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Abstract
Background  Widespread inappropriate use of antimicrobial substances drives resistance development worldwide. 
In long-term care facilities (LTCF), antibiotics are among the most frequently prescribed medications. More than 
one third of antimicrobial agents prescribed in LTCFs are for urinary tract infections (UTI). We aimed to increase the 
number of appropriate antimicrobial treatments for UTIs in LTCFs using a multi-faceted antimicrobial stewardship 
intervention.

Methods  We performed a non-randomized cluster-controlled intervention study. Four LTCFs of the Geriatric 
Health Centers Graz were the intervention group, four LTCFs served as control group. The main components of the 
intervention were: voluntary continuing medical education for primary care physicians, distribution of a written 
guideline, implementation of the project homepage to distribute guidelines and videos and onsite training for 
nursing staff. Local nursing staff recorded data on UTI episodes in an online case report platform. Two blinded 
reviewers assessed whether treatments were adequate.

Results  326 UTI episodes were recorded, 161 in the intervention group and 165 in the control group. During 
the intervention period, risk ratio for inadequate indication for treatment was 0.41 (95% CI 0.19–0.90), p = 0.025. In 
theintervention group, the proportion of adequate antibiotic choices increased from 42.1% in the pre-intervention 
period, to 45.9% during the intervention and to 51% in the post-intervention period (absolute increase of 8.9%). 
In the control group, the proportion was 36.4%, 33.3% and 33.3%, respectively. The numerical difference between 
intervention group and control group in the post-intervention period was 17.7% (difference did not reach statistical 
significance). There were no significant differences between the control group and intervention group in the safety 
outcomes (proportion of clinical failure, number of hospital admissions due to UTI and adverse events due to 
antimicrobial treatment).
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Introduction
Antimicrobial resistance is a major threat to human 
health. The widespread inappropriate use of antimicro-
bial substances drives resistance development at the 
individual and population level [1, 2]. Infections due to 
resistant pathogens are responsible for a high healthcare 
burden and are estimated to cause over 700.000 deaths 
annually worldwide– a rate that is projected to rise to 
10 million by 2050 [3].

Approximately 2–5% of the population of high-income 
countries resides in some type of long-term care facilities 
(LTCFs) [4]. These residents are at increased risk for nos-
ocomial and healthcare-associated infections mostly due 
to age-related factors such as immunosenescene, decline 
in functional status, chronic comorbidities and the use of 
invasive medical devices [5, 6]. Infections at LTCFs are 
a common cause for residents’ mortality and morbidity 
associated with a significant socio-economic burden [7].

Antibiotics are one of the most frequently prescribed 
medications in LTCFs [8, 9]. In a multinational European 
point-prevalence study, 4.9% of residents received at 
least one antimicrobial substance on the study day [10]. 
Over 30% of antibiotics prescribed in LTCFs are for uri-
nary tract infections (UTIs) [11]. Studies have shown that 
30–43% of antibiotic courses prescribed in LTCFs were 
unnecessary [12–14]. In addition, up to 72% of patients 
with UTIs in LTCFs were shown to be treated with inap-
propriate antimicrobial drugs based on society guide-
lines [13]. Antimicrobial stewardship programs targeting 
prescriptions for residents of LTCFs can therefore be a 
valuable contribution in the strive to curb antimicrobial 
resistance [15].

The aim of our study was to increase the number of 
appropriate antimicrobial treatment courses prescribed 
for UTIs in LTCFs using a multi-faceted antimicrobial 
stewardship intervention.

Materials and methods
Design
Non-randomized cluster-controlled intervention study.

Setting
The Geriatric Health Centers Graz are a local institu-
tion comprising among others four LTCFs (total of 400 
beds). General practitioners who are located off-site 

are in charge of medical treatments (approximately ten 
general practitioners per LTCF). These LTCFs were the 
intervention group. Four LTCFs located in the surround-
ings of Graz served as control group. Randomisation of 
LTCFs was not feasible because several general practitio-
ners care for patients in more than one LTCF in Graz. We 
therefore chose LTCFs in another region as control group 
to avoid spillover of the intervention. The study was con-
ducted from January 2021 to June 2022.

