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ABSTRACT

ARTICLE HISTORY

Objective: The aim of this study was to describe and characterize the prescription of antibiotics
for urinary tract infection (UTI) in general practice in Denmark and to evaluate compliance with
current recommendations.
Design: National registry-based study
Setting: Danish general practice
Patients: 267.539 patients who redeemed a prescription for antibiotics with the clinical indication UTI at community pharmacies between July 1st 2012 and June 31st 2013.
Main outcome measures: Antibiotics prescribed for 1) acute lower UTI, 2) acute upper UTI and
3) recurrent UTI presented as amount of prescriptions, number of treatments per 1000 inhabitants per day (TID) and defined daily doses per 1000 inhabitants per day (DID).
Results: A total of 507.532 prescriptions were issued to 267.539 patients during the one year
study period, representing 2.35 DID. Acute lower UTI was the most common reason for prescription of antibiotics (89.5%) followed by recurrent UTI (8.4%). The majority of the prescriptions
were issued to people above 60 year old (57.6%). Pivmecillinam was the most commonly prescribed antibiotic in acute lower (45.8%) and acute upper (63.3%) UTI. Trimethroprim was the
most commonly prescribed antibiotic in recurrent UTI (45.9%). Prescription of quinolones
increased with increasing patient-age (p ¼ <.0001).
Conclusion: Compliance with current Danish recommendations was moderately high.
Pivmecillinam is the first line antibiotic for the management of acute lower and upper UTI, and
trimethroprim is the first line option of recurrent UTI. A high proportion of the antibiotic prescriptions were issued in the elderly population including a relatively high prescription rate
of quinolones.
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KEY POINTS

 Urinary tract infection (UTI) is a common cause for prescription of antibiotics in general practice
 Poor compliance in general practice with recommendations for first-line treatment of UTI
may increase antibiotic resistance
 Danish general practitioners are generally compliant with national and regional guidelines for
antibiotic treatment of UTI
 There is high use of antibiotics in the elderly population including a worrisome high use of
broad-spectrum antibiotics, such as Quinolones.

Introduction
Urinary tract infection (UTI) is a common condition in
primary care and the associated costs are significant
to the patient as well as society [1,2]. UTI is a leading
cause for antibiotic prescribing in general practice,
second only to respiratory tract infections [3].
Antibiotics for UTI have been shown to shorten the
duration of symptoms and prevent recurrent infections
[4,5], but difficulties in correctly identifying bacterial
CONTACT Anne Holm
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UTIs where antibiotics are beneficial from self-limiting
UTIs, suggests that a high level of overtreatment is
likely [6]. Excessive and inappropriate antibiotic prescribing only serves to increase unwanted side effects
and the risk of antibiotic resistance both in individually treated patients and at the societal level [7,8].
In order to improve the use of antibiotics, the prescription of antibiotics for specific conditions must be
continuously monitored to effectively implement
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antimicrobial stewardship programmes. Such antibiotic
surveillance systems can provide important sources of
information for healthcare professionals and policy
makers monitoring progress towards a more prudent
use of antibiotics, in turn ensuring adequate patient
treatment, and limiting spread of antibiotic resistance [3,9].
In Denmark, no official national guideline regarding
treatment of UTI exists. Doctors are expected to stay
updated with regional guidelines and with national
recommendations from The Institute for Rational
Pharmacotherapy (IRF), a unit under the Danish
National Board of Health. The available recommendation from three regions and from IRF can be seen in
Table 1 [10–13]. Before 2016, nitrofurantoine was also
recommended as a first-line antibiotic for prevention
of UTI in some regions, but this drug was removed
from guidelines after a warning from the Danish
Health Authorities based on reports of pulmonary
fibrosis following long-term use. In 2013, resistance in
E. Coli isolates from primary health care was 6% for
mecillinam, 40% for ampicillin and 33% for sulfonamide [14].
The aim of this study was to describe and characterize the prescription of antibiotics for urinary tract
infections treated in general practice in Denmark
between1st July 2012 to 31st June 2013, and to evaluate the accordance of issued antibiotic prescriptions
with current national and regional guidelines.

