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Abstract

The emerging problem of antimicrobial resistance in bacterial pathogens is
complex and the result of individual and population factors. Antimicrobial
agents are unique therapeutics in that their impact goes beyond the
individual; antimicrobials also affect the microbial population of the host
(including the pathogen population) and thereby society. The practical
application of quantifying direct, individual level antimicrobial effects is to
assess the short-term risk of infection with a resistant organism to an
individual about to initiate antimicrobial treatment. The long-term population
effect, also known as the collateral effect, involves a chain of low probability
events which result in a population risk of an infection with a resistant
organism which affects the individual in turn.

Standard statistical analytic approaches make the assumption that outcomes
in different subjects are independent, but for antimicrobial prescribing and
resistance this assumption of independence is violated as the group level
prevalence of antimicrobial resistance is likely to affect the individual’s risk.
For this reason, studies into antimicrobial resistance need to combine
information from individual and group level antimicrobial use and resistance
and analyse intra as well as inter level variation.

Urinary tract infections (UTIs) are common infections and treatment of UTI in
daily practice is largely empirically based. The easy availability of urine
samples from patients with a suspected UTI, the established empiric
treatment with antimicrobials, standard methods for diagnosis, and high
antimicrobial use, make urinary tract infections an ideal subject to study
antimicrobial resistance in the community.

The thesis is set up in two distinct parts, each divided into chapters
representing discrete research areas (published/submitted papers) within
each part. The first part used retrospective data to address the multilevel
structure in the analysis of antimicrobial resistance of uropathogenic E.coli in
the individual and prescribing at the general practice level. Data on practice

antimicrobial prescribing were obtained from the prescriptions of medical

Xvi



card patients (patients with free medical care and free medication) and
aggregated at the practice level. Data on antimicrobial resistance of
uropathogenic E.coli from individuals were obtained from the laboratory and
consisted of more than 14,000 positive urine culture results from general
practices in the West of Ireland. The results from this analysis confirmed a
significant association between practice level prescribing and individual risk of
a resistant E.coli for trimethoprim and ciprofloxacin. The odds ratio for
trimethoprim was 1.02 (95% ClI 1.01-1.04) and for ciprofloxacin 1.08 (95% Cl
1.04-1.11) for every additional prescription of trimethoprim or ciprofloxacin
respectively per 1000 patients per month. Additionally, a theoretical risk for
the practice was quantified as a median odds ratio (mOR); 1.10 (95% Credible
Interval (Crl) 1.03-1.16) for trimethoprim and 1.37 (95% Crl 1.22-2.59) for
ciprofloxacin. The mOR can be interpreted as the increase in risk of being
diagnosed with a resistant E.coli in the imaginary event of a patient moving
from a practice with low to a practice with high resistance.

Another detailed retrospective analysis which studied patients with repeated
urinary tract infection, of whom only details on the resistance pattern of the
E.coli were available, showed the persistence of resistance against
trimethoprim as well as ciprofloxacin in repeated E.coli UTls. The probability
that an E.coli isolated from urine from a patient was still resistant up to three
months after the previous isolate was found to be resistant, was 78% for
trimethoprim and 84% for ciprofloxacin. For nitrofurantoin, the probability
that a subsequent E.coli infection was resistant after resistance against this
antimicrobial was detected in the E.coli from a previous infection, was 20%.
Knowing the antimicrobial test results from previous episodes of UTI may help
general practitioners in their choice of empiric antimicrobial treatment for
the current episode.

The second part of the study was a prospective study in which 22 practices co-
operated. All patients with a suspected UTI were requested to submit a urine
sample. Patients were informed of the study and included in the study by

means of an opt-out methodology. Participation of 86% was achieved. Patient
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data were obtained from the practice records and merged with the
(antimicrobial susceptibility) results from their urine sample.

The analysis from this study resulted in two papers. Firstly, management of
UTI in general practice showed important differences between practices.
Overall, of the 866 patients, an organism was identified in the urine sample of
21%, while 56% received an antimicrobial. Comparing the laboratory report on
the urine sample with the treatment received, treatment was interpreted as
appropriate for 55% of the patients. National guidelines on antimicrobial
prescribing were not always implemented, which raises concern when general
practices showed preferences for antimicrobials which should be used
prudently. In the second paper analysis of previous individual antimicrobial
prescribing and practice resistance levels showed both have an important
impact on the risk of a UTI with a resistant E.coli. The odds of a trimethoprim
resistant E.coli UTI increased by 1.4 (95% Cl 0.8-2.2) for one, 4.7 (95% Cl 1.9-
12.4) for two and 6.4 (95% Cl 2.0-25.4) for three or more prescriptions of
trimethoprim in the previous year, and for ciprofloxacin resistance by 2.7 (95%
Cl 1.2-5.6) for one and 6.5 (95% Cl 2.9-14.8) for two or more prescriptions of
ciprofloxacin in the previous year. Similar to the retrospective study, a mOR
was calculated as 1.17 (95% Crl 1.03-1.46) for trimethoprim and 1.33 (95% Crl
1.03-1.9) for ciprofloxacin.

The thesis’ discussion links the papers together, resulting in some practical

suggestions for setting up interventions to curtail antimicrobial resistance.

Xviii



Xix



Chapter 1: Introduction

1.1 Rationale

1.1.1 Antimicrobial resistance

The use of antimicrobials combined with improvements in sanitation, housing,
and nutrition, and the introduction of widespread immunisation programmes,
has caused a dramatic decline in the often fatal diseases that were previously
untreatable. These gains are today seriously jeopardised by another
development: the emergence and spread of microbes that are resistant to
these, once described, ‘wonder drugs’ (World Health Organization 2011).

The emergence and spread of antimicrobial resistance is a complex problem
involving antimicrobial agents, bacterial species, resistant genes and various
mechanisms of resistance (Guardabassi and Courvalin 2006). Antimicrobial
resistance is a relative term and in its clinical definition a strain is defined
resistant when it survives antimicrobial therapy. This resistance can be
intrinsic, due to a structural or functional trait which diminishes the effect of
a particular drug by all members of a bacterial species (tolerance). Acquired
resistance, on the other hand, is a major threat to health because it is the
source of the emergence and spread of resistance in normally susceptible
bacterial populations and consequently may lead to therapeutic failure
(Guardabassi and Courvalin 2006). An antimicrobial resistance problem will
not emerge in the absence of the selective pressure of the antimicrobial
agent. Antimicrobial use is influenced by the knowledge and expectations of
patients and their interactions with prescribers, by economic incentives, and
by the regulatory environment (D'Agata, Dupont-Rouzeyrol et al. 2008).
Antimicrobial agents are unique therapeutics because they treat more than
just the individual; antimicrobials also affect the pathogen population and
thereby the host population or society (Levy and Marshall 2004). Optimising
treatment success for the individual can lead to population level effects which
can substantially differ in magnitude or even be opposite in direction (Lipsitch
and Samore 2002).
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Antimicrobial use affects resistance through direct individual effects and
indirect population effects. The aim of quantifying direct, individual level
antimicrobial effects is to assess the short-term risk of infection with a
resistant organism for a person about to initiate antimicrobial treatment. The
underlying processes that contribute to the long-term problem involve a chain
of low probability events, like mutation, genetic linkage or intra and inter
species transfers (Magee, Heginbothom et al. 2005). Standard statistical
analytic approaches make the assumption that outcomes in different subjects
are independent, but in the case of antimicrobial resistance this assumption is
violated (Halloran and Struchiner 1991). Additionally, observational studies
with antimicrobial prescribing data for a population and aggregated individual
surveillance data on antimicrobial susceptibility are prone to ecological
fallacy, the wrong conclusions due to the aggregation of individual exposures
to a higher group level. Understanding the mechanisms by which antimicrobial
use selects for antimicrobial resistance in treated patients and in the
population requires methods that take into account the direct individual
effects as well as the indirect effects of population level selection.

Few studies have adequately addressed the issues of individual and group level
interactions and until the complexities of the spread of antimicrobial
resistance are better understood, the design of effective interventions will be
difficult.
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1.1.2 Uropathogens as a model for studying community resistance

Urinary tract infections (UTIs) are common although infrequently serious.
Treatment of UTI in daily practice is largely empirically based. The identity of
the causative organisms is generally predictable and clinical practice
guidelines state that cultures are not necessary (Hooton and Stamm 1997;
Gupta, Hooton et al. 2011). Antimicrobial prescribing for UTls represents 12%
of overall antimicrobial prescribing, in fourth place after lower respiratory
tract infections (18%), sore throat (16%) and upper respiratory tract infections
(14%) (Petersen and Hayward 2007). The diagnosis of UTI is suggested by the
presentation of classical symptoms such as frequency and dysuria and by the
presence of white blood cells and nitrates in the urine. While empiric therapy
for UTls is a rational and cost-effective approach for individual treatment, it
may contribute to inappropriate antimicrobial use (Fenwick, Briggs et al.
2000; DeAlleaume, Tweed et al. 2006). Antimicrobials may be given to
patients who do not have an infection, while patients with an infection may
be prescribed a drug that is inappropriate for the causative organism due to
resistance. Prudent and appropriate antimicrobial use should be informed by
changing trends in resistance in the community.

The ready availability of urine samples due to the high incidence of UTls, the
importance of adequate empiric antimicrobial therapy, standard methods for
diagnosing UTls, the general acceptance of a consistent approach to
laboratory diagnosis, and the high levels of antimicrobial use, make urinary
tract infections a suitable condition to study antimicrobial resistance in the
community.

An additional issue with respect to UTls is recurrent infections which are more
likely to be associated with resistant organisms due to exposure to
antimicrobial agents in the treatment of the previous episode. Culture and
susceptibility test results and antimicrobial treatment of previous episodes of

UTI may also be able to guide empiric therapy in subsequent episodes.
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1.2 Research objectives

1.2.1 Primary research objectives
1. To retrospectively determine the relationship between antimicrobial
prescribing and antimicrobial resistance with a multilevel analysis of
existing databases using individual resistance data and aggregated
prescribing data.
2. To prospectively determine the direct and indirect relationship
between antimicrobial prescribing and antimicrobial resistance at the

individual and population level.

1.2.2 Secondary research objectives
3. To describe of the occurrence and management of UTI in Irish general
practice.
4. To assess the applicability of susceptibility test results from a prior
episode of UTI in the selection of antimicrobial treatment for a

subsequent episode.
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1.3 Outline of the thesis

The introductory literature review on antimicrobial resistance (Chapter 2)
covers literature, background ideas and principles necessary to understand
and link together the different chapters. The study itself is set up in two
distinct parts, each divided into chapters representing discrete research areas
within each part.

The first part uses retrospective data from various sources to analyse the
association between antimicrobial resistance and antimicrobial prescribing
using data (Chapter 3). Data on antimicrobial prescribing within the general
practice were obtained from the Health Service Executive - Primary Care
Reimbursement Service (HSE-PCRS) database, which records all the
prescriptions of medical card patients (free medical care and prescriptions).
The individual antimicrobial resistance data provided by the laboratory of the
Galway University Hospitals (GUH) consisted of the antimicrobial susceptibility
results and organism identification for significant bacteriuria from practices in
the West of Ireland. Multilevel modelling was used to analyse the combined
databases.

Additionally, retrospective data from the laboratory of the UHG were further
analysed to describe the antimicrobial resistance patterns of E.coli from
significant recurrent episodes of bacteriuria in the community (Chapter 4).
Findings and limitations of the retrospective study guided the second part of
the study. A selection of 22 practices participated in this part, in which
information on previous antimicrobial use taken from patients’ charts was
combined with the susceptibility test results of isolates from their urine
samples.

The first chapter in this part of the thesis represents the set-up of the
prospective study including obtaining ethical approval for using an opt-out
methodology (Chapter 5). This is followed by a description of the management

of UTI in general practice in Ireland (Chapter 6). The analysis of antimicrobial
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prescribing and resistance at the individual level, taking the overall area
resistance level into consideration, is then described in detail (Chapter 7).
The final chapter discusses the conclusions as well as their implications for

interventions (Chapter 8).
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retrospective part of the study and the green background the prospective part.
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Hit hard and hit early’, Elvilich’s advice on trealment of infections; 1913

2.1 Introduction

2.1.1 Antimicrobial resistance

Since their discovery, penicillin and its successors have completely
transformed humanity's approach to infectious disease. Antimicrobial therapy
has been the main medical intervention against infectious diseases caused by
bacterial pathogens. However, with the increasing availability and use of
antimicrobial agents, a continuing decline in therapeutic effectiveness due to
increased resistance has occurred. Alexander Fleming already referred to the
ease with which resistance can occur in
his Nobel lecture on penicillin in 1945
(Fleming 1964). Since then, many ;iﬁgﬁ;nl;;ﬁ‘ntimicmbial (ESSEance
reviews have been devoted to the o Alter the bacterial cell wall
subject of increasing antimicrobial permeability (influx/efflux

resistance but our knowledge of the SR

Produce a mutation at the

processes contributing to this problem target site

remains sketchy (Magee, Heginbothom Degrade the antibiotic via

et al. 2005). enzymatic action

.. . P Develop alternative metabolic
Antimicrobial activity is due to the e

pathways to block the

are involved in the biosynthesis of

essential components of the bacterial

cell. The three main bacterial targets of antimicrobial agents are cell wall,
protein, and nucleic acid biosynthesis. Various mechanisms neutralising the
action of antimicrobial agents have developed in bacteria. The most
widespread antimicrobial resistance mechanisms are enzymatic drug

inactivation, modification or replacement of the drug target, active drug

8



Chapter 2: Antimicrobial resistance

efflux, and reduced drug uptake (seeText box 1, page 8) (Austin, Kristinsson
et al. 1999; Doyne, Paterson et al. 2006; Guardabassi and Courvalin 2006;
Jayaraman 2009). Bacterial resistance was present before antimicrobials were
used. This intrinsic resistance is the innate ability of a bacterial species to
resist the activity of a particular antimicrobial agent through its inherent
structural or functional characteristics. Acquired bacteria antimicrobial
resistance is a result of a genetic change, which occurs in the presence or
absence of the antimicrobial (Hart 1998; Guardabassi and Courvalin 2006).
This genetic change can be the result of a mutation or horizontal exchange of
genetic material (transformation, transduction and conjugation). Whereas
transformation and transduction are processes limited to closely related
bacteria belonging to the same species or genus, conjugation is not restricted
like this and is therefore likely to play a much larger role in the spread of
antimicrobial resistance. Conjugation is a mechanism of horizontal genetic
material transfer, most often with plasmids or transposons, due to which
resistance can be passed on to other species (Figure 2.1).

These genetic events occur in the presence or absence of antimicrobials.
However, antimicrobial therapy exerts a selective effect and a subsequent
competitive effect which, when followed by a bacterial genetic transfer,
contributes to antimicrobial resistance (Furuya and Lowy 2006):

1. The selective effect takes place during antimicrobial administration and
is due to the survival advantage of the resistant organisms when the
susceptible organisms are killed.

2. The subsequent competitive effect is due to the enhanced colonisation
of the individual with the resistant organism due to the eradication of
benign commensals from the normal microbiotic environment by the
treatment.

3. With bacterial genetic transfer the antimicrobial resistance traits

persist in bacteria.
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For a resistant pathogen to be ‘successful’ the fitness cost of its resistance
mechanism must be low enough to be sustained even in the absence of

antimicrobial selective pressure (Furuya and Lowy 2006).

10
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Figure 2.1: Overview of plasmids and conjugative transfer in the horizontal spread of genes (Thomas

and Nielsen 2005) Copyright obtained from Nature Reviews/Microbiology .
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2.1.2 The spread of antimicrobial resistance in the community

To understand the complexity of the occurrence and spread of antimicrobial

resistance, biochemical and genetic resistance mechanisms have to be

interpreted at the population level. Whereas in vitro studies provide detailed

and comprehensive information on resistance mechanisms, clinical

observations of individual infections on how these mechanisms behave in

natural conditions are less abundant.

Antimicrobial resistance in the community is colonisationwith Fesistant bacteria
is not necessarily associated with

a multifactorial problem in which key factors antimicrobial treatment.

are acquisition of genetic resistance Acquisition of drug resistant

bacteria can happen through

elements, antimicrobial selective pressure
individual contact, in the

and clonal dissemination (Patrick and community or at horme, travel or

Hutchinson 2009). Antimicrobial selective food.

pressure refers to the impact of

antimicrobial use on a population of organisms in which organisms that are
resistant to the antimicrobial gain a survival advantage over those susceptible.
This bacterial population includes both potential pathogens and commensal
flora. Antimicrobial resistant pathogens gain an advantage due to this
selective survival and the elimination of the antimicrobial susceptible
commensal flora which creates a niche into which resistant pathogens can
spread (Furuya and Lowy 2006).

Clonal dissemination refers to the spread of strains that carry antimicrobial
resistance genes under conditions of antimicrobial selective pressure (Furuya
and Lowy 2006). The direct effect of antimicrobial treatment in promoting
antimicrobial resistance can be seen as the mechanism which plays at the
individual level, while the population level mechanism is how antimicrobial
treatment promotes the spread of resistant organisms (Lipsitch and Samore
2002).

12
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2.2 Urinary tract infections

2.2.1 Overview
The majority of urinary tract infections (UTls) develop in the normal urinary
tract and are therefore termed ‘uncomplicated’; they can affect the lower or
upper urinary tract. Symptoms of urinary tract infection include frequency,
painful urgency and haematuria (Bishop 2004). UTIs are the second most
common bacterial infections in primary care (Bishop 2004; Car 2006).
The Infectious Diseases Society of America guidelines (Warren, Abrutyn et al.
1999; Gupta, Hooton et al. 2011) categorise UTlIs as follows:

e Acute uncomplicated (lower) UTI in women

e Acute uncomplicated pyelonephritis

e Complicated UTI and UTI in men

e Asymptomatic bacteriuria

e Recurrent UTI.

A distinction between UTI in males and females is made due to the difference
in prevalence as well as associated risk factors. Acute uncomplicated cystitis
or pyelonephritis in healthy adult males is uncommon but is generally caused
by the same spectrum of uropathogens with the same antimicrobial
susceptibility profile as that seen in women (Hooton and Stamm 1997). For
men the risk factors include intercourse with an infected female partner and
homosexuality, whilst circumcision is a protective factor (Hooton and Stamm
1997; Hooton 2000). Risk factors associated with uncomplicated UTls in
women are sexual intercourse, spermicide use, a history of recurrent UTI, and
recent antimicrobial chemotherapy (Hooton 2000; Nicolle 2001). Acute
uncomplicated UTlIs are usually caused by single bacterial species of which
Escherichia coli is the most common (Kahlmeter 2003). Other aetiological
agents include: Proteus mirabilis which is common in males and is associated
with renal tract abnormalities, particularly calculi; and Staphylococcus

saprophyticus which is responsible for about 20% of UTls in sexually active and

13
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otherwise healthy young women. Other coagulase-negative staphylococci are
often considered as urinary contaminants as they are part of the normal
perineal flora. However, they may cause complicated infections in patients
with structural or functional abnormalities of the urinary tract, prostatic
calculi or predisposing underlying disease (Health Protection Agency 2009).
Streptococci rarely cause uncomplicated UTI, although Streptococcus
agalactiae may cause infection in some women. Enterococci may occasionally

cause uncomplicated UTIs (Health Protection Agency 2009).

2.2.2 Diagnosis of UTI

Diagnosis of UTI requires clinical evaluation supplemented where appropriate
by laboratory analysis. Microscopy is used to identify the presence of white
blood cells, red blood cells, casts, squamous epithelial cells, bacteria and
other cellular components in the urine. Microscopy (or an automated
alternative) is often performed for symptomatic patients, to assist in the
interpretation of culture results and the diagnosis of UTI.

Significant pyuria defined as the occurrence of > 10 leucocytes/ml in urine, is
a widely used term; but much higher counts are often found in symptomatic
infection (Graham and Galloway 2001; Health Protection Agency 2009). Pyuria
alone is not a reliable indicator of urinary tract infection as it may be present
as a result of other conditions such as genital tract infection, catheterisation,
calculi (stones) or bladder neoplasm. Sterile pyuria (i.e. pyuria without any
growth on routine culture media) may be due to prior treatment with
antimicrobial agents, extreme frequency, in asymptomatic bacteriuria (e.g. in
pregnancy), or sexually transmitted diseases. Sterile pyuria may also be due to
UTI caused by Proteus species, as the urease produced by the bacteria results
in alkaline urine.

UTI without symptoms is known as covert or asymptomatic bacteriuria.
Because urine must pass through the distal urethra, and in women over the
perineum, contamination by the normal flora of these regions can occur.

Isolation of more than one bacterial species suggests such contamination, but

14
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even when a single species is isolated, quantitative culture is required to
determine whether it indicates true bacteriuria. The bacterial count is
calculated from the number of colony forming units (cfu) on the plate after
overnight incubation and with a urine quantity of 1 ul, one colony represents
10° organisms/ml. Significant bacteriuria is generally defined as >10° cfu/ml of
a single colony type (Graham and Galloway 2001). However, a lower threshold
of 10* or 10° bacteria/ml of urine is applied in various clinical studies or for
specific bacteria or risk groups (Morgan and McKenzie 1993; European
Confederation of Laboratory Medicine 2000; McNulty, Richards et al. 2006).

2.2.3 Antimicrobial susceptibility testing

Significant isolates are tested against a range of antimicrobials. In the
laboratory of the UHG antimicrobial susceptibility testing is performed by disk
diffusion; antimicrobial-impregnated paper disks are placed on the surface of
an agar plate which has been seeded with the isolate being tested. If the
organism is susceptible to the antimicrobial tested its growth will be inhibited
and a zone of inhibition will result around the antimicrobial disk. The
diameter of the zone of inhibition of growth is proportional to the minimal
inhibitory concentration (MIC). Disk content and zone size interpretation are
according to recommendations from standardised methodology (Andrews 2009;
Clinical and Laboratory Standards Institute 2010).

The initial panel of six antimicrobials used for sensitivity testing in the
laboratory of the UHG are as follows (abbreviation): Co-Amoxyclav (AMC),
Ampicillin (AMP), Trimethoprim (TRI), Nitrofurantoin (NIT), Ciprofloxacin (CIP)
and Cefpodoxime (CEF).

2.2.4 Antimicrobial treatment in the management of UTI

According to the recommendations of the Strategy for the control of
Antimicrobial Resistance in Ireland, first line antimicrobial treatment for
uncomplicated UTI (no fever or flank pain) is trimethoprim (200mg BD for

three days) or nitrofurantoin (50-100 mg QDS for seven days). Second line,
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depending on the susceptibility of the organism isolated, is amoxicillin,
cefadrine or co-amoxyclav (Strategy for the control of Antimicrobial
Resistance in Ireland (SARI) 2008). Updated IDSA guidelines (Gupta, Hooton et
al. 2011) give similar recommendations with nitrofurantoin and trimethoprim
advised as good first line empiric treatment of UTI and additionally fosfomycin
and pivmecillinam with lower efficacy (see overview Figure 2.2).
Fluoroquinolones should be reserved for important uses other than acute
cystitis and thus should be considered alternative antimicrobials for acute
cystitis. The B-lactams generally have inferior efficacy and more adverse
effects compared with other UTI antimicrobials, and therefore B-lactams
other than pivmecillinam should be used with caution for uncomplicated
cystitis. Amoxicillin or ampicillin should not be used for empirical treatment
given their relatively poor efficacy.

An intervention Cochrane review comparing different classes of antimicrobials
for acute uncomplicated UTI in women found no differences between
trimethoprim, fluoroquinolones, B-lactam/R-lactamase antibiotics and
nitrofurantoin for the symptomatic cure of acute uncomplicated UTI
(Zalmanovici Trestioreanu, Green et al. 2010).

The treatment of a resistant infection with the antimicrobial to which it is
resistant would be expected to be similar to one in which antimicrobials were
withheld (Little, Merriman et al. 2010). The IDSA recommends that when the
prevalence of trimethoprim resistance in the community exceeds 10-20%,
empirical treatment of UTls with this agent should be switched to another
antimicrobial (Warren 2001). These recommendations were based on cost
analyses showing that the treatment cost with trimethoprim becomes
unacceptably high over this threshold level when compared to the cost of
switching treatment to fluoroquinolones. This 10-20% threshold (Naber 2000;
Miller and Tang 2004) was suggested to be lowered to 10% in an economic
analysis incorporating a new once daily formulation of ciprofloxacin (Perfetto,
Keating et al. 2004). None of these economic analyses considers the cost of

resistance to society (Foster and Grundmann 2006).
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Figure 2.2: Approach to choosing an optimal antimicrobial agent for empirical treatment of acute
uncomplicated cystitis. (DS, double-strength) (Gupta, Hooton et al. 2011). Copyright obtained from

Clinical Infectious Diseases as well as from the first author.
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The routine treatment of UTI with antimicrobials has recently received more
attention with the publication of a trial that showed that treatment with
ibuprofen resulted in equivalent outcomes as treatment with ciprofloxacin
(Bleidorn, Gagyor et al. 2010). Symptomatic treatment might be a therapeutic
alternative for women with symptoms of uncomplicated UTI. Other trials have
found improved symptoms after three days without treatment or symptom
relief (Christiaens, De Meyere et al. 2002) but also slightly poorer results for
placebo or delayed antimicrobial treatment (Ferry, Holm et al. 2004; Little,
Turner et al. 2009). A commentary on urinary tract infections in otherwise
healthy women acknowledges treatment guidelines should include symptom
relief for women who show no evidence of bacterial infection by urinary
dipstick (Del Mar 2010).
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2.3 Escherichia coli and antimicrobial resistance

E.coli is the leading cause of urinary tract infections in the Western world.
(White, Alekshun et al. 2005). The mechanisms of antimicrobial resistance can
be classified into four groups (target site mutation, enzymatic
inactivation/degradation of the antimicrobial, reduced accumulation
medicated by decreased cellular permeability or active efflux, and metabolic
bypass) and E.coli can exhibit examples of all these mechanisms
concomitantly (Fluit, Schmitz et al. 2001; White, Alekshun et al. 2005).
Co-resistance is the situation when resistance to one antimicrobial is
associated with resistance to another antimicrobial due to the co-existence of
genes or mutations in the same strain. Acquisition of multiresistance plasmids
that code for combined resistance to ampicillin and trimethoprim is common
in E.coli (Amyes 1989). Clear associations between resistance and usage have
been demonstrated for ampicillin and trimethoprim (Howard, Magee et al.
2001; Steinke, Seaton et al. 2001).

Cross-over effects, in which the antimicrobial is prescribed for an infection
different to the E.coli infection, are also described. Ampicillin/amoxicillin is
mostly prescribed for respiratory tract infections and this usage has been
shown to be associated with ampicillin/amoxicillin resistance of urinary E.coli
isolates (Howard, Magee et al. 2001; Priest, Yudkin et al. 2001).
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2.4 Overview of (mechanisms of) resistance to main classes of

antimicrobials in the treatment of UTI

2.4.1 Trimethoprim

Trimethoprim is a synthetic broad-spectrum antimicrobial agent. Although no
naturally occurring enzymes to inactivate trimethoprim were known, resistant
bacterial strains rapidly developed after its introduction in 1962, which was
partly due to its extensive use in both human and veterinary medicine
(Huovinen, Sundstrom et al. 1995). Trimethoprim is an analogue of
dihydrofolic acid, an essential component in the synthesis of aminoacid and
nucleotides that inhibits the enzyme dihydrofolate reductase (DHFR) (Fluit,
Visser et al. 2001). Folate is needed by rapidly dividing cells to make thymine
and this effect is used to therapeutic advantage.

Resistance can be caused by various mechanisms including the overproduction
of DHFR, mutations in the structural gene (dfr) resulting in altered DHFR
enzyme that is less susceptible to inhibition by trimethoprim and by the
acquisition of a novel dfr gene less susceptible to trimethoprim inhibition
(Fluit, Visser et al. 2001). The presence of plasmid-encoded trimethoprim
resistant dfr genes is the most common mechanism responsible for
trimethoprim resistance (Huovinen 2001; Skold 2001). The dfr genes are
considered to be mainly horizontally spread (the exchange of genetic material
between bacteria which is not by descent) (Blahna, Zalewski et al. 2006).
Previous research has shown associations between trimethoprim and
amoxicillin prescribing and resistance (co-resistance) and this is thought to be
plasmid related (Amyes 1989).

Trimethoprim was launched in 1969 in a combination of trimethoprim and
sulfamethoxazole, in the ratio of 1 to 5. This combination, known as
Trimethoprim/sulfamethoxazole or Co-trimoxazole, has a sulphonamide group
which inhibits an earlier step in the folate synthesis pathway. The claimed
benefit of the combination was not seen in clinical use (Bean, Livermore et al.

2005) and after media attention regarding the safety of this combination
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(Williams, Kelly et al. 2000), it is no longer routinely prescribed for the
treatment of uncomplicated UTls in Ireland.
Trimethoprim as monotherapy is marketed as Monotrim. Co-trimoxazole,

under trade names like Bactrim, remains indicated for some infections.

2.4.2 Quinolones

Nalidixic acid, the first (generation) quinolone, was discovered in 1962 and
introduced for clinical use in the treatment of urinary tract infections in
humans in 1967 (Emmerson and Jones 2003). Modification of the chemical
structure with a fluorogroup improved and expanded the antibacterial efficacy
of quinolones (Andersson and MacGowan 2003). Fluoroquinolones became
available for use in the mid-1980s.

Quinolones are purely synthetic broad-spectrum antimicrobials that exert
their antibacterial effect by inhibiting certain bacterial topoisomerase
enzymes (Fluit, Visser et al. 2001; Jayaraman 2009). Topoisomerases are
enzymes that unwind and wind DNA in the DNA replication process.
Resistance to quinolones is mainly due to two mechanisms: target alterations
(mutations in the code of the topoisomerases) and decreased accumulation
inside the bacteria due to impermeability of the membrane or due to
increased efflux (Fluit, Visser et al. 2001; Ruiz 2003). Furthermore, plasmids
conferring quinolone resistance have been described and were an important
finding in the explanation of the rapid emergence of quinolone resistance
(Strahilevitz, Jacoby et al. 2009). The strong association between resistance
to quinolones and resistance to other agents (Giske, Monnet et al. 2008) also
suggest the importance of plasmids in this process. Today, several plasmid-
mediated quinolone resistance (PMQR) genes have been discovered (Cattoir
and Nordmann 2009; Strahilevitz, Jacoby et al. 2009).

Ciprofloxacin is one of the most used fluoroquinolones, but ofloxacin and

levofloxacin are also prescribed in general practice
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2.4.3 Nitrofurans

Nitrofurans are synthetic antimicrobials used to treat UTI. Nitrofurans have a
bacteriostatic effect mediated through the inhibition of enzyme synthesis and
a bactericidal effect which causes lesions in the DNA for which the normal
enzymatic repair is also inhibited by nitrofurans. Nitrofurans’ bactericidal
effect is activated by its rapid reduction inside the bacterial cell (Herrlich and
Schweiger 1976). Although the specific mode of action of nitrofurantoin is still
not fully understood, studies of E.coli extracts have shown that strains
resistant and susceptible to nitrofurans differ in their ability to reduce the
compounds, suggesting that nitrofurans need to be activated by reduction to
exert their antimicrobial effect.

Resistance to nitrofurans occurs by step-wise mutations where increased
resistance is accompanied by a decrease in the activity of their reductive
capacity (Sandegren, Lindqvist et al. 2008). Resistance is caused by loss-of-
function mutations and plasmid-mediated resistance has been described
(Garau 2008). Resistance to nitrofurans is suspected to be mainly due to poor
compliance to treatment (Sandegren, Lindqvist et al. 2008). Nitrofurans do
not share cross-resistance with other commonly prescribed antimicrobial
agents. Resistance to nitrofurans is uncommon, probably due to its narrow
spectrum of activity, limited indication, narrow tissue distribution and limited
contact with bacteria outside the urinary tract (Sheehan and Chew 2005).
Nitrofurans became available in 1953 as nitrofurantoin, furazolidone and
nitrofurazone. Nitrofurantoin is taken orally and prescribed for use in
treatment of uncomplicated UTIs (Conklin 1978; Gupta, Hooton et al. 2007;
Gupta, Hooton et al. 2011).

2.4.4 B-lactam/ B-lactamase Inhibitor combinations

B-lactam antimicrobials are among the most commonly prescribed drugs
worldwide (Pitout, Sanders et al. 1997) and include penicillins, narrow-and
extended-spectrum cephalosporins, monobactams and carbapenems (Drawz

and Bonomo 2010). This group of antimicrobials share a structural feature, the
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B-lactam ring. B-lactam antimicrobials exert their effect by interfering with
cell wall synthesis through binding to the penicillin binding proteins (PBPs) in
the cytoplasmic membrane of the bacterium (Georgopapadakou 1993).
Covalent binding to PBPs interferes with synthesis of the cell wall and
ultimately leads to cell death. B-lactam antimicrobials have an especially
lethal effect on Gram-positive bacteria and less so for Gram-negative bacteria
as their cell wall has an outer membrane.