Interventions
A multifaceted educational intervention targeting nurs-
ing staff as well as physicians was initiated (“Urinary tract 
infection program”) targeting the following key-points:

1.	 obtain urine specimen in symptomatic residents 
when criteria for urine culture have been met 
(Supplement Table 1).

2.	 obtain urine specimen using proper techniques to 
avoid contamination.

3.	 change indwelling urinary catheters before obtaining 
urine specimen.

4.	 prescribe antibiotics only when clinical criteria have 
been met (Supplement Table 2).

5.	 prescribe antibiotics according to guideline 
(Supplement 3).

Main components of the intervention:

 	• two online sessions of voluntary continuing medical 
education on the UTI program for treating general 
practitioners.

 	• two online meetings with team leaders of nursing 
staff of all LTCFs discussing the UTI program.

 	• interactive educational session with all nursing staff 
onsite at each of the LTCFs led by the principal 
investigator during the intervention period including 
information on the aims of the project, on how to 
recognize UTIs in the elderly and indications for 
urinary cultures according to the UTI guideline (see 
supplement).

 	• onsite trainings on infection control for all nursing 
staff led by ICP team including information on UTI 
prevention strategies, on how to recognize UTIs in 

Conclusions  An antimicrobial stewardship program consisting of practice guidelines, local and web-based 
education for nursing staff and general practitioners resulted in a significant increase in adequate treatments (in terms 
of decision to treat the UTI) during the intervention period. However, this difference was not maintained in the post-
intervention phase. Continued efforts to improve the quality of prescriptions further are necessary.

Trial registration  The trial was registered at ClinicalTrials.gov NCT04798365.

Keywords  Nursing home, Healthcare associated infection, Antibiotic stewardship, Urinary tract infections
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the elderly and correct techniques for collection of 
urine specimens.

 	• educational materials: handouts during educational 
sessions, written guideline on antibiotic prescribing 
(supplement 3), videos about different aspects of the 
UTI program available on the project homepage.

 	• project homepage used as platform to distribute the 
guideline (supplement 3) and educational videos.

Data collection
Baseline data on participating LTCFs were obtained: 
number of beds and ownership (municipal, private). 

For data on prescriptions, the nurse responsible was 
requested to fill in an online case report form (CRF) for 
all patients with infectious symptoms suggestive of UTI 
requiring a physician’s opinion. Recorded information 
included age, sex, indwelling urinary catheter, signs and 
symptoms suggestive of UTI, duration of symptoms, per-
formance of urinary culture, type of antibiotic treatment, 
treatment length and dosing, referral to hospital, history 
of hypersensitivity to antimicrobial substances, pre-exist-
ing diagnosis of renal impairment, pre-existing urologic 
diagnosis, method of communication with the treating 
physician. The study was divided into a pre-intervention, 
an intervention and a post-intervention phase (for spe-
cific dates see supplement Table 3).

To assess the appropriateness of prescriptions in 
terms of antimicrobial choice and in terms of decision 
to treat, two independent blinded infectious disease 
specialists (LK, EK) reviewed each prescription at the 
end of the data collection period. Data on residents and 
UTI episodes were provided anonymously. Each physi-
cian reviewed cases separately based on clinical criteria 
for UTI, prescription guidelines provided (supplement 
Table  2, supplement 3) and on published criteria for 
initiating antibiotics. Discrepancies were resolved in 
discussion.

Outcomes
The primary outcome was the proportion of adequate 
prescriptions (adequate in terms of antimicrobial choice 
and dosage; termed “adequate antibiotic choice”).

Secondary outcomes were:

 	• proportion of adequate prescriptions (adequate 
in terms of decision to treat; termed “adequate 
indication for treatment”).

 	• proportion of quinolones used for UTI without 
indwelling urinary catheter.

 	• proportion of urinary cultures performed.
 	• proportion of cases with clinical failure (defined as 

need for additional antimicrobial treatment for UTI 
within 7 days of previous episode).

 	• proportion of admissions to hospital due to UTI.
 	• proportion of adverse events attributed to 

antimicrobial treatment for UTI.

The last three outcomes were intended as safety 
outcomes.