Material and methods
Data sources
In Denmark, antibiotics are only available by prescription, and dispensing in the primary care sector is
exclusively managed by community pharmacies. We

created a database including all Danish citizens who
redeemed an antibiotic prescription (ATC J01, see
below for details) at a community pharmacy between
July 1st 2012 to June 31st 2013 [15].
National data on prescription of antibiotic therapy
in Denmark was extracted from the Danish National
Prescription Database33. This registry contains complete information on all prescriptions redeemed by
Danish residents at community pharmacies. For each
redeemed prescription, the registry contains information on the following variables relevant to this study:
provider practice identification number (encrypted),
personal security number for each patient (encrypted),
type of antibiotic, age, gender and clinical indication.
In primary care, a clinical indication must be
entered when prescribing an antibiotic in the electronic prescription system. An option to use the
unspecific indication “Infection” is available for all antibiotic types and lastly the general practitioner (GP)
may choose to enter a free text indication. Presently
these free text indications are automatically coded as
“missing” in the electronic prescription system. The
available clinical indications are not formally validated
such as International Classification of Primary Care
(ICPC)-2 codes [16]. We have previously described use
of these clinical indications for assessing antibiotic use
and congruence with guidelines on antibiotic use in
respiratory tract infections general practice [3].
Antibiotic agents were classified according to the
Anatomical Therapeutic Chemical (ATC) index (J01
antibacterial agents for systemic use), down to 5th
level; chemical substance34.
General practice providers were identified by the
unique identifiers for general practitioners (GPs)
(encrypted), obtained from Statens Serum Institute, to
distinguish GP prescriptions from the entire primary

Table 1. Danish recommendations from three different regions and the national Institute for Rational Pharmacotherapy for treatment of acute UTI and prevention of recurrent UTI.
Institute for Rational
Pharmacotherapy, 2009 [10]

Capital Region, 2016 [11]

Northern Region, 2011 [12]

Region Sealand, 2016 [13]

Uncomplicated, lower UTI

Pivmecillinam
sulfametizole or
trimethtroprim
No recommendation on
dose or duration

Pivmecillinam 400 mg  3,
Sulfametizole 1 g  2
sulfametizole 1 g  2 or
3 days duration
trimethtroprim 200 mg  2
3 days duration

Pivmecillinam 400 mg  3,
sulfametizole 1 g  2
3 days duration

Complicated, lower UTI

Pivmecillinam
No recommendation on
dose or duration

Pivmecillinam 400 mg  3, or Pivmecillinam 400 mg  3
trimethtroprim 200 mg  2
6 days duration
5 days duration

Pivmecillinam 400 mg  3
6 days duration

Pyelonephritis

Pivmecillinam
No recommendation on
dose or duration

Pivmecillinam
400 mg  3
14 days duration

Pivmecillinam 400 mg  3
14 days duration

Pivmecillinam 400 mg  3
14 days duration

Prevention of recurrent UTI No recommendation

Pivmecillinam 200 mg  1 or No recommendation
Trimethtroprim 100 mg  1

Trimethroprim 100 mg  1 or
nitrofurantoine 50 mg  1
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care sector32. All information on patient and prescriber
level was encrypted, and to protect against secondary
identification, all variables with cell counts less than 6
patients were grouped as “few”.
Statistikbanken.dk, a service from the Statistics
Danmark, was used to determine population size
in total.

Analyses
A dataset consisting of clinical indications and antibiotic prescriptions, issued exclusively by GPs, was created by merging datasets by the unique practice
identification numbers [15].
The clinical indications for UTI were grouped and
analyzed as acute lower UTI, acute upper UTI and
recurrent UTI (including preventive treatment for UTI).
Descriptive analyses of prescription of antibiotics were
performed such as percentages, cumulated percentages and number of treatments (TID) per 1000 inhabitants per day and Defined Daily Doses (DDD) per 1000
inhabitants per day (DID). DID was calculated as follows: DDD1000/number of inhabitants (2012)/365.
There
were
5,580,516
inhabitants
by
31st
December, 2012.
Association between age group and type of antibiotic was assessed with the Chi-Square statistic test.
In addition, compliance with current recommendations was assessed by comparing regional and
national guidelines as illustrated in Table 1.
Recommendations for treatment of UTI have only
changed since 2013 in terms of not recommending
nitrofurantoine as first-line treatment for prevention
of UTI.
All calculations were done in SAS version 9.3 (Cary,
NC, USA).