Resistance to B-lactam antimicrobials arises through one or more of the
following mechanisms: (1) PBP modifications (mutations or the acquisition of
supplementary foreign genes encoding new PBPs), (2) decreased permeability
due to alterations in the porins, (3) the production of B-lactamases
inactivating the antimicrobial. The most prevalent mechanism of resistance to
B-lactams in Gram-negative bacilli is the production of a diverse and
numerous range of B-lactamases, enzymes which destroy the B-lactams
((Sanders and Sanders 1992). To increase the utility of B-lactam
antimicrobials, this antimicrobial was combined with B-lactam inhibitors. The
B-lactam inhibitor is designed to overwhelm all B-lactamases and bind
irreversibly to them, allowing the B-lactam antimicrobial to work. Clavulanic
acid was the first B-lactam inhibitor introduced in clinical medicine in 1970,
and later sulbactam and tazobactam were developed as synthetic compounds
(Drawz and Bonomo 2010). Mechanisms of resistance to the combination B-
lactam/B-lactam inhibitors in E.coli are through the production of B-
lactamases not susceptible to the inhibitors or enzyme hyperproduction
(Pitout, Sanders et al. 1997; Drawz and Bonomo 2010).

Penicillin is a B-lactam antimicrobial agent. Co-amoxyclav contains the
combination of amoxicillin and potassium clavunalate. This combination has

an increased spectrum of action including Gram-negative bacteria.
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2.5 Antimicrobial prescribing and resistance

Colonisation with antimicrobial resistant bacteria may occur independently of
antimicrobial exposure by acquisition of resistant bacteria or through
spontaneous mutations in sensitive bacteria (Steinke and Davey 2001).
Exposure to an antimicrobial can occur
through individual contact, at home or in the
. . ‘I i
community, travel or food. Evidence from  wouldibe naive fo assume
that prescription of an
genotyping studies showed that food can be a antimicrobial is either

reservoir for extra-intestinal E.coli and can necessary or sufficient for

exposure to an antimicrobial’
(Steinke and Davey, 2001)

result in community-acquired UTIs (Manges,

Johnson et al. 2001; Vincent, Boerlin et al.

2010). However, prescribing of antimicrobials
at population and individual level is associated with resistance in bacteria
even though prescribing can only explain part of the variation in the
occurrence of resistance. An overview of studies linking antimicrobial
prescribing with resistance is shown in table 2.1. Differences between studies
and their findings result from the type of study and the source of the data
(individual or aggregated level data on prescribing and/or resistance), which
also influences the type of statistical analysis.

Ecological studies (also known as correlation studies) link data at an
aggregated level, for instance aggregated individual resistance data and
overall prescribing at country, area or GP practice level. Individual linkage
studies allow for direct associations within the individual: previous
antimicrobial prescribing to the patient and subsequent antimicrobial
resistance of the organism causing the UTI. Multilevel studies will combine the
methods used in these studies, allowing associations between aggregated level
data and individual data as well as the interaction between these levels.
Ecological studies, measuring both antimicrobial resistance and antimicrobial
use at the population level, demonstrate that the spatial and temporal

distribution of resistance is strongly associated with the use of specific classes
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of antimicrobials in human populations, even though not all studies find the
same strength of association (Patrick and Hutchinson 2009). A European-wide
cross-national database study (ESAC, European Surveillance of Antimicrobial
Consumption) showed higher levels of antimicrobial resistance in high
consuming countries (Goossens, Ferech et al. 2005). Livermore et al. reported
weak correlations between regional variations in ampicillin and trimethoprim
resistance in E.coli and consumption of the corresponding antimicrobials in
England (Livermore, Stephens et al. 2000). A cross sectional study plotted
resistance data from practices against the prescribing rate (number of
prescriptions per 1000 patients per year) of ampicillin, amoxicillin and
trimethoprim and calculated Spearman’s rank correlation coefficients (Priest,
Yudkin et al. 2001). Even though they found significant correlations, the size
of the correlations was modest and only 16% of the variation in resistance was
explained by prescribing. The correlations were stronger at the primary care
group level, probably due to the geographically more coherent population for
which the prevalence of resistance was calculated. Kahlmeter et al. found no
statistically significant associations between prescribing and resistance of a
range of antimicrobials in an ecological analysis of E.coli isolates from
community-acquired UTI and country level consumption (Kahlmeter, Menday
et al. 2003). An association between consumption of fluoroquinolone and
resistance of E.coli to fluoroquinolones was observed in an ecological study
from the Netherlands (Goettsch, van Pelt et al. 2000). A Finnish study on the
association between consumption and resistance in E.coli studied a number of
antimicrobials: ampicillin, co-amoxyclav, trimethoprim, cephalosporins,
fluoroquinolones and nitrofurantoin. Statistically significant associations were
found for nitrofurantoin use and resistance but not for the other antimicrobial
agents (Bergman, Nyberg et al. 2009).

One of the differences between the findings of these ecological studies was
the type of antimicrobial studied. The prescription of nitrofurantoin for
instance is for UTI only, which allows for a direct correlation of prescribing for

the condition with the occurrence of resistance. In contrast, quinolones or B-
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lactam antimicrobials are prescribed for a wider variety of conditions. Another
factor in finding associations in ecological studies was the intersection and
size of the area of the antimicrobial prescribing and the area for which
resistance data are available. This was the case in the English study, where
stronger correlations were found at the primary care level group (Priest,
Yudkin et al. 2001). Interestingly, the study of Donnan et al. (Donnan, Wei et
al. 2004) combined the two methods; a first analysis of prescribing and
resistance data aggregated at practice level showed no association, but the
individual level data did show an association.

Individual level studies have shown more consistent results. Trimethoprim
resistance in community-acquired urinary infections was independently
associated with exposure to trimethoprim and to antimicrobials other than
trimethoprim (odds ratios of 4.35 (95% Cl 3.03-5.73) and 1.32 (95% Cl 1.10-
1.60) respectively) (Steinke, Seaton et al. 2001). Similar associations were
found for prescribing in the previous year and subsequent resistant infections
for both ampicillin (odds ratio 1.70 (95% Cl 1.24-2.32)) and trimethoprim (odds
ratio 2.39 (95% Cl 1.62-3.53)) by Hillier (Hillier, Roberts et al. 2007). In this
study the proportion of variation explained in the logistic model was also
calculated; 6% of the variation in ampicillin resistance was explained by
prescribing of amoxicillin in the previous year and 19% of trimethoprim
resistance was explained by trimethoprim prescribing. The number of studied
antimicrobial exposures was expanded in an American veteran retrospective
case-control study, predominantly male and of older age, which linked
individual antimicrobial exposure data (six months) to the laboratory database
(Metlay, Strom et al. 2003). They found a strong association of antimicrobial
exposure within six months (including trimethoprim, quinolones, and
ampicillin) with trimethoprim resistance with an odds ratio of 4.1 (95% Cl 2.2-
7.5). A study enrolling asymptomatic patients found no evidence of an
association between ampicillin and trimethoprim resistance in E.coli isolates
and exposure to any antimicrobial in the previous 12 months (Hay, Thomas et

al. 2005). However, secondary analysis revealed greater resistance in patients
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exposed to antimicrobials within two months, as well as a dose-response
relationship to increasing exposure to trimethoprim in the previous 12 months.
A causal link has also been suggested by further analysis of the timing of
exposure and dose-response relationship in several studies. Individual data
showed significant associations between trimethoprim prescribing and
subsequent trimethoprim resistance with an overall odds ratio of 1.2 (95% ClI
1.2-1.3), ranging from 9.2 for trimethoprim use in the two weeks prior to the
identification of a trimethoprim resistant UTI to 1.5 for 4-6 months prior, but
no association was found for exposures more than six months prior (Donnan,
Wei et al. 2004). A dose-response relationship (Hay, Thomas et al. 2005) was
identified for an increased number of doses of trimethoprim in the previous
year with an increased odds of a subsequent trimethoprim resistance UTI. This
was not so for amoxicillin, but an analysis of MICs against prescription of the
antimicrobial did show increased resistance for amoxicillin only. Even though
these were conflicting results they do show the most efficient use of exposure
and outcome data as continuous variables.

A recent systematic review and meta-analysis of the effect of antimicrobial
prescribing in primary care on resistance in individual patients included eight
studies involving patients with UTI (Costelloe, Metcalfe et al. 2010), five of
which were included in the meta analysis. Particular reference was made to
the period at which antimicrobial exposure occurred and effects were
detectable up to 12 months. The pooled odds ratios were calculated on results
from trimethoprim and amoxicillin studies as well as ‘any antimicrobial’. The
pooled odds ratio decreased from 4.4 (95% Cl 3.8-5.1) for exposure between 0-
1 month, 2.5 (95% Cl 2.1-3.0) for 0-3 months, 2.2 (95% Cl 1.6-3.0) for 0-6
months to 1.3 (95% CI 1.2-1.5) for 0-12 months for the comparison against
those who were not exposed to these antimicrobials.

From these studies it seems clear that there is strong evidence of an
association between prescribing and resistance at the individual patient level
for trimethoprim and ampicillin/amoxicillin. The number of studies on other

antimicrobial agents is limited. A case-control study of risk factors for
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quinolone resistant E.coli found an odds ratio of 20.6 (95% Cl 2.3-179.2) for
ciprofloxacin use in the previous year for patients with quinolone resistant
E.coli compared to patients with an E.coli infection not resistant to quinolones
(Colodner, Kometiani et al. 2008).

If a link between antimicrobial prescribing and antimicrobial resistance is
shown, to what extent will limiting prescribing reduce resistance? The
exposure to trimethoprim, as with any other antimicrobial was predictive of
trimethoprim resistance in a record linkage study and the authors concluded
that a reduction in trimethoprim prescribing alone may not reduce the
prevalence of trimethoprim resistance (Steinke, Seaton et al. 2001). An
intervention over a two year period that drastically reduced trimethoprim use
in one area in Sweden showed no effect on the resistance rates of E.coli or
other bacteria (Sundqvist, Geli et al. 2010). Similarly, after the widespread
withdrawal of sulphonamide, sulphonamide resistance in E.coli remained
unchanged and sulphonamide resistant genes were still present 10 years after
the withdrawal (Enne, Livermore et al. 2001; Bean, Livermore et al. 2005).
More encouraging were the reduced local antimicrobial resistance levels of
ampicillin and trimethoprim over a seven year period during which prescribing
of these agents declined (and others were introduced) (Butler, Dunstan et al.
2007). Conversely, but supporting this theory, was the observation of an
immediate decrease in resistance to quinolones after a nationwide restriction
of all quinolones in Israel (Gottesman, Carmeli et al. 2009). The success of
prescribing restriction policies depends on three key determinants: the clonal
structure of the resistant bacterial population, co-selection of resistant
organisms by other antimicrobials and the fitness cost of resistance (Enne
2010). Additional problems exist as boundaries between intervention and non-
intervention groups are not strict and potential exchange of bacteria from
animals is difficult to take into account. The resistant bacterial phenotypes
which are most easy to eliminate will be those composed of relatively clonal
populations that bear a fitness cost of resistance and are not significantly

subjected to co-selection by other antimicrobials.
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Table 2.1 Chronological overview of studies on antimicrobial prescribing and resistance in UTI.

Antimicrobial Organism Place, Design, N Data prescribing Data analysis Resistance/prescribing Conclusion
resistance
AMP, TRI E.coli Denmark, Record Population based =~ Community Multiple logistic ~ AMP 26%, TRI 10% OR 2.8(1.8-4.5) for
(Pedersen, linkage, N=575 database, E.coli acquired, regression Prescriptions AMP/TRI AMP, OR 14.3 (6.3-
Schonheyder et linkage on blood cultures 31% within previous 3 32.4) for TRI, with
al. 1999) personal number months ‘any antimicrobial’
individual OR 2.3 (1.4-4.0) for
AMP, OR 2.7 (1.3-5.9)
for TRI
Quin (Goettsch, E.coli Netherlands, Healthcare Lab from 1989-  Multivariate Resistance 1.3% in 1998 Increased resistance
van Pelt et al. Ecological, insurer, regional 1998, regional regression , to 5.8% in 1998 associated with
2000) >90,000 correlation increased prescribing
of fluoroquinolones
AMP and TRI E.coli Ecological Prescription Public Health X*(trend), AMP 53 - 56%, TRI 18% - Correlations were
(Livermore, correlation from authority and Laboratory correlation 28% weak, some trend for
Stephens et al. 200 hospitals overall IMS health  Service coefficient AMP
2000) England medical data (PHLS),
index, regional resistance
1990-1997,
regional
AMP, AMX, TRI Coliform Cross sectional Pharmacy Laboratory Spearman’s AMP/AMX 44%, TRI 25%, 16% of resistance
(Priest, Yudkin correlation, 405 database, data, practice  rank and linear prescriptions 251 explained by practice
et al. 2001) GP practices in practice level level regression AMP/1000pts/yr, 371
England proportion TRI/1000pts/year
resistant
isolates
TRI (Steinke, Gram- Scotland, Nested Population based  Lab cultures, Multiple logistic ~ TRI 24%, 8% prescribed OR 3.8 (2.9-5.0)
Seaton et al. negative case-control, database on individual regression previous 6 months
2001) organisms  N=3435 personal number,
individual
AMC, TRI, CIP, E.coli 14 European IMS Health, Isolates Pearson Depending on country, No significant
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Antimicrobial Organism Place, Design, N Data prescribing Data analysis Resistance/prescribing Conclusion
resistance
NIT, fosfomycin countries, European Ecosens regression with AMP 16-54%, TRI 6-27%, correlations
and others ecological project, Bonferroni CIP 0-15%, NIT 0-6%
(Kahlmeter, correlation European correction
Menday et al.
2003)
TRI-SMX (Metlay, Gram- USA, Linked pharmacy  Laboratory Multiple logistic ~ TRI 13%, 33% prescribing OR 2.9 (1.4-6.2) for
Strom et al. negative Retrospective database, urine cultures, regression overall in past 6 months TRI, OR 4.4 (2.3-8.5)
2003) organisms  case-control, 559 individual individual for any antimicrobial
male veterans
TRI (Donnan, Gram- Scotland, 28 GP Overall Urine samples,  Multiple logistic ~ Variation between OR 1.22 (1.16-1.28)
Wei et al. 2004)  negative Practices, record prescription individual and regression and practices 26-50% TRI for antimicrobial up
bacteria linkage, N=8833 database, practice level multilevel resistance, 67-357 to 6 months.
practice level and  aggregation regression prescriptions/100
individual (outcome practice pts
prevalence of
resistance)
AMP,TRI or both  E.coli 12 general GP records, Urine samples,  Multivariate 36% AMP, 7% TRI, either No significant
(Hay, Thomas et practices, South individual individual logistic or both 39% association for past
al. 2005) West England, regression AM Prescribing in past 12 year. but OR 1.95
Prospective model months 27%, TRI 5%, B- (1.1-3.5) for any
general individual lactams 19% antimicrobials within
community 2 months
sample, N=618
isolates
AMP, TRI E.coli 10 GP in UK, Medical records, Urine samples,  Multivariate 40% AMP, 19% TRI OR for antimicrobial
(Hillier, Roberts Case-control, individual individual logistic Prescribing 24% AMP, 23%  in previous year 1.7
et al. 2007) N=903 regression TRI (1.2-2.3) for AMP, OR
2.4 (1.6-3.5)for TRI
TRI-SMX (Colgan, E.coli Primary care Questionnaire, Urine samples,  Multivariate 14.6% TMP-SMX, 15% No association with
Johnson et al. practice in individual individual logistic prescribed TMP in past 3 TMP-SMX or other
2008) Baltimore (USA), regression months antimicrobial in past
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Antimicrobial Organism Place, Design, N Data prescribing  Data analysis Resistance/prescribing Conclusion
resistance
Prospective study, 3 months
N=165

Quin (Colodner, E.coli Israel, Prospective  Demographic and  Individual Logistic 10% resistance, estimate Ciprofloxacin OR 20.6

Kometiani et al. case-control, clinical data, urine samples regression 30% prescribing (2.4-179.2)

2008) N=300 individual Ofloxacin OR 7.6 (2.9-
19.5) for prescribing
in previous 6 months

AMP, AMC, TRI, E.coli Finland, National agency Regional Lab, Linear mixed Only association for

Quin, NIT, Ecological, N= for medicines model for NIT consumption and

(Bergman, 754,293 Regional, repeated resistance

Nyberg et al. measures

2009)

AMP: ampicillin, AMC: co-amoxyclav, TRI: trimethoprim, TRI-SMX: trimethoprim- sulfamethoxazole, CIP: ciprofloxacin, Quin: (fluoro)quinolones,
NIT: nitrofurantoin. Odds ratios (OR) are given with their 95% Cl between brackets. pts : patients.
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2.6 Bacterial fitness cost of resistance

The concept of reducing antimicrobial prescribing to reduce resistance is
based on the underlying rationale that antimicrobial resistance exerts a fitness
cost in the absence of antimicrobial selection (Enne 2010). Resistance,
according to this concept, would disappear (or at least decrease to the
frequency of regeneration) in the absence of selection pressure (Lipsitch 2001;
Johnsen, Townsend et al. 2009). To study potential decline in resistance when
removing the selection pressure, the time scale has to be taken into account
as the time to emergence of resistance under selective pressure is much
shorter than the time after cessation or decline in the volume of antimicrobial
use (Austin, Kristinsson et al. 1999; Harbarth 2007).

Persistence of sulphonamide resistance was described after a progressive
switch from co-trimoxazole to trimethoprim, resulting in a huge decrease in
sulphonamide use in the UK between 1991 and 1999. No dramatic decrease in
resistance was shown after this time probably due to genetic linkage of the
index resistance to other resistance determinants (Enne, Livermore et al.
2001). The genes responsible for sulphonamide resistance (located on large
plasmids) were still present in 45% of the E.coli nine years after withdrawal
from prescribing (Bean, Livermore et al. 2005).

In E.coli and other Gram-negative bacterial species, mechanisms of resistance
are mainly plasmid born and frequently genetically linked to resistance
determinants of other antimicrobial classes. Plasmid-conferred resistance was
most likely the difference between the unsuccessful reduction in trimethoprim
and sulphonamide resistance (Enne, Livermore et al. 2001; Sundqvist, Geli et
al. 2010) and the decline in quinolone resistance (Gottesman, Carmeli et al.
2009) after prescribing reductions. Most clinically significant quinolone
resistance in E.coli is still due to chromosomal mutations and less so plasmid-
mediated. Plasmid-encoded resistance appears to be the most difficult to
reduce as fitness costs have been shown to be relatively low or even non-

existent depending on the host (Enne 2010). Many plasmids are maintained by
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co-selection and plasmids are self transmissible (Enne 2010). For nitrofurans,
resistance confers a reduction in fitness in E.coli in the absence of an
antimicrobial. In the presence of therapeutic levels of nitrofurantoin, even
resistant mutants are so disturbed that they are probably unable to grow and

establish an infection (Sandegren, Lindqvist et al. 2008).
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2.7 Antimicrobial resistance and clinical outcomes

Some antimicrobial resistant strains seem to be less virulent than sensitive
strains, as shown in a pneumococcal pneumonia case-control study in which
resistance was associated with milder clinical presentations albeit longer
hospital stays (Einarsson, Kristjansson et al. 1998). Other reports have shown
that infections caused by resistant pathogens had a higher occurrence of
morbidity and mortality compared to infections caused by susceptible
pathogens, in particular when measured by the length of hospital stay
(Holmberg, Solomon et al. 1987; Vandijck, Blot et al. 2008). In the
community, resistant E.coli strains were found to be associated with longer
duration of symptoms, even if treated with an appropriate antimicrobial
(Butler, Hillier et al. 2006), as well as worse clinical outcomes (McNulty,
Richards et al. 2006). A study on the natural course of (severe) symptoms and
the role of antimicrobial prescribing and resistance found that resistance and
withholding antimicrobials were associated with a greater than 50% increase in
the duration of more severe symptoms of UTI (Little, Merriman et al. 2010).
Overall, these results suggest that resistant E.coli UTIs have poorer clinical
outcomes compared to susceptible E.coli UTls. However, poorer clinical
outcomes might be related to delayed start of effective antimicrobial
prescribing rather than the virulence of the pathogen (Lautenbach, Metlay et
al. 2005).
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2.8 Population and individual benefits of antimicrobial therapy

Antimicrobial treatment focused on the most efficient cure for the patient
may exert population level effects that in the long run will substantially differ
in magnitude or even become opposite. Whereas the clinician focuses
primarily on the most effective cure for a specific individual, an
epidemiologist focuses on the effect of cumulative prescribing on resistance at
the population level (Schwaber, De-Medina et al. 2004). This dilemma is an
example of the ‘tragedy of the commons’, described in an influential article
from 1968 with an example on land tenure in which individuals acting locally
to benefit themselves inadvertently
contributed to catastrophe at the ecological
level (Hardin 1968). The example in the

‘Our collective prescriptions
constitute an ecological
problem that may reduce the

land to which many people have rights. The success of ’;""t)“‘re therapy.

‘tragedy of the commons’ refers to common

‘

herdsman knows that by putting too many

We may well ask how we may

cows on a field, the field will eventually be TS GO G
footprint” without causing

harm by withholding
antimicrobials from those
that need them.’

destroyed by overgrazing. However, when
fields are shared commons the benefit of
adding a cow goes entirely to the owner even (Patrick “;(%;“t‘hinson
though all herders share the cost. Crucial in

Hardin’s discussion is that he identifies that a

tragedy of the commons lacks a technical solution, which he defines as ‘one
that requires a change only in the techniques of the natural sciences,
demanding little or nothing in the way of change in human values or ideas of
morality’. Current campaigns to limit the use of antimicrobials and the quest
to find new antimicrobials can be seen as such technical solutions. Hardin’s
metaphor emphasises the paradox that exists between antimicrobial therapy
prescribed to maximise individual patient care on one hand and population
benefits on the other. To get this balance right requires a clear understanding

of the individual and the population benefits of antimicrobial use, the cost of
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resistant pathogens, in particular for the population, and the potential for
investments into new antimicrobials and infection control to limit these costs
(Foster and Grundmann 2006). The proposed solutions in the ‘tragedy of the
commons’ framework were ‘mutual coercion mutually agreed upon’ and
privatisation. Potential solutions for countries can be the introduction of
regulatory policies to restrict the prescription of antimicrobial agents and/or
professional and public strategies to encourage appropriate prescribing of
antimicrobials (Goossens, Ferech et al. 2005; Goossens, Guillemot et al.
2006). However, it has been argued that restricting regulations jeopardise the
medical freedom of prescribing (Sagar, Daemmrich et al. 2000). To protect
public goods, like antimicrobial therapy, from overuse, a context in which
overprescription is damaging for the reputation of doctors has been suggested
as an alternative (Milinski, Semmann et al. 2002; Baquero and Campos 2003).
However, this would only work if supported by education of patients about
societal benefits, and these benefits would be most powerful on a local scale
(Davey, Pagliari et al. 2002; Metlay, Shea et al. 2002; Finch, Metlay et al.
2004). Strong regional effects of differences in antimicrobial use and
resistance suggest that local benefits are realistic (Foster and Grundmann
2006).
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2.9 Bias

Epidemiological studies, in particular cross
sectional studies, are prone to bias and
confounding. Bias, or systematic error, is
defined as any trend in the collection,
analysis, interpretation, publication or
review of data that can lead to conclusions
that show a systematic error (Last 2003;
Porta and Last 2008). A selection bias can
occur when there is a systematic difference
between the characteristics of individuals
who do and who do not participate in a
study, which is particularly so when the
factor or disease under investigation itself
is associated with the reason for
participating. A bias can arise from factors
determining whether or not a patient
consults a doctor, whether the doctor
obtains a sample and how a sample is
processed.

Previous studies have shown that GPs differ
in their prescribing patterns and
appropriate requests for laboratory tests
(Kelsey, Kouloumas et al. 1996; Steffensen,
Schonheyder et al. 1997). However, this
potential bias was not of importance when
studied by Magee as no association was
detected between the number of
trimethoprim prescriptions per 1000

practice population and the number of
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Text box 2: Example of bias
from fixed number sampling:

A laboratory is asked to submit
30 consecutive isolates of E.coli
during each year of
surveillance.

In the first year, 30 isolates
are collected over a 10 day
period, 20 isolates are
susceptible to antimicrobial
‘A’. This results in an average
susceptible to resistant each
day of 2 to 1.

During the second year,
antimicrobial ‘A’ is introduced
into the hospital, reducing the
recovery of susceptible isolates
by 50% but without any effect
on the recovery of resistant
isolates. The average number
of susceptible isolates each day
is reduced to 1. In year 2 the

30 isolates take 15 days to

collect and the average
susceptible to resistant is 1 to
1. The proportion of resistant
isolates increased from 33% to
50% after introduction of the
antimicrobial ‘A’ when in fact
the average number of
resistant isolates per day
(burden of resistance) did not
change (Schwaber, De-Medina
et al. 2004).

Copyright obtained from

Nature Reviews / Microbiology.
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urine samples submitted to the laboratory (Magee, Pritchard et al. 1999).
Surveillance of resistance is generally through the routine collection of
diagnostic susceptibility results. Selection bias may arise when a large
proportion of patients with infections are treated without the causative agent
being identified through laboratory culture. Bias may arise if patients from
whom bacterial samples are obtained are different from the study population,
for instance patients with recurrent infections. Surveillance of the prevalence
of resistance will not accurately reflect the actual prevalence of resistance.
Studies in which spotter and sentinel practices were compared to other
general practices, have shown that the differences in the occurrence of
resistance were small, and that data derived from routine urine samples
received by the laboratory provide reliable information for formulating
empirical prescribing guidelines (Richards 2002; Ludlam, Sule et al. 2004).
Selection bias can also arise when there is a difference in the clinical outcome
of infections caused by resistant isolates compared to susceptible isolates
(Steinke and Davey 2001). Some studies have suggested that resistant strains
have different clinical outcomes compared to susceptible strains (Butler,
Hillier et al. 2006; McNulty, Richards et al. 2006). However, neither bias
would cause a deviation of the association between antimicrobial prescribing
and antimicrobial resistance as neither interferes with the pathway between
exposure and response (see also section 2.10). A potential selection bias could
arise if there was an association between the occurrence of a resistant
infection and other factors that influence treatment, like co-morbidities
(confounding) which can be adjusted for in the statistical analysis.

Another methodological issue when monitoring changes in the proportions of
resistant isolates arises from the perspective taken: clinical or population.
Whereas proportions are helpful for the clinician to prescribe empirical
therapy, the same proportion based laboratory data can yield biased estimates
when analysing a potential association between antimicrobial use and
resistance (Schwaber, De-Medina et al. 2004). This can lead to finding a

significant trend when there is no change, as proportions are dependent on
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the susceptible population and many factors can influence this without
actually affecting the absolute numbers. The use of proportions for analysing
the relationship between antimicrobial use and resistance poses a particular
problem (see Text box 2, page 37) as the use of an antimicrobial will result in
a decline in the absolute number of susceptible isolates, resulting in an
increase in the proportion of resistant isolates (Schwaber, De-Medina et al.
2004). Paradoxically, this will in turn change the prescribing behaviour of the
clinician and increase the patient’s chance of receiving effective therapy. The
more effective an antimicrobial is against a susceptible strain of a pathogen,
the greater the proportion of resistant isolates will be after its introduction.
Understanding why resistance proportions are useful in a clinical setting but
not for epidemiological interpretation is important when setting up and
analysing interventions. A related concern that duplicate and screening
isolates would result in an overestimate of regional resistance and thereby
affect the prescribed empiric treatment, was shown to be untrue (Magee
2004).

Studies of antimicrobial use and resistance at the population level are prone
to ecological fallacy: the bias that may occur because an association observed
between variables on an aggregate level that does not necessarily represent
the association that exists at an individual level (Last 2003; Porta and Last
2008). A special case of ecological fallacy is the Simpson’s paradox, in which a
correlation (trend) present in different groups is reversed when the groups are
combined (Reintjes, de Boer et al. 2000). Different conclusions according to
the analysis of individual or aggregated data (Harbarth, Harris et al. 2001) can
be avoided by the use of adequate statistical modelling allowing individual
and group level factors to interact.

Additionally, measuring and monitoring changes in antimicrobial resistance at
population level can more appropriately be done through burden of disease
studies, in our case burden of resistance, as it is a function of the resistant
population alone and does not depend on the susceptible population. The

burden of resistance is a the absolute number of resistant isolates in a
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population over time (Schwaber, De-Medina et al. 2004). Few studies have
been published using true rates (examples are (Harbarth, Martin et al. 2000;
Sundqvist, Geli et al. 2010)) even though many studies wrongly report changes
in rates of resistance when in fact they are reporting changes in proportions of
resistant isolates (for example (Goossens, Ferech et al. 2005; Kurtaran,
Candevir et al. 2010; Oteo, Bautista et al. 2010)). The effect of intervention

studies at population level is best analysed using rates.
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2.10 Exploring causation

Causation is an essential concept in epidemiology, but there is no clear
definition (Parascandola and Weed 2001). The importance of understanding
cause is that when a cause can be identified, interventions can be designed to
manipulate these factors with the aim of improving the level of health (Martin
2008). A useful scientific definition should be specific enough to distinguish
causation from correlation, but not so narrow that only obvious direct
causation is taken into consideration (Parascandola and Weed 2001).

In the probabilistic causation concept, cause is not a dichotomous but a
continuous factor ranging between the extremes of 0 and 1. A cause in this
context is any factor that significantly alters the risk of disease (Parascandola
and Weed 2001). However, the lack of an implied causal model in the
probabilistic causation model is not in line with the component cause model.
This model of causation describes causes in terms of sufficient causes and
their component causes. A sufficient cause is a set of minimal conditions that
are necessary to produce disease, while a component cause is part of this
sufficient cause. This means that a disease can be caused by more than one
causal mechanism involving a number of component causes. The biological
synergy between components can produce an effect which is larger than its
components (Rothman and Greenland 2005). Understanding the component
cause model for a disease gives the basic biologic features of a disease and its
indirect factors and these can be of great value in setting up interventions
(Martin 2008). The importance of the complex interaction of individual and
population level factors is the reason that strategies for decreasing
antimicrobial prescribing to reduce existing antimicrobial resistance have
shown contrasting results (Enne 2010). Statistically significant associations are
not necessarily true causes of the hazard, and seemingly plausible associations
may lead to management actions that can be counterproductive (Cox and
Ricci 2005). A multidisciplinary approach is necessary to understand causal

factors interacting at more than one level (Dohoo 2008).
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Any epidemiologic investigation attempting to describe the relationship
between an exposure and outcome must consider potential confounders.
Confounding factors are variables that 1) are associated with the outcome as
well as the exposure, and 2) are not variables in the causal pathway. If
confounding exists, an association may appear to be present when this is not
true, or no association is found when a true association does exist (Greenland
and Morgenstern 2001). An omitted confounding variable can distort or even
reverse the apparent relation between exposure and response inferred from a
statistical risk model and bias the effects estimated from variables (Cox and
Ricci 2005). Additionally, including intermediate variables (events in the
causal pathway between the exposure and outcome) as confounders can also
lead to false results (Schwaber and Carmeli 2006).

Once confounders are identified they can be controlled for during the design
phase through restriction, matching or randomisation, or during analysis via

stratification, or multivariable analysis (Fleischer and Diez Roux 2008).
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Chapter 3: A multilevel analysis of trimethoprim and
ciprofloxacin prescribing and resistance of uropathogenic E.coli

in general practice.

This chapter was published as a paper in the Journal of Antimicrobial Chemotherapy,
May 2010 (Appendix 12).

