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Antibiotic-Resistant E. coli in Uncomplicated 
Community-Acquired Urinary Tract Infection
A Prospective Cohort Study from 2015/16 (the SARHA Study) Compared With Data From the Antimicrobial  
Resistance Surveillance System (ARS) 

Anja Klingeberg, Ines Noll, Niklas Willrich, Marcel Feig, Dagmar Emrich, Edith Zill, Annegret Krenz-Weinreich, 
 Wiltrud Kalka-Moll, Klaus Oberdorfer, Guido Schmiemann, Tim Eckmanns

U rinary tract infection (UTI) is one of the most com-
mon bacterial infections seen in primary care and 
thus one of the most common indications for which 

antibiotics are precribed. (1–3). In 2013, the prevalence of 
the diagnoses “Urinary Tract Infection” (N39.0) or 
“Acute Cystitis” (N30.0) was 7.3% and 1.7%, respec -
tively, among all females aged 12 years or older insured 
with the German statutory health insurer Barmer GEK 
(4). As the majority of the community-acquired UTIs 
manifested as an acute cystitis, in this study the term un-
complicated UTI primarily refers to acute uncomplicated 
cystitis (5). Among other studies, E. coli has been found 
to be one of the main causative agents (70–80%) of 
 uncomplicated UTI (6–8). Complicated urinary tract 

Summary
Background: Routine urine culture testing is not recommended for uncomplicated urinary tract infections (UTIs). As a result, the 
antibiotic resistance patterns or the organisms causing UTIs are not adequately reflected in routine data. We studied the 
 sensitivity of Escherichia coli (E. coli) to trimethoprim (TMP) and to cotrimoxazole (i.e., trimethoprim/sulfamethoxazole, TMP/
SMX) in community-acquired UTI and compared the findings with the resistance data of the Antimicrobial Resistance 
 Surveillance System (ARS). 

Methods: General practitioners and internists in private practice prospectively recruited all of their adult patients with symptoms 
of a urinary tract infection from May 2015 to February 2016. Urine specimens from all patients were tested (including urine 
 culture testing and antibiotic susceptibility) and infections were defined as uncomplicated or complicated UTIs. 

Results: 1245 participants from 58 medical practices were enrolled in the study. Pathogenic organisms were found in the urine 
of 877 patients, of whom 74.5% had E. coli infections. Among the E.-coli-positive UTIs, 52.4% were classified as uncomplicated 
and 47.6% as complicated. The prevalence of E. coli that was resistant to TMP and to TMP/SMX in uncomplicated UTIs was 
15.2% and 13.0%, respectively, compared to 25.3% and 24.4%, respectively, from all UTIs in ARS in 2015. Study participants 
who had previously taken antibiotics had the highest prevalence of E. coli resistance (30.9%), followed by those who had two or 
more UTIs within the past six months (28.9%).

Conclusion: E. coli with resistance to TMP was significantly less prevalent among the study patients with uncomplicated UTIs than 
in the routine data of the ARS. Accordingly, TMP should still be considered as an option for the treatment of uncomplicated UTIs. 
TMP/SMX is considered the agent of second choice because of its side effects. Surveillance systems based on routine data do not 
yield a representative sample for the evaluation of the resistance situation in patients with uncomplicated UTIs.
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 infections are defined as UTIs occurring in patients 
with risk factors for severe disease, sequelae or treat-
ment failure. Microbiological testing of the urine prior 
to initiation of treatment is recommended for patients 
with complicated UTIs, pregnant women and patients 
with recurrent urinary tract infections.  Uncomplicated 
urinary tract infections, most commonly affecting 
young healthy women, are caused by a narrow spectrum 
of causative agents. The antibiotic susceptibility of 
these bacteria can be predicted with high probability 
(9). Thus, routine urine culture testing is not 
 recommended for practical and economic reasons; 
 instead, uncomplicated UTIs are treated with empiric 
antibiotic therapy (6, 10).
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Treatment recommendations for empiric antibiotic 
therapy are based on antimicrobial resistance data 
from epidemiological studies or from surveillance 
systems such as the Antimicrobial Resistance 
 Surveillance System (ARS). ARS is a laboratory-
based surveillance system established at the Robert 
Koch Institute with the aim of providing reference 
data on the antimicrobial resistance situation in the 
community-based generalist/internist and inpatient 
hospital care settings (11, 12). 

Patterns of antibiotic resistance can show time and 
regional differences (13). ARS provides regular up-
to-date data and is an essential source of information 
for the selection of appropriate empiric antibiotic 
therapy. However, since microbiological testing is not 
carried out on a routine basis for patients with uncom-
plicated UTIs, results in ARS for uncomplicated UTIs 
are underrepresented. In contrast, ARS data likely 
 reflects the situation of complicated UTIs where urine 
cultures are obtained in the community-based medical 
practice setting. A wider bacterial spectrum and 
higher proportions of resistance can be expected in 
cases of complicated UTIs, so the occurence of anti-
biotic resistance in patients with uncomplicated UTIs 
is likely overestimated (14–17). This could lead to the 
misconception that actually appropriate antibiotics 
are no longer recommended as first-line agents for 
uncomplicated UTI and that reserve antibiotics with 
a broader spectrum are used instead.