Table 1  Characteristics of long-term care facilities in the control and intervention group
Control Intervention
LTCF 1 LTCF 2 LTCF 3 LTCF 4 LTCF 5 LTCF 6 LTCF 7 LTCF 8

Number of beds 124 93 37 59 100 97 104 105
Ownership Municipal Private Non-profit Non-profit Municipal Municipal Municipal Municipal

Table 2  Characteristics of residents with UTIs in long-term care 
facilities in the control and intervention group

Control Intervention p-value
Age (median, range; years) 85 (49–99) 87 (38–102) 0.064
Female residents (%) 71.7 78.9 0.243
Weight (median, range; kg) 66 (38–135) 59 (38–143) 0.014
History of allergy to antiinfec-
tives (%)

5.1 9.5 0.234

Renal impairment (%) 22.2 22.1 0.984
Urologic disease (%) 21.2 22.1 0.880
Bold writing indicates statistically significant results

Table 3  Summary of results (risk ratios)
Before 
intervention
RR (95%CI)

During 
intervention
RR (95%CI)

After inter-
vention
RR (95%CI)

Inadequate choice 
of antimicrobial

0.91 (0.63–1.32)
p = 0.621

0.82 (0.62–1.09)
p = 0.178

0.76 
(0.50–1.14)
p = 0.182

Inadequate deci-
sion to treat

1.13 (0.48–2.67)
p = 0.784

0.41 (0.19–0.90)
p = 0.025

1.04 
(0.27–4.10)
p = 0.951

Quinolone use 
for UTI
without catheter

0.17 (0.04–0.72)
p = 0.017

0.67 (0.22–2.07)
p = 0.484

0.18 
(0.04–0.89)
p = 0.035

Urinary culture 
performed

6.18 (0.80–47.92)
p = 0.081

6.89 
(1.59–29.83)
p = 0.010

n.d.§

Clinical failure 1.77 (0.56–5.55)
p = 0.329

1.09 (0.45–2.61)
p = 0.855

n.d.#

Hospital admission 
due to UTI

0.86 (0.19–3.88)
p = 0.847

1.21 (0.32–4.61)
p = 0.777

6.35 
(0.82–49.37)
p = 0.077

n.d. = not done, RR = risk ration

§ In the CG, no urinary cultures were performed in the post-intervention period

# In the CG, no clinical failure was reported in the post-intervention period

Bold writing indicates statistically significant results
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The proportion of nursing and medical staff who 
underwent training was recorded.

Statistical analysis
To investigate the primary hypothesis whether the fre-
quency of adequate prescriptions are different in both 
groups generalized linear models (probability distribu-
tion: binomial; link function: log) were used to estimate 
adjusted risk ratios (RR) with 95%CI. The unit of analysis 
was the patient, which were nested within centres. Two 
reviewers evaluated the adequacy of prescription. Inter-
reviewer consistency was evaluated comparing the evalu-
ation of both reviewers. Therefore Cohen’s ĸ and 95% 
confidence intervals of Cohen’s ĸ were calculated.

Three study periods (pre-intervention period, inter-
vention-period, post-intervention period) were analysed 
separately.

Secondary outcomes (adequate indication for treat-
ment, quinolone use for UTI without catheter, urinary 
culture performed, clinical failure, hospital admission 
due to UTI) were analysed in the same way. Similar to the 
primary outcome adequate decision to treat was evalu-
ated by two reviewers.

Data including demographic and baseline characteris-
tics were compared using χ²-test or Fisher’s-exact-test for 
categorical variables and t-test or Mann-Whitney-U-test 
for continuous variables depending on if the data were 
normally distributed or skewed. A P-value < 0.05 was 
considered statistically significant. Statistical analyses 
were performed using SAS 9.4 (2002–2012 by SAS Insti-
tute Inc., Cary, NC, USA).

Results
The characteristics of LTCFs of both groups are summa-
rized in Table 1.

During the study, 326 UTI episodes were recorded, 161 
in the intervention group and 165 in the control group. 
In the pre-intervention phase, we recorded 71 UTI epi-
sodes. During the intervention and post-intervention 
period, 167 and 88 episodes were documented, respec-
tively. In the control group, 55/165 (33%) of UTIs were 
recorded in patients with an indwelling urinary cath-
eter compared to 22/161 (14%) in the intervention group 
(p < 0.004). There was a statistically significant difference 
in the method of communication between LTCF and 
physicians. In the intervention group, the physician was 
present at the LTCF in 26/161 (16%) of cases of UTI com-
pared to 72/165 (44%) in the control group. In contrast, 
physicians were contacted by phone or fax 135/165 (84%) 
in the intervention group and in 93/165 (56%) in the con-
trol group (p < 0.001).