Essentially, all modelsy are wrong, but some are useful’, George Box:”

3.1 Introduction

The association between antimicrobial prescribing and resistance has been
studied at individual as well as at population level. An international effort to
correlate prescribing and resistance data at country level showed north-south
patterns (Goossens, Ferech et al. 2005). Ecological studies of the geographical
differences in outpatient antimicrobial use show a correlation with geographic
variation of resistance in Europe suggesting that variation of resistance can be
explained by differential selection pressure (Ferech, Coenen et al. 2006).
However, the ecological study design does not imply causality. Various other
studies also identified a correlation with resistance at ecological level (Magee,
Pritchard et al. 1999; Priest, Yudkin et al. 2001; Gottesman, Carmeli et al.
2009). At individual level the link is clearer and studies have shown that
previous use of an antimicrobial will increase the risk of resistance against this
agent. As resistance epidemiology is a complex issue with individual level and
population level factors interacting, the importance of linking individual and
group level data is apparent. A number of multilevel studies have been
published. Donnan et al. applied a multilevel regression with individual data
on trimethoprim prescribing and resistance and practice level confounders
(Donnan, Wei et al. 2004). Butler et al. used a multilevel linear model in

which changes in antimicrobial resistance at practice level were found to be

¥ DeGroot, M. H. (1987). "A Conversation with George Box." Statistical Science 2(3): 239-58.
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associated with antimicrobial prescribing (Butler, Dunstan et al. 2007). Even
though these studies used multilevel modelling, none of the studies included
the possible effect of prescribing on the risk of resistance at individual as well
as practice level.

This multilevel analysis will analyse the effect of overall practice prescribing
on individual resistance of uropathogenic E.coli. Both individual and practice

risk, as well as their interrelation, will be assessed.
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3.2 Methods

3.2.1 Data

Data were collected from various sources. The two main databases were the
anonymised database from the laboratory of the Galway University Hospitals
(GUH) and the Health Service Executive - Primary Care Reimbursement Service
(HSE-PCRS). In addition to this the HSE Primary Care Unit supplied data on the
practices (not the GPs) comprising the number of GPs in the practice, number
of medical card patients registered with the practice, number of female GPs,
mean age of the GPs, rural allowance, and practice nurse. To assess the
relative affluence of each area, the Small Area Health Research Unit (SAHRU)
index was used (Kelly 2009). This index has been compiled by the Department
of Community Health and General Practice in Trinity College, Dublin and is
based geographically on district electoral divisions. It rates indices of relative
poverty on a scale from 1 to 5, where 1 is the most affluent and 5 the most
deprived. Deprivation is rated in terms specific to the particular socio-

demographic conditions in Ireland.

Microbiology

All urine samples from GP practices are sent to the laboratory of GUH where
diagnosis of UTI by microscopy and semi-quantitative culture of a urine sample
is performed. Specimens with less than 20 white blood cells/ul were
considered negative and were not processed further. Pyuria was defined as
greater than 20 white blood cells/ pl and 10° cfu/ml of causative organisms
was considered a pure or predominant growth. Antimicrobial susceptibility
testing was performed on isolates to guide selection of an appropriate
antimicrobial to treat the infection. Protocols for the performance and
interpretation of these results are based on guidelines from the Clinical and
Laboratory Standards Institute (CLSI) (Clinical and Laboratory Standards
Institute 2010).
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Health Service Executive-Primary Care Reimbursement Service (HSE-PCRS)
The Health Service Executive- Primary Care Reimbursement Service (HSE-
PCRS) (HSE-PCRS 2010) supports the delivery of primary healthcare by
providing reimbursement services to primary care contractors including
general practitioners, pharmacists, dentists and optometrists /
ophthalmologists , for the provision of health services to members of the
public in their own community.

Persons who are unable without undue hardship to arrange general
practitioner, medical and surgical services for themselves and their
dependants, and all persons aged 70 years and over, receive a free general
medical service (GMS) card. Drugs, medicines and appliances supplied under
the scheme are provided through retail pharmacies. In most cases the GP gives
a completed prescription form to a person, who takes it to any pharmacy that
has an agreement with the Health Service Executive to dispense GMS
prescription forms. In rural areas the GP may dispense to those persons who
opt to have their medicines dispensed by him/her. All GMS claims are

processed and paid by the PCRS.
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3.2.2 Data linking

To link the database from microbiology with the prescription database of the
HSE-PCRS, data were aggregated by practice. All individual resistance data
received a practice code. This code corresponded with the practice code in
the HSE-PCRS database, in which prescribing of antimicrobials was recorded as
well as hormone replacement therapy (HRT), oral contraception (0OC),
selective serotonin reuptake inhibitor (SSRI), benzodiazepines and overall
prescribing combined for each practice from 2004 to 2008. The inclusion of
the prescriptions for HRT as well as OC was to allow for higher prescribing due
to a higher number of women (older or younger age). Antidepressant use
(SSRI) and insomnia medication (benzodiazepines) were included to allow
corrections for confounding for (increased) GP visits due to the tolerance to
and dependence on these medications. The overall prescribing of the practice

was a measure to indicate high and low prescribing practices.

3.2.3 Selection of the antimicrobials

Data analysis was performed with data on trimethoprim and ciprofloxacin
prescribing and resistance. Trimethoprim was chosen to compare the results
with results from other studies on prescribing and resistance. Additionally,
trimethoprim would represent an established antimicrobial as it was
introduced in clinical practice in 1975. Trimethoprim resistance levels in E.coli
have remained stable since 2002, at around 30% (Chulain, Murray et al. 2005).
Ciprofloxacin was introduced into clinical practice more recently and
resistance levels in E.coli were low at 2.5% in 2003 but are increasing
(Emmerson and Jones 2003). Ciprofloxacin is particularly interesting when
studying patterns of the spread of resistance as it is a relatively ‘new’

antimicrobial.
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3.2.4 Multilevel logistic regression
In every population various hierarchical structures can be identified. This
structure can affect the measure of interest. Multilevel analysis was first
developed for educational research by the ‘Goldstein group’ (Goldstein 1987)
at the University of Bristol. When analysing
the performance of students they realised

. . Many kinds of data,
that the observations of students in the same

including observational

class were not independent. Standard data collected in the

statistical tools assume independence human and biological

between observations and were not really sciences, have a

appropriate to use in the analysis of the fhierarchicator clustered
. structure. For example,

performance of students. The general idea of .
children from the same

multilevel analysis is that the hierarchy of parents will be more alike

students clustered in classes is taken into in their physical and

account, thereby correcting the analysis for mental characteristics

the dependency between observations. than'individuats chosen at

. L random from the
Multilevel data structures also arise in .
population at large.

longitudinal studies where an individual’s

responses over time are correlated with each
other.

Additional explanation of multilevel modelling

When data are statistically analysed the aim is to find out something about a
group that cannot be deduced from the individual. An individual has many
traits. If an individual has a condition, the occurrence of this condition may be
related to one or more of these traits. Grouping many individuals with a
certain condition and comparing them with a group without this condition,
will show which individual traits are more often present in those with the
condition compared to individuals without the condition. Epidemiology aims to
find these patterns by comparing groups of individuals.

One of the techniques to analyse data is regression analysis, a method in

which information on a dependent or outcome variable y is explained by one
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or more independent variables x;, xz, X3,... Regression analysis will describe y
(the outcome) as a function of the x’s (traits), or in other words, predict y
from the x’s. The simplest expression of a regression analysis is illustrated in
the graph below. Each individual is represented by a point where the value of
the variable y is plotted against the value of variable x. When this is done for
a group of individuals, a diagonal line can be drawn through all the points.
The point where the line intersects with the y axis is the intercept a, the

angle of the line is the slope b (Figure 3.1).

Figure 3.1: The simplest expression of a linear regression analysis.
The first graph shows a scatter plot of points. The line calculated through these points in the second
graph is the linear regression line. The formula of this line is y=a+bx, with a the intercept (where the

line crosses the Y axis) and b the slope of the line. With this formula, the value of y can be predicted
from every value of x.

In reality, not every point lies as neatly on the diagonal line. Points are usually
scattered forming a cloud (Figure 3.2, first graph). Linear regression is a
method to find the line that best describes the scattered points. To determine
the best fitting line, a least square method is used. This method will start
with a line and determine the vertical distance of each of each point to this
line (residual). The residual can be positive if the point lies above the line, or
negative, it the point lies below the line. To eliminate the negative values,
the residuals are squared. The sum of these squared residuals (sum of
squares) measures how well the line fits the cloud of points (Figure 3.2,
second graph). A sum of squares can be calculated for various lines and the

one with the smallest sum of squares is the best fitting line.
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Figure 3.2: Scatterplot and residuals in linear regression analysis.
In reality the points do not lie neatly on a line but usually form a cloud. The linear regression line is

the line that has the lowest sum of squares of the residuals. The sum of squares is the sum of the
squared residuals.

The sum of squares is therefore the variation between the individuals and an
indication of the individuals’ deviation from the regression model.

An example of a regression analysis could be the exam results (y) of all
students from one year plotted against their study time (x). The expectation
would be that the more the student studied, the higher their exam score,
indicating a positive correlation between study time and exam score.
However, other variables might also influence the outcome, for instance,
gender. When gender is also included in the regression analysis, a line for girls
and a line for boys can be calculated (Figure 3.3). The graph can be
interpreted in this context as the more a student studies, the better their
exam results and that girls generally perform better than boys on exams; the
original association is the same for girls and boys, but the intercept for girls is
bigger. The difference between girls and boys is the difference in intercept.
This concept can be expanded to more variables; the calculations become

more complex, but the interpretation remains the same.
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Figure 3.3: Different regression lines according to the variable gender.
A linear regression line can be calculated for different variables. In this case, the correlation between

outcome and variable of interest is the same (they have the same slope) but girls do better than boys
(different intercept).

When, however, the association is not the same for boys as it is for girls, there
is interaction. An extreme case would be if girls do better when they study
less and boys do better when they study more. The difference between girls
and boys in this case is not only the difference in intercept, but now the lines
also have a different (even opposite) slope (Figure 3.4). If this effect were
real and the interaction is not taken into account in the regression analysis, it
is very possible that gender will not be taken into account as a significant
variable in predicting the outcome, as the boys’ effect of better results with

increased study time is fully or partially ‘cancelled out’ by the girls’ effect.
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Figure 3.4: Interaction in regression analysis.
Interaction of the outcome with gender (or any other variable) occurs if the effect of one variable is

different according to gender. With interaction, the slope between outcome and explanatory variable is
different.

Up to now, students’ exam results have been compared taking individual
factors like study time and gender into account. However, the school the
students attend can also have an influence. Some schools have better overall
results compared to others. A crude way to compare schools would be to take
the mean of the exam results of all the students in the school and compare
that with the ‘study time’ allocated within the curriculum of the school. This
is a so-called ecological study, where individual exam results are aggregated
(mean exam results) at a higher level, the school, and compared to a school
variable, ‘allocated study time in the curriculum’. Intuitively it can be
understood that by aggregating individual results at a higher level, interesting
details can be lost. For instance, Asian students often perform better in
exams. This factor can be included in the individual regression analysis in the
same way as gender was included (Asian vs non-Asian student). When
comparing the overall results obtained in schools, an overall school factor for

‘Asian’ (for instance percentage Asian students in the school) can be included
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in the analysis. This percentage Asian students in a school might not convey
the same information as the individual detail.

Similarly, individuals in the school share factors typical for the school. For
instance, students going to a school in an affluent area might overall do better
than students going to a school in a deprived area. The individual exam result
is influenced by an overall group effect related to the school, or in other
words, a poor student in an affluent school will generally do better compared
to the same poor student in a deprived school. This is called dependency
between students within a school. The phenomenon in general is called
dependency of data. This means that the individual outcome is more than the
sum of the individual traits. This additional effect is the group (for instance
the school or area) level effect.

In a multilevel analysis all the detailed, individual information is included and
modelled. In our example this would mean that a regression analysis will be
done for each school based on the individuals in the school and resulting in a
regression line for each school (Figure 3.5, first graph). The difference
between schools in this graphical example is a difference in intercepts, as the
slope of each school is the same which means that the effect of the variables
is the same in each school. A school regression analysis can be performed with
the outcome of these school regression analyses by the calculation of a similar
sum of squares from the school residuals, the distance of each school to the
overall regression line. The overall regression line gives shows the overall
effect of study time on exam result, taking school and student differences into

account (Figure 3.5, second graph, red line is combined effect).
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Figure 3.5: A multilevel model.
The first graph shows how multilevel models are calculated. For each cluster (in this case school) a

separate regression analysis is performed. With the outcome of these different cluster regression
analyses, an overall regression analysis is performed (the thick red line in the second graph).

In this multilevel model, a distinction can be made between the variation
explained by the differences between students and the variation explained by
the differences between schools. The overall variation in outcome is
‘partitioned’ into a between-school component (the variance of the school-
level residuals) and a within-school component (the variance of the student-
level residuals). The student residuals, or the individual effect, can be
explained by individual characteristics like the time they studied, gender,
ethnicity, etc. The school residuals, or school effects, represent school
characteristics that affect student outcomes, like affluence of the area where
the school is situated.

In a multilevel regression analysis modelling starts with an ‘empty’ model, a
model without any explaining variables. The empty model will quantify and
partition the variation between individual and school effects. Subsequent
further modelling will include individual and school variables which will
explain part or all of the variation in individual or school effects.

These effects can be fixed or random; a fixed effect is a variable with
different intercepts depending on the school, while a random effect also has a
different slope depending on the school. So, if the students’ study time is a
fixed effect between schools, the effect of study time on exam result is the
same for a student in an affluent school and in a deprived school and

increased study time increases the exam score by the same amount. If
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students’ study time is a random effect between schools, a student with a
particular study time obtains better than expected results in an affluent
school compared to the same student in a deprived school.

The previous explanation refers to linear regression, i.e. the outcome variable
is a continuous variable. Another form of regression analysis is logistic
regression the outcome variable is a dichotomous variable: the presence or
absence of a condition (for instance, the presence or absence of a condition).
The underlying principles for logistic regression are the same as for linear
regression but rather than predicting the value of a variable y from
predictor/explanatory variables x, a logistic regression predicts the
probability P of y occurring, given known values of x. This probability is a
continuum between 0 and 1, or a probability between 0% and 100%. This
continuum in probability can be compared to the continuum in the example of
the exam results in linear regression. The outcome of the linear regression
remain the same, but a conversion is used to apply it to dichotomous
outcomes. In its simplest form with only one predictor variable x, the
equation will be given by P(v)= 1 / 1+e with z being the linear regression
equation z=a+Bx. As a result, the value from the equation is a probability
value that varies between 0 and 1. In linear regression, the value b
represented the change in the outcome resulting from a unit change in the
predictor variable. In logistic regression, this value B represents the change in
the logit (natural logarithm) of the outcome variable associated with a one-
unit change in the predictor variable, and calculating the exponent of B ()

gives the odds of y occurring.

3.2.5 Data analysis

Average practice prescription rates were calculated per 1000 patients (panel
size) per month. For easier interpretation, socio-economic status (SES) was
categorised into high and low SES and age was categorised into five age
groups. The resistance of E.coli to trimethoprim and ciprofloxacin was

compared to the pooled prescriptions of these antimicrobials within the
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practice. The association was studied with a multilevel logistic model with
trimethoprim and ciprofloxacin resistance as binary outcomes (yes/no). This
approach allows the separation of practice and patient level factors. A model
was built starting with an empty model and introducing the main factor of
interest, antimicrobial prescribing, patient variables (age and gender) and
practice level variables at each step.

Prescription rates were specified as random effects (varying intercept for each
practice) which allows rates to be specific for each practice. Prescription
rates were also tested for random slopes to see whether the effect of
prescribing differs between practices, but this did not improve the models.
An alternative model in which ‘cohort’ (year) was included as a level

(individuals within cohorts within practices) was not significantly better than
the two-level model. Models were tested for interactions, but these did not
show any statistical significance.

The adjusted odds ratios (OR) with 95% confidence intervals (95% Cl) gives the
increase in the probability of having a resistant E.coli for every additional
prescription of the antimicrobial (per 1000 patients per month) or, for the
other variables, for one category compared to the reference category.

In order to quantify the variability between practices in antimicrobial
resistance level, a median odds ratio (mOR) was calculated using Larsen’s
mOR (Larsen, Petersen et al. 2000; Merlo, Chaix et al. 2006). The mOR can be
interpreted as the increase in risk in the imaginary event of a patient moving
from a practice with low resistance to a practice with high resistance. A mOR
equal to one means no differences between practices in the probability of
resistance. For the mOR a Bayesian credible interval (Crl) was calculated
based on the distribution of the mOR to distinguish it from a fixed effects odds
ratio confidence interval.

The multilevel logistic regression models were estimated with the Markov

Chain Monte Carlo (MCMC) method using MLwiN software (version 1.2)
developed by the Goldstein research group (Browne 2003; Rasbash 2003). The

deviance information criterion (DIC), which combines the deviance with
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information about the number of parameters in the model, was used to

compare different models.
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3.3 Results

Our study sample consisted of 14,181 E.coli isolates from 72 practices. The
number of samples per practice ranged from 44 to 567 (median 175) over the
4.5 year study period. The panel size (number of GMS patients per practice)
ranged from 71 to 3195 with a median of 1066 per practice.

Table 3.1 gives an overview of the characteristics of the individual and
practice level variables. An overview of the final models for trimethoprim and
ciprofloxacin resistant E.coli for individual and practice level variables is
shown in table 3.2. The specific correlation for each practice (each
represented by a thin line) and the overall correlation (thick red line)
between prescribing and predicted resistance are shown in Figure 3.6 for

trimethoprim and Figure 3.7 for ciprofloxacin.
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Table 3.1: Basic characteristics of individual and practice level variables

Individual level variables (N=14,181) % or mean median SD Min-max
Male/Female 7.9% / 88.9%
Age (years) 46.3 45 25.0 0-102
<18 12.3%
18-<40 31.4%
40-<60 21.5%
60-<80 24.1%
280 10.7%
Practice level variables N = 72
Number of samples 197 175 44-567
Panel size (patients) 1,081 1,066 660 71-3,195
Age GPs (years) 52.3 51.7 7.0 38.9-68.7
Number of GPs 1.6 1 0.9 1-5
Socio-economic status (SES) of area 6.8 8 3.3 1-10
Distance to hospital (kilometres) 25.0 21.6 25.2 0-85
Practice nurse 55.6%
Dispensing 13.9%
Rural allowance 20.8%
Single handed 63.3%
Predictor variables - Prescription
Trimethoprim prescribing per month 4.7 4.3 3.2 0-18.1
Ciprofloxacin prescribing per month 4.6 4.1 3.4 0-17.9
Antimicrobials per year 1,037 1,058 461 4-2,412
Overall medication per year 20,604 21,869 8,976 4-44 576
Outcome variables
Overall trimethoprim resistance 25.9% 5.0 15.0-40.0
Overall ciprofloxacin resistance 5.5% 3.5 0.8-18.6

Overview of individual and practice characteristics. All categorical variables shown as percentages (%

and continuous variables aggregated as in mean, median, standard deviation (SD), minimum and
maximum value. For all the individuals in the database: gender (%male vs %female, for 3.2% gender

unknown) and age distribution (mean and % of each age group). For practice characteristics: number of
samples included, panel size (number of medical card patients registered with this practice), age and
number of GPs in practice, area socio-economic status (according to SAHRU), distance of practice from
hospital/laboratory, indication of rurality of the practice is presented as % of practices that dispense
medication, receive a rural allowance and are single handed. Predictor variables: Number of
prescriptions of trimethoprim, ciprofloxacin, antimicrobials and total number of medical prescriptions

per month. Outcome variables: percentage practice resistance to trimethoprim and ciprofloxacin.
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Table 3.2: Overview of the final multilevel models for trimethoprim and ciprofloxacin resistant

E.coli in urinary isolates.

Trimethoprim Ciprofloxacin
OR 95% Cl OR 95% Cl

Prescribing per 1000 1.02 1.01-1.04 1.08 1.04-1.11
patients per month
Gender Male Reference Reference

Female 0.96 0.96-1.10 0.50 0.40-0.63

Unknown 1.17 0.92-1.50 0.80 0.48-1.27
Age <18 Reference Reference

18-40 0.92 0.81-1.06 1.38 0.94-2.05

40-60 1.04 0.91-1.20 2.14 1.47-3.18

60-80 1.43 1.25-1.64 4.69 3.31-6.80

>80 2.25 1.94-2.62 11.52 3.00-16.61
Year 2004 Reference Reference

2005 0.99 0.87-1.12 1.05 0.78-1.41

2006 1.09 0.96-1.23 1.70 1.29-2.28

2007 1.09 0.96-1.23 1.89 1.42-2.52

2008 1.19 1.04-1.36 2.18 1.62-2.98
SES area High Reference Reference

Low 1.05 0.94-1.17 1.04 1.01-1.08
Overall prescribing

low Reference Reference

medium 1.01 0.90-1.14 0.78 0.59-1.02

high 0.82 0.71-0.96 0.77 0.51-1.14
Practice mOR 1.10 1.03-1.16 1.37 1.22-2.59

Overview of the result of the multilevel model with outcome trimethoprim and ciprofloxacin resistance
respectively. Odds ratio (OR) for each predictor and confounding variable shown with 95% confidence
interval (Cl). If the 95% Cl does not include 1, the odds ratio is significant. The reference category has

an OR of 1 for the comparison of the categorical variables. For every prescription per 1000 patients per
month of trimethoprim, the odds of a trimethoprim resistant E.coli UTI increased with 1.02. For
ciprofloxacin this was 1.08. The other variables that were significant in predicting individual chance of
resistant E.coli UTI were being male for ciprofloxacin (shown in the significant lower odds ratio for
females), visiting a practice in a more affluent area for ciprofloxacin (borderline), the chance increased
over the years for both antimicrobials and the odds decreased for trimethoprim when visiting a high
prescribing compared to a low prescribing practice. The median Odds Ratio (mOR) showed the variation
between practices and indicates the median value of the odds ratio between the practice at highest risk
and the practice at lowest risk when randomly picking out two practices.
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Figure 3.6: Predicted practice and overall (thick red line) correlation between trimethoprim
prescribing and resistance.

The graph shows the association between the number of trimethoprim prescriptions per 1000 patients
and the predicted resistance according to the multilevel model. Each line represents the range of
prescribing for one practice over time. The scale of the predicted resistance is shown between 19% and
28% (0.19 and 0.28) for each practice. The overall prediction, thick red line (resulting from combining
all the practice predictions), shows the increasing predicted probability of trimethoprim resistant E.coli
UTI with increasing number of trimethoprim prescriptions per 1000 patients per month.
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Figure 3.7: Predicted practice and overall (thick red line) correlation between ciprofloxacin
prescribing and resistance.

The graph shows the association between the number of ciprofloxacin prescriptions per 1000 patients
and the predicted resistance according to the multilevel model. Each line represents the range of
prescribing for one practice over time. The scale of the predicted resistance is shown between 1% and
7% (0.01 and 0.07) for each practice. The overall prediction, thick red line (resulting from combining all
the practice predictions), shows the increasing predicted probability of ciprofloxacin resistant E.coli
UTI with increasing number of ciprofloxacin prescriptions per 1000 patients per month.

62



Chapter 3: A multilevel analysis of trimethoprim and ciprofloxacin prescribing and resistance of
uropathogenic E.coli in general practice

Trimethoprim prescribing is significantly correlated with trimethoprim
resistance of E.coli in urinary isolates with an increase of 1.02 (95% CI 1.01-
1.04) for every additional prescription of trimethoprim per 1000 patients per
month (table 3.2). Increasing age increased the odds of resistance for
trimethoprim, but this is only significant for ages over 60. No differences were
observed between males and females within practices. No yearly changes
were observed in trimethoprim resistance at practice level, except for a small
increase for 2008 compared to the reference year 2004 (OR 1.19 (95% Cl 1.04-
1.36)). No practice level variables were found to be significantly associated
with trimethoprim resistance. Overall prescribing of medication at the
practice level was kept in the model but did not show a significant effect.
Ciprofloxacin prescribing is significantly associated with ciprofloxacin
resistance of E.coli in urinary isolates with an increase of 1.08 (95% CI 1.04-
1.11) for every additional prescription of ciprofloxacin per 1000 patients in
the practice. The odds ratio for year (cohort) showed an increase in
ciprofloxacin resistance with increasing year. The odds ratio of resistance for
an individual in 2008 is double the odds of 2004 (OR 2.18, 95% Cl 1.62-2.98).
The linear trend for year was statistically significant (p<0.01, results not
shown). Age was the most important individual level factor; compared to a
person under 18 years old, the odds of a ciprofloxacin resistant isolate for a
person over 40 doubles and increases to 11.5 (95% Cl 3.0-16.6) for over 80
years of age. Females were significantly less likely to have a ciprofloxacin
resistant E.coli infection compared to males. Socio-economic area was found
to be borderline significant with lower socio economic class increasing the
odds of resistant isolates.

Differences in resistance between practices were smaller for trimethoprim
than for ciprofloxacin (mOR 1.10 compared to 1.43) and the credible interval
for the trimethoprim model is narrower than is the case for ciprofloxacin.

A caterpillar plot (Figure 3.8) showing the variance of the practice level
residuals for each practice compared to the overall resistance (horizontal line)

in increasing order of this difference from the left to right. The practice level
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residuals are greater for ciprofloxacin, showing a higher variability in

antimicrobial resistance between practices for ciprofloxacin compared to

trimethoprim.
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Figure 3.8: Practice level residuals for trimethoprim and ciprofloxacin resistance

Caterpillar plot of the residuals (the difference between the observed values and predicted values
according to the calculated model) of each practice. The further the residual is from the horizontal line
at zero, the more extreme variation in resistance levels between the practices. If there was no practice
effect, all points would lie on a horizontal line. Practice residuals were ranked from low to high to
produce this plot.

A prediction of the overall level of resistance was made with varying
prescribing per month. For each practice the same prediction was made
varying the prescribing within the practice limits. Predictions (and 95%
confidence interval) were calculated based on the final models, with all
variables set at their mean value and practice prescribing ranging from 0 to 20

prescriptions per 1000 patients per month.
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Figure 3.9 shows the predicted probability of having a resistant E.coli for the
‘mean’ patient in the ‘mean’ practice for every increase in prescription of the
antimicrobial agent per 1000 patients per month. The probability of a ‘mean’
patient having a resistant E.coli in a ‘mean’ practice with one trimethoprim
prescription per 1000 patients per month was 23.9% (95% Cl 22.6-25.2%), for
10 prescriptions per 1000 patients per month 27.5% (95% Cl 26.0-29.2) and for
20 prescriptions per 1000 patients per month 32.0% (95% Cl 27.7-36.5%).
Similarly, for ciprofloxacin the probability was respectively 3% (95% Cl 2.5-
3.5%) for one prescription, 5.5% (95% Cl 4.5-6.7%) for 10 prescription and
10.7% (95% Cl 6.4-16.4%) for 20 prescriptions.
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Figure 3.9: Predicted probability of resistance for every increase in prescription per 1000 patients
per month (based on the final model for ‘'mean’ patient and ‘'mean’ practice)

The predicted probability of a resistant E.coli infection for every increase in the number of
prescriptions per 1000 patients per month. This graph was made by calculating the probability of
resistance at each increase of prescription while keeping all other variables at their mean value in the
final model. A prediction interval (95% Pl) was also calculated around this prediction. The prediction
interval increases in size with an increasing number of prescriptions away from the observed number of
prescriptions. For instance, an increase from 4 to 15 prescription of trimethoprim per 1000 patients per
month in a practice increases the predicted probability from 25% to 30%. For ciprofloxacin, the
predicted probability increases from 5% to 10% when increasing the number of prescriptions of
ciprofloxacin per 1000 patients per month from 9 to 19.
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3.4 Discussion

Our results demonstrate that increased prescribing of both trimethoprim and
ciprofloxacin within a practice is associated with an increased probability of a
resistant E.coli for the patient, independent of other risk factors. This means
that a patient consulting a practice with a high antimicrobial prescribing
pattern will have a higher probability of infection with antimicrobial resistant
E.coli than a patient visiting a low prescribing practice.

The additional information obtained from the use of a multilevel logistic
regression showed that the variation between practices was higher for
ciprofloxacin than for trimethoprim. None of the practice level variation was
explained by any of the practice variables included in the model which were
mainly related to structure of care, like the presence of a practice nurse or
the number of GPs associated with the practice.

The association between antimicrobial use and antimicrobial resistance in the
community is well described internationally, in correlation as well as
individual level studies. Goossens et al. reported in an international ecological
study a high correlation between resistance levels and prescribing patterns in
26 European countries (Goossens, Ferech et al. 2005). Whereas the strength of
this evidence was relatively weak due to the study design, the consistent
patterns were striking. Various other studies also identified a correlation with
resistance at ecological level (Magee, Pritchard et al. 1999; Priest, Yudkin et
al. 2001; Gottesman, Carmeli et al. 2009) and with the use of multilevel
studies for B -lactam/R-lactamase antibiotics and trimethoprim (Donnan, Wei
et al. 2004; Butler, Dunstan et al. 2007)in bacteriuria. Donnan’s multilevel
study showed an increase in odds ratio of 1.22 (95% CI 1.16-1.28) for every
prescription of trimethoprim at patients level, after adjusting for practice
level variables (Donnan, Wei et al. 2004). Butler et al. used a multilevel linear
model in which changes in antimicrobial resistance at practice level were
found to be associated with prescribing (Butler, Dunstan et al. 2007). Our

study combined the approaches in these studies as it showed an association of

67



Chapter 3: A multilevel analysis of trimethoprim and ciprofloxacin prescribing and resistance of
uropathogenic E.coli in general practice

practice level prescribing and individual level resistance for trimethoprim,
with the addition that this also applied to fluoroquinolone (ciprofloxacin)
resistance. The opportunity to compare the predictions from the two models
demonstrated that the scale of the impact was relatively more influential for
ciprofloxacin compared to trimethoprim. A practice with 1 prescription per
1000 patients per month compared to one with 10 prescriptions per 1000
patients per month showed a difference in predicted resistance of 3.6% for
trimethoprim and 2.5% for ciprofloxacin. For ciprofloxacin this represented an
almost two-fold increase in the predicted probability of resistance.
Geographical variation between the proportions of resistance was shown for B-
lactams and macrolides resistance for S. pneumoniae (McCormick, Whitney et
al. 2003). Goossens et al.(Goossens, Ferech et al. 2005) supported the
hypothesis that selection pressure was the main factor in the geographical
variation in resistance patterns and not clonal dissemination. A paper from
Garcia- Rey, however, showed a reverse association between fluoroquinolone
consumption and resistance in both S. pneumoniae and E.coli between
provinces (Garcia-Rey, Martin-Herrero et al. 2006). They performed a linear
regression analysis in which an inverse relationship was found between
consumption and resistance after removal of outliers. The lower geographical
level (practice) used in our multilevel analysis might be the reason why our
results show evidence supporting the overall hypothesis that increasing
antimicrobial use in practices is associated with increased resistance in
isolates of patients attending that practice.

It is biologically plausible that differences in practice prescribing of
trimethoprim and ciprofloxacin have a different impact on the frequency of
resistance in E.coli to these antimicrobials. Trimethoprim was introduced in
clinical practice in 1975 and resistance levels in E.coli have remained stable at
around 30% for some years (Chulain, Murray et al. 2005). Trimethoprim
resistance in E.coli is associated with plasmid-encoded resistance
determinants capable of horizontal transmission. As the plasmids may encode

for resistance to one or more agents other than trimethoprim, resistance may
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be selected for and maintained by antimicrobial agents other than
trimethoprim. Ciprofloxacin was introduced into clinical practice more
recently and resistance levels in E.coli were low at 2.5% in 2003 but are
increasing (Emmerson and Jones 2003). Although plasmid encoded low-level
ciprofloxacin resistance is well described, high level resistance to
ciprofloxacin in E.coli is generally associated with point mutations in the
chromosomal housekeeping genes gyrA (Strahilevitz, Jacoby et al. 2009).
Therefore, the ‘opportunities’ for trimethoprim resistant genes to spread and
maintain themselves may be greater than those of ciprofloxacin.

Irrespective of how resistance emerges, the time scale of emergence of
resistance under constant selective pressure was found to be much shorter
than the decay time after cessation or decline in the level of
prescribing(Austin, Kristinsson et al. 1999). Eight years after a major decrease
in sulphonamide prescribing in the UK, no effect on the prevalence of
resistance to this antimicrobial in E.coli was found (Enne, Livermore et al.
2001). The prevalence of sulphonamide resistant E.coli in this study was very
high (46%) and prescribing was established. Nasrin looked at the effect of B-
lactam antibiotic use in children on pneumococcal resistance (14%) to
penicillin in a cohort study and showed that reduction in antimicrobial use
could result in a reduction in the prevalence of resistance within six months
(Nasrin, Collignon et al. 2002). A recent study from Sundqyvist et al. (Sundqvist,
Geli et al. 2010) did not show a decrease in trimethoprim resistance in E.coli
after a 24 month intervention which decreased trimethoprim prescribing by
85%. In contrast, Gottesman showed in a retrospective ecological study an
immediate effect of quinolone restriction on the susceptibility of E.coli in
community urine cultures. The quinolone resistance level of E.coli decreased
from 12% before to 9% during the intervention restricting ciprofloxacin. Our
study may explain the differences in outcome between these interventions as
it suggests that antimicrobials with less established and disseminated

resistance levels, i.e. more variation in resistance levels between practices,
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might be more likely to show an impact of changing prescribing and vice

versa.