Trimethoprim (TMP) and co-trimoxazole (trimeth -
oprim/sulfamethoxazole, TMP/SMX) are generally 
well-tolerated and cost-effective drugs, used in the past 
as first-line agents in the empirical management of 
 uncomplicated urinary tract infections. Proportions of 
 resistance should be below 20% to ensure optimum 
benefits from these antibiotics (6, 13, 18). Because 
 proportions of resistance significantly greater than 20% 
had been found, TMP und TMP/SMX were no longer 
considered first-line treatments for uncomplicated UTIs 
in the recommendations of the German clinical practice 
(S3) guideline published in 2010 (6, 8, 19). Nevertheless, 
these agents were still among the antibiotics most 
 frequently prescribed for the  treatment of urinary tract 
infections (4). In the revised version of this clinical 
 practice guideline published in 2017, TMP was once 
again recommended as the first-line agent (6, 20).

Our study aimed to provide up-to-date data on the 
antibiotic susceptibility of E. coli in community-
 acquired uncomplicated UTIs. Another aim was to 
 determine if and to what extent the proportions of 
antibiotic resistance in uncomplicated UTIs are over-
estimated in ARS data. The results of this study will 
contribute to answering the question of how ARS rou-
tine data from urine cultures can be used to guide the 
management of community-acquired uncomplicated 
UTI in the future. 

Methods
In the SARHA study (Surveillance der Antibiotika -
resistenz von Harnwegsinfektionen, die ambulant 

 erworben wurden [Surveillance of antibiotic resistance 
in community-acquired urinary tract infections]), the 
current proportions of resistance of E. coli to TMP, 
TMP/SMX and other antibiotics in community-
 acquired uncomplicated urinary tract infections were 
assessed. These results were compared with the resis-
tance situation in complicated UTIs, in the participating 
practices in the year prior to the study period, and with 
the ARS resistance data from urine cultures requested 
by community-based general/internal medicine prac-
tices.

Study population
Among 40 microbiological laboratories participating in 
ARS in 2015, 4 laboratories were recruited for this 
study based on the following criteria:
● regular transfer of outpatient care data on organ-

isms and resistances detected in urine specimens 
from various regions in Germany

● interest in study participation. 
From May 2015 to February 2016, community-

based internists and general practitioners who were 
clients of the participating laboratories were re-
cruited. All patients aged 18 years or older presenting 
in these practices with clinical signs and symptoms of 
urinary tract infection (dysuria, frequent urge to 
 urinate) were included in this study after giving their 
informed consent. Each participant provided one 
urine sample. Microbiological testing was performed 
on all urine samples, regardless of the recommen-
dation of the clinical practice guideline.

TABLE 1

Isolated pathogens in patients with  positive urine 
 culture

Multiple answers were permitted 
*1 The total is more than 100% as it is based on the number of patients with a 

positive urine culture and, in 14.6% of cases, more than one infecting 
 organism was isolated from the urine sample.

*2 Enterococcus spp. comprise Enterococcus spp., E. faecalis, E. faecium, and 
E. gallinarium

*3 Citrobacter spp. comprise Citrobacter amalonaticus,  
C. freundii, C. braakii, and C. koseri

Pathogen

Escherichia coli

Enterococcus spp. *2

Klebsiella  pneumoniae

Streptococcus group  
B/S.agalactiae

Proteus mirabilis

Citrobacter spp. *3

Staphylococcus  saprophyticus

Staphylococcus aureus

other

Total

Number

  653

   73

   48

   35

   34

   19

   17

   11

  132

1022

Percent*1

74.5

 8.3

 5.5

 4.0

 3.9

 2.2

 1.9

 1.3

15.1
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Antimicrobial susceptibility testing
Pathogen identification and resistance testing was 
 performed using automated systems. A bacterial count 
≥ 10³ colony-forming units (CFU)/mL was considered 
a positive urine culture (21, 22). In addition to TMP 
and TMP/SMX, the following antibiotics were used in 
the antimicrobial susceptibility testing: fosfomycin, 
nitrofurantoin, ampicillin, amoxicillin/clavulanic 
acid, and ciprofloxacin. The interpretation of the 
 results was based on the guidelines of the European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST). 