Patient characteristics
UTIs were diagnosed in 194 patients. There were no 
significant differences between the study populations, 
i.e. patients with UTIs, in terms of age, sex, history of 
allergies to antimicrobial substances, history of renal 
impairment or urologic diseases (Table  2). There was a 
statistically significant difference in reported weight (con-
trol group median 66 kg (range 38–135 kg) vs. interven-
tion group median 59 kg (range 38–143 kg), p = 0.014).

Intervention reach
During the intervention period (April 12, 2021– Novem-
ber 3, 2021), 30 onsite trainings were conducted by ICP 
team. Overall, 209 nursing staff members took part in 
these trainings. On October 31, 2021, the number of 
nursing staff employed by the four LTCFs of the inter-
vention group was 205. The discrepancy between team 
members who took part in the trainings and the number 
of employees as of October 31, 2021 can be explained by 
staff turnover. All physicians received written informa-
tion about the project during their visits at the LTCFs 
including the guideline and information on the website at 
five time points throughout the study. They were invited 
to the online educational sessions on the UTI program. 
Half of the physicians (15/ 30) attended at least one of the 
online sessions.

Primary outcome
Inter-reviewer consistency was high for the primary out-
come (ĸ = 0.98; 95%CI 0.96-1.00). Out of 326 UTI epi-
sodes 323 (99.1%) were evaluated the same. Only in three 
UTI episodes discordant evaluations were observed. Due 
to the high level of agreement between the two reviewers, 
the two evaluations were combined for analysis. There-
fore, adequate prescription was defined as follows: both 
reviewers evaluated the prescription adequate.

In the intervention group, the proportion of adequate 
antibiotic choices increased from 42.1% in the pre-inter-
vention period, to 45.9% during the intervention and to 
51% in the post-intervention period (absolute increase 
of 8.9%). In the control group, the proportion was 36.4%, 
33.3% and 33.3%, respectively (Fig.  1). Therefore, the 
numerical difference between intervention group and 
control group in the post-intervention period was 17.7%. 
However, the differences between intervention group 
and control group did not reach statistical significance 
(Tables 3 and 4).

Secondary outcomes
Because agreement in secondary outcomes was also 
high (ĸ = 0.97; 95%CI 0.93-1.00; concordant evaluations: 
99.1%) the two evaluations were combined for analysis 
in the same way as for the primary outcome. During the 
intervention period, the risk ratio (RR) for inadequate 
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indication for treatment was 0.41 (95% CI 0.19–0.90), 
p = 0.025 (Fig. 2; Table 3). In the post-intervention period, 
there was no difference between intervention group and 
control group, due to an increase in adequate indica-
tions for treatment in the control group (from 72.0% in 
the intervention period to 89.7% in the post-intervention 
period).

During the study, 227 (69.6%) UTI episodes without 
an indwelling urinary catheter were recorded, 133 in the 
intervention group and 94 in the control group. Before 
and after the intervention period, the risk ratio (RR) for 
use of quinolones for UTI without indwelling urinary 
catheters were significantly reduced (RR: 0.17, 95%CI: 
0.04–0.72; and 0.18; 95%CI: 0.04–0.89, respectively. 
Tables 3 and 4).

During the study period, 28 (8.6%) urinary cultures 
were performed (326 UTI episodes recorded). Through-
out the study, more urinary cultures were ordered in the 
IG compared to control group. This difference was sta-
tistically significant during the intervention period (RR 
6.89, 95%CI 1.59–29.83, p = 0.010, Table  3). In the post-
intervention period, a statistical analysis was not possi-
ble as no cultures were performed in the control group 
(compared to 7 in the intervention group).

Our safety outcomes were: proportion of clinical failure 
(defined as need for additional antimicrobial treatment 
for UTI within 7 days of previous episode), number of 
hospital admissions due to UTI and adverse events due to 
antimicrobial treatment. There were no significant differ-
ences between the control group and intervention group 
in the safety outcomes (Tables 3 and 4). Only one adverse 
event due to antimicrobial treatment was documented 
during the entire study period (in the intervention group 
in the pre-intervention period).