Our data support the message to general practitioners with respect to
antimicrobial prescribing: Not only is prudent use of antimicrobial agents of
general value to the community as a whole in limiting the emergence and
dissemination of infection, but conservative antimicrobial prescribing is of
specific benefit to patients within a practice by reducing the likelihood of
infection with antimicrobial resistant bacteria. Also, interventions aimed at
reducing resistance against antimicrobials should take its potential impact into

account as this could be different for more or less established antimicrobials.

3.4.1 Limitations of the study

The main limitation of the study is the use of the HSE-PCRS database for the
prescribing data. Ireland does not have a comprehensive national prescribing
database; the HSR-PCRS database covers 70% of all primary care prescriptions.
The missing 30% is largely prescribing to middle-aged and relatively affluent
patients. Possible biases resulting from this exclusion are difficult to identify
and for this reason our conclusions need to be interpreted with some caution.
A second limitation of the study refers to the possible impact of routine
laboratory sampling on the results. Overall, urine sample submission did not
show any discernible changes over time in a stable population and it appears
reasonable to suggest that no change in sampling behaviour has occurred.

A prospective individual based study is currently being conducted in 22
practices in the West of Ireland (the laboratory results from these practices

were also part of this analysis) (www.antibiotics.nuigalway.ie). The 22

practices were requested to send in urine samples of all patients with
suspected UTI. Preliminary results from the first six months of this study
showed no increase in the number of urine samples submitted to the
laboratory, suggesting that generally all patients with suspected urinary tract

infections have a sample submitted for culture.
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Furthermore, the statistical modelling used in his paper takes ‘time’ and
‘number of samples’ into account as independent variables and only the
variable time remained a significant factor in the model.

From these results it is expected that urine samples are routinely submitted
from all suspected UTI patients and no differences in resistance levels are

likely to be due to changes in submissions.
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3.5 Conclusion

This multilevel analysis with patient and practice level data showed that an
increase in trimethoprim and ciprofloxacin prescribing within a practice is
associated with an increase in the probability of diagnosis of an uropathogenic
E.coli resistant to these antimicrobials for the patients. Other practice
variables appeared to have little impact on the prevalence of resistance. The
variation between practices was higher for ciprofloxacin than for
trimethoprim, which suggests that before resistance to an antimicrobial agent
becomes widely disseminated in the community, variations in prescribing

behaviour may have a greater impact on selection for resistance.
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3.6 Publication process

The paper was initially rejected for publication. We requested a
reconsideration of this decision by addressing specific issues but
simultaneously took the opportunity to add some new evidence to the paper.
No further comments came back and our paper was published after being
resubmitted with these arguments.

Our initial abstract conclusion read ‘A higher level of antimicrobial
prescribing in a practice is associated with a higher probability of a resistant
E.coli for the patient. The significant variation between practices was higher
for ciprofloxacin than for trimethoprim. This suggests that before resistance
to an antimicrobial agent becomes widely disseminated in the community,
variations in prescribing behaviour have a greater impact on selection for
resistance’. The reviewers of the paper considered this too speculative and
suggested taking it out. The hypothesis was that trimethoprim, being well
established showed less variation between practices, while antimicrobials with
less established and disseminated resistance levels (ciprofloxacin), i.e. more
variation in resistance levels between practices, would be more likely to show
an impact of changing prescribing. Two papers published around the same
time were added to the discussion after rejection of the paper which
supported our hypothesis. A paper from Sunqvist et al. (Sundqvist, Geli et al.
2010) suggested that trimethoprim restriction did not impact on resistance
levels while Gottesman et al. (Gottesman, Carmeli et al. 2009) found that
limiting quinolone prescribing did impact on resistance levels. The results
from our study help to explain why such a difference may exist.

Shortly after the publication of our paper, a discussion paper on ‘Reducing
antimicrobial resistance in the community by restricting prescribing: can it be
done?’ was published (Enne 2010). The paper concluded that while reducing
prescribing is one of the steps in controlling the emergence and spread of new
resistant bacteria, it is not sufficient. It also stated that more needs to be

known about the mechanisms of spread, in particular the clonal composition
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of the bacterium, the genetic linkage of resistance determinants and the
fitness cost of resistance. In this paper the different mechanisms and their
spread were discussed in relation to the emergence of resistance against
ciprofloxacin. Overall, Enne’s discussion followed a similar line of thinking to

that proposed in our discussion.
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This chapter was published as a paper in the British Journal of General Practice, July
2010 (Appendix 13)

4.1 Introduction

Urinary tract infection (UTI) is considered to be one of the most common
bacterial infections(Hooton 2000). Approximately 5% of young adults have
bacteriuria at any one time(Bishop 2004) with up to 50% of adult women
reporting a UTI at some time in their life(Hooton 2000). The incidence of UTI
increases with age at the rate of 1-2% per decade(Bishop 2004). Recurrence
happens frequently, in 27-48% of healthy women (Hooton 2001), after
spontaneous clearance as well as after antimicrobial treatment (Foxman,
Gillespie et al. 2000; Bishop 2004). Prospective studies have shown that the
vast majority of recurrent UTls are re-infections by a previously identified
strain (Hooton 2001).

Guidelines on empirical treatment of acute uncomplicated urinary tract
infection suggest that agents may not be suitable for empirical use when the
community prevalence of resistance to the antimicrobial in E.coli exceeds 10-
20% (Warren, Abrutyn et al. 1999). Empiric antimicrobial therapy requires a
balance between the need to achieve effective therapy as well as limit the
use of broad spectrum antimicrobial agents. Antimicrobial susceptibility test
results from previous episodes of UTI may guide the decision making process in
the selection of empiric therapy in a subsequent episode of UTI, and indicate
the use of antimicrobials with high community resistance levels.

There are limited data to confirm or quantify the predictive value of the
antimicrobial resistance pattern of previous isolates. This analysis assesses the
value of the antimicrobial susceptibility of a previously isolated E.coli on
predicting the susceptibility of a subsequent isolate of E.coli from a urinary

tract infection in routine clinical practice.
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4.2 Methods

The laboratory of the Galway University Hospitals is the main regional
laboratory for over 200,000 patients (of a total Irish population of c. 4 million)
and provides a microbiology service to general practitioners in the West of
Ireland as well as to the hospital.

All records from general practices of patients with more than one sample of
significant bacteriuria (>10° cfu pure culture/ml), i.e. recurrent infections
were extracted from the database over a 4.5 year period (April 2004-
September 2008). The first isolate during this period was identified for each
patient and the time to each subsequent isolate was calculated. A recurrence
was defined as a re-infection if it was caused by the same species and if it
occurred more than two weeks after the original UTI(Hooton 2001). Relapse
isolates, defined as recurrence with the same species within two weeks of the
previous sample, were excluded from this analysis (Hooton 2001). If more than
one sample was given during a three month period, only the first of these
samples was considered.

The positive predictive value (PPV) was calculated as the proportion of
patients with an E.coli resistant to an antimicrobial at first isolate who remain
infected with an isolate resistant to this antimicrobial at the subsequent
episode. Similarly, the negative predictive value (NPV) gives the proportion of
patients with an E.coli infection susceptible to an antimicrobial at the first
isolate, who show the same susceptibility in a subsequent isolate. As the PPV
and NPV are directly proportional to the prevalence of resistance in the
population, a correction (Bayes theorem) is applied (Leeflang, Bossuyt et al.
2009) with a correction for the variability introduced by the prevalence
according to Zou(Zou 2004).

The PPV is calculated as P(disease | +test) = (sensitivity x prevalence) /

[(sensitivity x prevalence)+((1-specificity)(1-prevalence))].
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PPV and NPV and their 95% Cls were calculated using WINPEPI(Abramson
2004). The prevalence was obtained from the full database (all general
practice samples over the 4.5 year period). PPV and NPV are only presented

for re-infection within 3 months and between 9 and 12 months for simplicity.
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4.3 Results

Over the 4.5 year period 147,306 urines were analysed; in 21.3% an organism
was identified and in 14.4% an E.coli. A total of 3,413 patients provided at
least 2 E.coli positive samples over the study period. The mean age of the
prospective cohort was 51.7 years (SD 25.7) and median 56.0 years. The study
population consisted of 90.2% females and 11.0% were under 18 years of age.
No changes in age or gender were observed over the time period.

A total of 1,092 of patients had a re-infection within 3 months, 693 patients
had a re-infection between 3 and 6 months after the first sample, 543
between 6 and 9 months, and 450 between 9 and 12 months. Little difference
was found between age and gender when comparing the full database from

the 4.5 year period to the re-infection database (table 4.1).

Table 4.1: Comparison of full and re-infection database.

Full database Re-infection database
N 14,495 3,413
Mean age in years 46.8 51.7
Gender
Female 86.4% 90.2%
Male 9.1% 8.2%
Unknown 4.5% 1.6%

An overview of the number, age and gender of individuals in the full database (data from the 4.5 year
period) and in the database of individuals with a re-infection over this period.

Table 4.2 gives an overview of the positive and negative predictive values of
the first sample when the subsequent sample is within 3 months and between
9 and 12 months. The PPV and NPV for the periods in between (3-6 months
and 6-9 months) declined gradually between these periods.

There is an 84.6% probability that a patient with an ampicillin resistant E.coli
in a previous sample will still have an ampicillin resistant E.coli in a

subsequent episode of bacteriuria within 3 months. PPVs are obtained for
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ciprofloxacin (83.8%) and trimethoprim (78.3%). The probability of a
nitrofurantoin resistant re-infection within 3 months if the previous isolate is
resistant is particularly low (20.2%). The probability that a re-infection
between 9 months and a year remains resistant is high at 75.6% for ampicillin
and 59.5% for trimethoprim. In contrast, the probability that a re-infection
within 3 months and up to a year is susceptible if the initial E.coli was
susceptible is nearly 100% for ciprofloxacin and nitrofurantoin and 86% for

trimethoprim.

Table 4.2: Overview of prevalence of resistance, positive predictive value (PPV) and negative
predictive value (NPV) and 95% confidence interval (95% Cl) for each antimicrobial for a re-infection

within 3 months and after 9-12.

Within 3 months 9 - 12 months

Resistance PPV 95% Cl NPV 95% Cl PPV 95% ClI NPV 95% ClI
(%)
Co-amoxyclav 23.9 54.5 49.8-59.1 87.3 85.7-88.7 43.1 35.9-50.4 82.4 80.0-84.7
Ampicillin 60.7 84.9 82.2-87.2 77.6 74.2-80.7 75.9 71.4-80.0 60.1 54.7-65.2
Ciprofloxacin 5.7 83.8 71.7-90.7 98.3 97.8-98.7 43.4 30.1-56.9 96.8  96.0-97.5

Nitrofurantoin 2.6 20.2 12.3-31.3 98.0 97.6-98.3 5.7 1.5-26.3 97.5 97.1-97.9

Trimethoprim 26.4 78.3 73.1-82.5 91.3 89.9-92.5 59.2 51.9-66.0 86.3 83.6-88.6

The prevalence of resistance was obtained from the overall database. The positive predictive value
gives the probability that a re-infection is still resistant after 3 and after 9-12 months if the previous
sample was resistant. The negative predictive value gives the probability that a re-infection is still
susceptible after 3 and after 9-12 months if the previous sample was susceptible.

79



Chapter 4: Predictive value of antimicrobial susceptibility from previous UTI in the treatment of re-
infection

4.3.1 Limitations

The use of routine laboratory urine samples as the basis for this analysis may
influence the results due to varying request behaviour or changes in laboratory
procedures. However, the number of urine samples submitted did not change
over time (data available from authors). Also, the GPs follow up of patients
with a laboratory confirmed UTI, as well as its potential effect on the data, is
unknown. More in-depth research into patients presenting with another
positive E.coli UTI, in particular within 3 months, would be of interest to
further improve prescribing practice. An ongoing prospective study will

address these concerns (www.antibiotics.nuigalway.ie).

80



Chapter 4: Predictive value of antimicrobial susceptibility from previous UTI in the treatment of re-
infection

4.4 Conclusion

These results may help general practitioners to conserve broad-spectrum
agents by using antimicrobial test results from previous episodes of UTI to
prescribe more narrow-spectrum agents such as trimethoprim even when
community resistance levels are high. The high positive predictive value of
previous ampicillin, trimethoprim and ciprofloxacin resistance warrants
against the re-prescription of these agents within three months while the high
negative predictive values indicates prescription of these antimicrobials if
susceptibility for these antimicrobials was shown in a previous sample of the
patient. The low prevalence of resistance and high negative predictive value
of nitrofurantoin at both three and twelve months promotes nitrofurantoin as

a beneficial first line agent for initial and repeat presentations.
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4.5 After publication

The publication of this paper in the British Journal of General Practice gave

way to some other initiatives.

A newsletter (Appendix 15) to the practices participating in the
prospective study, which was ongoing at that time, included a section on
this analysis as well as guidelines on the prescription of nitrofurantoin. This
newsletter was sent at the end of data collection and can be viewed as an
intervention as it suggested guidelines for first line prescribing of
antimicrobials for UTI in general practice.

An editorial was written (Hay 2010) in which the role of mid-stream urines
(MSUs) in clinical practice were described. Hay pointed out that routine
MSUs are beneficial to the society for the surveillance of antimicrobial
resistance in UTI. The benefit for the patient was that previous results can
guide subsequent treatment and to identify patients with symptoms but
without a UTI. He added that understanding the individual circumstances
of the patient to determine the best treatment for them is facilitated by a
urine culture, a clinical point of view.

The paper on the predictive value of antimicrobial susceptibility from
previous urinary tract infection in the treatment of re-infection, has been
shortlisted by the Royal College of General Practitioners for research paper
of the Year award 2010. Each year, the College selects a winning paper and
on some occasions, a highly commended paper, to give recognition to a
group of researchers, or an individual researcher, who have/has
undertaken and published an exceptional piece of research relating to
general practice or primary care. The results will be known after the panel
decision meeting in late April 2011.

The British Medical Journal invited Prof. Martin Cormican to write an
article on ‘Asymptomatic bacteriuria (or pyuria)’ for their ‘Rational testing
series’, a series of short articles to update GPs and hospital doctors on the

best use of laboratory tests. The requested format was not that of a full
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infection

reviews but a succinct yet evidence-based encapsulation of the initial
diagnostic steps only. Martin Cormican invited Prof Andrew W Murphy and
Akke Vellinga to be co-authors. The manuscript is accepted for publication
(May 2011).
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resistance in general practice: study desigh and methodology

5.1 Introduction

The association between antimicrobial prescribing and resistance should not
be analysed independently for individuals and for populations/practices as this
will not give a complete picture. The ‘event’ of having a UTI caused by a
resistant E.coli depends on the nhumber of other individuals in the group
already affected, or in other words, incidence depends on the prevalence, a
characteristic of many infectious diseases (Halloran and Struchiner 1991; Diez
Roux and Aiello 2005). For the study of antimicrobial resistance this means
that not only individual prescribing has an impact on the chance of a resistant
E.coli but also the occurrence of resistance in the group wherein the
individual lives. The retrospective analysis (Chapter 3) showed the importance
of practice level factors in the probability of a UTI with a resistant E.coli. The
multilevel model applied accounted for dependencies between outcomes for
individuals within groups.

The limitations of the multilevel analysis in the retrospective part of the study
(no individual prescribing information, temporality of prescribing and UTI,
biological gradient) can be addressed in a prospective study. Additionally, as
data will be analysed within a multilevel model, the relative impact of

individual and group level factors, can be further explored.
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5.2 Ethical approval process

5.2.1 Introduction

Health services research is particularly vulnerable to the current ethical
climate which prioritises explicit individual consent above all other goods
(Cassell and Young 2002). This explicit individual consent often results in non-
representative study populations due to response bias, also known as consent,
authorisation or volunteer bias; a systematic error in creating patient groups
that differ with respect to study outcome (Junghans and Jones 2007).
However, if equality of access to quality health and social services is aimed
for, this should be reflected in its research (Cassell and Young 2002) and
community consent should be considered.

The idea of informed consent is the fundamental principle to provide options
for people and helping them to make the optimum choice in the light of their
circumstances, needs and values. If it can be assumed that most people would
probably be happy to take part in a study, then an opt-out arrangement is the
most efficient method (for participants and researchers) and does not
undermine the principle of providing choice (Clark, Jamieson et al. 2004;
Hewison and Haines 2006; Singleton and Wadsworth 2006).

In the set-up of the prospective study it was envisaged that an opt-out

methodology would be most appropriate and efficient for patient recruitment.

5.2.2 Approval
Ethical approval for the study was sought from the Irish College of General
Practitioners. The initial decision from the committee rejected the request
for an opt-out arrangement (Appendix 1). The committee suggested ‘should
there be a pilot study to prove that response was affected by the opt-in
method, the decision of the Committee could be reconsidered’. This decision
was challenged by the research team.

e A letter was written outlining the concerns of the research team

(Appendix 2).

85



Chapter 5: Prospective study of antimicrobial prescribing and resistance in general practice

e A literature overview of the context of opt-out methodology to
highlight its issues and consequences was performed (Appendix 3). This
review highlighted that in order to adhere to the patients’ right to
information to obtain full consent as well as respect of their personal
choice while still serving the community, an opt-out strategy can be
appropriate. The principle strategy should be to take all reasonable
measures to inform those whose personal data were requested and
make opt-out as easy as possible. This strategy aims to fulfil the ethical
imperative of informed consent as well as to optimise participation.

e As part of a focus group study (Inform study) performed by Dr. Brian
Buckley on patients’ attitudes (Buckley, Murphy et al. 2011), a scenario
on the use of identifiable data to contact patients with urinary tract
infections was used (Appendix 4). The participants were overall happy
to consider the UTI scenario and would hypothetically not have any
difficulty their information being passed on to researchers in the light
of the ‘greater good’ effect. The participants additionally emphasised
the importance of assurances around confidentiality and security of
data.

The approval of the opt-out method of recruitment was received on the 19 of
February 2009 (Appendix 5).

5.2.3 Addressing issues
A number of issues arose from the literature (Singleton and Wadsworth 2006)
and focus group concerning the use of opt-out in research. A point by point
response to these issues is given below.
1. Information to patients
v A letter was drafted informing the patient of the study (Appendix 7).
This letter included information on the aims of the work and intended
benefits of the research for health and health care in general. The
letter contained information on how their details were obtained, the

type of information needed from the patient, how the researcher would
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v

v

access this information, where to get more information and how to opt-
out.

Notices were placed in the waiting rooms of all participating practices
(Appendix 8). These notices described the proposed study with
particular emphasis on the ethical aspects of the opt-out recruitment
strategy. Contact details for the lead researcher, were provided

A website was set up with supporting and background information to
optimise the concept of informed consent (Appendix 9). The website
also allowed for feedback of the results of the study by regular updates
on published work.

A feedback ‘button’, contact names and telephone numbers were all
available on the website. Opt-out was possible by phone call, attached
letter and freepost envelope or a special opt-out ‘button’ on the home

page (index page).

. Data confidentiality and security

a)

A secure folder on the university secure server was set up to transfer
patient data from the laboratory. The folder was only visible to named
researchers of the project and password protected. Additionally, all
data on the server were encrypted with additional passwords with
restricted use.
For data collection (patient information) a number of additional
security measures were set up to keep personal and collected
information separate.
a. A data entry programme was written (Epidata (Lauritsen 2000-
2008)) using the sample number as identifier
b. A notebook computer was acquired only containing the data
entry programme using the sample number.
c. Data collected at each practice visit were transferred to the
secure server immediately after collection in the practice using
remote access by mobile broadband connection to the secure

server.
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d. A list of patients was printed before each visit and confidentially
destroyed immediately after data collection.

e. All paper with individual patient details were destroyed by a
confidential shredding company

c) Laptop computer used for linking the databases and the notebook
computer for data collection were kept locked in a filing cabinet in the
alarmed offices of the discipline of general practice.

d) The patient information file and the file with personal information were
at all times encrypted with different passwords and only available on
the secure server.

e) After data collection the patient information and microbial data were
linked using the sample number and personal information. The final
data file was encrypted and stripped of all personal information.

f) All data on the server, except the final encoded datafile, were
shredded and deleted to secure indefinite deletion.

g) Data encryption was done using AxCrypt (Seleborg). Coding of the
personal information was done with an irreversible encryption add-in
for Excel (Buchan 2006).

3. Researcher’s confidentiality

The researcher, who conducted the study, collected and linked the data,
signed confidentiality agreements with each practice. For the duration of the
study the researcher became part of the GP practice and adhered to the
normal procedures governing patient confidentiality (Appendix 10). An
additional similar agreement was set up with the laboratory of the UHG
(signed by Prof Martin Cormican) by which the researcher became part of their

staff and agreed to normal confidentiality procedures (Appendix 11).
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5.2.4 Opt out as an acceptable method of obtaining consent in medical

research: results and conclusions

This part was published as a short paper in BMC Health Research Methodology, April 2011
(Appendix 14)

Results

A total of 1362 urine samples were submitted by the 22 participating practices
during the study period. The samples were from 1178 adult patients. The 22
practices sent in between 15 and 115 samples.

In total 193 patients actively responded to the letter: 142 opted out by letter,
15 through the website, 2 by phone and 12 sent the letter back without
indication, making a total of 171 patients (14.5%) who opted out; the
remaining 22 patients (1.9%) explicitly opted in (Figure 1). The letters of 24
patients had a wrong address and were returned.

Two patients expressed concerns regarding the use of the opt-out method.
Both questioned the way their address was obtained and whether this
interfered with the confidentiality of their patient data. An individual
response to these concerns was sent to their GP with a request to forward this
to the patient. No further concerns were expressed.

Patients consisted of 941 women (79.9%) and 237 men (20.1%). Their mean age
was 50.9 years (SD 20.8) and the median age was 47 years. Patients who opted
out were slightly older (52.8 vs 50.4 years) and the percentage of females was
slightly higher (83% vs 79.5%) but these differences were not statistically
significant. Patients who opted out through the website were significantly
younger than those who used the letter (non-parametric, 53.5 vs 38.7 years,
p<0.05).

A significant isolate (pure culture at greater than 10° cfu/ml) was identified
from the urine sample of 402 (34.1%) patients. Patients with a positive culture

were no more likely to opt out compared to those with a negative culture.
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22 Practices

I

Urine samples from all
suspected UTI patients

1362 samples
Laboratory

'

Letter

1178 Patients

Mean age 51
Female: 80%

983 Participants.
83.4%

Mean age 50

Figure 5.1: Flow chart of participation of patients in the study.

Flow chart of enrolment of patients from the 22 participating practices in the prospective study. A
total of 1178 patients were sent a letter explaining the study and opt-out. Opt-out was facilitated by
an enclosed opt-out letter and free post envelope, by phone, by logging onto the website and clicking
the opt-out button. 12 ‘opt-out’ letters were returned without an indication of opt-out.
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Conclusions

Overall the opt-out method was well received by both general practitioner
and patients and achieved a high level of participation in the study at 83.4%.
The low number of complaints indicates that this is a generally acceptable
method of patient recruitment. The 14.5% opt-out of patients shows that the
process effectively empowered patients to decline participation. The high
similarity between patients opting out and the participating patients with
respect to age, gender and isolation of a positive culture is reassuring for
extrapolation of the results of the study. However, as no other potentially
important variables were available about the patients who opted out, it
cannot be ruled out that other factors were of importance for participation in
the study. Similarly, even though every effort was made to inform patients of
the study, it cannot be guaranteed that all patients received this information
through the different media offered by us.

Our findings are in line with other studies which have shown that an opt-out
methodology is generally well accepted and will result in high participation
rates (Inskip, Godfrey et al. 2006; Junghans and Jones 2007; Nathan, Thacker
et al. 2008). A recent Cochrane review looked at ways to increase recruitment
into clinical studies and also identified opt-out as a possible method
(Treweek, Pitkethly et al. 2010). The lack of further involvement in the study
by participants and general practitioners, acknowledged in the ethical
approval given to the study, favours this type of recruitment which might be
less applicable for studies with more involvement or risk. For non-
interventional, low-risk studies in which rigorous measure to inform patients
and protect patient confidentiality are in place, recruitment by opt-out is an
easy and acceptable methodology for patients, GPs and researchers. As earlier
stated by Junghans et al. (Junghans, Feder et al. 2005), the opt-out approach
should be the default recruitment strategy for studies with low risk to

participants.
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5.2.5 Additional considerations

One associated GP expressed concerns at the researcher’s visit to the
practice. Reassurance was obtained after additional explanations
concerning the precautions taken to safeguard patient confidentiality.
Two patients did express serious concerns about the method by which
their results and address was obtained. They were unaware of the
procedures by which urine samples were analysed and results were
reported. A personal letter giving additional information about
confidentiality and addressing the particular issues was send to the GP
practice. A telephone call to the GP explaining the concerns was made
with the request to forward the letter to their patient. No further
feedback was obtained from these patients.

Blinding of the research was established by not linking the databases
until all data were collected. The sequence of antimicrobial prescribing
and then urine samples was chosen in order to eliminate a possible bias
due to knowing the organism and/or resistance pattern. Similarly, the
sheet with the patient name and date of birth did not contain
information on the urine sample result.

The visit to the GP practice attempted to make as little contact with
the GP as courteously possible in order not to affect the GPs

prescribing.
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5.3 Sample size

The aim of the sample size calculation was to ensure the case-control study
(second part) would have sufficient power to establish accurate estimates of
the odds ratio of resistance after previous prescribing. The initial calculations
were based on trimethoprim prescribing and resistance.

With 80% power, a two- sided significance of 5%, the sample size was
calculated (Dupont and Plummer 1990) based on odds ratios from the
literature of which 1.32 was the most conservative estimate (Steinke and
Davey 2001). This generated an estimate of 688 cases for an odds ratio of 1.32
with two controls per case assuming that 30% of the controls would have had
trimethoprim previously prescribed. Alternatively, if a difference between
exposure in cases versus controls of 10 percentage points was considered
important (30% exposure in cases and 20% in controls), with a total of 200
cases, we would be able to detect an odds ratio of 2 with 80% power, 5% two
sided a and with two controls per case. Considering an inter-cluster
coefficient of 1%, a design effect of 1.29 for a mean cluster size of 30 was
calculated (Eldridge, Ashby et al. 2006). Based on these scenarios we aimed to
include 250 cases.

A list was compiled based on the 2007 laboratory urine sample submissions,
ranking the general practices by the number of urines submitted and the
number of positive isolates. The mean number of E.coli’s submitted in a
practice per month was calculated. To maximise the efficiency of the study,
the top 25 practices, with at least a mean of five cases per month, were

requested to participate.
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5.4 Recruitment of the practices

The selected practices were invited to participate by a letter explaining the
study (Appendix 6) and a follow-up phone call was made within two weeks. A
further explanation of the study was given over the phone and 22 out of the
25 approached practices agreed to participate. Two practices did not have
computerised records and it was considered too time-consuming to include
these. One practice declined participation on the basis that they never
participated in research studies.

The start of the study was set at 14" of September and ran until the 9" of
November 2009 (first part of the study), after which only patients with a
positive sample were invited to participate (second part of the study). Data
collection ceased on the 30" of May 2010.

A first practice visit was set up four weeks after the start and all practices had
a visit from the researcher within eight weeks from the start of the study. A
phone call was made to set a time and a date for the researcher to have
access to a practice computer. An agent nomination form was signed by a GP
and a confidentiality statement was signed in the presence of a practice
employee. Patients were identified in the patient management system and
data on prescribing were recorded in a computerised data entry programme.
At the end of each visit the recorded data were transferred to the secure
server of the university.

Follow-up visits were organised once patient numbers were high enough. Each
practice received a newsletter with results from the study and a practice
profile of antimicrobial resistance (Appendix 15), as well as a nominal fee for

participation.
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5.5 Enrolment of the patients

A weekly search of the laboratory system of the GUH was done, identifying
patients from the participating practices for whom a urine sample was sent in.
Patients’ first name, last name and address were extracted. A mail merge was
set up to personalise the letter sent to each patient and print out an address

label (Appendix 7).
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5.6 Patients’ medical records search

The following information was recorded for each patient:

7.

8.

A W N =

ID number (lab) urine sample
Date of GP visit
GMS (medical card or GP visit card holder: yes/no)
Eligible
a. Reason for non-eligible:
i. Pregnancy
ii. Catheter
iii. Other

. Number of visits in previous year (more or less than 10)

. Antimicrobial prescribed (going back one year), up to 14

a. Group of antimicrobial
i. Penicillins
ii. B-lactam/ B -lactamase combinations
iii. Trimethoprim/Sulfamethoxazole
iv. Quinolones
v. Cephalosporins
vi. Tetracycline
vii. Nitrofurantoin
viii. Macrolides
ix. Other
X. Missing/unknown
b. Date of prescription
c. Prescription for UTI: yes/no
MSUs (including this one), up to 10
a. Date of submission of sample to lab
b. Laboratory number

Other conditions
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List of possible other conditions based on notes and prescriptions
a. Diabetes: according to notes or prescription of medication
b. High blood pressure/Cardiovascular disease: according to notes
or medication
Medication for depression, insomnia, anxiety, etc.
Epilepsy; according to notes or medication
Thyroid: according to notes or medication
Prostate problems: according to notes

Inhalers: according to prescription

> w &~ 0 a0

Other conditions not mentioned above for which regular visits
would be necessary

9. Hospital visits (yes/no) in the past year

10.Hormonal therapy (yes/no): hormone replacement therapy or

contraception

5.7 Microbiological analysis

Microbiological analysis was performed at the Department of Medical
Microbiology (GUH) which is an accredited diagnostic laboratory (ISO 15189).
All urine samples from GP practices are sent to the laboratory where diagnosis
of UTI by microscopy and semi quantitative culture of a urine sample is
performed. Specimens with less than 20 white blood cells/pul were considered
negative and were not processed further. Pyuria was defined as greater than
20 white blood cells/ pl and 10° cfu/ml of causative organisms was considered
a pure or predominant growth. Antimicrobial susceptibility testing was
performed on isolates to guide selection of an appropriate antimicrobial to
treat the infection. Protocols for the performance and interpretation of these
results are based on the guidelines from the Clinical and Laboratory Standards
Institute (CLSI) (Clinical and Laboratory Standards Institute 2010).
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5.8 Data preparation

Univariate analysis was performed at individual as well as practice level. For
each patient the first sample during the study period was used as the index
visit. The antimicrobial therapy prescribed in a period of seven days around

and closest to the date of the sample was identified as the medication given

for this episode.
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practice

6.1 Introduction

Despite its frequency of diagnosis, the management and treatment of this
condition is often inconsistent in clinical practice (Hummers-Pradier and
Kochen 2002; Mehnert-Kay 2005). During the first two months of the
prospective study, all samples from patients with suspected UTI were included
in the study. The files of all participating patients were reviewed in the
general practice and information on prescribing was recorded. The aim of our
study was to describe current management and treatment of UTI in general
practice. An overview of the variation in treatment practice between GP
practices was carried out. The appropriateness of the antimicrobial treatment
was evaluated and different empiric prescription scenarios were compared.
Additionally the impact of socio-economic status, measured by free medical
care, on treatment was assessed.

Treatment of UTI in daily practice is largely empirically based and diagnosis of
UTI generally requires clinical evaluation in addition to laboratory results.
Empiric treatment recommendation for first line antimicrobial treatment of
simple uncomplicated UTI is trimethoprim or nitrofurantoin (Strategy for the
control of Antimicrobial Resistance in Ireland (SARI) 2008; Zalmanovici

Trestioreanu, Green et al. 2010; Gupta, Hooton et al. 2011).
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6.2 Comparison of the participating practices

The 22 participating practices were selected based on the number of urine
samples and positive samples in 2007. At that time these practices sent in the
most samples, but circumstances in some practices changed which changed
their relative rank in 2009. A comparison of the patients (with suspected UTI)
from the participating practices and all practices in 2009 is shown in table 6.1.
The overall mean or percentage shown is based on the practice mean or
percentage. The differences between the participating practices and the
other practices are due to the low number of (positive E.coli) samples from
some practices.