Questionnaire
The questionnaire collected information about year and 
month of birth, sex and the following parameters: 
● Pregnancy
● Diabetes mellitus
● Indwelling urinary catheter
● Immunosuppression
● Functional/anatomical abnormalities 
● Urologic/renal diseases
● Antibiotic therapy within the last 2 weeks 
● Frequency of occurrence of urinary tract infections 

within the last 6 months. 
In addition, the treating physicians stated whether they 

would have ordered a urine culture under routine condi-
tions, rather than within the context of this study 
alone. 

Statistical methods
R 3.3.1 was used for data analysis (23). Confidence in-
tervals (95%) for proportions were calculated using the 
Clopper-Pearson-method (24). 

In a univariable and multivariable analysis, the 
 association of various factors with the resistance to 
TMP or TMP/SMX among patients with UTIs and 
with E.coli detected was assessed using logistic re-
gression. “pcorr” is used to identify p-values corrected 
for multiple comparisons. Uncorrected p-values are to 
be considered as descriptive only.

For a comprehensive description of the surveil-
lance system ARS, the comparison groups and further 
details on the statistical methods used, please refer to 
the eMethods section.

Ethics committee approval application
A study approval of the ethics committee of the Charité 
Universitätsmedizin Berlin is available (number 
EA2/008/15).

Results
Sample
Four laboratories from various regions of Germany 
(north, east, west, southwest) participated in this study 
(eFigure 1). Among 58 practices, a total of 1309 
 patients were recruited. Of these, 1245 patients were 
 included in this study and their data were analyzed. 
Reasons for patient exclusions were missing informed 
consent, age <18 years (minority) or inconsistencies 
between sample and patient data.  

In 877 (70.4% of 1245) patients, positive urine cul-
ture results were available (800 [91.2%] female; 77 
[8.8%] male). The average age of women diagnosed 
with UTI was 57.5 years (standard deviation [SD] 
16.1; range 18–95) and the average age of men was 
68.3 years (SD 20.9; range 25–96).

In 749 samples (85.4% of samples with positive 
urine culture), only one organism was identified, 
whereas 128 (14.6%) had more than one organism. 
E. coli was the most commonly isolated pathogen in 
653 samples (74.5%) (Table 1). The frequency of 
 occurrence of additional information about patients 
with E.coli detected can be seen in eTable 1. In 342 
(52.4%) of the E. coli-positive samples, patients were 
diagnosed with uncomplicated UTIs, in 311 (47.6%) 
with complicated UTIs (Figure 1).

Results of susceptibility testing
Antimicrobial susceptibility testing did not always in-
clude all antibiotics. For amoxicillin/clavulanic acid 
and ampicillin, the proportion of tested isolates was 
below 50%, and for all other antibiotics above 90%. 
The following proportions refer to the total number of 
isolates tested for each antibiotic.

For uncomplicated UTIs, the proportions of resis-
tance of E. coli to TMP and TMP/SMX were 15.2% 
and 13.0%, respectively, and for complicated UTIs 
26.1% and 23.3%, respectively. The corresponding 
proportions of resistance in the ARS routine data from 
urine samples collected in 2015 were 25.3% and 
24.4%, respectively (Table 2). 

The highest proportions of resistance with regard 
to the additional information were found among 

FIGURE 1 

Composition of the study population
UTI, urinary tract infection

Minority age/no informed 
 consent: 27
Data transfer errors/not 
 attributable: 37

311 patients  
with complicated UTIs

342 patients  
with uncomplicated UTIs

1309 recruited patients

1245 patients included 

877 patients with positive urine culture

653 patients  
with detection of Escherichia coli
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 patients with previous antibiotic treatment, including 
30.9% resistance to TMP (95% confidence interval: 
[20.2; 43.3]) and 27.1% to TMP/SMX (95% CI: 
[17.2; 39.1]). Similarly among patients who 
 experienced at least two UTIs within the last 6 
months, 28.9% resistance to TMP (95% CI: [22.7; 
35.6]) and 25.0% to TMP/SMX (95% CI: [19.3; 
31.4]), respectively, were found.

In the univariable analysis, the proportion of resis-
tance of E. coli to TMP and TMP/SMX was signifi-
cantly associated with the occurrence of ≥ 2 UTIs 
within the last 6 months (TMP: Odds Ratio 
[OR] = 2.09; 95% CI: [1.39; 3.13], pcorr = 0,0035, 
TMP/SMX: OR = 1.97, 95% CI: [1.3; 2.98],  
pcorr = 0.013). No statistically significant associations 
were found for the other factors included in the analy-
sis (eTable 2). The results of the multivariable analysis 
are listed in eTable 3.  

The proportion of resistance of E. coli to TMP 
stratified by laboratories/regions showed only minor 
variations for uncomplicated UTIs, while the regional 
differences were more distinct for complicated UTIs 
(Table 3). However, none of these differences were 
statistically significant.