Results
A total of 507.532 prescriptions (2.35 DID) were issued
in general practice to 267.539 patients with the indication UTI from 1st of July 2012 to 31st of June 2013.
Women accounted for the majority of the prescriptions (81.7% of the prescriptions/77.6% of total DID).
Elderly patients were more exposed to antibiotics with
57.6% of the prescriptions (64.5% of total DID) issued
to people above 60 years of age, and this exposure
increased with more advanced age. Acute lower UTI
was the most common indication for prescribing antibiotics (89.5% of prescriptions/80% of total DID).
Upper UTI e.g. pyelonephritis was a relatively uncommon clinical indication (2.1% of prescriptions/0.4% of
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Table 2. Distribution of demographic factors and indication
in patients with Urinary tract infection prescribed antibiotics
in general practice- Denmark.

Total
Women
Age
0–14
15–29
30–44
45–59
60–69
þ75
Indication
Acute lower (UTI)
Acute upper (UTI)
Recurrent lower (UTI)

Number of
prescriptions (%)

DID (%)

TID (%)

507.532 (100.0)
414.942 (81.7)

2.35 (100.0)
1.82 (77.6)

0.24 (100.0)
0.20 (81.7)

14.522
66.296
59.415
74.402
119.890
173.007

0.04
0.23
0.23
0.32
0.60
0.91

(1.8)
(9.9)
(9.9)
(13.8)
(25.8)
(38.7)

0.0007 (2.8)
0.032 (13.0)
0.029 (11.7)
0.036 (14.6)
0.058 (23.6)
0.084 (34.0)

1.88 (80.0)
0.006 (0.4)
0.46 (19.6)

0.22 (89.5)
0.0005 (2.1)
0.025 (8.4)

(2.8)
(13.0)
(11.7)
(14.6)
(23.6)
(34.0)

454.411 (89.5)
1.108 (2.1)
52.013 (8.4)

total DID). Recurrent UTI accounted for 8.4% of prescriptions but 19.6% of DID. See Table 2 for details.
Pivmecillinam was the most common antibiotic prescribed for acute lower (45.8% of the prescriptions)
and upper (63.4% of the prescriptions) UTI.
Sulfonamide was the second most common choice in
patients with acute lower UTI (27% of the prescriptions), while quinolones were the second most common choice for acute upper UTI (19.7% of the
prescriptions). The two most common antibiotics prescribed for recurrent UTI were trimethroprim (45.9% of
the prescriptions) and nitrofurantoin (28.8% of the prescriptions) (Figure 1).
Pivmecillinam and sulfonamide were the most commonly prescribed antibiotics in all age groups (Figure
2). The prescription of quinolones increased with
increasing patient age (p ¼ <.0001).
The clinical indication “recurrent UTI” was responsible for a larger percentage 19.6% of total DID. The
majority of DID (86%) were prescribed for patients
who were 60 years or older. nitrofurantoine and trimethroprim accounted for the majority of DID in all
age groups, but methenamin was also commonly prescribed for recurrent UTI (Figure 3).

Discussion
Principal findings
This study on 507.532 prescriptions issued to patients
with the clinical indication UTI in general practice
showed that the most commonly prescribed antibiotics for acute lower UTI were sulfamethizole and pivmecillinam. Pivmeciilinam was also the most commonly
prescribed antibiotic for acute upper UTI, while for
recurrent UTI, nitrofurantoine and trimethroprim were
the preferred choice of antibiotics. This was in
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100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Acute lower Acute upper Recurrent
UTI
UTI
UTI

Total

Acute lower Acute upper Recurrent
UTI
UTI
UTI

Men
Pivmeciilinam

Total

Women

Thrimethroprim

Sulfonamide

Nitrofurantoine

Amoxicillin

Quinolones

Others

Figure 1. Cumulative percentages of prescriptions by antibiotic type and indications in patients with suspected urinary tract infection prescribed antibiotics in general practice- Denmark.
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45-59

60-69

Pivmeciilinam

Thrimethroprim

Sulfonamide

Amoxicillin

Quinolones

Others

75

Total

Nitrofurantoine

Figure 2. Cumulative percentages of prescriptions by antibiotic type and by age group in patients with suspected
urinary tract infection prescribed antibiotics in general
practice- Denmark.

accordance with Regional and National guidelines.
However, the prescription of quinolones increased
with increasing age. Methenamin was commonly used
for chronic UTI, although not included in the guidelines. Acute UTI accounted for the majority of issued
prescriptions but prevention of recurrent UTI
accounted for a substantial amount of DID.