Discussion
In this non-randomized cluster-controlled intervention 
study in LTCFs in Austria, a multifaceted bundle of anti-
microbial stewardship interventions consisting of clinical 
practice guidelines, local as well as web-based educa-
tion targeting nursing staff and primary care physicians 
resulted in a significant increase in adequate indications 
for treatment during the intervention period. We found 
a higher number of adequate antibiotic choices for UTIs 
with a numerical difference between the intervention 
group and control group of 17.7% in the post-interven-
tion phase. However, this difference did not reach sta-
tistical significance. The interventions did not lead to an 
increase in proportion of clinical failures, hospital admis-
sions due to UTI or adverse events due to antimicrobial 
treatment.

During the intervention period, the risk ratio for inad-
equate treatment (in terms of decision to treat the UTI) 
was 0.41 (p = 0.025), indicating that the interventions led 

Table 4  Summary of results (raw numbers and proportions)
Study period Before 

intervention
During 
intervention

After 
intervention

Groups Intervention 
vs. control

Intervention 
vs. control

Intervention 
vs. control

Primary outcome
Adequate choice 
of antimicrobial

16/38 (42.1%) 
vs. 12/33 
(36.4%)

34/74 (45.9%) 
vs. 31/93 
(33.3%)

25/49 (51%) vs. 
13/39 (33.3%)

Secondary outcomes
Adequate deci-
sion to treat

27/38 (71.1%) 
vs. 25/33 
(75.8%)

66/74 (89.2%) 
vs. 67/93 (72%)

44/49 (89.8%) vs. 
35/39 (89.7%)

Quinolone use 
for UTI without 
catheter

2/32 (6.3%) vs. 
6/19 (31.6%)

6/59 (10.2%) vs. 
8/49 (16.3%)

4/42 (9.5%) vs. 
7/26 (26.9%)

Urinary culture 
performed

7/38 (18%) vs. 
1/33 (3%)

11/74 (14.9%) 
vs. 2/92 (2.2%)

7/49 (14.3%) vs. 
0/39

Clinical failure 5/40 (12.5%) vs. 
3/34 (8.8%)

9/71 (12.7%) vs. 
11/92 (12%)

3/48 (6.3%) vs. 
0/48

Hospital admis-
sion due to UTI

3/38 (7.9%) vs. 
3/33 (9.1%)

5/74 (6.8%) vs. 
4/93 (4.3%)

8/49 (16.3%) vs. 
1/39 (2.6%)

Fig. 2  Proportion of adequate antimicrobial treatments (adequate deci-
sion to treat) before, during and after the interventions. *p < 0.05 compar-
ing intervention and control group during the intervention period

 

Fig. 1  Proportion of adequate antimicrobial treatments (adequate in 
terms of choice) before, during and after interventions
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to a change in prescription culture. The proportion of 
adequate indications for treatment remained high (89%) 
in the intervention group in the post-intervention phase, 
suggesting an effect also during this phase. However, 
there was no significant difference between interven-
tion group and control group in the post-intervention 
period, due to an increase in adequate indications for 
treatment in the control group (from 72.0% in the inter-
vention period to 89.7% in the post-intervention period). 
The reasons for this increase in the control group remain 
unclear. Although the intervention was restricted to 
LTCFs in Graz and controls were located outside of the 
city, we cannot completely rule out a partial spill over 
of the intervention within the trans-regional physician 
community.