Susceptibility testing of other antibiotics in patients 
with uncomplicated UTIs revealed lower proportions 
of resistance for nitrofurantoin (0.6%), fosfomycin 
(0.6%) and ciprofloxacin (4.5%), as well as high pro-
portions of resistance for amoxicillin/clavulanic acid 
(27.3%) and ampicillin (29.3%) (eTable 4). From 
2013 to 2016, the proportions of resistance to TMP 
and fosfomycin remained constant in the ARS routine 
data, while a decreasing trend was noted for the 
 resistance to TMP/SMX and nitrofurantoin (eTable 5).

Requesting of urine cultures 
According to the guideline recommendations, a urine 
culture would have been indicated in 649 (52.1%) of 
the patients. According to the physicians, a routine 
urine culture would actually have been ordered for 409 
(63.0%) patients. In 251 (42.1%) of the 596 patients in 

whom a urine culture would not have been necessary 
according to the guideline recommendations, a urine 
culture was requested nonetheless (eTable 6). The 
physicians’ decision for or against requesting a urine 
culture did not always correlate with the guideline 
 recommendations (phi coefficient φ = 0.21).

Discussion
In our study, we determined the proportions of resis-
tance of E. coli in patients with community-acquired 
uncomplicated UTIs in 58 medical practices of 
 community-based internists and general practitioners 
in various regions of Germany and compared the 
 results with the corresponding data from the ARS 
 system.

To the best of our knowledge, our study is the first 
to include all patients with the clinical diagnosis of 
UTI and in which the classification of uncomplicated 
and complicated UTIs was made at the time of the 
analysis, based on the additional patient information. 
This approach ensured that the UTIs were classified 
accurately according to the predefined criteria. 
 Furthermore, the costs for all microbiological tests or-
dered as part of the study were covered. In this way, 
the risk of inclusion bias was largely minimized.

The proportions of resistance of E. coli to TMP and 
TMP/SMX in uncomplicated UTIs were significantly 
lower in our study compared to the corresponding 
values of the Antimicrobial Resistance Surveillance 
system during the same period. It can therefore be 
suggested that the selection of an antibiotic for the 
empiric therapy of an uncomplicated UTI based on 
ARS routine data is only permissible under certain 
conditions. One option to make the best use of ARS is 
to select sentinel practices, regularly providing urine 
samples of all patients with suspected UTI for 
microbiological testing, and to classify  these patients 
into the groups “uncomplicated“ and “complicated“ 
UTIs in order to obtain data of higher quality and with 
lower risk of bias (25). Alternatively, validation 
studies could be performed on a regular basis.

TABLE 2

Resistance rates of E. coli to trimethoprim and co-trimoxazole

*1 Period is one year before the study period. ARS routine data without distinguishing between uncomplicated/complicated UTIs
*2 For this period, data of 51 of the total of 58 study practices are available in ARS.
ARS, Antimicrobial Resistance Surveillance; UTI, urinary tract infection; CI, confidence interval; R, proportion of resistance

Comparison group

Study uncomplicated UTIs

Study complicated UTIs

Study practices May 2014 to February 2015 *1

ARS 2014

ARS 2015

ARS 2016

Number of practices (n)

    58

    58

    51*2

 6909

11 235

13 962

Trimethoprim

R in %

15.2

26.1

23.4

24.6

25.3

25.0

95% CI

[11.3; 19.2]

[21.0; 31.3]

[18.4; 28.5]

[23.9; 25.4]

[24.6; 25.9]

[24.6; 25.5]

n tested

   315

   283

   273

13 020

18 347

32 456

Co-trimoxazole

R in %

13.0

23.3

22.6

25.4

24.4

23.2

95% CI

 [9.4; 16.7]

[18.5; 28.0]

[19.0; 26.2]

[25.0; 25.8]

[24.0; 24.7]

[22.9; 23.5]

n tested

   330

   301

   526

47 149

59 653

75 035
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The low proportions of resistance of fosfomycin, 
nitrofurantoin and TMP support the current recom-
mendation in the German clinical practice guideline 
to use these antibiotics as first-line agents for the em-
piric therapy of uncomplicated UTIs (6, 20). Even 
though our study also found low proportions of 
 resistance of TMP/SMX and ciprofloxacin, these 
drugs should not be used as first-line agents due to 
their unfavorable adverse effect profile. Because of its 
broad activity spectrum, ciprofloxacin should be 
 reserved for the treatment of severe infections.

In recent studies from Germany, similar propor-
tions of resistance of 17.5% (TMP) and 15.0% (TMP/
SMX), respectively, were found for uncomplicated 
UTIs. Studies from neighboring countries arrived at 
similar results: Austria 15.8% (TMP)/14.4% (TMP/
SMX), France 17.5% (TMP) (7, 26–28). Since the use 
of TMP is associated with an increase in TMP resis-
tance, the development of the resistance situation 
should be monitored, considering that TMP is now 
again recommended as a first-line agent (29).