For this comparison, only the first sample per patient in 2009 was taken into
account. The percentage female, age, percentage E.coli positive samples and
percentage resistance for each antimicrobial showed no significant differences
between participating and non-participating practices (t-test, comparing
means). As the selection of practices was done after ranking the practices
according to the number of samples sent in for analysis, participating
practices will have a significantly higher number of samples compared to all

other practices.
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Table 6.1: Comparison of characteristics of patients for whom a urine sample was sent in (first part)

and practice percentage resistance (second part) from participating practices and non-participating

practices.
Participating practices (N=22) Other Practices (N=166)
Mean SD Mean SD
Age 44.0 +7.1 50.9 +20.3
Percentage female 84.4 +4.5 79.0 +28.5
Number of samples 125.3 +59.5 27.7 +38.0
Percentage E.coli 43.3 +7.3 37.9 +29.3
Percentage resistance of E.coli positive urine samples only
Mean SD Mean SD
AMP 63.6 +9.4 62.3 +28.3
AMC 17.5 +4.7 21.6 +25.2
CIP 6.6 +5.0 8.6 +14.0
TRI 31.0 +9.9 30.3 +26.1
NIT 2.2 +3.0 2.1 +5.7
CEF 2.9 +1.8 3.2 +8.9

An overview of gender and age distribution as well as the total number of samples submitted by the
practices and the percentage of these samples with an E.coli isolate for the participating practices and
the non-participating practices for the year 2009 (only the first sample of each individual was
included). Similarly, resistance of the E.coli isolates for the participating and non-participating
practices is shown. Differences were compared with a t-test and no difference was found to be
statistically significant (except for the number of samples submitted as the selection of practices was

based on the rank of the number of samples).

An overview of the resistance levels in the participating practices is shown in

Figure 6.1. The scale of the percentage resistance for the top three graphs
runs from 0-100%, while the bottom three are scaled at 0-50%. This

comparison was made for the E.coli samples only, and only the first positive

E.coli sample was included.
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Figure 6.1: Overview of the resistance levels (%) for each antimicrobial for the participating
practices (N=22) in the year prior to the study period.

The resistance levels for co-amoxyclav, ampicillin, trimethoprim, ciprofloxacin, nitrofurantoin and
cefpodoxime for each practice (N=22, x-axis) of E.coli samples only for the year prior to the study
period. The top three graphs are scaled (Y-axis) from 0-100% resistance, the bottom three graphs are
scaled from 0-50% resistance.

102



Chapter 6: Management of UTI in general practice

To compare the participating practices a similar overview of graphs was made
in which the percentage resistance in the participating practices is shown for
the study period (with the exclusion of opt-out and non eligible subjects) and
the year prior to the study period (Figure 6.2).The differences between the
data are mainly due to the exclusion of pregnant women (whose E.coli are less
likely to be resistant) and the exclusion of catheter patients (whose E.coli are
more likely to be resistant). Additionally, one practice in particular, practice
12, showed peaks in resistance levels during the study period. This was most
likely due to a transition period during which different locum GPs helped out
in this practice during a period of about a year previous to and overlapping for

a time with the study.
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Figure 6.2: Comparison of percentage resistance in the participating practices during the study and
in the year previous.

Comparison of the resistance levels during the study period with the year previous to the start of the
study. The top three graphs are scaled (Y-axis) from 0-100% resistance, the bottom three graphs are
scaled from 0-50% resistance. For instance, practice 12 shows peaks for co-amoxyclav, ciprofloxacin and
nitrofurantoin during the study (which were mainly due to a change of GP during the study period).
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6.3 Overview of the study sample

A total of 1362 urine samples were submitted from 1178 patients of whom 145
(12.3%) opted out of the study, 152 (12.9%) patients did not meet the
eligibility criteria (pregnant or catheter) and the letter of 15 patients was
returned because of a wrong address or unknown name’.Of the 866 eligible
patients the mean age was 52.4 years (95% Cl 51.0-53.8, ranging from 18-100)
and 77.9% were females. Women were generally younger (50.7 years, SD 20.7
compared to males 58.3 years, SD 19.7, t-test p-value <0.01). A flow chart of

the study sample is shown in Figure 6.3.

" The difference in numbers here from those reported in the opt-out paper resulted from the
inclusion of additional patients after resending the returned letters to corrected addresses, or
a patients contacted for a subsequent sample returned an ‘opt-out’ letter with an indication
of willingness to participate (N=11).
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Figure 6.3: Flow chart of study population, management of UTI in general practice.

Flow chart of the study population from the 22 participating practices in the prospective study. A total
of 1178 patients were sent a letter explaining the study and opt-out. The charts of 1018 of these
patients were reviewed in the practice. The chart information was merged with the outcome of the
microbiological analysis of the urine samples. Antimicrobial prescribing was assessed for its
appropriateness according to the outcome of the microbiological analysis and antimicrobial
susceptibility testing. AM: antimicrobial treatment.
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For 183 of the 866 patients an organism was identified (21%), mainly E.coli
(147 or 80.3%). Other organisms identified were Proteus spp. (9), other
Enterobacteriaceae (coliforms, 8) Staphylocccus saprophyticus (6), Enteroccus
spp. (5) and other organisms (8) (table 6.2). Pyuria in the absence of
bacteriuria was detected in 76 patients (8.8%) and 607 (70.1%) patients

showed no laboratory evidence of UTI.

Table 6.2: Overview of bacteria isolated from the urine samples included in the study.

N %
Escherichia coli 147 80.3
Coliform 8 4.4
Proteus spp. 9 4.9
Staphylococcus saprophrophiticus 6 3.3
Enterococcus spp. 5 2.7
Coagulase Negative Staphylococcus 2 1.1
Group B Streptococcus 2 1.1
Klebsiella pneumoniae 2 1.1
Providencia stuartii 1 0.5
Pseudomonas aeruginosa 1 0.5

Number and percentage of the pathogens isolated from urine samples of patients included in the study.

An antimicrobial was prescribed to 56% of the patients (481). An overview of

antimicrobial prescribing is shown in table 6.3.
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Table 6.3: Overview of antimicrobial prescription (any or none) at the index visit according to the

microbiological analysis of the urine sample.

No organism, Pyuria Organism Total
no pyuria
No antimicrobial N 339 21 25 385
medication Column % 55.8% 27.6% 13.7%
% of total 39.1% 2.4% 2.9% 45.5%
Any antimicrobial N 268 55 158 481
medication Column % 44.2% 72.4% 86.3%
% of total 30.9% 6.4% 18.2% 55.5%
Total N 607 76 183 866
% of total 70.1% 8.8% 21.1% 100.0%

Antimicrobial medication prescribed to patients according to the result of the urine sample analysis. Of
the patients who did not receive a prescription, 339 (55.8%) had no organism and no pyuria, 21 had
pyuria and 25 had an organism identified in their urine sample. Of the patients without an organism
identified in their urine sample and without pyuria (607), 55.8% did not receive an antimicrobial and
44.2% did. Of all the patients included in the study (866), 45.5% did not receive an antimicrobial
prescription and 2.9% did not receive an antimicrobial but had an organism identified in their urine
sample.

Co-amoxyclav (33.1%) and trimethoprim (26.0%) were most often prescribed,
fluoroquinolones represented 17% of the prescriptions and nitrofurantoin
nearly 12% (table 6.4). Details of two antimicrobials were not fully recorded
(an antimicrobial was prescribed but the detail of the specific group was not
recorded).

More than half of the antimicrobials prescribed (55.7%) were for patients
without pyuria or significant bacteriuria and 11% were for patients with pyuria
only (in the absence of significant bacteriuria) (table 6.4). In total 179
patients (or 37% of all prescriptions) received a recommended first line

antimicrobial.
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Table 6.4: Details of antimicrobial therapy prescribed at the index visit for patients who received an

antimicrobial according to the outcome of the urine analysis.

No organism, Pyuria Organism Total
no pyuria

Co-amoxyclav N 87 21 51 159

Column % 32.5% 38.2% 32.3%

% of total 18.1% 4.4% 10.6% 33.1%
Ampicillin N 18 1 8 27

Column % 6.7% 1.8% 5.1%

% of total 3.7% 0.2 1.7% 5.6%
Trimethoprim N 60 15 50 125

Column % 22.4% 27.3% 31.6%

% of total 12.5% 3.1% 10.4% 26.0%
Quinolone N 54 8 20 82

Column % 20.1% 14.5% 12.7%

% of total 11.2% 1.7% 4.2% 17.0%
Nitrofurantoin N 29 6 22 57

Column % 10.8% 10.9% 13.9%

% of total 6.0% 1.2% 4.6% 11.9%
Other N 20 4 7 31

Column % 7.5% 7.3% 4.4%

% of total 3.7% 0.4% 1.5% 5.7%
Total N 268 55 158 481

Column % 100.0% 100.0% 100.0% 100.0%

% of total 55.7% 11.4% 32.8% 100.0%

Overview of the outcome of the urine sample analysis according to the type of antimicrobial
prescribed. Of the 481 patients who received an antimicrobial (55.5% of the total study population)n,
268 (55.7%) had no organism identified in their urine and had no pyuria, 55 (11.4%) had pyuria and in
the urine sample of 158 patients (32.8%) an organism was identified. Of the 159 patients (33.1%) who
received co-amoxyclav, 51 had an organism identified. Of the 481 patients 10.6% had and organism
identified in their urine and received co-amoxyclav.
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Of the 158 patients for whom a significant isolate was identified, the
antimicrobial susceptibility was known and compared with the antimicrobial
therapy prescribed. Co-amoxyclav was prescribed 51 times but for 10 of those
patients the isolated organisms were resistant (20%), for ampicillin 6 out of 8
prescriptions (75%) were for resistant organisms, for trimethoprim 18 out of 50
(36%), fluoroquinolone resistance was found for 2 isolates out of the 20
prescriptions (10%), and 2 out of 22 prescriptions (9%) for nitrofurantoin were
prescribed for a resistant organism. In total 37 out of 158 prescriptions (23%)
were for an agent to which the isolate cultured was resistant. When taking all
the records into account, the antimicrobial treatment prescribed was for 121
out of 866 records (14.0%) for a patient with a confirmed UTI and for an

organism susceptible to this antimicrobial.
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6.4 Practice prescribing

The 22 practices co-operating in the study varied in size and set-up. All
practices were computerised fully or at least for the prescription of
medication.

The practices sent in on average 62 samples (between 15 and 115 per
practice). After exclusion of duplicates, opt-outs and ineligible patients, an
average of 39 primary samples (between 9 and 72) per practice were sent in
over the study period. Between 25% and 88% of the UTI patients per practice
had a medical card (mean 57%) and between 18% and 75% of the patients in
each practice had more than 10 visits in the past year.

Two practices had relatively more male patients in their practice. Both
practices were actively implementing the ‘healthy man screening’
programme, a screening programme often provided by occupational health
insurance. Two practices had particularly high numbers of nursing home
patients (31% and 12%); one of these practices was solely responsible for one
nursing home, but the high number for the other practice is unclear. The
practices with relatively fewer medical card patients were those with
generally younger patients and relatively fewer patients over 70 or residing in
a nursing home.

An overview by practice is presented in table 6.5. There were no significant
differences in the mean age, percentage females or nursing home patients

with and without opt-out patients included (paired t-test, p<0.000).
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Table 6.5: Overview of characteristics of the participating 22 practices.

Mean or % Min-max
Isolates received in lab 62 15-115
Patients (total) 53 13-95
Patients included (excluding opt-out) 46 10-87
Patients eligible 39 9-72
E.coli isolates 7 1-14
Medical card patients 57.0% 25.0-87.5
More than 10 visits 49.4% 18.2-75.0
Nursing home patients 4.5% 0-30.8
Age patients 52.7 years 39.1-70.8
Females 78.7% 57.1-88.9
Antimicrobial prescribed on visit 55.5% 38.9-77.8
If so Co-amoxyclav 30.2% 0-59.4
Ampicillin 5.5% 0-18.2
Trimethoprim 28.3% 0-83.3
Quinolones 16.5% 0-47.8
Nitrofurantoin 11.9% 0-45.5
Other 7.6% 0-30.0

Overview of the overall mean, minimum and maximum number of isolates, patients and E.coli isolates
per practice. A breakdown is given of the total number of patients, the number of patients included
(excluding the patients who opted out) and the number of patients eligible per practice. Of the eligible
patients, the % with a medical card, the % with more than 10 visits in the previous year, the % residing
in a nursing home, the % females and their mean age. For the 55.5% of eligible patients who received
an antimicrobial, the mean percentage between practices of each type of antimicrobial is also shown.

Practices showed preferences for certain antimicrobials and prescribing
differed considerably between practices. An overview of practice prescribing
is shown in Figure 6.4. The percentage of patients receiving any antimicrobial

therapy ranged from 39% to 78% between practices.
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Figure 6.4: Total and specific prescribing by practice.

Total and specific percentage prescribing of each type of antimicrobial by practice. Depending on the
practice, between 61% (practice 19) and 22% (practice 14) of patients did not receive an antimicrobial
(white area). The group of antimicrobial the patients received is shown in different colours. For
instance, no quinolones were prescribed in practice 1 and mainly trimethoprim was prescribed in
practices 18 and 22.

Some practices mainly prescribe trimethoprim and nitrofurantoin, according
to the recommended first line treatment of UTI, while other practices
predominantly prescribe fluoroquinolones.

The variation in prescriptions of ampicillin was limited; overall around 6% of
the prescriptions were for ampicillin (or about 4% of the visits). All practices
had relatively high prescribing of co-amoxyclav and trimethoprim, with the
exception of practice 10 where neither was prescribed, and practice 22 where

no co-amoxyclav was prescribed. Some practices showed very high prescribing
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of fluoroquinolones: practices 3 and 21, and in particular practice 14 (44% of
their prescriptions were for quinolones). Nitrofurantoin showed extremes with
practice 1 (high nitrofurantoin but no fluoroquinolone prescribing) and

practices 2, 3, 11, 14, 19 and 20 (no nitrofurantoin was prescribed at all).
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6.5 Prescribing and HSE-PCRS

In the retrospective part of the study (Chapter 3), the antimicrobial
prescribing for each practice was calculated using the HSE-PCRS and was used
as a proxy of total practice antimicrobial prescribing. The percentage
antimicrobial prescribing by practice according to the results of the study and
overall practice prescribing according to the HSE-PCRS were compared. The
HSE-PCRS records all the prescriptions of medical card patients by GP and the
data from all the practice GPs were summed for the practices’ total
antimicrobial prescribing. Data were difficult to compare as the ratio of
medical card patient to private patient was unknown, nor was it known for
what type of infection the prescriptions were given. The percentage of each
antimicrobial group (co-amoxyclav, ampicillin, trimethoprim, quinolones and
nitrofurantoin) was compared between practice prescribing according to the
study and according to the HSE-PCRS and the correlation was calculated (table
6.6). This correlation was significant for all antimicrobials except ampicillin;
higher practice prescribing according to the HSE-PCRS is correlated with

higher practice prescribing as found in the study.

Table 6.6: Correlation of practice prescribing between the study and HSE-PCRS.

Antimicrobial Correlation p-value
Co-amoxyclav 56.1% <0.01
Ampicillin 11.0% >0.05
Trimethoprim 42.6% <0.05
Quinolones 62.9% <0.01
Nitrofurantoin 51.7% <0.01

The percentage of each antimicrobial group prescribed within each practice was calculated according to
the study and according to the HSE-PCRS (medical card patients prescribing database). The correlation
between these percentages was compared and the corresponding p-value is shown. A p-value smaller
than 0.05 is considered significant.
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6.6 Antimicrobial prescribing according to age and gender

When an antimicrobial was prescribed at the index visit, the type of
antimicrobial was compared between males and females and according to age.
Females received trimethoprim relatively more often than males (29% vs 9%),
while males received a prescription for quinolones significantly more often
than females (35% vs 14%). None of the other antimicrobial prescriptions

showed significant differences between males and females (table 6.7).

Table 6.7: Comparison of type of antimicrobial prescription at the index visit according to gender.

Females Males p
N % N %

Co-amoxyclav 129 32.0 30 38.5 ns
Ampicillin 23 5.7 4 5.1 ns
Trimethoprim 118 29.3 7 9.0 <0.01
Quinolones 55 13.6 27 34.6 <0.01
Nitrofurantoin 51 12.7 6 7.7 ns
Total 403 83.8 78 16.2

Comparison of the type of antimicroiabl prescribed according to the gender of the patient. P-value
from the X? test for comparison between those who received a prescription for the antimicrobial and
those who did not.Males more often receive a prescription for quinolones while females receive a
prescription for trimethoprim more often.

No significant differences were found between the type of antimicrobial and
the age of the patient (ANOVA, p>0.05). Figure 6.5 shows the boxplot of this
comparison. More detailed comparison of the age distribution for each
antimicrobial compared to the rest of the group (e.g. the age distribution for
patients who received trimethoprim compared to all the other patients)
showed that patients who received co-amoxyclav were slightly younger
compared to the rest of the group. None of these comparisons were significant

(t-test with a correction for multiple comparisons (Bonferroni)).
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Figure 6.5: Boxplot of the distribution of age according to the type of antimicrobial prescribed at
the index visit.

The boxplot of the distribution of age according to the type of antimicrobial prescribed shows the
‘box’, which represents the middle 50% of values. The line in the box is the median. If the median is in
the middle of the box, mean and median are the same and the data are not skewed. The whiskers show
the minimum and maximum of the data range. The overlap between the six boxplots indicates that
there are no significant differences in age according to the type of antimicrobial prescribed.
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6.7 Medical card and antimicrobial prescribing and resistance

The total number of medical card patients was 495 (57.2%) and the
percentage varied by practice from 25% to 88%. An overview of factors

compared between medical card and private patients is given in table 6.8.

Table 6.8: Overview of differences in patient characteristics between medical card and private

patients.

Medical card Private
Total 495 371

N % N % p
Female 387 78.2 288 77.6 ns
> 10 visits in previous year 357 72.1 66 17.8 <0.01
Positive index sample 121 24.4 62 16.7 <0.01
Any antimicrobial 299 60.4 182 49.1 <0.01

prescribed on index visit

Mean (SD) Min-max | Mean (SD) Min-max P

Age 59.3 (£21.6) 18-100 | 43.1 (x15.2) 18-88 <0.01
Nr antimicrobials 2.0 (x2.5) 0-13 0.7 (x1.2) 0-7 <0.01
prescribed in previous year median 1 median 0
Nr samples in previous 0.8 (z1.3) 0-8 0.4 (x0.9) 0-7 <0.01
year median 0 median 0
Nr positive samples in 0.5 (x0.9) 0-5 0.2 (£0.5) 0-6 <0.01
previous year ’ median 0 median 0

An overview of the number and percentage in each category according to their medical card status. The
p-value for the X* test is presented for the categorical variables (first part). For the continuous
variables (second part) mean, standard deviation (SD), minimum and maximum are given. For the
skewed data the median is included and analysis is done with non-parametric tests.

*

The number of positives is based on a link of the laboratory urine sample number in the file of the patients with the

laboratory results. If no data were available, the sample was assumed negative.
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Males and females are equally represented in the medical card and private
patient groups. As all individuals over 65 years of age automatically qualify for
a medical card, medical card patients are significantly older compared to
private patients.

Medical card holders were significantly more likely to have more than 10 visits
and to have a positive sample in the previous year but they also had more

samples in the previous year compared to private patients (Figure 6.6).
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Figure 6.6: Comparison of humber of antimicrobials and number of urine samples in the previous

year in medical card and private patients.

The number of antimicrobials prescribed to medical card patients (green bars) and to private patients
(blue bars). Private patients have a higher percent in the group without any prescriptions for
antimicrobials in the previous year while medical card patients have a higher percentage of patients
with two or more prescriptions in the previous year. The second graph shows more private patients
without any urine samples submitted in the previous year and a higher percentage of medical card
patients with one or more urine samples submitted in the previous year.

Private patients are less likely to get antimicrobials prescribed on the index
visit to the GP for a suspected UTI, they have fewer antimicrobials prescribed,
fewer urine samples in the previous year, and these samples are less often
positive compared to medical card patients. However, if an antimicrobial was

prescribed, the choice differs between medical card holders and private
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patients; private patients get quinolones prescribed significantly more often
and medical card patients get nitrofurantoin significantly more often (table
6.9). No significant differences were found for the other types of

antimicrobials.

Table 6.9: Comparison between medical card and private patients of type of antimicrobial

prescribed.
Medical Card Private

Total N 299 182

N % N % p
AMC 94 31.4 65 35.7 ns
AMP 19 6.4 8 4.4 ns
TRI 79 26.4 46 25.3 ns
Quinolone 38 12.7 44 24.2 <0.01
NIT 49 16.4 8 4.4 <0.01
Other 20 6.7 11 6.0

The number and % of each type of antimicrobial prescribed according to medical card status (medical
card or private patient) are compared. Significance of the difference is stated as the p-value, ns: not
significant.

Comparing the prescription of any antimicrobial between medical card and
private patients, stratified for more or less than 10 visits per year, showed
that antimicrobials were prescribed significantly more often to medical card
patients when they have more than 10 visits per year (OR 2.3, 95% ClI 1.1-3.7)
but not so when the number of visits to the GP is less than 10 in the previous
year (OR 1.4, 95% CI 0.9-2.3). No differences were found between private and
medical card patients with an E.coli infection resistant to any or specific
antimicrobials, overall or stratified by the number of visits in the previous

year.
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6.8 Appropriateness of treatment

Appropriateness of different treatment approaches was assessed by comparing
the treatment prescribed by the GP with the antimicrobial susceptibility of
the organism cultured. Overall, not treating a culture-confirmed UTI with
antimicrobials was considered inappropriate as well as treatment with an
antimicrobial to which the organism was resistant. Antimicrobial treatment for
patients without a positive culture was also considered inappropriate. Not
treating patients with a negative culture and treating patients with culture-
confirmed UTI with an antimicrobial to which the pathogen is susceptible were
considered appropriate. A simulation of different treatment options, i.e. if all
patients who received an antimicrobial were treated with nitrofurantoin, with
trimethoprim or with ciprofloxacin, is also presented. Based on the relative
numbers of E.coli in each treatment group, an additional analysis was
performed to assess at what trimethoprim resistance level the trimethoprim
scenario would reach similar levels of appropriate treatment as nitrofurantoin
and fluoroquinolones. The price of treatment is calculated from the average
price of all the prescriptions of these practices for this antimicrobial group.
Prices were according to the manufacturing cost of the medicine as recorded
in the HSE-PCRS.

An antimicrobial treatment was prescribed to 481 (56%) of the 866 patients
included in this study; the two unknown antimicrobial therapies were
interpreted as appropriate. The appropriateness of treatment was compared
with the laboratory report on the urine sample and interpreted as appropriate
for 55% of patients (table 6.10). Additionally, the appropriateness of three
specific scenarios was assessed; all antimicrobial prescriptions were
nitrofurantoin (scenario 1), trimethoprim (scenario 2) or fluoroquinolone

(scenario 3).
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Table 6.10: Overview of appropriateness of different treatment approaches.

Treatment option Appropriately Inappropriately  Total Cost (€) for

treated patients  treated patients 481 treatments
N (%) N (%)

As prescribed by GP 478 (55.2) 388 (44.8) € 3,685*

Empiric treatment with:

Nitrofurantoin only 498 (57.5) 368 (42.5) €2,222

Trimethoprim only 455 (52.5) 411 (47.5) € 2,001

Fluoroquinolones only 499 (57.6) 367 (42.4) € 7,691

The treatment prescribed by the GP was appropriate if patients with an organism identified received
treatment to which the organism was susceptible, or not treating patients with a negative culture.
Alternative scenarios suggested were if only nitrofurantoin, only trimethoprim or only fluoroquinolones
were prescribed when the GP prescribed an antimicrobial. The total cost (according to manufacturing
cost) of each treatment was calculated for each scenario. (*2 unknown treatments not included in cost)

Analyses of these scenarios showed that treatment as prescribed by the GP
and nitrofurantoin only treatment reached similar levels of appropriately
treated patients but at a much lower cost for nitrofurantoin. Additional use of
urine dipstick to exclude prescribing of nitrofurantoin for patients with
alkaline urine (often resulting from an infection with Proteus spp. for which
nitrofurantoin would be considered inappropriate treatment) could further
increase the appropriateness of treatment of UTI with nitrofurantoin
(Simerville, Maxted et al. 2005). Comparable levels of appropriateness of
treatment were observed for treatment with ciprofloxacin only, but at a
higher cost. Empirical treatment of all patients with trimethoprim only was
less often appropriate due to higher resistance levels. The additional analysis
of different trimethoprim resistance levels showed that appropriate treatment

would reach 57.4% at resistance levels for trimethoprim of 10% (Figure 6.7).
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Appropriateness of treatment with trimethoprim only
866 urine samples

Scenarios at different trimethoprim resistance levels
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Figure 6.7: Appropriateness of treatment with trimethoprim only and scenarios at different

trimethoprim resistance levels.

A flow chart of the microbiological analysis of the urine samples and the assessment of the
appropriateness of therapy if the GP were to prescribe trimethoprim only. Dark blue boxes indicate
appropriate treatment; orange boxes indicate inappropriate treatment. An additional analysis of the
treatment of E.coli UTI according to different resistance levels in the community is shown (light blue
back ground). Treatment with trimethoprim is more often appropriate with less resistance, as the
likelihood that the E.coli is susceptible is higher.
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6.9 Discussion

The high level of participation of patients due to the opt-out method of
recruitment, allows generalisation of the results of this study. Overall, only
one in five urine samples of patients with suspected UTI have significant
bacteriuria according to the definition used in this study. A high proportion of
patients (481 or 56%) are treated with antimicrobials. Of these patients, 56%
(268) had no laboratory evidence of UTI and a further 11% (55) of these
patients have pyuria but no significant bacteriuria. A number of these
prescriptions were not appropriate, because the organism was resistant or the
treatment was not appropriate for the infection with the organism identified
in the urine culture, which resulted in 14% effective prescribing.
Recommended first line treatment is only prescribed for 38% of patients
(trimethoprim or nitrofurantoin); 33% of the prescriptions are co-amoxyclav,
26% trimethoprim and only 12% nitrofurantoin. Treatment of UTI in general
practice shows important variation between practices and clear practice
preferences for certain antimicrobials. This was most striking for quinolones,
which is the prescription of first choice in some practices, and which was
prescribed to 17% of all patients in the study. Additionally, quinolones were
more often prescribed to private patients and nitrofurantoin more often to
medical card patients. Generally however, medical card patients did not
receive more antimicrobials compared to private patients when stratified for
the number of visits. Differences in prescribing did not (yet) affect resistance
levels according to medical card status as there was no significant difference
in the resistance patterns of the isolates. Also, quinolones were more often
prescribed to males than females and trimethoprim was more often prescribed
to females than males. UTls are often considered to be more serious in males,
especially with the difficulty of excluding prostatitis in men (Lipsky 2000;
Hummers-Pradier, Ohse et al. 2004) and this is probably the explanation why a

gender difference in prescribing was found.
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Finally, 55% of patients received treatment by the GP that was classified as
appropriate, defined as no treatment when this was not necessary or
appropriate treatment in the case of a laboratory-confirmed UTI. If all
antimicrobial prescriptions by the GP were for nitrofurantoin, 57% of the
treatments would have been classified as appropriate with a total cost that
would be lower than the total cost of the antimicrobial treatments actually
prescribed by the GP. While there are patients for whom nitrofurantoin is not
appropriate (Zalmanovici Trestioreanu, Green et al. 2010; Gupta, Hooton et
al. 2011), this finding suggests that nitrofurantoin may be the preferred agent
for empiric therapy in the absence of a specific contraindication. Even though
quinolones also reach this higher level of appropriateness, the price of
treatment with quinolones is nearly 3.5 times higher than nitrofurantoin
treatment. In addition, there are specific concerns related to increasing levels
of resistance to fluoroquinolone agents (Woodford and Livermore 2009; Gupta,
Hooton et al. 2011) as well as concerns that patients with fluoroquinolone
resistant E.coli bacteraemia were found to be at higher risk of mortality,
most likely due to delayed adequate antimicrobial therapy (Lautenbach,
Metlay et al. 2005; Ortega, Marco et al. 2009). As empirical therapy is
initiated before the causative pathogen is identified, the prescription of
antimicrobial treatment should aim to be active against the most likely
pathogens, taking into account local resistance profiles while not increasing

the potential impact on resistance levels (Kollef 2008).

125



Chapter 6: Management of UTI in general practice

6.10 How this compares

The high number of participants in this study shows the success of the opt-out
methodology. A paper from Germany on management of UTI in female
patients (Hummers-Pradier, Ohse et al. 2005), enrolled 585 patients with
suspected UTI from 36 practices over a period of four months while Fahy et al.
(Fahey, Webb et al. 2003) enrolled 160 patients from eight practices in Bristol
over a four month period. An observational study recruited 288 patients from
9 practices and required the GP to enrol patients and the patients to fill out a
questionnaire (O'Brien, Hillier et al. 2007). They obtained 60% response and
39% subsequent participation. A prospective study with two recruitment arms
obtained 66% participation for patients approached within the healthcare
facility and 41% participation in a random sample of non attending patients
(Hay, Thomas et al. 2005). In a spotter practice model, clinicians from three
general practices were asked to submit MSUs from all patients presenting with
symptoms suggestive of UTI (Richards 2002). The percentage of patients with
significant bacteriuria was 26%. Additional information from a sentinel
practice group showed significant growth in 28% of the urine samples received
(Ludlam, Sule et al. 2004). Our results with a high inclusion rate (866 patients
over two months) and 21% positive urine samples compares favourably. The
high inclusion is partially due to the fact that the GPs in our study were not
requested to enrol the patients, and neither the patient nor GP were
requested to provide additional information. This additional information is
available from the other studies, which can be seen as the trade off between
more detailed patient information and a more representative population.

It is clear from our results that decisions on empiric prescriptions of
antimicrobials often show discrepancies with the subsequent outcome of the
laboratory analysis of urine by culture and microscopy. Additionally, the
recommended first line empirical treatment is trimethoprim or nitrofurantoin
(Strategy for the control of Antimicrobial Resistance in Ireland (SARI) 2008),

which were prescribed to only 37% of patients. These guidelines do not include
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the limitation included in other recommendations (Gupta, Hooton et al. 2011)
to avoid trimethoprim when trimethoprim resistance levels exceed 20% or
when trimethoprim was prescribed in the previous three months.

Some practices showed clear preferences for recommended first line agents
while others preferred fluoroquinolones. More effective approaches are
needed to influence antimicrobial prescribing in general practices and
specifically to limit the use of fluoroquinolones. Levels of resistance to
ciprofloxacin in E.coli increased from 5.3% in 2002 to 8.3% in 2009 (Chulain,
Murray et al. 2005). Similar tendencies have been observed in other countries
(Gupta, Hooton et al. 2001; van de Sande-Bruinsma, Grundmann et al. 2008;
Reynolds 2009). On a bigger scale, an analysis of antimicrobial use in four UK
administrations also revealed important practice variations (Davey, Ferech et
al. 2008). The relevance of practice variation in resistance levels has
previously been described by us in a multilevel analysis of retrospective data
from 72 practices over a 4.5 year period. In this analysis it was shown that the
variation in levels of resistance (in uropathogenic E.coli) between practices
was higher for ciprofloxacin than it was for trimethoprim and that both were
associated with overall practice prescribing of the antimicrobial (Vellinga,
Murphy et al. 2010). It has been suggested that it is likely that limitation of
fluoroquinolone prescribing will curtail resistance levels (Gottesman, Carmeli
et al. 2009) while this seems to be less likely for the more disseminated
trimethoprim (Enne 2010; Sundgqyvist, Geli et al. 2010).