Quinolone use for treatment of UTIs without indwell-
ing urinary catheter was significantly lower in the inter-
vention group. However, this difference existed already 
before our interventions and persisted thereafter. This 
difference could reflect a different prescription culture 
between physicians serving at LTCFs in the intervention 
group and control group. In 2018, systematic surveillance 
of health-care associated infections was initiated in the 
LTCFs of the Geriatric Health Centers Graz (interven-
tion group ) [16]. Antimicrobial prescriptions were also 
recorded. Implementation of this surveillance system 
could have contributed to physicians’ awareness on nega-
tive aspects of quinolone use in elderly patients. Several 
other aspects shed light on differences in daily practice 
between the LTCFs in the two groups. In the control 
group, significantly more UTIs were recorded in patients 
with an indwelling urinary catheter (33% compared to 
14% in the IG, p < 0.004). This could indicate a higher 
use of urinary catheters in the control group overall. In 
addition, physicians prescribing antibiotics for UTIs were 
physically present in 16% of cases in intervention group 
compared to 44% in the control group. In the interven-
tion group, physicians were contacted mainly by phone 
or fax. Our findings are in contrast to a study from 
Northern Ireland reporting that between 58% and 70% 
of systemic antimicrobial prescriptions were initiated 
following a physician’s visits at the LTCF [17]. The fact 
that physicians were mainly contacted by phone or fax 
before prescribing antibiotics for a UTI underlines the 
importance of the role of nursing staff in the prescription 
process as has been described before [18]. Knowledge on 
UTIs and communication skills of nurses as well as stable 
staffing and continuity of care play an important role in 
adequate reporting of signs and symptoms suggestive of 
UTIs in residents [19].

Even though urinary cultures are recommended as part 
of the diagnostic procedures for complicated UTIs [20], 
only 3 urinary cultures were ordered during the entire 
study period in the control group. Logistic considerations 

such as limited access to microbiological tests and the 
length of time needed to obtain culture results could 
explain this finding in the control group as has been 
described previously [18]. Our finding of very low utiliza-
tion of urinary cultures is contrasted by a study by Brown 
et al. which successfully aimed at reducing unnecessary 
urinary cultures in Canadian LTCFs starting from a base-
line of 3.2 urinary cultures per 1000 resident days [21].

The reach of our interventions among nursing staff 
was high, as every member of nursing staff attended one 
onsite training. Every physician received written infor-
mation on the project several times during the study 
period during their visits at the LTCFs. This included the 
guideline that was written in co-operation with a general 
practitioner active at one of the LTCFs. Unfortunately, 
only half of the physicians attended at least one of the 
online sessions. The differences in reach of the interven-
tion between nursing staff and physicians can probably 
be explained by the fact that nursing staff is employed by 
the LTCFs whereas the general practitioners are not. In 
Austria, general practitioners typically work as freelanc-
ers. The outcomes could probably have improved if the 
reach within the physician community had been better.

Several studies describe successful antibiotic steward-
ship interventions for the prescription of antimicrobial 
substances for UTIs in long-term care facilities in dif-
ferent settings and countries [22–27]. Different inter-
vention strategies were used: audit and feedback [22], 
guidelines and implementation of interdisciplinary qual-
ity circles [23], educational sessions [24] and implemen-
tation of local ASB teams [26]. The primary outcomes 
were mainly number of antimicrobial prescriptions for 
UTI/ time period [24, 25] or overall use of antimicrobials 
[23, 26]. Our study focused a qualitative improvement of 
antimicrobial prescriptions for UTIs rather than an over-
all reduction of actual prescriptions. Therefore, a direct 
comparison of results is difficult. We selected our out-
comes based on a previous study indicating a relatively 
low number of health-care associated infections in our 
intervention group compared to data from the literature 
[16]. Therefore, it appeared less promising to attempt a 
decrease in the number of antimicrobial prescriptions 
compared to improving the quality of prescriptions.

Our study has several limitations. We used a non-ran-
domized cluster-controlled study design because ran-
domisation of LTCFs was not feasible as several general 
practitioners cared for patients in more than one LTCF 
in Graz. We therefore chose LTCFs in another region to 
avoid spillover of the intervention. Voluntary participa-
tion of LTCFs might mean generalisability of our findings 
is limited to LTCFs interested in antibiotic stewardship. 
Our study was conducted during the COVID-19 pan-
demic. As this was a demanding period for nursing staff 
and general practitioners (e.g. handling COVID-19 cases 
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at the LTCFs, shortage of staff due to illness, etc.) the 
impact of the interventions may have been reduced.

Conclusion
Antimicrobial stewardship interventions consisting of 
clinical practice guidelines, local as well as web-based 
education for nursing staff and primary care physicians 
resulted in a significant increase in adequate indications 
for treatment ) during the intervention period. However, 
this difference was not maintained in the post-interven-
tion phase. The interventions did not lead to an increase 
in proportion of clinical failures, hospital admissions due 
to UTI or adverse events due to antimicrobial treatment. 
Continued efforts to improve the quality of prescriptions 
further are necessary.
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