The study practices’ proportions of resistance from 
the previous year (May 2014 until February 2015) did 
not differ significantly from those in all practices of 
general practitioners and internists (ARS 2014 and 
2015) (Table 2). Thus, selection bias with regard to 
the participating physicians appears unlikely. 

The only factor in the univariable analyses that had 
a statistically significant association after multiple 
testing corrections with the proportions of resistance 
of E. coli to TMP and TMP/SMX was “≥ 2 UTIs in 
the previous 6 months“. Although the factor 
 “antibiotic treatment in the past 2 weeks” was not 
found to be significant after multiple testing correc-
tions, the p-value was marginally significant without 
this correction, thus, we believe it is also an important 
factor to consider. For the other studied factors even 
uncorrected p-values were considerably higher than 
0.05. In part, this lack of significant associations may 
be attributed to the small sample sizes in the various 
categories (for example only 3 pregnant women). In 
patients with UTI and previous antibiotic treatment or 
with recurrent UTIs, switching to another antibiotic 
should primarily be considered in the light of the high 
proportions of resistance, and microbiological testing 

may need to be performed. In individual cases, it can 
be an option to treat the UTI after microbiological 
testing. 

Physicians following the guideline recommen-
dations send urine samples of patients with compli-
cated UTIs for microbiological testing on a routine 
basis. 

However, our study found only a weak association 
between the guideline recommendations and the deci-
sion of physicians to request a urine culture. No urine 
cultures were requested despite the recommendation 
to do so, while, on the other hand, microbiological 
testing was performed without recommendation. 
Finding differences in the approach to community-
based diagnosis and treatment of UTIs compared to 
the guidelines is not surprising as these have already 
been demonstrated in various studies (25, 30, 31). 
This situation is not so much caused by unawareness 
of the existing recommendations, but it is rather re-
lated to attitudes, behavior and external barriers (32, 
33). 

Limitations
No information about previous hospital stays was 
 obtained. Thus, the possibility cannot be ruled out that 
a small proportion of the UTIs were not community-
 acquired UTIs.

There is potential for selection bias because the 
group of patients who presented with signs and symp-
toms of UTI in a practice but who were not enrolled in 
the study is unknown.

Conclusion
 The currently available evidence supports the clinical 
practice guideline’s recommendation of TMP, fosfo -
mycin and nitrofurantoin for the empiric therapy in 
community-acquired uncomplicated UTI. Because of 
high proportions of resistance among patients with 
 recurrent UTIs or after antibiotic treatment within the 
previous 2 weeks, it is recommended to select the ap-
propriate antibiotic agent in this patient population 
based on microbiological testing. 

Routine UTI resistance data obtained from surveil-
lance systems which mainly include data on compli-
cated UTIs with high proportions of resistance, are of 

TABLE 3

Stratified proportions of resistance of Escherichia coli to trimethoprim in the participating laboratories

UTI, urinary tract infection; CI, confidence interval; R, proportion of resistance

Laboratory/region

North

East

West

Southwest

Uncomplicated UTIs

R in %

13.4

16.3

13.8

16.9

95% CI

[6.9; 22.7]

[9.4; 25.5]

[6.1; 25.4]

[9.5; 26.7]

 n tested

82

92

58

83

Complicated UTIs

R in %

21.7

32.6

30.4

19.4

95% CI

[12.7; 33.3]

[22.8; 43.5]

[18.8; 44.1]

[11.1; 30.5]

 n tested

69

86

56

72
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limited use for treatment planning in patients with 
 uncomplicated UTIs without additional clinical 
 information. Validation studies or intensified surveil-
lance by means of sentinel practices are possibilities 
to improve the data basis.  

The decision to request microbiological testing 
relies only in part on the relevant guideline recom-
mendations.
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Key messages
● In the SARHA study, the proportions of resistance of Escher-

ichia coli to trimethoprim (TMP) or co-trimoxazole(TMP/SMX) 
was 15.2% and 13.0%, respectively, for uncomplicated uri-
nary tract infections (UTIs) and thus considerably below the 
ARS ( Antimicrobial Resistance Surveillance) urine culture 
routine data collected in 2015.

● A statistically significant association between the proportions 
of resistance of E. coli to TMP or TMP/SMX and recurrent 
UTIs (≥ 2/last 6 months) was found.

● In patients with recurrent UTIs and previous antibiotic 
 treatment, microbiological testing before initiating antibiotic 
treatment for UTI according to the guideline is recommended.

● Whether or not the participating physicians requested a urine 
culture correlated only in part with the recommendation in the 
guideline. 