Strengths and weaknesses
Using a national registry-based cohort involving all
prescriptions with the clinical indication UTI was an
appropriate design to characterize UTI prescriptions.
The data are quite likely to reflect the actual use as all
data was routinely collected by electronic data capture
from all GPs in Denmark. Furthermore, the amount of
non-prescribed antibiotic use was negligible as

0.05

0.00
0-14
Pivmecillinam

15-29

30-44

Trimethroprim

45-59
Nitrofurantoin

60-69

>75

Methenamin

Other

Figure 3. Distribution of type of antibiotic for the indication
“recurrent UTI” by age group in patients with Urinary tract
infection prescribed antibiotics in general practice- Denmark.
Total DID.

antibiotics are prescription-only drugs an all redeemed
prescriptions are included in the data.
Of note, it was not mandatory at the time the data
for this study was obtained, to assign a precise indication when issuing an antibiotic prescription [5]. Firstline antibiotics used for UTI in Denmark are, however,
not used on other indications. Pivmecillinam and sulfamethizole prescriptions contained an indication in
84% of prescriptions and the indication was UTI in
98% of these cases, which makes our data quite valid.
The number of missing indications in the national prescription data was rather high (32%) [3]. Still, in comparison to other clinical indications such as respiratory
tract infections [17] the prescribing of a urinary tract

SCANDINAVIAN JOURNAL OF PRIMARY HEALTH CARE

agent (trimethoprim, nitrofurantoin, mecillinam or sulphamide) halved the risk of a missing indication on an
electronic prescription (OR 0.50, 95% CI 0.48–0.52) [3].
However, there might be ciprofloxacin or amoxicillin
prescriptions in the database with other indications or
lacking an indication that were actually used for UTI.
Thus, underreporting of these drugs for UTI is possible. This study might also underestimate inappropriate treatment especially in the elderly where a precise
diagnosis can be difficult to establish [18]. Dividing
the indications into acute UTI and prevention of recurrent UTI may not be completely solid either and systematic differences in labelling the clinical indications
acute/recurrent UTI may occur. However, it is difficult
to estimate the direction of such a bias.
Another weakness of our study is the lack of an
officially recognized guideline for treatment of UTI in
general practice. Nonetheless, the available guidelines
were in relatively good accordance since all of them
recommended using pivmecillinam in most cases of
acute UTI. However, sulfamethizole remained the drug
of choice in the Northern region of Denmark.
Recommendations for prevention of acute UTI were
not completely consistent either. The two guidelines
that mentioned this indication both recommended trimethroprim, but one still recommended nitrofurantoine as the alternative choice and the other
recommended pivmecillinam. Also, we were unable to
determine if antibiotics treatment was appropriate
due to the lack of clinical data in the database.
Methenamine was used quite extensively for prevention of UTI in the elderly despite no guidelines mentioning this drug. Little research exists on the use of
methenamine for prevention of UTI, but a Cochrane
review has shown promising results [19]. The use of
nitrofurantoine for treatment of acute UTI was also
higher than what would be expected from guideline
recommendations. This may be appropriate since
nitrofurantoine has low resistence rates even in countries with higher use [20].

Relation to the literature
Kobayashi et al performed a database study on outpatient visits regarding UTI from 2002 to 2011 and
found that out of 7111 visits, about 80% were treated
with antibiotics and almost half of this use was flouroquinolones [21]. The second-most commonly prescribed
antibiotics
were
sulfonamides
and
nitrofurantoine despite the recommended first-line
choice was sulfamethizole-trimethroprim. In line with
our findings, they found older patients more likely to
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receive flouroquinolone treatment than younger
patients. They concluded that the use of broad-spectrum treatment for elderly patients could be driven
partly by resistance towards first-line antibiotics and
partly by possible impaired renal function in the elderly, limiting the use of nitrofurantoine, although it is
now only recommended to avoid long-term use in
patients with loss of renal function [22]. A Norwegian
study, however, found that elderly people in nursing
homes were not at an increased risk of having resistant infection compared to home-living elderly [23].,
Denmark is one of the only countries in the world recommending sulfamethizole as a first-line antibiotic for
uncomplicated UTI. This may be due to a Danish study
showing sulfamethizole to be clinically as effective as
pivmecillinam despite high resistance-rates [24].
The other Nordic countries have different recommendations for prescription of antibiotics for UTI. This
may affect both total consumption of antibiotics and
resistance rates [25].
The prescription of antibiotics to the elderly population in our study was relatively high. Furthermore, a
higher level of second-line agents were used in this
patient group. We do not have sufficient clinical data
to assess if this antibiotic pattern of use was appropriate, but it is an area that should call for concern. We
find it unlikely that the observed steep increase in
antibiotic use for UTI with increasing age reflects a
correspondingly steep increase in the incidence of UTI
with age. Broad-spectrum agents were more often
used in the elderly population as well. This may reflect
treatment-failure or antibiotic resistance, but it could
also be caused by the difficulty in determining the site
of infection in an elderly deranged patient, causing
doctors to prescribe more broad-spectrum to cover a
possible respiratory focus as well [26,27]. Also, the
ease of administrating quinolones may be contribute.
A Dutch study from 2015 found that antibiotic overtreatment in nursing homes was a larger problem
than antibiotic undertreatment [28]. The increasing
prevalence of asymptomatic bacteriuria with increasing age is also a likely cause for a higher use of antibiotics for suspected UTI [29].