Empiric antimicrobial treatment was prescribed to 56% of the patients and 37%
of patients received a prescription for an antimicrobial without laboratory
evidence of UTI. A surveillance study showed that more than 80% of patients
presenting with a suspected UTI in English general practice received an
antimicrobial (Petersen and Hayward 2007). A comparable study from
Germany, in which similar inclusion criteria to ours were used, also found 56%
prescribing overall and 22% of the prescribing was for patients without any
evidence of urinary tract infection (Hummers-Pradier, Ohse et al. 2005). It is

clear that there remains scope for reductions in antimicrobial prescribing in
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general practice and symptomatic treatment of patients with suspected UTI
might be an option. A Belgian study has shown that half of the patients were
free of symptoms after three days of placebo (Christiaens, De Meyere et al.
2002) and a recent trial showed no difference between symptomatic
treatment with ibuprofen or ciprofloxacin for uncomplicated UTI (Bleidorn,
Gagyor et al. 2010). A study comparing different antimicrobial strategies with
placebo in a large UTI trial showed slightly poorer results for the placebo
group (Ferry, Holm et al. 2004). These results suggest that UTI is often a self-
limiting disorder and symptomatic treatment of uncomplicated UTI deserves
further research. However, when empiric treatment is preferred, preference
should be given to nitrofurantoin in the absence of any specific
contraindication. A recent review comparing different classes of
antimicrobials for treatment of acute uncomplicated UTI in women found no
differences between trimethoprim, fluoroquinolones, -lactam/B-lactamase
antibiotics and nitrofurantoin for the symptomatic cure of acute
uncomplicated UTI (Zalmanovici Trestioreanu, Green et al. 2010).
Nitrofurantoin is an appropriate agent because of low resistance levels in the
community and relatively low cost. Additionally, a recent analysis of recurrent
infections showed that resistance to nitrofurantoin was generally low and,
once detected, decays relatively quickly (Vellinga, Cormican et al. 2010).
There are theoretical reasons to believe that it may be less likely to select for
antimicrobial resistance as it is concentrated in urine whereas other agents
are distributed extensively in all body compartments including the
gastrointestinal tract (Roe 2008; Sandegren, Lindqvist et al. 2008).
Interestingly, socio-economic differences were also identified in the type of
antimicrobials prescribed. These differences did not show increased
antimicrobial use in lower socio-economic classes, but rather increased
consultations. However, when corrected for increased visits, it was shown that
ciprofloxacin was more often prescribed to private patients while medical
card patients were more likely to get nitrofurantoin. The socio-economic

status of the patient as a factor in the prescribing behaviour of the physician,
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irrespective of medical reasons, has previously been described in various
studies (Scott, Shiell et al. 1996; Ohlsson, Chaix et al. 2009). However, it is
not always clear whether it is the socio-economic status of the patient, the
type of practice, or the GP that influences the prescribing of medication. A
Canadian study in which province level prescribing was analysed showed
associations between fluoroquinolone prescribing and socio-economic
variables; fluoroquinolones were more likely to be used in advantaged
populations (Glass, Pearl et al. 2010). A Swedish multilevel study showed that
patients visiting a private health-care practice had a four times higher
probability of being prescribed a new, more expensive medicine (but with
limited evidence on its safety), compared to patients visiting public health
care practices. This variation between practices was, according to a prior
study from the same research group, for 50% due to variations among GPs
(Hjerpe, Ohlsson et al. 2010) while a New Zealand study showed 10% to be
explained by practitioners variation (Davis, Gribben et al. 2002). Socio-
economic status can be described in various ways, from income to education
level, but particularly private health insurance has been shown to be an
important factor in the decision to prescribe, follow up or test (Scott, Shiell et
al. 1996). In our retrospective study, socio-economic status of the area where
the practice was situated was found to be (border line significantly)
associated with the outcome of the probability of a resistant E.coli infection.
The information from the prospective study showed that GPs seem to
prescribe differently for private patients compared to medical card patients.

Further multilevel analysis of this particular association will be pursued.
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prospective case-control study.

7.1 Introduction

This analysis was part of the prospective study on antimicrobial resistance and
prescribing for UTI in general practice. This case-control study was set up in
22 participating practices in the West of Ireland and ran over a period of nine
months. All adult patients visiting a participating practice with a suspected
UTI were requested to supply a urine sample. For this part of the study data
were collected on E.coli positive urine samples only. Cases were patients with

a resistant E.coli UTI, controls were patients with a susceptible E.coli UTI.
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7.2 Methods

7.2.1 Microbiology

All urine samples with laboratory confirmed E.coli isolates (colony count >10°
cfu/ml) were included. Only the first E.coli confirmed isolate during the study
period was included in this analysis. Antimicrobial susceptibility testing was
performed by disk diffusion methods according the Clinical and Laboratory
Standards Institute (CLSI) methods (Clinical and Laboratory Standards Institute
2010). Susceptibility testing was performed and analysed for ampicillin, co-
amoxyclav, trimethoprim, ciprofloxacin and nitrofurantoin. For further
statistical analysis, E.coli isolates classified as ‘intermediate’ were

categorised as resistant.

7.2.2 Statistical analysis

Individual level variables

At the patient level, data were collected on previous antimicrobial
prescriptions up to a year prior to the first sample submitted during the study
period. Any antimicrobial prescribed during this period was recorded
according to the major antimicrobial group: penicillins, B-lactam/B-lactamase
inhibitor combinations (co-amoxyclav mainly), trimethoprim,
fluoroquinolones, cephalosporins and other antimicrobials. The
fluoroquinolones recorded were mainly ciprofloxacin and occasionally
ofloxacin. For univariate analysis, prescribing in the previous year was
dichotomised (yes/no). For multilevel analysis, the number of prescriptions of
antimicrobials in the previous year was included as a categorical variable: no
prescriptions, one prescription, two prescriptions and three or more
prescriptions. For ciprofloxacin the highest two categories were collapsed into
two or more prescriptions in the previous year. From the laboratory system,
age, gender (female the reference category) and nursing home residence of
the patients were available. Additional data were collected from the

individual charts on previous urine samples, medical card status, number of
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GP visits in the previous year (more or less than 10), number of urine samples
in the previous year, and other prescriptions categorised as medication for
asthma, diabetes, thyroid, cardiovascular or circulatory medication, mood
altering and sleep medication or any other medication. Age was centred
around the general mean age. Medical card eligibility depends on income and
age and can be interpreted as a proxy measure of socio-economic status. A
medical card gives the individual access to free medical care and medication.
Hospitalisation in the previous year was recorded from the GP charts and
checked with the hospital patient administration system of the main hospital

for the region.

Group level variables

The study included data on 22 practices of various sizes. The number of urine
samples included for each practice over the study period was included as a
variable. For each practice prescription rates were calculated based on (1)
data obtained from the Health Service Executive-Primary Care Reimbursement
Service (HSE-PCRS) which records all prescriptions for medical card patients
and (2) data collected during the first part of this study (Chapter 6). A
practice resistance level was calculated from retrospective laboratory data for
the year prior to the start of the prospective study (September 2008 to August

2009) as a proxy for exposure to practice level resistance.

Statistical analysis

Univariate analysis (PASW version 18.0) was performed to compare
demographic variables and antimicrobial prescribing between individuals with
a susceptible isolate and individuals with a resistant isolate. Continuous
variables were compared using non-parametric tests. Antimicrobial prescribing
in the previous year was dichotomised (yes/no) to be able to generate odds
ratios. Unadjusted associations were calculated and variables significant at a

p-value <0.1 were included in subsequent multilevel analysis.
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A multilevel logistic regression analysis was used to estimate the odds of
patients being diagnosed with a resistant E.coli UTI, allowing for the
hierarchical structure of the data (patients nested within practices). The
model building used a forward stepwise selection process. The ‘empty’ model
only including the random parameter was calculated, and individual and
practice level variables were introduced. Cross-level and intra-level
interactions were checked for significance. Models were compared using the
deviance information criterion (DIC) which combines the deviance with
information about the number of parameters in the model (a lower DIC implies
a better model). To avoid collinearity, variables that were closely correlated
were separately introduced in each model and only the most significant
variable was retained (for instance, hospitalisation in the previous year and
emergency department admission; medical card status and number of visits in
the previous year; medical card status and prescriptions for other illnesses).
The percentage of proportional change in variance (PCV) was calculated,
representing the percentage of variation explained by the variables in the
model compared to the empty model.

The adjusted odds ratios (OR) with 95% confidence intervals (95% Cl) for
resistance to the antimicrobial agents were calculated for the fixed effects. In
order to quantify the variability between practices in antimicrobial resistance
level, median odds ratios (mOR) were calculated using Larsen’s mOR (Larsen,
Petersen et al. 2000; Merlo, Chaix et al. 2006). A mOR equal to one signifies
no differences between practices in the probability of an antimicrobial
resistant E.coli. For the mOR a Bayesian credible interval (Crl) was calculated
based on the distribution of the mOR, to distinguish it from a fixed effects
odds ratio confidence interval.

To optimise comparison, a final model was built for the outcome resistance to
the particular antimicrobial using the same variables, irrespective of their
significance. Parameters were estimated by Markov Chain Monte Carlo (MCMC)
methods in the MLwiN version 2.21 software (Browne 2003; Rasbash 2003). A

p-value <0.05 was considered significant.
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7.3 Results

7.3.1 Practices and participants

The 22 practices submitted between 6 and 58 E.coli positive urines. The
number of antimicrobial prescriptions per practice ranged from 28 to 171,
with a mean of 129. The mean practice resistance for ciprofloxacin was 8%
and 31% for trimethoprim (table 7.1).

Over the nine month period, 633 patients with a laboratory-confirmed E.coli
UTI and a full record for all variables were included (table 7.2). Of the E.coli
isolates, 36% were resistant to trimethoprim and 12% to ciprofloxacin. Overall
66.1% of patients had at least one antimicrobial prescribed in the year prior to
this episode of UTI: 14.7% had at least one prescription for ciprofloxacin and

20.5% for trimethoprim.

Table 7.1: Overview of practice level characteristics.

Practice level Mean Median Min-max IQR
N patients 28.8 27 6-58 18-38
N of antimicrobial 129 131 28-171 116-150
prescriptions/month
% /month
Quinolones 5.3 5.5 2.0-8.0 4.2-6.1
Trimethoprim 6.7 7.0 2.2-11.3 4.2-8.7
Resistance 2008-2009 (%)
Ciprofloxacin 8.4 6.9 0-23.5 4.7-11.5
Trimethoprim 31.5 30.0 17.2-52.6  24.6-38.3

Overview of the mean, median, minimum, maximum and interquartile range (IQR) for the number of
patients, the prescriptions of antimicrobials per month and the percentage of quinolone and
trimethoprim prescribing of the practices. Additionally, the percentages of ciprofloxacin and
trimethoprim resistance in the year previous to the study are given.
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7.3.2 Univariate analysis

Patients with a medical card represented 61% of this group, and the
proportion of UTI patients with a resistant E.coli was significantly higher in
medical card patients compared to private patients for both antimicrobials.
Similarly, increasing age, increasing number of antimicrobial prescriptions,
nursing home residence , prescription for other conditions (in particular
patients receiving cardiovascular medication), and number of visits in the
previous year were associated with a higher chance of a resistant E.coli
compared to susceptible E.coli UTI patients. Male gender and hospitalisation
in the previous year had a significantly higher odds ratio for patients with a
ciprofloxacin resistant E.coli compared to susceptible E.coli UTI patients. An
overview of the patient and practice characteristics and univariate analysis is

presented in table 7.2.
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Table 7.2: Overview of patient level characteristics and univariate associations (*: p<0.05).

Characteristics % Trimethoprim Ciprofloxacin
Susceptible Resistant Susceptible Resistant
N 403 230 555 78
% 63.7 36.3 87.7 12.3
Patient level categorised variables and odds ratios (95% Cl)
Susceptible Resistant Susceptible Resistant
Male gender 7.7 31 18 38 11
1.0 (0.6-1.9) 2.2 (1.1-4.6)*
Nursing home 6.3 16 23 22 17
residence
2.7 (1.4-5.2)* 6.8 (3.4-13.4)*
Hospitalisation 16.4 59 44 81 22
1.4 (0.9-2.1) 2.3 (1.3-4.0)*
Medical Card 60.9 230 155 320 65
1.5 (1.1-2.2)* 3.7 (2.0-6.8)*
Other condition 63.1 237 162 335 64
1.7 (1.2-2.4)* 3.0 (1.6-5.5)*
CardioVascular 33.0 118 90 168 40
1.6 (1.1-2.2)* 2.4 (1.5-3.9)*
> 10.visits in 48.7 176 132 251 57
previous year
1.7 (1.3-2.4)* 3.3 (1.9-5.6)*
Prescribing in previous year and odds ratios (95% Cl)
TRI 20.5 61 69 101 29
2.4 (1.6-3.6)* 2.7 (1.6-4.4)*
CIP 14.7 47 45 63 29
1.8 (1.2-2.9)* 4.6 (2.7-7.8)*
Continuous variables (mean)
Age 56.4 53.8 60.8* 54.5 69.4*
Number of antimicrobial prescriptions
1.98 1.7 2.5 1.8 3.5

Overview and univariate analysis of patient level characteristics. The second column shows the % of the
patients with this risk factor. The number and % of patients with an E.coli susceptible for
trimethoprim/ciprofloxacin are given in the next columns. For the categorised variables an odds ratio
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was calculated for the risk factor (compared to the risk factor not present). For instance, 6.3% of
patients were nursing home residents, 16 patients in nursing homes had a trimethoprim susceptible
E.coli infection and 23 a resistant, the odds of a patient in a nursing home being diagnosed with a
trimethoprim resistant E.coli UTI was 2.7 times higher than a patient in the community. Odds ratios
were significant when their confidence interval did not include 1. For continuous variables the overall
mean age was 56.4 years, patients with a trimethoprim resistant E.coli UTI were on average 53.8 years
old and those with a resistant E.coli UTI 60.8 years, and this difference was significant (indicated by *).
The number of antimicrobial prescriptions in the previous year was a skewed variable and the
comparison was analysed with non-parametric tests. This difference was not significant for either
antimicrobial.

7.3.3 Multilevel modeling

The final model was generated including age, male gender, nursing home
residence, hospitalisation in the previous year, medical card eligibility,
prescriptions for other conditions, and antimicrobial prescribing in the
previous year at the patient level (table 7.3). At practice level the percentage
antimicrobial prescribing of the respective agents per month was included
even though this model was only slightly better than the model with practice

resistance levels and neither practice level variable obtained significance.
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Table 7.3: Overview of multilevel analysis.

Trimethoprim Ciprofloxacin
Patient level OR 95% Cl OR 95% Cl
Prescribing previous year
1 prescription 1.40 0.83-2.19 2.67 1.24-5.60
2 prescriptions 4.72 1.91- 6.47 2.86-14.78
12.44
3/> prescriptions 6.40 1.99-
25.41
Age 1.01 1.00-1.02 1.02 1.00-1.04
Male gender 1.00 0.52-1.94 1.60 0.66-3.70
Nursing home 1.77 0.85-3.71 3.45 1.50-7.86
residence
Hospitalisation in 1.12 0.70-1.83 1.55 0.82-2.90
previous year
Medical card 1.05 0.70-1.56 1.97 0.94-4.01
Practice level
Practice prescribing 1.04 0.94-1.13 0.95 0.79-1.14
Measures of variation
o’ (SD)
Empty model 0.03 (0.04) 0.16 (0.18)
Final model 0.03 (0.05) 0.09 (0.13)
ICC 1% 5%
PCV 4% 43%
mOR
Empty model 1.17 1.03-1.39 1.46 1.03-2.15
Final model 1.17 1.03-1.46 1.33 1.03-1.90

Overview of the odds ratios and 95% confidence interval (Cl) for all the variables entered in the
multilevel analysis. Odds ratios are significant when their confidence interval does not include 1. The
odds ratio is for the risk factor present compared to the risk factor absent. For previous prescribing for
instance, the odds ratio was 1.4 times higher for patients who had one prescription of trimethoprim in
the previous year compared to patients who did not have a previous prescription of trimethoprim, 4.72
times higher for a patient with 2 previous prescriptions of trimethoprim compared to a patient with no
prescriptions, and so on. &’ is the variance at practice level and SD the standard deviation. The ICC is
the intraclass correlation coefficient, PCV Proportional Change in Variance, mOR is the median Odds
Ratio. For more background see ‘Statistical Analysis’ part of methods.
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The odds of an infection with a resistant E.coli increased with an increasing
number of prescriptions over the previous year: for ciprofloxacin the odds
ratio was 2.7 (95% Cl 1.2-5.6) for one and 6.5 (95% Cl 2.9-14.8) for two or
more ciprofloxacin prescriptions in the previous year compared to no
prescriptions. For trimethoprim this effect only became significant after at
least two trimethoprim prescriptions in the previous year: OR 4.7 (95% CI 1.9-
12.4) and up to 6.4 (95% Cl 2.0-25.4) for three or more trimethoprim
prescriptions per year. For both antimicrobials the trend (increased chance of
a resistant E.coli with increased previous prescribing), tested significant.
Figure 7.1 shows a graph of the predicted probability (and prediction interval)
of a resistant E.coli UTI with increasing number of prescriptions. The
predicted probability is calculated based on the final model in which all other
variables were set at their mean value. The predicted probability of a UTI
with a trimethoprim resistant E.coli was 32.6% (95% prediction interval 28.1-
37.2) if the individual had no previous prescriptions of trimethoprim, 39.9%
(95% PI1 30.0-50.8) with one previous prescription, 68.4% (95% Pl 47.5-85.0)
with two previous prescriptions and 73.7% (95% Pl 46.7-91.8) with three or
more prescriptions of trimethoprim in the previous year. For ciprofloxacin the
predicted probability of a UTI with a ciprofloxacin resistant E.coli was 7.4%
(95% P1 5.3-10.2) if the individual had no previous prescriptions of
ciprofloxacin, 17.9% (95% Pl 9.2-30.4) with one previous prescription and
33.7% (95% Pl 18.8-51.4) with two or more previous prescriptions of

ciprofloxacin in the previous year.
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Figure 7.1: Predicted probability and prediction interval of a resistant E.coli with increasing number

of prescriptions for ciprofloxacin and trimethoprim prescribing in the previous year.

The predicted probability of a resistant E.coli with an increasing number of trimethoprim/ciprofloxacin
prescriptions was based on the final model in which the other variables were set at their mean value.
The error bars are the 95% prediction interval. This means that for the ‘mean’ patient with a UTI the
probability of a trimethoprim resistant E.coli increased from just over 30% (prevalence) to nearly 40%
for one previous prescription, nearly 70% with two previous prescriptions and more than 70% for three
or more prescriptions of trimethoprim in the previous year. For ciprofloxacin the probabilities were 7%,
nearly 18% and 34% for no, one and two or more prescriptions respectively.
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Age is a significant factor in the odds of a resistant E.coli. Male gender,
hospitalisation and medical card status are of no significance for either
antimicrobial in the odds of a resistant E.coli, after correction for the other
factors. Nursing home residence is a significant factor for ciprofloxacin
resistance (Figure 7.2), with a threefold increase in odds ratio but this was not

found for trimethoprim.
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Figure 7.2: Predicted probability of a ciprofloxacin resistant E.coli for patients in the community or

in a nursing home.

The predicted probability (and prediction interval (error bars)) of a ciprofloxacin resistant E.coli with
an increasing number of ciprofloxacin prescriptions in the previous year and according to nursing home
status was calculated based on the final model in which the other variables were set at their mean
value. For a patient with UTI and two or more previous prescriptions of ciprofloxacin, the predicted
probability in the community is just over 30% and double this (60%) in a nursing home.

The cluster effect calculated in the ICC was relatively small for trimethoprim
and larger for ciprofloxacin which means that the intercluster effect of
ciprofloxacin was relatively more important while the individual factors were
more important for explaining the variation in resistance to trimethoprim. A
caterpillar plot showing the estimated residuals for all the practices in rank
order was made based on the final model (Figure 7.3). The horizontal line at

zero is the average resistance at practice level. The practice level residuals
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are greater for ciprofloxacin, which showed a higher variability in

antimicrobial resistance between practices for ciprofloxacin compared to

trimethoprim.
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Figure 7.3 Practice level residuals for trimethoprim and ciprofloxacin resistance.

Caterpillar plot of the residuals (the difference between the observed values and predicted values
according to the calculated model) of each practice. The further the residual is from the horizontal line
at zero, the more extreme variation in resistance levels between the practices. If there was no practice
effect, all points would lie on a horizontal line. Practice residuals were ranked from low to high to

produce this plot.

The cluster effect or practice level variance is also reflected in the mOR; the

higher the mOR, the more important the difference between practices is. The
mOR for trimethoprim is 1.17 (Crl 1.03-1.46) and 1.33 (Crl 1.03-1.90) for

ciprofloxacin. This can be interpreted as an increased risk of 17% for

trimethoprim or 33% for ciprofloxacin of a UTI with a resistant E.coli, had the

patient consulted in another practice with higher risk. Comparing the

relevance of variables for understanding variations in the odds of a resistant

E.coli, the impact of the person’s previous prescriptions was of highest

relevance but the between practices variation was similarly important (mORs

with similar magnitude). The decrease of mOR from the empty to the full
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model for ciprofloxacin suggests that the practice variance is due to practice
level variables and not due to a different individual composition of the
practice. For trimethoprim no difference between the empty model and the
final model was observed indicating that the (small) variance observed
between practices was not due to differences in the introduced individual or
practice level variables.

A number of additional analyses were performed. Firstly, excluding the
extended-spectrum beta-lactamase® (ESBL’s) E.coli from the multilevel
analysis resulted in the non-significance of nursing home residence for
ciprofloxacin. Trimethoprim resistance was not significantly affected by
nursing home residence in either model. Secondly, a trimethoprim resistance
model was run replacing trimethoprim prescribing with the combination of
ampicillin and trimethoprim prescription in the previous year but this did not
improve the model. Thirdly, differences in hospitalisation (with and without
emergency admission and outpatient visits) were compared as well as the
period of admission (one year or six months). No important differences were

observed.

7.3.4 Power

To assess the power of the study, a model with dichotomised prescribing in
the previous year was fitted (yes/no previous prescribing). The odds ratio for
the prescription of trimethoprim in the previous year was 2.1 (95% Cl 1.4-3.0)
and for ciprofloxacin 3.9 (95% Cl 2.2-7.1). The design effect, a correction for
the cluster effect, was calculated as p(m-1)+1 where p is the intraclass
correlation coefficient and m is the average number of patients per cluster
(Eldridge, Ashby et al. 2006). The design effect for trimethoprim was 1.29 and
for ciprofloxacin 2.4. The corresponding calculated power adjusted for

clustering was 92% for the model with trimethoprim and 86% for ciprofloxacin.

S Extended-spectrum-beta-lactamases (ESBL) are enzymes that can be produced by bacteria
making them resistant to beta-lactam antibiotics. ESBL producing organisms are often also
resistant to quinolones and aminoglycosides.
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7.4 Discussion

The main findings of this study were that increased previous prescribing
increases the individual odds of being diagnosed with a resistant E.coli UTI and
the importance of the practice in this propensity. The increasing odds ratios
with an increasing number of antimicrobial prescriptions supports the
causality principle of dose-response relation. The large odds ratio for
trimethoprim after two previous prescriptions and even more so for
ciprofloxacin with significant and high odds ratios after only one previous
prescription, warrants prudent use of these antimicrobials. It should also be
noted that the data analysis did not differentiate between the types of
infection for which the antimicrobial was prescribed, which in particular was
important for ciprofloxacin as this agent is also prescribed for respiratory
infections.

Another variable significant in the ciprofloxacin model was nursing home
residence. The increased odds for nursing home residence was associated with
the higher prevalence of ESBL infections in nursing homes. The problem of
nursing homes as a reservoir for these highly resistant E.coli has been
described previously, and independent risk factors associated with increased
ESBL carriage were found to be increased ciprofloxacin use and UTI infections
(Rooney, O'Leary et al. 2009). The finding that all other factors (except age)
were not significant showed that the chance of being diagnosed with a
resistant E.coli UTI is mainly driven by previous individual prescribing and
practice related factors.

This analysis allowed for the clustering of data at practice level which was
shown to be of importance in a previous published paper (Vellinga, Murphy et
al. 2010). Even though the clustering was quantified as substantial in the
mOR, this practice level variation in the outcome could not be explained by
either practice prescribing or practice resistance levels. A multilevel analysis
of retrospective data, including practice prescribing instead of individual

prescribing, showed similar results for practice level variation. This suggests
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that with only the individual prescribing significant in the prospective model,
it is not practice level prescribing (or resistance) conveying the practice
propensity of a resistant E.coli UTI. This could be a result of the relatively
small numbers in the database. The data used for the retrospective study
were much larger (72 practices and more than 14,000 individuals) which
increased the chance of finding significant associations. Secondly, other
practice-related factors, not included in this study, might be associated with
practice variation in the outcome. An example of such a factor could be the
geographical spread and overlap with other practices of the practice
population.

As mentioned, the main limitation of the study lies in the limited number of
practices and the relatively low cluster size, even though the power of the
study was sufficient. It has been shown that small group size may lead to type
Il error while the fixed effect parameters were unbiased (Moineddin, Matheson
et al. 2007; Theall, Scribner et al. 2009). Publication of our data might urge
other research groups to share their data in an aim to increase the overall
sample size. Additionally, as the mOR is time- and place-specific (Merlo,
Ohlsson et al. 2009), the importance of practice level variation can be further
analysed by the inclusion of data from other centres.

Selection bias threatens the validity of many epidemiological studies. In our
study, however, a selection bias is not expected to be of importance as an
opt-out methodology was used for the inclusion of patients. We showed that
the use of this methodology resulted in an opt-out of 14% and that there was
no difference in opt-out between patients with and without an organism
isolated from their urine sample (Vellinga, Cormican et al. 2011).

Practice variation is a common phenomenon that may reflect different
therapeutic approaches to a similar health problem (Dalemo, Hjerpe et al.
2010; Hjerpe, Ohlsson et al. 2010) or may reflect an underlying, possibly
geographical, trait (Chaix, Merlo et al. 2005). Even though our multilevel
approach controlled for confounding by including practice and patient level

factors, none of the included factors at the practice level could explain the
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variation between practices. Identification of these unidentified factors is
necessary to understand the occurrence and spread of resistance as well as to
design appropriate interventions. It can be suggested that an administrative
boundary like the practice is not appropriate to study antimicrobial resistance
but more data to aggregate at different levels are necessary to investigate
this suggestion. However, it is clear that prudent prescribing of trimethoprim
and ciprofloxacin to individual patients is important as it is highly associated

with the probability of a resistant E.coli UTI.
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7.5 How this compares

Most papers include the time since the last prescription of the antimicrobial in
their analysis and generally show higher odds ratios for prescriptions given
closer to the episode (Donnan, Wei et al. 2004; Hillier, Roberts et al. 2007).
None of these studies looked at previous ciprofloxacin use. For trimethoprim,
increased previous prescribing of trimethoprim and subsequent resistance was
identified by Hillier et al. (Hillier, Roberts et al. 2007) who also found an
association between number of courses of trimethoprim and resistance, even
though they did not find a significant trend (OR 2.08 (95% Cl 1.34-3.22) for one
dose, 2.05 (95% Cl 0.85-4.94) for two doses and 7.53 (95% Cl 2.71-20.88 for
three or more doses). The sample size in their study was comparable to ours
but the prevalence of trimethoprim resistance in our study was higher (17% vs
36%) which might explain the lack of a significant trend in their study. Metlay
et al. also found a strong relationship between the number of any
antimicrobial courses received in the preceding six months and the likelihood
of a trimethoprim-sulfamethoxazole resistant UTI in male veterans, but not
for other antimicrobials (Metlay, Strom et al. 2003). Hay et al. (Hay, Thomas
et al. 2005) did not find an increase in resistance with increasing previous
courses, but found an increase of 1% in the odds of resistance for every
trimethoprim tablet prescribed. Additionally, this study was a population cross
sectional study, while only patients with suspected UTI were included in the
other studies. Even though some of these studies included practice variables,
all data were analysed at the individual level only and none of the analyses
allowed for the cluster effect by separating the practice and individual levels.
Similarly, to our knowledge, no other study has simultaneously included
practice and individual level prescribing in the analysis of individual level
resistance data. Studies analysing individual resistance data include either
individual prescribing of an antimicrobial agent (Metlay, Strom et al. 2003;
Hay, Thomas et al. 2005; Hillier, Roberts et al. 2007; Colgan, Johnson et al.

2008; Colodner, Kometiani et al. 2008) or practice (area) prescribing (Steinke,
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Seaton et al. 2001; Donnan, Wei et al. 2004). Our study showed that when
previous practice prescribing as well as previous individual prescribing is
included, only the individual prescribing is a significant predictor of a UTI with
a resistant E.coli. More studies are necessary to confirm our findings.
However, if it can be replicated in other studies and other areas, such results
may also help to identify other practice or area factors that are of importance

in explaining practice or area level variance.
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7.6 Conclusion

The more trimethoprim or ciprofloxacin prescribed in the previous year, the
higher the odds of an E.coli UTI resistant to this agent. Visiting a different
practice can also influence this chance of a resistant E.coli UTI. None of this
variation could be explained by practice resistance or prescribing levels. The
chance of being diagnosed with a resistant E.coli UTI is mainly driven by

previous prescribing and practice related factors.
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Chapter 8: Bringing it all together

8.1 Summary of key findings

The retrospective multilevel analysis of trimethoprim and ciprofloxacin showed
that practice prescribing of trimethoprim and ciprofloxacin was associated with
the individual probability of an E.coli UTI resistant to the respective agent; the
higher practice prescribing, the higher the probability. (Primary research
objective 1).

Practice level variation was higher for ciprofloxacin than it was for
trimethoprim, suggesting that before resistance to an antimicrobial agent
becomes widely disseminated in the community, variations in prescribing
behaviour might have a greater impact on selection for resistance.

The analysis of recurrent UTI confirmed the impression that susceptibility test
results from a previous UTI can guide subsequent UTI treatment. A test result
from a previous UTI showing E.coli resistant to trimethoprim or ciprofloxacin
warrants against the use of this antimicrobial in a subsequent episode for a
period up to a year. Similarly, a susceptible previous infection indicates the
likelihood that treatment of the current UTI with these antimicrobials will be
successful. (Secondary research objective 2).

Nitrofurantoin resistance was very uncommon and if a resistant infection was
detected, the chance of a subsequent infection with a resistant E.coli within
three months was negligible which promotes nitrofurantoin as a beneficial first
line agent for initial and repeat presentations.

The opt-out methodology was generally well accepted. Participation reached
86%. The 14% of patients opting out suggests that patients understood the
process and effectively felt assured to decline participation

Antimicrobial prescribing for UTI in general practice is variable. Whereas 56% of

patients receive empirical antimicrobials, only 37% of these are according to
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the recommended first line guidelines for prescriptions (trimethoprim or
nitrofurantoin). Only 21% of the submitted urine samples showed significant
growth. (Secondary research objective 1).

Empiric treatment of UTI as prescribed by the GP would give similar results to
standard prescribing of nitrofurantoin only or ciprofloxacin only. However,
standard prescribing of trimethoprim only would not reach the same level of
appropriately treated patients due to higher resistance levels in the
community. Treatment with nitrofurantoin only was cheapest while treatment
with ciprofloxacin only was the most expensive empiric treatment.

An increased number of prescriptions of trimethoprim or ciprofloxacin to an
individual was associated with an increased probability of that individual being
diagnosed with a UTI with an E.coli resistant to the respective agent. (Primary
research objective 2).

Between practice variation was important and a patient’s probability of a
resistant E.coli infection depended on the practice he or she visits. This
practice variation could not be explained by resistance or prescribing levels of

the practice.
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8.2 Study set-up

The study was set up in two distinct parts, a retrospective and a prospective part.
This set-up has shown a humber of advantages. Firstly, the retrospective analysis
study informed the set-up of the prospective study. Data collection was guided by the
significance of variables in the retrospective analysis. Secondly, the quantification of
the variation between practices showed similar mOR in the retrospective and
prospective studies. The consistency of the mOR between the results from the
retrospective study and the prospective study was particularly interesting as the mOR
is time- and place-dependent. Third, the correlation between the aggregated practice
prescribing according to the HSE-PCRS and the detailed prospective study information
showed that the HSE-PCRS is a good proxy, but also that this practice prescribing is
explained by the individual level prescribing; a model including both practice
prescribing and individual prescribing showed that individual prescribing explains all

the variation between antimicrobial prescribing and resistance.
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8.3 Prescribing and resistance

The retrospective study showed that for every prescription per 1000 practice
population the odds for a trimethoprim resistant E.coli increased by 1.02 (95% CI 1.01-
1.04) and for ciprofloxacin the odds increased by 1.08 (95% CI 1.04-1.11) for every
prescription of ciprofloxacin per 1000 practice population.

The retrospective study calculated a prescription rate per month per 1000 practice
population from the overall number of prescriptions prescribed by GPs associated with
the practices. The number of prescriptions was obtained from the HSE-PCRS, a
database of all medication prescribed to medical card patients. The practice
population was calculated from the sum of the number of medical card patients
registered with each practice. Similar to other ecological studies, our retrospective
analysis showed an association between prescribing and resistance and in addition
quantified this association for the individual patient with the use of multilevel
statistical methods. However, a main concern with the use of the medical card
database was highlighted in the prospective study on management of UTI in general
practice. Not all practices have an equal distribution of medical card patients and
private patients. In addition, the data indicated that prescribing to medical card and
private patients might be different. This detail could not emerge from the
retrospective analysis as no data on the ratio of private/medical card patients were
available. The retrospective study showed clearly though, that the number of
prescriptions per patient per month, increases the patient’s chance of having a
resistant E.coli.