● Routine data-based surveillance systems like for instance 
ARS can be used to reflect trends, but the data may overesti-
mate resistance in uncomplicated UTIs.
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Biotin Interference in the 
 Measurement of Thyroid Hormone
A 47-year-old man with multiple sclerosis (MS) 
 presented for routine follow-up and underwent a 
 battery of laboratory tests because of a change in his 
drug  therapy for MS. He was found to have hyperthy-
roidism with positive thyroid-specific autoantibodies. 
This determination was made by an immunoassay 
based on streptavidin-biotin interaction. As the 
 laboratory finding was not correlated with any clinical 
abnormality, no thyrostatic treatment was initiated. On 
further questioning, the patient stated that he was 
taking 300 mg of biotin daily to treat his MS. Another 
test with a non-biotinylated assay yielded normal find-
ings. 

It should be borne in mind that discrepancies be-
tween the clinical presentation and the laboratory 
findings of patients taking biotin may be due to biotin 
interference with the test. The test values that may be affected include endocrinological parameters, tumor markers, and myocardial lesion 
markers. There is some evidence for the efficacy of high-dose biotin intake against progressive MS; as clinical trials of this question are currently 
ongoing, it must be assumed that an increasing number of patients are high-dose biotin users. Biotin intake should be paused two to five days 
 before streptavidin-biotin-based assays are used. Non-biotinylated assays are an alternative.
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The threshold biotin plasma concentration (ng/mL)for a >10% change in the value of the parameter 
in question in a streptavidin-biotin-based immunoassay. A biotin plasma concentration in the range of  
0.25–0.6 ng/mL corresponds to a balanced metabolic state for biotin. 

Anti-TPO-AB, anti-thyroperoxidase antibodies; anti-TSHr-AB, anti-TSH-receptor autoantibodies; fT4, 
free tetraiodothyronine; TSH, thyrotropin; fT3, free triiodothyronine
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Antimicrobial Resistance Surveillance System  
In 2008, the Antimicrobial Resistance Surveillance System 
(ARS) was launched at the Robert Koch Institute in accordance 
with the provisions of the German Antimicrobial Resistance 
Strategy (Deutsche Antibiotika-Resistenzstrategie, DART) (e1). 
The aim of the continuous monitoring and evaluation of the 
 resistance situation and resistance development in medical facil-
ities is to identify local areas of concern at an early stage so that 
appropriate interventions can be initiated (12). The voluntarily 
participating microbiology laboratories transfer their pathogen 
identification and resistance testing results from routine micro -
biological diagnostic assessments to ARS in a timely manner 
(e2). The surveillance covers all clinically relevant bacterial 
 pathogens from all sample materials obtained in community-
based practice care and hospital inpatient care. The data are 
 transferred in a  standardized form via an electronic interface to 
the Robert Koch Institute where the incoming data are checked 
for plausibility and then stored in a central database (eFigure2). 
These data are continuously analyzed and published once a year. 
For most common pathogens, the resistance data of a  specific 
period (broken down by region and level of care of the facility) 
are made publicly available on the website in aggregated form. 
The laboratories participating in ARS receive a structured 
 feedback with sender-specific resistance statistics which they can 
make available to their clients (www.ars.rki.de). As a national 
surveillance system, ARS is a cooperation partner of the 
 European Antimicrobial Resistance Surveillance Network 
(EARS-Net) (e3). For the year 2016, the ARS database contains 
validated data from more than 400 hospitals, 45 rehabilitation 
 facilities and almost 14 000 medical practices.

Classification into uncomplicated and complicated urinary 
tract infections
Using the classification system of the clinical practice guideline, 
patients were assigned to either the uncomplicated urinary tract 
infection (UTI) or the complicated UTI group (6).

The criterion for classification as a “complicated urinary 
tract infections“ was the presence of at least 1 of the following 
factors: male sex, indwelling catheter, antibiotic treatment 
within the previous 2 weeks, immunosuppression, occurrence 
of at least 1 previous UTI within the last 6 months (recurrent 
UTI) as well as functional/anatomic signs and symptoms or 
urologic/renal disease. In all other patients and in pregnant 
women, patients with diabetes mellitus and elderly patients, the 
urinary tract infection was classified as uncomplicated, if no 
criterion for complicated UTI had been mentioned in the 
 additional information (6). 

Men aged younger than 30 years may also have uncompli-
cated UTIs; however, most cases of UTI in men are 
 complicated UTIs. Consequently, all UTIs affecting men were 
classified as complicated UTIs in this study.

Recurrent UTIs can take an uncomplicated or complicated 
course, depending on the presence/absence of complicating 
factors. In our study, recurrent UTIs were classed as 
 complicated UTIs because of the high resistance rates and the 
associated increased risk of treatment failure. 

Microbiological testing
The clinical practice guideline recommends performing a urine 
culture in patients with complicated UTIs, pregnant women and 
patients with recurrent UTIs. For postmenopausal women, no 
clear recommendation is available due to the lack of high-quality 
studies. Provided no complicating factors were present, post -
menopausal women were included in the group without 
 recommendation for urine culture.