Meaning of the study and implications
for practice
Danish GPs were generally compliant with national
and regional guidelines when prescribing antibiotics
for patients with suspected UTI. However, increasing
use of broad-spectrum agents with increasing age
including a relatively high prescription rate of
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quinolones should cause concern. Also, extensive use
of antibiotics for prevention of UTI in the elderly
population could introduce high resistance-rates in
nursing-homes and antibiotic-related adverse outcomes in the elderly population [30]. Future initiatives
to reduce inappropriate antibiotics for patients with
suspected UTI should focus on promoting use of firstline antibiotics and new initiatives to reduce use of
broad-spectrum agents and antibiotics for prevention
of UTI especially in the elderly population.

[9]

[10]

[11]

Disclosure statement
No potential conflict of interest was reported by the authors.

[12]

Ethical approval

[13]

The study was approved by the Danish Data Protection
Agency (J.nr. 2012-41-0159). According to Danish law no
approval from an ethics committee is required for strictly
registry-based studies.

[14]

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Foxman B. Epidemiology of urinary tract infections:
incidence, morbidity, and economic costs. Am J Med.
2002;113:5–13.
Alam MF, Cohen D, Butler C, et al. The additional
costs of antibiotics and re-consultations for antibioticresistant Escherichia coli urinary tract infections managed in general practice. Int J Antimicrob Agents.
2009;33:255–257.
Aabenhus R, Hansen MP, Siersma V, et al. Clinical indications for antibiotic use in Danish general practice:
results from a nationwide electronic prescription database. Scand J Prim Health Care. 2017;35:162–169.
Ferry S, Holm S, Stenlund H, et al. Clinical and bacteriological outcome of different doses and duration
of pivmecillinam compared with placebo therapy of
uncomplicated lower urinary tract infection in
women: the LUTIW project. Scand J Prim Health Care.
2007;25:49–57.
 II, et al. Antibiotics for preAlbert X, Huertas I, Pereiro
venting recurrent urinary tract infection in non-pregnant women. Cochrane DB Syst Rev. 2004(3);
CD001209.
Gagyor I, Haasenritter J, Bleidorn J, et al. Predicting
antibiotic prescription after symptomatic treatment
for urinary tract infection: development of a model
using data from an RCT in general practice. Br J Gen
Pract. 2016;66:e234–e240.
Costelloe C, Metcalfe C, Lovering A, et al. Effect of
antibiotic prescribing in primary care on antimicrobial
resistance in individual patients: systematic review
and meta-analysis. BMJ. 2010;340:c2096.
Goossens H, Ferech M, Vander Stichele R, et al.
Outpatient antibiotic use in Europe and association