To understand the detail of this association, the prospective study was set up to
quantify the direct association between prescribing and resistance. The prospective
study found an association between previous individual prescribing and odds for the
individual of a subsequent resistant E.coli. The odds ratio was 1.4 (95% CI 0.8-2.2) for
patients with one previous prescription of trimethoprim, increasing to 4.7 (95% Cl 1.9-
12.4) and 6.4 (95% Cl 2.0-25.4) for two and three prescriptions of trimethoprim in the
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previous year compared to patients with no previous prescriptions of trimethoprim.
For ciprofloxacin, the odds were 2.7 (95% Cl 1.2-5.6) and 6.5 (95% Cl 2.9-14.8) for one
and two previous prescriptions of ciprofloxacin respectively compared to patients
with no exposure to ciprofloxacin in the previous year. The combination of the results
from the prospective and retrospective studies clearly indicate that prescribing in
general, as well as individual prescribing of antimicrobials, influences the individual

risk of a resistant E.coli to this agent.
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8.4 Increased prescribing and resistance

An indirect as well as a direct association between antimicrobial prescribing and
resistance exists for the individual, and this association was shown to be dose
dependent. According to the retrospective study, increasing practice prescribing from
10 to 20 trimethoprim prescriptions per 1000 patients increased the patients’ chance
of a trimethoprim resistant E.coli from 27% to 32%. Increasing ciprofloxacin practice
prescribing from 10 to 20 prescriptions per 1000 patients increased the patients’
chance of a ciprofloxacin resistant E.coli from 6% to 11%. According to the prospective
study, at the individual level, the probability of a trimethoprim resistant E.coli
increased from 33% for an individual without any trimethoprim prescriptions to 40%
with one prescription of trimethoprim, to 68% for two and to 74% with three or more
trimethoprim prescriptions in the previous year. For ciprofloxacin, the probability of a
ciprofloxacin resistant E.coli increased from 7% for an individual without any
ciprofloxacin prescriptions to 18% for one and to 34% for two or more ciprofloxacin
prescriptions in the previous year. The dose dependent association adds evidence to
the direct and indirect causal relation between antimicrobial prescribing and

resistance.
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8.5 Persistence of resistance

The retrospective study showed in the analysis of the variance between practices that
this was higher for ciprofloxacin compared to trimethoprim, and a similar conclusion
could be made in the prospective study. Additionally, the prescribing of ciprofloxacin
has a relatively higher substantial impact on subsequent ciprofloxacin resistance than
was seen for trimethoprim. The analysis of repeated UTI infections adds to this
knowledge as it shows that the individual ‘wash-out’ of resistance is slow; once an
individual has a trimethoprim resistant E.coli, a subsequent infections within three
months is very likely to be still resistant (80%) as is one at 9-12 months (60%). For
ciprofloxacin, 86% of the subsequent infections within 3 months are still resistant and
46% up to a year. The higher three month positive predictive value and lower 9-12
month PPV of a resistant ciprofloxacin E.coli compared to trimethoprim could also be
due to this higher substantial impact of ciprofloxacin prescribing compared to
trimethoprim. Additionally, the higher overall resistance levels for trimethoprim (the
wider dissemination of trimethoprim) also resulted in smaller differences between
practices.

Antimicrobial cycling is sometimes suggested to contain the spread of antimicrobial
resistance. However, the combination of factors as described above suggests that
antimicrobial cycling would not be an effective method as the rise of resistance and
the subsequent ‘wash out’ would need to be discrete as well as non overlapping time
periods. The time period for ‘wash-out’ has been shown to be much longer than the

time period in which antimicrobial resistance emerges.

156



Chapter 8: Bringing it all together

8.6 Cross-over effects

Practice prescribing according to the HSE-PCRS was associated with individual risk of a
resistant E.coli as well as with practice risk of a resistant E.coli. Previous individual
prescribing was not limited to UTI and showed increased risk of a resistant E.coli
infection with an increasing number of previous prescriptions. This shows that it is
antimicrobial prescribing in general, for any type of infection, which affects the risk
of a resistant E.coli UTI.

The strength of the association would potentially be higher if only patients without
any previous prescriptions were taken into account (as the measurement of exposure
would be more extreme). Similarly, potential cross-resistance would potentially be
eliminated if controls (for the prospective study) were only patients with an E.coli
infection susceptible to all tested antimicrobials. However, the sample size of the
prospective study would not allow such a comparison. Also, the comparison as made

in our analyses better reflects the actual clinical situation.
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8.7 Practice variation

Practice variation was demonstrated in a number of ways. Firstly, the variation in
resistance between practices was different for ciprofloxacin and trimethoprim, as
shown in the caterpillar plot in both the prospective and retrospective studies (Figure
3.8, page 64 and Figure 7.3, page 142). These caterpillar plots showed the average
resistance at practice level and rank the practices in their deviance from this
average. The variation was markedly higher for ciprofloxacin compared to
trimethoprim for both models. Practice variation was also calculated by the mOR
(median odds ratio) which can be interpreted as a higher level (practice) odds ratio
for the average patient; patients could theoretically increase or decrease their
chance of a resistant E.coli by moving practice. The outcome of both studies showed
similar results; there was important variation between practices, the mOR was higher
for ciprofloxacin compared to trimethoprim and the size of the mOR was also
comparable. The consistency of the findings in the prospective and retrospective
studies confirms that higher level variation is of importance in the risk of a resistant
E.coli UTI. The difference in practice variation was however not significant for the
prospective study, which was most likely due to the small cluster size for some of the
practices.

Finally, differences between practices were clear when comparing practices in their
prescribing behaviour. Guidelines for antimicrobial prescribing in general practice
were not always followed; variation in prescribing between practices was high and
showed a high level of autonomy in the choice of antimicrobial prescribing behaviour
of the GP.

The correlation between prescribing according to the HSE-PCRS and practice
prescribing as recorded in the prospective study was significant for all antimicrobials
except ampicillin. This means that the percentage use of each antimicrobial according
to the HSE-PCRS did broadly overlap with the prescribing recorded in the practice.

Differences between these databases were due to the unknown ratio of private and
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medical card patients as well as the type of infection the antimicrobial was
prescribed for. The difference in prescribing was not expected to be due to
differences in practice population as the mOR was stable and decreased with adding
individual and practice level factors (an increasing mOR could hide a different

individual composition of the practice).
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8.8 Methodological considerations

8.8.1 Issues concerning sampling

The selection of the practices in the prospective study was based on the data from
the year previous to the set up of the study. Some of the practice composition
changed dramatically due to the loss or inclusion of a GP. Both had an impact. Due to
the loss of a GP the number of patients seen and therefore the number of samples
collected decreased, resulting in a lower number of urine samples and isolates than
originally anticipated. The (temporary) replacement of a GP was also highlighted as
an issue as prescribing patterns of a replacement GP could be very different from the
patterns found in the retrospective study. Even though worth mentioning, such

changes could not be incorporated into the analysis of the results.

Sample size for the retrospective study was sufficient. However, the numbers in the
prospective study were limited. Power calculations showed that, including the design
effect, sample size was sufficient to find statistically significant differences in the
occurrence of trimethoprim/ciprofloxacin resistant E.coli UTI between patients who
did and patients who did not have prescriptions of trimethoprim/ciprofloxacin in the
previous year. However, power and sample size calculation simulations for multilevel
studies have shown that minimum cluster sizes and minimum numbers of clusters are
advisable to be able to detect contextual effects (effects on the individual outcome
resulting from group level variables) (Moineddin, Matheson et al. 2007; Theall,
Scribner et al. 2009). These papers suggested that small group size may lead to type Il
error (failing to find a true significant result). The borderline significance of
resistance and/or prescribing levels of the practice might be an example. Conversely,
in the retrospective study, with more than 14,000 individual patient results, a
borderline significant result would be given relatively less weight due to the higher

chance of finding a significant result with increased sample size.
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8.8.2 Opt-out methodology

The application and acceptability of the opt-out methodology has been one of the
major successes of this thesis. The process of obtaining approval for this method of
patient enrolment through the research ethics committee was cumbersome. However,
as a result of the implementation of this
opt-out methodology participation was
particularly high and the results The use of an opt-out methodology
representative. Additionally, this method has resulted in a participation of
resulted in a minimal increase in workload 86% in the prospective study.

for the general practitioner as well as the

laboratory, and data collection was

completed within a relatively short time frame. The combination of easy applicability
and general acceptability are reflected in the completeness of the data as well as the
population sample which was considered representative. The positive responses, in
particular phone calls and letters from patients, were a welcome reinforcement of

the relevance of the study.

8.8.3 External generalisability

The findings from the study on re-infection are generalisable to the general
population. For the multilevel analyses, both retrospective and prospective, the fixed
effects can also be generalised. However, the analysis of variance and its
interpretations are constricted by time and space. From the multilevel analyses it can
be concluded that there is an association between the practice and the risk of a
resistant E.coli UTI (in general), but for quantifying the relevance of the practices, an
analysis of variance (mOR) is needed and its interpretation is specific to the West of
Ireland. Inclusion of data from similar studies would be very interesting in this
respect.

An additional remark regarding generalisability is on the inclusion of males and

females in our study population. Many studies report on females and males separately
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(for instance (Lipsky 2000; Metlay, Strom et al. 2003; Hummers-Pradier, Koch et al.
2005; Hummers-Pradier, Ohse et al. 2005)); however, in our study both males and
females were included and differences in outcome were controlled for by the

inclusion of gender in the statistical analyses.

8.8.4 Internal validity

Issues concerning selection bias

A potential bias, raised by the editor in response to the retrospective study paper,
was that the use of the laboratory could vary between practices and over time.
According to the editor ‘It is known that GPs do not send samples from all patients
presenting with UTIs. Some may only send samples, for example, when there is a
recurrence, which would of course show a higher rate of resistance than unselected
pre-treatment samples. If there were a change in practice over the period of the
study then the apparent increase in resistance might therefore be entirely or partially
an artefact’.

With the prospective study this concern was proven to be unfounded. During the
prospective study, GPs were asked to send in urine samples from all patients with
suspected UTI. The number of samples during the prospective study was similar to the

number during the same period in previous years.

Issues related to an information bias

The microbiological analyses were performed at the Department of Medical
Microbiology, GUH which is an accredited diagnostic laboratory (ISO 15189). No
information bias was therefore anticipated in the microbiological measurements.
Prescription data from the HSE-PCRS are also unlikely to be influenced by information
bias as the collection of these data happens in a standard fashion, irrespective of any

research study or study outcome.
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General issues concerning bias in the prospective study

Prescription data and other patient’s characteristics for the prospective study were
collected from medical records in general practice. The accuracy of data recorded in
general practice has been shown to be high (Hassey, Gerrett et al. 2001).
Additionally, using the recorded data reflects the reality of decision making in
prescribing (based on the recording of previous prescriptions and results of previous
urine samples) by the GP.

The fact that only one researcher recorded data, guaranteed the consistency in data
collection. A potential observer bias due to knowledge of the outcome (resistance or
not) was avoided by blinding the researcher at the time of data collection. A common
bias in case-control studies is the Berkson’s bias, a systematic difference due to the
selection of cases and controls. However, as the cases and controls in our prospective
study originated from the same source population and were selected simultaneously
within the same surveillance system, a Berkson’s bias was unlikely.

The Hawthorne effect, the effect of being under study, has been described in
research on antimicrobial prescribing by community paediatricians. The antimicrobial
prescriptions for viral infections fell by 29 percentage points during the observational
study when compared to the retrospective file analysis (Mangione-Smith, Elliott et al.
2002). If such an effect existed in our prospective study, this would be limited as
contact with the GP was kept to an absolute minimum (maximum three visits) and the
duration of the study was nine months. In the invitation letter (Appendix 6) emphasis
was on the study of the interaction between prescribing and resistance and did not

mention interventions or restrictions.

Confounding
Confounding is caused by variables that cause or prevent the outcome without being
an intermediate. In our study, with the use of multilevel analysis, adjustments for

confounding variables could be made, without necessarily knowing the precise
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variables; the effects of processes at different levels were separated and distortion
was accounted for. Residual confounding is however always a possibility as there may
be other unmeasured and unknown factors that have affected the outcome of the
study. For instance, the indirect measure of socio-economic status was the SAHRU
index (Kelly 2009) in the retrospective study but this was measured directly through
medical card status of the patient in the prospective study. Both measures showed to
be of little significance but might distort the effect of another exposure on the
outcome through an association with this other unknown factor (differential

prescribing). This could not be assessed within the analyses of this thesis.

Reverse causation

Reverse causation is a methodological weakness of retrospective studies. This
complex phenomenon questions the time relation between an exposure and outcome
by assessing whether the cause (exposure to antimicrobials) precedes the effect
(resistance to antimicrobials) (Kummeling and Thijs 2008). Antimicrobial prescribing
in the retrospective study was obtained from the HSE-PCRS at the practice level and
no individual interference could be made regarding the timing of the antimicrobial
intake. In the prospective study however, the timing of the antimicrobial intake was
recorded and the sequence of events was clear. Additionally, reverse causality was
eliminated as a possible explanation by the increasing effect of increasing dose,

suggesting a dose-response effect.

8.8.5 Boundary issues

A critical point in multilevel analysis is the level at which data were aggregated, in
this study the practice level. For an individual the limits that define the human body
are obvious, the boundaries of geographic environments are, however, less obviously
delineated (Subramanian, Glymour et al. 2007; Merlo, Ohlsson et al. 2009). The

validity of administrative boundaries in the study of antimicrobial resistance could be
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criticised and even though the practice level was a convenient measure to aggregate
data, this did not seem to be enforced by the results of the analysis resulting in
relatively small measures of association (ICC).

Unpublished, preliminary results from 104 E.coli isolates from patients from two of
the participating practices were further analysed using Pulse Field Gel Electrophoresis
(PFGE) to determine the degree of similarity (Tansey 2010). Twenty clusters of two or
more isolates with >85% homology were identified including four (comprising two
isolates each) that were indistinguishable. The two practices were in roughly the
same geographical area but patients would generally not be shared.

These results add to the suggestion posed in the discussion of the prospective study
that the practice level might not be important as such and that the multilevel analysis
may need a higher level transcending the practice level. It would be interesting to do
a similar retrospective study to see the extent to which it is the practice or the area
that can explain the practice/higher level variation. An expansion of the analyses
would be to introduce a (third) higher level variable aggregating the practices within

geographical areas.
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8.9 Discussion

The tragedy of the commons (Hardin 1968; Foster and Grundmann 2006) depicts the
urgency of the need to understand how antimicrobial resistance spreads in a
population, which factors influence this trend, and maybe most importantly, how to
communicate this urgency to patients and health-care practitioners. The idea that
antimicrobials are a limited source, like oil, depleted by its own use has given rise to
papers like ‘How you can reduce your "resistance footprint™ (Patrick and Hutchinson
2009). Even though it was clear that factors related to the individual as well as to the
population at large were important, existing statistical methods and appropriate data
were not available. The first published ‘resistance’ studies used population level
studies (ecological studies) in which exposure (prescribing) and outcome (resistance)
were measured at an aggregated level. An ecological analysis is, however, prone to
errors in inference because associations may be artefactually created or masked by
the aggregation process (Last 2003; Porta and Last 2008). Subsequent individual level
studies produce direct associations between prescribing and resistance for the
individual but do not take the importance of

its impact on a wider population into account.

The use of multilevel regression

Resistance may have emerged from the .
techniques that separate the

prescription of antimicrobials, but the spread group and individual levels
can be through various routes, from food to showed to be an important
personal contacts (Steinke and Davey 2001; methodological improvement in
Gupta, Hooton et al. 2011). This thesis has the analysis of (the spread of)

L . . antimicrobial resistance.
made a significant contribution to the use of

statistical methods which model the possible
influence of different levels on the outcome. The application of multilevel logistic
regression allowed for the separation of group and individual levels in the analysis of

the odds of a resistant E.coli UTI and showed that both previous individual prescribing
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and practice variation were important factors in the propensity of a resistant E.coli
UTI.

For the community, the probability of a resistant E.coli UTI does not only depend on
factors related to the individual. Practice or area level factors are involved in the
chance of being diagnosed with a UTI caused by a resistant organism. In both the
retrospective and prospective studies the difference between practices in their odds
of resistant E.coli infections could be quantified and were similar in both studies;
however none of the practice factors related to this difference could be identified.
The higher variability between practices for ciprofloxacin compared to trimethoprim
was previously suggested to be related partly to the mechanisms of resistance (Enne
2010; Vellinga, Murphy et al. 2010). Trimethoprim resistance in E.coli is associated
with horizontal transmission of plasmids (Huovinen 2001; Skold 2001) and these may
encode for resistance to one or more agents other than trimethoprim (Blahna,
Zalewski et al. 2006). Resistance may be

selected for and maintained by

This thesis poses the hypothesis that

trimethoprim as well as other antimicrobial . .
interventions could be more
agents. Resistance to ciprofloxacin in E.coli successful for antimicrobials with
is classically associated with point less established and disseminated
mutations in the chromosome (Strahilevitz, resistance levels.

Jacoby et al. 2009). Additionally, the time

since the introduction of trimethoprim

(1962) is much longer than that of ciprofloxacin (1980s). The ‘opportunities’ for
genetic determinants of trimethoprim resistance to spread and maintain themselves
may be greater compared to those of ciprofloxacin. This in turn might be a factor in
the success of interventions; antimicrobials with less established and disseminated
resistance levels, i.e. more variation in resistance levels between practices, might be
more likely to show an impact of changing prescribing and vice versa (Gottesman,

Carmeli et al. 2009; Sundqvist, Geli et al. 2010). The succes of an intervention in
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limiting or reversing resistance depends on previous extent of use of the agent (time
and volume) as well as on specific proportions of the agent related to the mechanism
of action/resistance. Although counter-intuitive, this is not in disagreement with our
finding from the prospective study that practice resistance or prescribing levels were
not found to be of importance in the probability of a resistant E.coli UTI. The practice
level might not be important as such, and maybe factors influencing the probability
that a UTl is caused by a resistant E.coli are not related to the practice level but to a
higher (geographical) level.

Findings from the prospective study also revealed that antimicrobial treatment
guidelines are not widely implemented in general practice. At the same time, it is not
clear at which point guidelines should be altered to adjust for increasing resistance
levels in the community. A cut-off of 10-20% has been suggested in relation to
trimethoprim, above which empiric treatment of UTIs with this agent should be
switched to another antimicrobial (Warren 2001; Gupta, Hooton et al. 2011). The
rationale for this cut-off is mainly related to clinical and economic considerations but
it does not take into account other factors that may influence these decisions, such as
the effect that antimicrobial use has on antimicrobial susceptibility in the community
or other societal costs (Miller and Tang 2004; Foster and Grundmann 2006; Gupta,
Hooton et al. 2011). Depending on the antimicrobial and its mechanisms of resistance,
it seems that a critical group/population level of resistance exists above which the
resistance is widespread and persistent and
interventions limiting antimicrobial use are

likely to be less effective. As a result, Guidetines om antimicrobial

. . treatment are not widely
efforts to decrease resistance might not

implemented in general practice.

show any change in resistance levels in the

community (Enne 2010; Sundqvist, Geli et
al. 2010). Guidelines should reflect the balance between individual treatment
efficiency and the spread of antimicrobial resistance in the community and include

more specific community information or additional information on empiric treatment.
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The practical implication of this thesis can be translated into prescribing guidelines.
For an individual with a suspected UTI the results from this study show that the first
empiric treatment to consider should be nitrofurantoin, irrespective of the resistance
of a previous E.coli infection. Nitrofurantoin is also the cheapest option to treat the
patient. Additional efficiency can be obtained by dipstick analysis of the urine sample
to exclude prescribing of nitrofurantoin for patients with alkaline urine (often
resulting from an infection with Proteus spp. and for which nitrofurantoin would not
be advised) (Simerville, Maxted et al. 2005). If trimethoprim is preferred,
consideration should be given to the level of trimethoprim resistance in the
community, previous trimethoprim resistant E.coli UTIs and previous trimethoprim
prescriptions. If one or more of these factors are met, the likelihood that treatment
with trimethoprim will not be successful is high. With two good antimicrobials for the
treatment of infections as well as further
guidelines on their application,

ciprofloxacin should be prescribed prudently Nitrofurantoin should be considered
in the treatment of uncomplicated UTI as first line empiric antimicrobial
(Foster and Grundmann 2006). Not only is treatment of UTI, as it has very low
treatment with ciprofloxacin more resistance levels, resistance is not

. . . widely disseminated and treatment
expensive, the odds of resistance increases

is cheap.

dramatically after just one prescription.

Even though the chance of successful

treatment of the individual is high, this will

lead to increasing population resistance levels, thereby decreasing the applicability of
the antimicrobial in the long run. The IDSA recommendations on treatment of UTI
with fluoroquinolones once a community resistance cut-off level for trimethoprim of
20% is reached need more consideration beyond the economic and clinical features
(Naber 2000; Miller and Tang 2004; Gupta, Hooton et al. 2011).
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8.10 Recommendation for intervention

Interventions aimed at curbing the spread of resistance in the community are, for
practical reasons, mainly at the level of prescription of antimicrobials. The link
between exposure to antimicrobials and the development of resistance has been
reiterated at individual and at population level, separately and in combination
(Arnold and Straus 2005). According to this Cochrane review on interventions up to
2005, one approach to reducing the incidence of infections caused by antimicrobial
resistant organisms is to reduce the inappropriate use of antimicrobials in hospital and
community settings. The review concludes that there is no single intervention that
can be recommended to improve antimicrobial prescribing; multifaceted interventions
with educational material for the prescriber and the patient as well as the use of
delayed prescription can potentially decrease the use of antimicrobials. These
conclusions were reiterated in a similar review on interventions to reduce
unnecessary antimicrobial prescribing (Ranji, Steinman et al. 2008). Most studies
addressed prescribing for acute respiratory infections and only these multifaceted
interventions showed effect sizes big enough to potentially reduce the incidence of
antimicrobial resistant bacteria; only four studies assessed the effect of the
intervention on antimicrobial resistance in the community. An educational
intervention resulted in a significant reduction of macrolide resistance in group A
streptococcus isolates over two years (Seppala, Haanpera et al. 2003) but the other
three community, educational interventions showed no significant correlation
between reduced penicillin use and carriage or rate of penicillin non-susceptible
streptococcus pneumonia (Belongia, Sullivan et al. 2001; Hennessy, Petersen et al.
2002; Perz, Craig et al. 2002).

Policy interventions seem to be more successful and two recent interventions are of
particular interest in this context. Firstly, a 24 month voluntary restriction of
trimethoprim in a Swedish county showed a disappointing, though very small, increase

in resistance of E.coli from UTI (Sundqyvist, Geli et al. 2010). In contrast, in a
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retrospective, ‘natural’ experiment the overall proportion of quinolone susceptible
E.coli from UTI was compared between the periods before, during, and after a
nationwide restriction on ciprofloxacin. It was found that reducing quinolone
consumption lead to an immediate increase in the proportion of quinolone susceptible
E.coli isolates (Gottesman, Carmeli et al. 2009). A possible implication of this could
be that the choice of antimicrobial on which an intervention focuses, is more likely to
be an antimicrobial which is less disseminated and with resistance levels still
relatively low.

The communication of the importance of population consequences of individual
prescribing is a major challenge in the combat against the spread of resistance. A
paper describing tensions in antimicrobial prescribing investigated preferred patterns
of antimicrobial prescribing by physicians for patients with community-acquired
pneumonia. Not only did the physicians prefer newer, broader spectrum agents, they
also rated the issue of contributing to antimicrobial resistance lowest among seven
determinants influencing their choice (Metlay, Shea et al. 2002). At the same time all
participating physicians endorsed statements reflecting the physician’s concern over
the societal influence of antimicrobial resistance.

Before setting up an intervention, consideration should be given to the methodology
for measuring its effectiveness. A successful intervention in infectious diseases, which
can be applied to the problem of antimicrobial resistance, will result in direct and
indirect effects. The direct effect of an intervention received by an individual is the
difference between the outcome in the individual with the intervention and what the
outcome would have been without the intervention, all other factors being equal. The
indirect effect of an intervention in an individual is the difference between what the
outcome is in an individual not receiving the intervention in a population with an
intervention programme and what the outcome would have been in the individual,
again not receiving the intervention, but in a comparable population without an
intervention programme (Halloran and Struchiner 1991; Diez Roux and Aiello 2005). To

assess a potential impact of an intervention, burden of disease studies would be most
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appropriate as they measure the rate of resistance which is independent of the
susceptible population (Schwaber, De-Medina et al. 2004) (see also explanation in
Text box 2, page 37). Consideration should also be given to the period over which the
intervention is implemented as well as the area covered by the intervention.
Literature shows that nitrofurantoin is a safe and appropriate antimicrobial for first
line treatment of UTI and obtains a high clinical cure rate of 88% - 93% and a bacterial
cure rate of 81% - 92%. (Gupta, Hooton et al. 2011). Additionally, the emergence and
persistence of resistance in E.coli UTI to nitrofurantoin is low and collateral damage,
a term describing ecological adverse effects of antimicrobial therapy, is small. Studies
comparing nitrofurantoin with trimethoprim or B-lactam empiric treatment in clinical
trials showed no differences in short-term or long-term symptomatic or
bacteriological cure. No studies have compared nitrofurantoin with ciprofloxacin
empiric treatment. However, collateral damage has been described for
fluoroquinolones. Moreover, studies of placebo for treatment of uncomplicated
cystitis demonstrate that clinical cure can be achieved in 25%-42% of women who are
not treated (Christiaens, De Meyere et al. 2002) or similar outcomes for ibuprofen
compared to ciprofloxacin (Bleidorn, Gagyor et al. 2010). Our results added that
nitrofurantoin resistance is not persistent and often disappears in subsequent UTls
whereas resistance against other antimicrobial agents, like trimethoprim and
ciprofloxacin, is likely to be present in a subsequent infection.

A possible intervention should include decision trees and clear recommendations on
the prescription of empiric antimicrobials in a user-friendly format (De Souza,
MacFarlane et al. 2006). It was shown that there was a lot of variation in prescribing
between different practices, suggesting that recommendations of the SARI committee
(Strategy for the control of Antimicrobial Resistance in Ireland (SARI) 2008) were not
followed. The co-operation of GPs in such an intervention study, by adhering to

guidelines, would be vital for its success.
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An intervention can be designed in which the first option for empiric prescribing for
suspected UTI in general practice is nitrofurantoin. This intervention can be
monitored and outcomes measured by GMS prescribing rates as well as a similar

prospective study over a similar period of time which will allow for the comparison of
rates (Schwaber, De-Medina et al. 2004).
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8.11 Further research

A number of suggestions have been made throughout the thesis to improve and add to

this research.

Combining our prospective database with other databases with similar information
on prescribing and resistance. This will increase the power of the study, in
particular for the quantification of practice variation in resistance and/or
prescribing. It will also add to the interpretation (and generalisability) of the
variation (mOR) between practices as the mOR is time- and place-specific. An
increased sample size might also allow for the aggregation of the data at a higher
area level; by combining geographically close practices.

No data on children were included due to the restriction of ethical approval to
adults only. The inclusion of data on children will give information on the increase
in antimicrobial resistance in individuals and a practice/area effect will be easier
to study as antimicrobial history and interactions will be limited, particular in
younger children. Setting up a cohort of children to follow up will allow the study
of the increase and spread of antimicrobial resistance as well as colonisation of
individuals with resistant organisms. The use of multilevel analysis techniques in
this context has great potential for disentangling individual and area level
influences in the risk of resistant infections.

Further detailed analysis of the relative impact of patients’ socio-economic status
(medical card or private patient) on the prescription of antimicrobial treatment
for UTI. Data are available from the prospective study.

Analysis of re-infections in the prospective database. One of the limitations of the
paper on ‘Predictive value of antimicrobial susceptibility from previous urinary
tract infection in the treatment of re-infection’ (Vellinga, Cormican et al. 2010)
was that previous prescribing would have an impact on the predictive value. The
positive predictive value was defined as the proportion of patients with an E.coli

resistant to an antimicrobial at first isolate that remain resistant to this
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antimicrobial at the subsequent isolate. This calculation can be
corrected/stratified for prescribing in between these episodes with the available
data from the prospective study.

During data collection a sense grew that some patients whose urine samples had
mixed growth (no predominance of any particular organism) and to whom
antimicrobials were empirically prescribed seemed more prone to showing an
organism resistant to this empirically prescribed agent at a subsequent episode of
UTI. Around 150 patients who had a urine sample with mixed growth were
identified in the database. A comparison can be made between patients ‘with
mixed growth’ who were empirically prescribed a specific antimicrobial, and those
who did not receive antimicrobials for this episode of suspected UTI. Even though
the sample size might be too small (due to stratification according to

antimicrobial), exploratory analysis might reveal some patterns.
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8.12 Dissemination and other achievements during the project

Since the start of the project on antimicrobial prescribing and resistance in
uropathogenic E.coli infections in general practice in September 2008, a number of
outputs were achieved. To date (April 2011), three papers have been published
resulting directly from the study and abstracts have been presented at various
conferences. Additionally, help and advice was given in a number of other projects
and these also had outcomes. A chronological list of papers, abstracts, courses and
conferences is presented below. The presenter of an abstract is indicated by (P).

e Abstract: Trimethoprim and ciprofloxacin resistance and prescribing in E.coli
associated urinary tract infection: a multilevel analysis. Akke Vellinga (P),
Andrew W Murphy, Belinda Hanahoe, Kathleen Bennett, Martin Cormican.
Society of Social Medicine, Warwick, September 2011.

e Abstract: Antimicrobial management of UTI in general practice. Akke Vellinga,
Martin Cormican, Belinda Hanahoe, Kathleen Bennett, Andrew W Murphy (P).
Society Academic Primary Care, Bristol. July 2011. Poster presentation.

e Paper: Rational Testing: Interpreting Asymptomatic Bacteriuria (ASB). Martin
Cormican, Andrew W Murphy, Akke Vellinga. Accepted for publication in British
Medical Journal. May 2011.

e Paper submitted: Antimicrobial management of urinary tract infection in
general practice in Ireland. Akke Vellinga, Martin Cormican, Belinda Hanahoe,
Kathleen Bennett, Andrew W Murphy. Submitted to the BMC Family Medicine.
April 2011.

e Paper: Opt-out as an acceptable method of obtaining consent in medical
research: a short report. Akke Vellinga, , Martin Cormican, Belinda Hanahoe,
Kathleen Bennett, Andrew W Murphy. BMC Medical Research Methodology, April
2011 (Vellinga, Cormican et al. 2011).

e Paper submitted: Progressive increase in prevalence of ESBL production among

Enterobacteriaceae from clinical specimens from 2004 to 2008. Jérome
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Fennell, Akke Vellinga, Belinda Hanahoe, Dearbhaile Morris, Fiona Boyle,
Francis Higgins, Maura Lyons, Karina O’Connell, Deirbhile Keady, Martin
Cormican. Submitted to Eurosurveillance. April 2011.

Abstract: Antimicrobial management of UTI in general practice. Akke Vellinga
(P), Martin Cormican, Belinda Hanahoe, Kathleen Bennett, Andrew W Murphy.
Association of University Departments of General Practice in Ireland, Annual
Conference, Dublin. January 2011. Oral presentation.

Abstract: Opt out as an acceptable method of obtaining consent in a
prospective study on antimicrobial resistance and prescribing. Akke Vellinga
(P), Martin Cormican, Belinda Hanahoe, Kathleen Bennett, Andrew W Murphy.
Federation of Infection Society, Edinburgh. Nov 2010. Poster presentation.
Paper: WestREN: A description of an Irish Academic General Practice Research
Network. Kim Kavanagh, Niamh O’ Brien, Liam Glynn, Akke Vellinga, Andrew
Murphy. BMC Family Practice. October 2010 (Kavanagh, O'Brien et al. 2010).
Abstract: The STOP questionnaire is the best screener for Obstructive Sleep
Apnoea Syndrome at the Sleep Clinic. Keshaf Sharma (P), Imran Sulaiman,
Melissa McDonnell, Akke Vellinga, JJ Gilmartin. European Respiratory Society,
September Congress 2010. Oral presentation.

Paper: Predictive value of antimicrobial susceptibility from previous urinary
tract infection in the treatment of re-infection. Akke Vellinga, Martin
Cormican, Belinda Hanahoe, Andrew W Murphy. British Journal of General
Practice, July 2010 (Vellinga, Cormican et al. 2010).

Paper: Enumeration and characterization of antimicrobial resistant E.coli in
effluent from municipal, hospital and secondary treated sources. Sandra
Galvin, Fiona Boyle, Patrick Hickey, Akke Vellinga, Dearbhaile Morris, Martin
Cormican. Applied and Environmental Microbiology, June 2010 (Galvin, Boyle et
al. 2010).

Paper: Frequency and risk factors associated with emergency medical

readmissions in Galway University Hospitals. Josephine Gorman, Akke Vellinga,
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JJ Gilmartin, Sean O’Keeffe. Irish Journal of Medical Science, June 2010
(Gorman, Vellinga et al. 2010).