ARS comparative data
The data obtained in our study were compared with the resistance 
data of the study practices from the year before the study period 
(May 2014–February 2015). From altogether 51 of the 58 practices 
that participated in the study, urine samples had been sent to an ARS 
laboratory for microbiological testing during that period (Table 2).

In addition, the study data were compared with ARS routine 
data of urine samples from community-based practices of 
 general practitioners and internists from the years 2013 to 2016. 
In the years 2013, 2014, 2015, and 2016, the numbers of prac-
tices amounted to 7049, 6909, 11235, and 13 962, respectively.

Statistical methods
As a test family for the Bonferroni-Holm correction for multiple 
comparisons, the covariables for trimethoprim (TMP) and 
 co-trimoxazole (TMP/SMX), respectively, were used (e4). Be-
cause the resistances to these agents are very similar, the implicit 
assumption of independence of a correction when looking at the 
regressions over both agents would be too conservative. P-values 
corrected in this manner are referred to as pcorr. The results of the 
univariable analysis were regarded significant if pcorr<0.05. 
Fisher’s exact test (level of significance: pcorr<0.05) was used to 
test for independence in 2 × 2 contingency tables. 

For the multivariable analysis, all variables with p<0.05 
from the univariable analysis were selected. Likelihood-ratio 
tests were used to check for other variables capable of im -
proving the model (p<0.05).

Based on the information from the questionnaires, the pa-
tients were grouped according to the criterion whether or not a 
urine culture would have been recommended according to the 
clinical practice guideline. This classification was compared 
with the information provided by the physicians as to whether 
the urine samples would have been sent for microbiological 
testing as part of the practice routine too or only as part of this 
study. As a measure of the strength of this association, the Phi 
coefficient (φ) was used.

eMETHODS   
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eFIGURE 2 

Structure of the ARS network
ARS, Antimicrobial Resistance Surveillance System; RKI, Robert Koch Institute
 (From: Noll I, Schweickert B, Abu Sin M, Feig M, Claus H, Eckmanns T: [Antimicrobial resistance in Germany. Four 
years of antimicrobial resistance surveillance (ARS)]. Bundesgesundheitsblatt – Gesundheitsforschung – Gesund-
heitsschutz 2012; 55: 1370–6 [12]; by courtesy of Springer Nature).
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eTABLE 1 

Additional information related to patients with detected 
Escherichia coli 

Multiple answers were permitted; 
* Percentage refers to the number of female patients with E. coli isolation   
(n= 611); UTI, urinary tract infection

At least one UTI  
within the last 6 months

Diabetes mellitus

Antibiotic treatment  
within the last 2 weeks

Urologic/renal disease

Functional/anatomic  
abnormalities

Immunosuppression

Indwelling urinary catheter

Pregnancy 

Number

217

 93

 72

 48

 42

 18

 11

  3

in %

33.2

14.2

11.0

 7.4

 6.4

 2.8

 1.7

 0.5 *
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eTABLE 2 

Prediction of resistance of Escherichia coli to trimethoprim or co-trimoxazole 
using univariable logistic regression

UTI, urinary tract infection; 95% CI, 95% confidence interval; OR, odds ratio

Variable

Frequency of UTI 
within the last 6 
months (including 
current episode)

Antibiotic therapy 
within the last 2 
weeks

Sex 

Indwelling urinary 
catheter

Immunosuppression

Urologic/renal 
 disease

Functional/anatomic 
abnormalities

Pregnancy

Diabetes mellitus

Category

1 UTI / not 
known

≥ 2 HWI

no

yes

Female

Male

no

yes

no

yes

no

yes

no

yes

no

yes

no

yes

Trimethoprim

Univariable 
 logistic 
 regression 
OR (95% CI)

(reference)

2.09 
[1.39; 3.13]

(reference)

1.85 
[1.04; 3.19]

(reference)

0.94
[0.37; 2.08]

(reference)

0.99
 [0.15; 4.01]

(reference)

1.33 
[0.37; 3.89]

(reference)

0.92 
[0.38; 1.95]

(reference)

0.79 
[0.29; 1.82]

(reference)

4.12 
[0.16; 104.68]

(reference)

0.93 
[0.50; 1.63]

p-value 
(pcorr)

0.0004 
(0.0035)

0.032 
( 0.254)

0.883 
(1.0)

0.989 
(1.0)

0.630 
(1.0)

0.830 
(1.0)

0.607 
(1.0)

0.318 
(1.0)

0.804 
(1.0)

Co-trimoxazole

Univariable 
 logistic re-
gression OR 
(95% CI)

(reference)

1.97
[1.3; 2.98]

(reference)

1.83 
[1.01; 3.19]

(reference)

1.16 
[0.48; 2.47]

(reference)

2.73
[0.71; 9.21]

(reference)

