHOCC - ATC/DDD Index https:// www. whocc. no/ atc_ ddd_ index/. 
Assessed 30 June 2022

 14. Leitlinienprogramm DGU. Interdisziplinäre S3 Leitlinie: Epidemiologie, 
Diagnostik, Therapie, Prävention und Management unkomplizierter, bak-
terieller, ambulant erworbener Harnwegsinfektionen bei erwachsenen 
Patienten. 2017. www. awmf. org/ uploa ds/ tx_ szlei tlini en/ 043-% 0A044l_ 
S3_ Harnw egsin fekti onen. pdf. Assessed 30 June 2022

 15. Haugom LEA, Ruths S, Emberland KE, Eliassen KER, Rortveit G, Wensaas 
KA. Consultations and antibiotic treatment for urinary tract infections in 
Norwegian primary care 2006–2015, a registry-based study. BMC Fam 
Pract. 2021;22(1):127.

https://doi.org/10.1186/s12875-022-01816-6
https://doi.org/10.1186/s12875-022-01816-6
https://www.ema.europa.eu/en/medicines/human/referrals/quinolone-fluoroquinolone-containing-medicinal-products
https://www.ema.europa.eu/en/medicines/human/referrals/quinolone-fluoroquinolone-containing-medicinal-products
https://www.ema.europa.eu/en/medicines/human/referrals/quinolone-fluoroquinolone-containing-medicinal-products
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte.html
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte.html
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte.html
http://www.bfarm.de/EN/Code-systems/Classifications/ICD/ICD-10-GM/Tabular-list/_node.html
http://www.bfarm.de/EN/Code-systems/Classifications/ICD/ICD-10-GM/Tabular-list/_node.html
https://www.whocc.no/atc_ddd_index/
http://www.awmf.org/uploads/tx_szleitlinien/043-%0A044l_S3_Harnwegsinfektionen.pdf
http://www.awmf.org/uploads/tx_szleitlinien/043-%0A044l_S3_Harnwegsinfektionen.pdf


Page 11 of 11Schmiemann et al. BMC Primary Care          (2022) 23:204  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 16. Holstiege J, Schulz M, Akmatov MK, Kern WV, Steffen A, Bätzing 
J. The Decline in Outpatient Antibiotic Use. Dtsch Arzteblatt Int. 
2020;117(41):679–86.

 17 Plate A, Kronenberg A, Risch M, Mueller Y, Di Gangi S, Rosemann T, Senn 
O. Treatment of urinary tract infections in Swiss primary care: quality and 
determinants of antibiotic prescribing. BMC Fam Pract. 2020;21(1):125.

 18 Isberg HK, Hedin K, Melander E, Mölstad S, Beckman A. Increased adher-
ence to treatment guidelines in patients with urinary tract infection in 
primary care: A retrospective study. PLOS ONE. 2019;14(3):e0214572.

 19 Arnold SR, Straus SE. Interventions to improve antibiotic prescrib-
ing practices in ambulatory care. Cochrane Database Syst Rev. 
2005;2005:CD003539.

 20. Püntmann I, Wille H, Mühlbauer B. Bremer Arzneimittelregister (BAR©) 
– Schnelle evidenzbasierte Hilfe bei der täglichen Wirkstoffwahl. 2012; 
www. egms. de/ en/ meeti ngs/ ebm20 12/ 12ebm 081. shtml Assessed 30 
June 2022

 21. Schmiemann G, Gagyor I, Hummers-Pradier E, Bleidorn J. Resistance 
profiles of urinary tract infections in general practice–an observational 
study. BMC Urol. 2012;12:33.

 22. Ong Lopez AMC, Tan CJL, Yabon AS, Masbang AN. Symptomatic treat-
ment (using NSAIDS) versus antibiotics in uncomplicated lower urinary 
tract infection: a meta-analysis and systematic review of randomized 
controlled trials. BMC Infect Dis. 2021;21(1):619.

 23. NICE. Urinary tract infection in children: Diagnosis, treatment and 
long-term management 2013. https:// www. nice. org. uk/ guida nce/ cg54. 
Assessed 30 June 2022

 24 Charani E, de Barra E, Rawson TM, Gill D, Gilchrist M, Naylor NR, Holmes 
AH. Antibiotic prescribing in general medical and surgical specialties: a 
prospective cohort study. Antimicrob Resist Infect Control. 2019;8:151.

 25. Palin V, Mölter A, Belmonte M, Ashcroft DM, White A, Welfare W, van Staa 
T. Antibiotic prescribing for common infections in UK general practice: 
variability and drivers. J Antimicrob Chemother. 2019;74(8):2440–50.

 26. Katz SE, Staub M, Ouedraogo Y, Evans CD, Kainer MA, Griffin MR, Banerjee 
R. Population-based assessment of patient and provider characteristics 
influencing pediatric outpatient antibiotic use in a high antibiotic-pre-
scribing state. Infect Control Hosp Epidemiol. 2020;41(3):331–6.

 27. Hoffmann F, Koller D. Different Regions, Differently Insured Populations? 
Socio-demographic and Health-related Differences Between Insurance 
Funds. Gesundheitswesen. 2017;79(1):e1-9.

 28. Bätzing-Feigenbaum J, Schulz M, Schulz M, Hering R, Kern WV. Outpatient 
Antibiotic Prescription. Dtsch Arzteblatt Int. 2016;113(26):454–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.egms.de/en/meetings/ebm2012/12ebm081.shtml
https://www.nice.org.uk/guidance/cg54

	Patterns and trends of antibacterial treatment in patients with urinary tract infections, 2015–2019: an analysis of health insurance data
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data source and study population
	Case definition
	Antibacterial treatment
	Analysis

	Results
	UTI prevalence and recurring UTIs
	Characteristics of UTI cases
	Antibacterial treatment by age and sex
	Trends in antibacterial treatment
	Antibacterial treatment and trends by physician speciality
	Incident cases

	Discussion
	Strength and limitations

	Conclusions
	Acknowledgements
	References