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

with resistance: a cross-national database study.
Lancet. 2005;365:579–587.
WHO. WHO methodology for a global programme on
surveillance of antimicrobial consumption. 2014.
http://www.who.int/medicines/areas/rational_use/
WHO_AMCsurveillance_1.0.pdf.
Institut for Rationel Farmakoterapi. Antibiotikavejledning
til almen praksis (Guideline on Antibiotics for General
Practice) [Internet]. 2009; Available from: http://www.irf.
dk/dk/rekommandationsliste/baggrundsnotater/infektionssygdomme/antibiotika_systemisk_brug.htm
Arendrup K, Arpi M, Jakobsen HN, et al.
Antibiotikavejledning i almen praksis - Region H
(Guideline on Antibiotics for General Practice, Capital
Region of Denmark). 2016.
Antibiotikavejledningen for almen praksis Region
Nordjylland (Guideline on Antibiotics for General
Practice, Northern Region of Denmark). 2009.
Infektioner i almen praksis Region Sjaelland
(Infections in General Practice, Region Sealand,
Denmark). 2016.
DANMAP. DANMAP 2013, Use of antimicrobial
agents and occurence of antimicrobial resistance in
bacteria from food animals, food and humans in
Denmark. Statens Serum Institut; National Veterinary
Institute, Technical University of Denmark; National
Food Institute, Technical University of Denmark,
2013;140.
Aabenhus R, Siersma V, Hansen MP, et al. Antibiotic
prescribing in Danish general practice 2004-13. J
Antimicrob Chemother. 2016;71:2286–2294.
World Health Organization (WHO). International
Classification of Primary Care, Second edition (ICPC-2)
[Internet]. 2003. Available from: http://www.who.int/
classifications/icd/adaptations/icpc2/en/
Aabenhus R, Hansen MP, Saust LT, et al.
Characterisation of antibiotic prescriptions for acute
respiratory tract infections in Danish general practice:
a retrospective registry based cohort study. npj Prim
Care Respir Med. 2017;27:1–5. Available from: http://
dx.doi.org/10.1038/s41533-017-0037-7
Sundvall PD, Ulleryd P, Gunnarsson RK. Urine culture
doubtful in determining etiology of diffuse symptoms
among elderly individuals: a cross-sectional study of
32 nursing homes. BMC Fam Pract. 2011;12:36.
Lee BS, Bhuta T, Simpson JM, et al. Methenamine hippurate for preventing urinary tract infections
(Review). Cochrane DB Syst Rev. 2012(10). Art. No.:
CD003265.
Rossignol L, Maugat S, Blake A, et al. Risk factors for
resistance in urinary tract infections in women in general practice: a cross-sectional survey. J Infect. 2015;
71:302–311.
Kobayashi M, Shapiro DJ, Hersh AL, et al. Outpatient
antibiotic prescribing practices for uncomplicated
urinary tract infection in women in the United
States, 2002–2011. Open Forum Infect Dis. 2016;3:
ofw159.
Santos JM, Batech M, Pelter MA, et al. Evaluation of
the risk of nitrofurantoin lung injury and its efficacy
in diminished kidney function in older adults in a

SCANDINAVIAN JOURNAL OF PRIMARY HEALTH CARE

[23]

[24]

[25]

large integrated healthcare system: a matched cohort
study. J Am Geriatr Soc. 2016;64:798–805.
Fagan M, Lindbaek M, Grude N, et al. Antibiotic resistance patterns of bacteria causing urinary tract infections in the elderly living in nursing homes versus the
elderly living at home: an observational study. BMC
Geriatr. 2015;15(1):98. http://www.biomedcentral.com/
1471-2318/15/98.
Bjerrum L, Gahrn-Hansen B, Grinsted P. Pivmecillinam
versus sulfamethizole for short-term treatment of
uncomplicated acute cystitis in general practice: a
randomized controlled trial. Scand J Prim Health Care.
2009;27:6–11.
Jensen JN, Melander E, Hedin K, et al. Comparison of
antibiotic prescribing and antimicrobial resistance in
urinary tract infections at the municipal level among
women in two Nordic regions. J Antimicrob
Chemother. 2018;73(8):2207–2214.

[26]

[27]

[28]

[29]

[30]

7

Nace DA, Drinka PJ, Crnich CJ. Clinical uncertainties in
the approach to long term care residents with possible urinary tract infection. J Am Med Dir Assoc.
2014;15:133–139.
Balogun S. a, Philbrick JT. Delirium, a symptom of UTI
in the elderly: fact or fable? A systematic review. Can
Geriatr J. 2014;17:22–26.
van Buul LW, Veenhuizen RB, Achterberg WP, et al.
Antibiotic prescribing in Dutch nursing homes: how
appropriate is it? J Am Med Dir Assoc. 2015;16:
229–237.
Kass EH, Finland M, Mass B. Diagnostic urology
asymptomatic infections of the urinary tract. J Urol.
2002;167:1016–1020.
Daneman N, Bronskill SE, Gruneir A, et al. Variability
in antibiotic use across nursing homes and the risk of
antibiotic-related adverse outcomes for individual residents. JAMA Intern Med. 2015;175:1331–1339.