1.32 
[0.37; 3.77]

(reference)

1.26 
[0.58; 2.54]

(reference)

0.87 
(0.32; 2.01]

(reference)

4.89 
[0.19; 124.48]

(reference)

1.05 
[0.58; 1.83]

p-value
(pcorr)

0.001 
(0.013)

0.039 
(0.316)

0.722 
(1.0)

0.114 
(0.798)

0.630 
(1.0)

0.535 
(1.0)

0.768 
(1.0)

0.263 
(1.0)

0.857 
(1.0)
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eTABLE 3 

Multivariable logistic regression

UTI, urinary tract infection; OR, odds ratio; 95% CI, 95% confidence interval

Variable

Frequency of UTI within the last 6 months 
(including current episode)

Antibiotic therapy within the last 2 weeks

Category

1 UTI / not specified

≥ 2 UTIs

no

yes

Trimethoprim

Multivariable logistic 
 regression OR (95% CI)

(Reference)

1.86 [1.21; 2.86]

(Reference)

1.46 [0.79; 2.62]

p-value

0.005

0.213

Co-trimoxazole

Multivariable logistic 
 regression OR ((95% CI)

(Reference)

1.97 [1.29; 3.00]

(Reference)

1.46 [0.80; 2.59]

p-value

0.002

0.203

eTABLE 4 

Proportions of resistance of E. coli to various antibiotics in uncomplicated/complicated UTIs

E. coli. Escherichia coli; UTI, urinary tract infection; R, proportion of resistance; 95% CI, 95% confidence interval

Antibiotic

Trimethoprim

Co-trimoxazole

Nitrofurantoin

Fosfomycin

Ciprofloxacin 

Amoxicillin/clavulanic acid

Ampicillin

Uncomplicated UTIs

R in %

15.2

13.0

 0.6

 0.6

 4.5

27.3

29.3

95% CI

[11.3; 19.2]

[9.4; 16.7]

[0.0; 1.5]

[0.0; 1.5]

[2.3; 6.8]

[20.9; 33.8]

[21.9; 36.6]

 n tested 

315

330

327

325

330

183

147

Complicated UTIs

R in %

26.1

23.3

 1.0

 2.0

15.6

41.0

48.9

95% CI

[21.0; 31.3]

[18.5; 28.0]

[0.0; 2.1]

[0.4; 3.6]

[11.5; 19.7]

[33.4; 48.6]

[40.5; 57,3]

 n tested

283

301

297

298

301

161

137
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eTABLE 5 

Proportions of resistance of Escherichia coli in ARS routine data 2013–2016

Routine data without differentiation between uncomplicated and complicated UTIs of general medicine/internal medicine practices regularly participating in the ARS 
from 2013–2016; ARS, Antimicrobial Resistance Surveillance system; UTI, urinary tract infection; R, proportion of resistance; 95% CI, 95% confidence interval

Trimethoprim

Co-trimoxazole

Fosfomycin

Nitrofurantoin

Amoxicillin/clavulanic acid

Ciprofloxacin

R in %

95% CI

n tested

R in %

95% CI

n tested

R in %

95% CI

n tested

R in %

95% CI

n tested

R in %

95% CI

n tested

R in %

95% CI

n tested

2013

26.0

[25.0; 27.0]

 7521

26.6

[26.1; 27.2]

25 043

1.2

[1.0; 1.3]

20 457

1.9

[1.7; 2.0]

20 314

30.3

[29.6; 31.0]

14 765

18.2

[17.7; 18.7]

23 956

2014

25.5

[24.5; 26.5]

 7281

25.6

[25.1; 26.1]

30 960

1.1

[0.9; 1.2]

24 230

2.0

[1.8; 2.2]

24 065

32.9

[32.2; 33.6]

18 083

18.0

[17.5; 18.4]

26 467

2015

24.2

[23.2; 25.1]

 8244

24.3

[23.9; 24.8]

32 868

1.3

[1.1; 1.4]

27 952

1.6

[1.5; 1.8]

27 810

33.4

[32.7; 34.1]

18 380

17.1

[16.7; 17.5]

28 109

2016

25.2

[24.2; 26.2]

 7318

23.6

[23.1; 24.1]

31 247

1.1

[1.0; 1.3]

26 473

1.1

[1.0; 1.3]

26 402

34.1

33.5; 34.8]

21 352

17.1

16.7; 17.6]

26 609

eTABLE 6 

Comparison between the physician’s decision to request a urine culture and the clinical practice guideline 
 recommendation*

* Guideline recommendation (according to UTI clinical practice (S3) guideline [6])

Physician-related categorization

a) Urine culture would have been part of practice routine

b) Urine culture was performed only because of the study

Not specified

Total

Urine culture 
 recommended

409

239

  1

649

Urine culture not 
 recommended

251

344

  1

596

Total

660

583

    2

1245