Paper: A multilevel analysis of trimethoprim and ciprofloxacin prescribing and
resistance of uropathogenic Escherichia coli in general practice. Akke Vellinga,
Andrew W Murphy, Belinda Hanahoe, Kathleen Bennett, Martin Cormican.
Journal of Antimicrobial Chemotherapy. April 2010 (Vellinga, Murphy et al.
2010).

Abstract: Sleep Apnoea AT Your Fingertip. Ali Khan Kashif (P), Akke Vellinga,
Amoia Maurizio, Katherine Finan, JJ Gilmartin. European Respiratory Society,
Congress September 2009. Oral presentation.

Abstract: Predictive value of antimicrobial susceptibility from previous urinary
tract infection in the treatment of re-infection. Akke Vellinga, Martin
Cormican’ Belinda Hanahoe’ Andrew W Murphy (P). North America Primary Care
Research Group, Seattle, USA. Nov 2010. Oral presentation.

Abstract: Opt out as an acceptable method of obtaining consent in medical
research. Akke Vellinga, Martin Cormican, Belinda Hanahoe, Kathleen Bennett,
Andrew W Murphy. Society of Social Medicine, Belfast. Sept 2010. Poster
presentation.

Course: Introduction to Cochrane reviews. HRB. October 2010.

Postgraduate Certificate in Teaching & Learning in Higher Education (10 ECTS).
Centre for Excellence in Learning and Teaching (CELT). Conferred November
2010.

Abstract: Trimethoprim and Ciprofloxacin prescribing and resistance in Irish
general practice: A cross-sectional comparison. Akke Vellinga (P), Andrew W
Murphy, Belinda Hanahoe, Kathleen Bennett, Martin Cormican. Association of
University Departments of General Practice in Ireland, Annual Conference,
Dublin. March 2010. Oral presentation.

Abstract: Predictive value of antimicrobial susceptibility from previous urinary

tract infection in the treatment of re-infection. Akke Vellinga (P), Martin
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Cormican, Belinda Hanahoe, Andrew W Murphy. Association of University
Departments of General Practice in Ireland, Annual Conference, Dublin. March
2010. Oral presentation.

Abstract: Increased prescribing of Trimethoprim and Ciprofloxacin within a
practice increases the risk of resistance: A multilevel analysis of uropathogenic
E.coli in Irish general practice. Akke Vellinga (P), Andrew W Murphy, Belinda
Hanahoe, Kathleen Bennett, Martin Cormican. Federation of Infection Society,
Birmingham. Nov 2009. Oral presentation.

Abstract: Antimicrobial prescribing and resistance in urinary tract pathogens in
Irish General Practice: A cross sectional comparison. Akke Vellinga, Andrew W
Murphy (P), Belinda Hanahoe, Kathleen Bennett, Martin Cormican. Society for
Academic Primary Care, St Andrews, Scotland. July 2009. Poster presentation.
Abstract: Trimethoprim and Ciprofloxacin prescribing and resistance in Irish
general practice: A cross sectional comparison. Akke Vellinga, Andrew W
Murphy, Belinda Hanahoe, Kathleen Bennett, Martin Cormican. Infectious
Disease Society Ireland, Dublin. June 2009. Poster presentation.

Course: Multilevel modelling in MLWiN. Bristol, March 2009.

CMS website design. December 2008. Subsequent design and maintenance of
websites of Discipline of General Practice, the project and WestREN

(www.nuigalway.ie/general_practice, www.antibiotics.nuigalway.ie,

www.westren.nuigalway.ie)

179


http://www.nuigalway.ie/general_practice
http://www.antibiotics.nuigalway.ie/
http://www.westren.nuigalway.ie/

Chapter 8: Bringing it all together

Perplexity s the beginning of knowledge”
Kahlil Gibran

180



References

Abramson, J. (2004). "WINPEPI (PEPI-for-Windows): computer programs for
epidemiologists.” Epidemiologic Perspectives & Innovations 1(1): 6.

Amyes, S. G. (1989). "The success of plasmid-encoded resistance genes in
clinical bacteria. An examination of plasmid-mediated ampicillin and
trimethoprim resistance genes and their resistance mechanisms.” J Med
Microbiol 28(2): 73-83.

Andersson, M. I. and A. P. MacGowan (2003). "Development of the quinolones.”
Journal of Antimicrobial Chemotherapy 51(suppl 1): 1-11.

Andrews, J. M. (2009). "BSAC standardized disc susceptibility testing method
(version 8)." Journal of Antimicrobial Chemotherapy 64(3): 454-489.

Arnold, S. R. and S. E. Straus (2005). "Interventions to improve antibiotic
prescribing practices in ambulatory care.” Cochrane Database Syst
Rev(4): CD003539.

Austin, D. J., K. G. Kristinsson and R. M. Anderson (1999). "The relationship
between the volume of antimicrobial consumption in human
communities and the frequency of resistance.” Proc Natl Acad Sci U S A
96(3): 1152-6.

Baquero, F. and J. Campos (2003). "The tragedy of the commons in
antimicrobial chemotherapy.” Rev Esp Quimioter 16(1): 11-3.

Bean, D. C., D. M. Livermore, |. Papa and L. M. C. Hall (2005). "Resistance
among Escherichia coli to sulphonamides and other antimicrobials now
little used in man."” J. Antimicrob. Chemother. 56(5): 962-964.

Belongia, E. A., B. J. Sullivan, P. H. Chyou, E. Madagame, K. D. Reed and B.
Schwartz (2001). "A community intervention trial to promote judicious
antibiotic use and reduce penicillin-resistant Streptococcus pneumoniae
carriage in children.” Pediatrics 108(3): 575-83.

Bergman, M., S. T. Nyberg, P. Huovinen, P. Paakkari and A. J. Hakanen
(2009). "Association between antimicrobial consumption and resistance
in Escherichia coli.” Antimicrobial Agents and Chemotherapy 53(3): 912-
917.

Bishop, M. C. (2004). "Uncomplicated Urinary Tract Infection.” EAU Update
Series 2(3): 143-150.

Blahna, M. T., C. A. Zalewski, J. Reuer, G. Kahlmeter, B. Foxman and C. F.
Marrs (2006). "The role of horizontal gene transfer in the spread of
trimethoprim-sulfamethoxazole resistance among uropathogenic
Escherichia coli in Europe and Canada.” J Antimicrob Chemother 57(4):
666-72.

Bleidorn, J., I. Gagyor, M. M. Kochen, K. Wegscheider and E. Hummers-Pradier
(2010). "Symptomatic treatment (ibuprofen) or antibiotics
(ciprofloxacin) for uncomplicated urinary tract infection?--results of a
randomized controlled pilot trial.” BMC Med 8: 30.

181



References

Browne, W. J. (2003). MCMC estimation in MLwiN. version 2.0. London, UK,
Centre for Multilevel modelling, Institute of Education, University of
London.

Buchan, I. (2006). A one-way encryption function to hide person-identifiable
information.

Buckley, B. S., A. W. Murphy and A. E. MacFarlane (2011). "Public attitudes to
the use in research of personal health information from general
practitioners' records: a survey of the Irish general public.” J Med Ethics
37(1): 50-5.

Butler, C. C., F. Dunstan, M. Heginbothom, B. Mason, Z. Roberts, S. Hillier, R.
Howe, S. Palmer and A. Howard (2007). "Containing antibiotic
resistance: decreased antibiotic-resistant coliform urinary tract
infections with reduction in antibiotic prescribing by general practices.”
Br J Gen Pract 57(543): 785-92.

Butler, C. C., S. Hillier, Z. Roberts, F. Dunstan, A. Howard and S. Palmer
(2006). "Antibiotic-resistant infections in primary care are symptomatic
for longer and increase workload: outcomes for patients with E. coli
UTls.” Br J Gen Pract 56(530): 686-92.

Car, J. (2006). "Urinary tract infections in women: diagnosis and management
in primary care.” BMJ 332(7533): 94-7.

Cassell, J. and A. Young (2002). "Why we should not seek individual informed
consent for participation in health services research.” J Med Ethics
28(5): 313-7.

Cattoir, V. and P. Nordmann (2009). "Plasmid-mediated quinolone resistance
in gram-negative bacterial species: an update.” Curr Med Chem 16(8):
1028-46.

Chaix, B., J. Merlo and P. Chauvin (2005). "Comparison of a spatial approach
with the multilevel approach for investigating place effects on health:
the example of healthcare utilisation in France.” J Epidemiol
Community Health 59(6): 517-26.

Christiaens, T., M. De Meyere, G. Verschraegen, W. Peersman, S. Heytens and
J. De Maeseneer (2002). "Randomised controlled trial of nitrofurantoin
versus placebo in the treatment of uncomplicated urinary tract
infection in adult women."” Br J Gen Pract 52: 729 - 734.

Chulain, M. N., A. M. Murray, G. Corbett-Feeney and M. Cormican (2005).
"Antimicrobial resistance in E.coli associated with urinary tract
infection in the west of Ireland.” Ir J Med Sci 174(4): 6-9.

Clark, A. M., R. Jamieson and I. N. Findlay (2004). "Registries and informed
consent.” N Engl J Med 351(6): 612-4; author reply 612-4.

Clinical and Laboratory Standards Institute. (2010). "Subcommittee on
Antimicrobial Susceptibility Testing.” Retrieved 1st September, 2010,
from
http://www.clsi.org/Content/NavigationMenu/Committees/Microbiology/AST/A
ST.htm.

182


http://www.clsi.org/Content/NavigationMenu/Committees/Microbiology/AST/AST.htm
http://www.clsi.org/Content/NavigationMenu/Committees/Microbiology/AST/AST.htm

References

Colgan, R., J. R. Johnson, M. Kuskowski and K. Gupta (2008). "Risk factors for
trimethoprim-sulfamethoxazole resistance in patients with acute
uncomplicated cystitis.” Antimicrob Agents Chemother 52(3): 846-51.

Colodner, R., |. Kometiani, B. Chazan and R. Raz (2008). "Risk factors for
community-acquired urinary tract infection due to quinolone-resistant
E. coli.” Infection 36(1): 41-5.

Conklin, J. D. (1978). "The pharmacokinetics of nitrofurantoin and its related
bioavailability.” Antibiot Chemother 25: 233-52.

Costelloe, C., C. Metcalfe, A. Lovering, D. Mant and A. D. Hay (2010). "Effect
of antibiotic prescribing in primary care on antimicrobial resistance in
individual patients: systematic review and meta-analysis.” BMJ 340:
c2096.

Cox, L. A., Jr. and P. F. Ricci (2005). "Causation in risk assessment and
management: models, inference, biases, and a microbial risk-benefit
case study.” Environ Int 31(3): 377-97.

D'Agata, E. M., M. Dupont-Rouzeyrol, P. Magal, D. Olivier and S. Ruan (2008).
“The impact of different antibiotic regimens on the emergence of
antimicrobial-resistant bacteria.” PLoS One 3(12): e4036.

Dalemo, S., P. Hjerpe, H. Ohlsson, R. Eggertsen, J. Merlo and K. B. Bostrom
(2010). "Variation in plasma calcium analysis in primary care in Sweden-
-a multilevel analysis.” BMC Fam Pract 11: 43.

Davey, P., M. Ferech, F. Ansari, A. Muller and H. Goossens (2008). "Outpatient
antibiotic use in the four administrations of the UK: cross-sectional and
longitudinal analysis.” J Antimicrob Chemother 62(6): 1441-7.

Davey, P., C. Pagliari and A. Hayes (2002). "The patient’s role in the spread
and control of bacterial resistance to antibiotics.” Clin Microbiol Infect
8 Suppl 2: 43-68.

Davis, P., B. Gribben, R. Lay-Yee and A. Scott (2002). "How much variation in
clinical activity is there between general practitioners? A multi-level
analysis of decision-making in primary care.” J Health Serv Res Policy
7(4): 202-208.

De Souza, V., A. MacFarlane, A. W. Murphy, B. Hanahoe, A. Barber and M.
Cormican (2006). "A qualitative study of factors influencing
antimicrobial prescribing by non-consultant hospital doctors.” J
Antimicrob Chemother 58(4): 840-3.

DeAlleaume, L., E. M. Tweed and R. Bonacci (2006). "Clinical inquiries. When
are empiric antibiotics appropriate for urinary tract infection
symptoms?” J Fam Pract 55(4): 338, 341-2.

DeGroot, M. H. (1987). "A Conversation with George Box." Statistical Science
2(3): 239-58.

Del Mar, C. (2010). "Urinary tract infections in healthy women: a revolution in
management?” BMC Fam Pract 11: 42.

Diez Roux, A. V. and A. E. Aiello (2005). "Multilevel analysis of infectious
diseases.” J Infect Dis 191 Suppl 1: 525-33.

Dohoo, I. R. (2008). "Quantitative epidemiology: Progress and challenges."”
Preventive Veterinary Medicine 86(3-4): 260-269.

183



References

Donnan, P. T., L. Wei, D. T. Steinke, G. Phillips, R. Clarke, A. Noone, F. M.
Sullivan, T. M. MacDonald and P. G. Davey (2004). "Presence of
bacteriuria caused by trimethoprim resistant bacteria in patients
prescribed antibiotics: multilevel model with practice and individual
patient data.” BMJ 328(7451): 1297.

Doyne, E. O., D. L. Paterson and M. H. Samore (2006) “Latest perspectives on
antibiotic use in the community.” Patient Care.

Drawz, S. M. and R. A. Bonomo (2010). "Three decades of beta-lactamase
inhibitors.” Clin Microbiol Rev 23(1): 160-201.

Dupont, W. D. and W. D. Plummer, Jr. (1990). "Power and sample size
calculations. A review and computer program.” Control Clin Trials
11(2): 116-28.

Einarsson, S., M. Kristjansson, K. G. Kristinsson, G. Kjartansson and S. Jonsson
(1998). "Pneumonia caused by penicillin-non-susceptible and penicillin-
susceptible pneumococci in adults: a case-control study.” Scand J Infect
Dis 30(3): 253-6.

Eldridge, S. M., D. Ashby and S. Kerry (2006). "Sample size for cluster
randomized trials: effect of coefficient of variation of cluster size and
analysis method."” Int J Epidemiol 35(5): 1292-300.

Emmerson, A. M. and A. M. Jones (2003). "The quinolones: decades of
development and use.” J Antimicrob Chemother 51 Suppl 1: 13-20.

Emmerson, A. M. and A. M. Jones (2003). "The quinolones: decades of
development and use.” Journal of Antimicrobial Chemotherapy 51 (suppl
1): 13-20.

Enne, V. I. (2010). "Reducing antimicrobial resistance in the community by
restricting prescribing: can it be done?" J Antimicrob Chemother 65(2):
179-82.

Enne, V. I., D. M. Livermore, P. Stephens and L. M. Hall (2001). "Persistence of
sulphonamide resistance in Escherichia coli in the UK despite national
prescribing restriction.” Lancet 357(9265): 1325-8.

European Confederation of Laboratory Medicine (2000) "European Urianalysis
Guidelines.” Scand J Clin Lab Invest 60 Suppl 231, S1-96.

Fahey, T., E. Webb, A. A. Montgomery and R. S. Heyderman (2003). "Clinical
management of urinary tract infection in women: a prospective cohort
study.” Family Practice 20(1): 1-6.

Fenwick, E. A., A. H. Briggs and C. I. Hawke (2000). "Management of urinary
tract infection in general practice: a cost-effectiveness analysis.” Br J
Gen Pract 50(457): 635-9.

Ferech, M., S. Coenen, S. Malhotra-Kumar, K. Dvorakova, E. Hendrickx, C.
Suetens and H. Goossens (2006). "European Surveillance of
Antimicrobial Consumption (ESAC): outpatient antibiotic use in Europe.”
J Antimicrob Chemother 58(2): 401-7.

Ferry, S., S. Holm, H. Stenlund, R. Lundholm and T. Monsen (2004). "The
natural course of uncomplicated lower urinary tract infection in women
illustrated by a randomized placebo controlled study.” Scand J Infect
Dis 36: 296 - 301.

184



References

Finch, R. G., J. P. Metlay, P. G. Davey and L. J. Baker (2004). "Educational
interventions to improve antibiotic use in the community: report from
the International Forum on Antibiotic Resistance (IFAR) colloquium,
2002." Lancet Infect Dis 4(1): 44-53.

Fleischer, N. L. and A. V. Diez Roux (2008). "Using directed acyclic graphs to
guide analyses of neighbourhood health effects: an introduction.” J
Epidemiol Community Health 62(9): 842-6.

Fleming, A. (1964). Penicillin, Nobel lecture 1945. Nobel Lectures , Physiology
or Medicine 1942-1962. Amsterdam, Elsevier Publishing Company.

Fluit, A. C., F. J. Schmitz and J. Verhoef (2001). "Multi-resistance to
antimicrobial agents for the ten most frequently isolated bacterial
pathogens.” Int J Antimicrob Agents 18(2): 147-60.

Fluit, A. C., M. R. Visser and F.-J. Schmitz (2001). "Molecular Detection of
Antimicrobial Resistance.” Clin. Microbiol. Rev. 14(4): 836-871.

Foster, K. R. and H. Grundmann (2006). "Do we need to put society first? The
potential for tragedy in antimicrobial resistance.” PLoS Med 3(2): e29.

Foxman, B., B. Gillespie, J. Koopman, L. Zhang, K. Palin, P. Tallman, J. V.
Marsh, S. Spear, J. D. Sobel, M. J. Marty and C. F. Marrs (2000). "Risk
factors for second urinary tract infection among college women." Am J
Epidemiol 151(12): 1194-205.

Furuya, E. Y. and F. D. Lowy (2006). "Antimicrobial-resistant bacteria in the
community setting.” Nat Rev Microbiol 4(1): 36-45.

Galvin, S., F. Boyle, P. Hickey, A. Vellinga, D. Morris and M. Cormican (2010).
"Enumeration and characterization of antimicrobial-resistant E. coli in
effluent from municipal, hospital and secondary treated sources.” Appl
Environ Microbiol.

Garau, J. (2008). "Other antimicrobials of interest in the era of extended-
spectrum beta-lactamases: fosfomycin, nitrofurantoin and tigecycline.”
Clin Microbiol Infect 14 Suppl 1: 198-202.

Garcia-Rey, C., J. E. Martin-Herrero and F. Baquero (2006). "Antibiotic
consumption and generation of resistance in Streptococcus
pneumoniae: the paradoxical impact of quinolones in a complex
selective landscape.” Clin Microbiol Infect 12 Suppl 3: 55-66.

Georgopapadakou, N. H. (1993). "Penicillin-binding proteins and bacterial
resistance to beta-lactams.” Antimicrob Agents Chemother 37(10):
2045-53.

Giske, C. G., D. L. Monnet, O. Cars and Y. Carmeli (2008). "Clinical and
economic impact of common multidrug-resistant gram-negative bacilli.”
Antimicrob Agents Chemother 52(3): 813-21.

Glass, S. K., D. L. Pearl, S. A. McEwen and R. Finley (2010). "A province-level
risk factor analysis of fluoroquinolone consumption patterns in Canada
(20003€“06)." Journal of Antimicrobial Chemotherapy 65(9): 2019-2027.

Goettsch, W., W. van Pelt, N. Nagelkerke, M. G. Hendrix, A. G. Buiting, P. L.
Petit, L. J. Sabbe, A. J. van Griethuysen and A. J. de Neeling (2000).
“Increasing resistance to fluoroquinolones in escherichia coli from

185



References

urinary tract infections in the netherlands.” J Antimicrob Chemother
46(2): 223-8.

Goldstein, H. (1987). Multilevel models in Educational and Social Research.
London, New York, Oxford University Press.

Goossens, H., M. Ferech, R. Vander Stichele and M. Elseviers (2005).
"Outpatient antibiotic use in Europe and association with resistance: a
cross-national database study.” Lancet 365(9459): 579-87.

Goossens, H., D. Guillemot, M. Ferech, B. Schlemmer, M. Costers, M. van
Breda, L. J. Baker, O. Cars and P. G. Davey (2006). "National campaigns
to improve antibiotic use.” Eur J Clin Pharmacol 62(5): 373-9.

Gorman, J., A. Vellinga, J. J. Gilmartin and S. T. O'Keeffe (2010). "Frequency
and risk factors associated with emergency medical readmissions in
Galway University Hospitals." Ir J Med Sci 179(2): 255-8.

Gottesman, B. S., Y. Carmeli, P. Shitrit and M. Chowers (2009). "Impact of
Quinolone Restriction on Resistance Patterns of Escherichia coli Isolated
from Urine by Culture in a Community Setting.” Clinical Infectious
Diseases 49(6): 869-875.

Graham, J. C. and A. Galloway (2001). "ACP Best Practice No 167." Journal of
Clinical Pathology 54(12): 911-919.

Greenland, S. and H. Morgenstern (2001). "Confounding in health research."
Annu Rev Public Health 22: 189 - 212.

Guardabassi, L. and P. Courvalin (2006). Modes of Antimicrobial Action and
Mechanisms of Baterial Resistance. Antimicrobial Resistance in Bacteria
of Animal Origin. F. M. Aarestrup. Washington, ASM Press, American
Society for Microbiology.

Gupta, K., T. M. Hooton, K. G. Naber, B. r. Wullt, R. Colgan, L. G. Miller, G.
J. Moran, L. E. Nicolle, R. Raz, A. J. Schaeffer and D. E. Soper (2011).
“International Clinical Practice Guidelines for the Treatment of Acute
Uncomplicated Cystitis and Pyelonephritis in Women: A 2010 Update by
the Infectious Diseases Society of America and the European Society for
Microbiology and Infectious Diseases.” Clinical Infectious Diseases 52(5):
e103-e120.

Gupta, K., T. M. Hooton, P. L. Roberts and W. E. Stamm (2007). "Short-course
nitrofurantoin for the treatment of acute uncomplicated cystitis in
women." Arch Intern Med 167(20): 2207-12.

Gupta, K., T. M. Hooton and W. E. Stamm (2001). "Increasing antimicrobial
resistance and the management of uncomplicated community-acquired
urinary tract infections.” Ann Intern Med 135(1): 41-50.

Halloran, M. E. and C. J. Struchiner (1991). "Study designs for dependent
happenings.” Epidemiology 2(5): 331-8.

Harbarth, S. (2007). "[The effect of antimicrobial use on emergence and
selection of resistance].” Anasthesiol Intensivmed Notfallmed
Schmerzther 42(2): 130-5.

Harbarth, S., A. D. Harris, Y. Carmeli and M. H. Samore (2001). "Parallel
analysis of individual and aggregated data on antibiotic exposure and
resistance in gram-negative bacilli.” Clin Infect Dis 33(9): 1462-8.

186



References

Harbarth, S., Y. Martin, P. Rohner, N. Henry, R. Auckenthaler and D. Pittet
(2000). "Effect of delayed infection control measures on a hospital
outbreak of methicillin-resistant Staphylococcus aureus.” J Hosp Infect
46(1): 43-9.

Hardin, G. (1968). "The Tragedy of the Commons."” Science 162(5364): 1243-8.

Hart, C. A. (1998). "Antibiotic resistance: an increasing problem?" BMJ
316(7140): 1255-1256.

Hassey, A., D. Gerrett and A. Wilson (2001). "A survey of validity and utility of
electronic patient records in a general practice.” BMJ 322(7299): 1401-
5.

Hay, A. D. (2010). "Managing UTI in primary care: should we be sending
midstream urine samples?” Br J Gen Pract 60(576): 479-80.

Hay, A. D., M. Thomas, A. Montgomery, M. Wetherell, A. Lovering, C. McNulty,
D. Lewis, B. Carron, E. Henderson and A. MacGowan (2005). "The
relationship between primary care antibiotic prescribing and bacterial
resistance in adults in the community: a controlled observational study
using individual patient data.” J Antimicrob Chemother 56(1): 146-53.

Health Protection Agency (2009) "Investigation of Urine."” National Standard
Method BSOP 41.

Hennessy, T. W., K. M. Petersen, D. Bruden, A. J. Parkinson, D. Hurlburt, M.
Getty, B. Schwartz and J. C. Butler (2002). "Changes in antibiotic-
prescribing practices and carriage of penicillin-resistant Streptococcus
pneumoniae: A controlled intervention trial in rural Alaska.” Clin Infect
Dis 34(12): 1543-50.

Herrlich, P. and M. Schweiger (1976). "Nitrofurans, a group of synthetic
antibiotics, with a new mode of action: discrimination of specific
messenger RNA classes.” Proc Natl Acad Sci U S A 73(10): 3386-90.

Hewison, J. and A. Haines (2006). "Overcoming barriers to recruitment in
health research.” BMJ 333(7562): 300-2.

Hillier, S., Z. Roberts, F. Dunstan, C. Butler, A. Howard and S. Palmer (2007).
"Prior antibiotics and risk of antibiotic-resistant community-acquired
urinary tract infection: a case-control study.” J Antimicrob Chemother
60(1): 92-9.

Hjerpe, P., H. Ohlsson, U. Lindblad, K. B. Bostrom and J. Merlo (2010).
"Understanding adherence to therapeutic guidelines: a multilevel
analysis of statin prescription in the Skaraborg Primary Care Database.”
Eur J Clin Pharmacol.

Holmberg, S. D., S. L. Solomon and P. A. Blake (1987). "Health and economic
impacts of antimicrobial resistance.” Rev Infect Dis 9(6): 1065-78.

Hooton, T. M. (2000). "Pathogenesis of urinary tract infections: an update.” J
Antimicrob Chemother 46 Suppl 1: 1-7; discussion 63-5.

Hooton, T. M. (2001). "Recurrent urinary tract infection in women." Int J
Antimicrob Agents 17(4): 259-68.

Hooton, T. M. and W. E. Stamm (1997). "Diagnosis and treatment of
uncomplicated urinary tract infection.” Infect Dis Clin North Am 11(3):
551-81.

187



References

Howard, A. J., J. T. Magee, K. A. Fitzgerald and F. D. Dunstan (2001). "Factors
associated with antibiotic resistance in coliform organisms from
community urinary tract infection in Wales."” J Antimicrob Chemother
47(3): 305-13.

HSE-PCRS. (2010). "Health Service Executive - Primary Care Reimbursement
Scheme.” Retrieved September, 2010, from
http://www.hse.ie/eng/staff/PCRS/.

Hummers-Pradier, E., M. Koch, A. M. Ohse, W. R. Heizmann and M. M. Kochen
(2005). "Antibiotic resistance of urinary pathogens in female general
practice patients.” Scand J Infect Dis 37(4): 256-61.

Hummers-Pradier, E. and M. M. Kochen (2002). "Urinary tract infections in
adult general practice patients.” Br J Gen Pract 52(482): 752-61.
Hummers-Pradier, E., A. M. Ohse, M. Koch, W. R. Heizmann and M. M. Kochen
(2004). "Urinary tract infection in men." Int J Clin Pharmacol Ther

42(7): 360-6.

Hummers-Pradier, E., A. M. Ohse, M. Koch, W. R. Heizmann and M. M. Kochen
(2005). "Management of urinary tract infections in female general
practice patients.” Fam Pract 22(1): 71-7.

Huovinen, P. (2001). "Resistance to trimethoprim-sulfamethoxazole.” Clin
Infect Dis 32(11): 1608-14.

Huovinen, P., L. Sundstrom, G. Swedberg and O. Skold (1995). "Trimethoprim
and sulfonamide resistance.” Antimicrob Agents Chemother 39(2): 279-
89.

Inskip, H. M., K. M. Godfrey, S. M. Robinson, C. M. Law, D. J. Barker and C.
Cooper (2006). "Cohort profile: The Southampton Women's Survey.” Int J
Epidemiol 35(1): 42-8.

Jayaraman, R. (2009). "Antibiotic resistance: An overview of mechanisms and
a paradigm shift.” Current Science 96(11): 1475-1484.

Johnsen, P. J., J. P. Townsend, T. Bohn, G. S. Simonsen, A. Sundsfjord and K.
M. Nielsen (2009). "Factors affecting the reversal of antimicrobial-drug
resistance.” Lancet Infect Dis 9(6): 357-64.

Junghans, C., G. Feder, H. Hemingway, A. Timmis and M. Jones (2005).
"Recruiting patients to medical research: double blind randomised trial
of "opt-in" versus "opt-out” strategies.” BMJ 331(7522): 940-.

Junghans, C. and M. Jones (2007). "Consent bias in research: how to avoid it."
Heart 93(9): 1024-5.

Kahlmeter, G. (2003). "Prevalence and antimicrobial susceptibility of
pathogens in uncomplicated cystitis in Europe. The ECO.SENS study.” Int
J Antimicrob Agents 22 Suppl 2: 49-52.

Kahlmeter, G., P. Menday and O. Cars (2003). "Non-hospital antimicrobial
usage and resistance in community-acquired Escherichia coli urinary
tract infection.” J Antimicrob Chemother 52(6): 1005-10.

Kavanagh, K., N. O'Brien, L. Glynn, A. Vellinga and A. Murphy (2010).
"WestREN: a description of an Irish academic general practice research
network.” BMC Family Practice 11(1): 74.

Kelly, A. (2009). Retrieved 20/04/2009, from http://www.sahru.tcd.ie.

188


http://www.hse.ie/eng/staff/PCRS/
http://www.sahru.tcd.ie/

References

Kelsey, M. C., G. A. Kouloumas, P. A. Lamport and C. L. Davis (1996).
"Relation between general practitioners' prescribing of antibacterial
drugs and their use of laboratory tests.” BMJ 313(7062): 922.

Kollef, M. H. (2008). "Broad-Spectrum Antimicrobials and the Treatment of
Serious Bacterial Infections: Getting It Right Up Front." Clinical
Infectious Diseases 47 (Supplement 1): $3-513.

Kummeling, I. and C. Thijs (2008). "Reverse causation and confounding-by-
indication: do they or do they not explain the association between
childhood antibiotic treatment and subsequent development of
respiratory illness?” Clin Exp Allergy 38(8): 1249-51.

Kurtaran, B., A. Candevir, Y. Tasova, F. Kibar, A. S. Inal, S. Komur and H. S.
Aksu (2010). "Antibiotic resistance in community-acquired urinary tract
infections: prevalence and risk factors.” Med Sci Monit 16(5): CR246-51.

Larsen, K., J. H. Petersen, E. Budtz-Jorgensen and L. Endahl (2000).
“Interpreting parameters in the logistic regression model with random
effects.” Biometrics 56(3): 909-14.

Last, J. M. (2003). A dictionary of Epidemiology. New York, Oxford University
Press.

Lauritsen, J. M. (2000-2008). EpiData Data Entry, Data Management and basic
Statistical Analysis System. Http://www.epidata.dk. Odense, Denmark,
EpiData Association.

Lautenbach, E., J. P. Metlay, W. B. Bilker, P. H. Edelstein and N. O. Fishman
(2005). "Association between fluoroquinolone resistance and mortality
in Escherichia coli and Klebsiella pneumoniae infections: the role of
inadequate empirical antimicrobial therapy.” Clin Infect Dis 41(7): 923-
0.

Leeflang, M. M., P. M. Bossuyt and L. Irwig (2009). "Diagnostic test accuracy
may vary with prevalence: implications for evidence-based diagnosis.” J
Clin Epidemiol 62(1): 5-12.

Levy, S. B. and B. Marshall (2004). "Antibacterial resistance worldwide:
causes, challenges and responses.” Nat Med 10(12 Suppl): S122-9.

Lipsitch, M. (2001). "The rise and fall of antimicrobial resistance.” Trends
Microbiol 9(9): 438-44.

Lipsitch, M. and M. H. Samore (2002). "Antimicrobial use and antimicrobial
resistance: a population perspective.” Emerg Infect Dis 8(4): 347-54.

Lipsky, B. A. (2000). "Managing urinary tract infections in men." Hosp Pract
(Minneap) 35(1): 53-9; discussion 59-60; quiz 144.

Little, P., R. Merriman, S. Turner, K. Rumsby, G. Warner, J. A. Lowes, H.
Smith, C. Hawke, G. Leydon, M. Mullee and M. V. Moore (2010).
"Presentation, pattern, and natural course of severe symptoms, and
role of antibiotics and antibiotic resistance among patients presenting
with suspected uncomplicated urinary tract infection in primary care:
observational study.” BMJ 340: b5633.

Little, P., S. Turner, K. Rumsby, G. Warner, M. Moore, J. A. Lowes, H. Smith,
C. Hawke, D. Turner, G. M. Leydon, A. Arscott and M. Mullee (2009).
"Dipsticks and diagnostic algorithms in urinary tract infection:

189


http://www.epidata.dk/

References

development and validation, randomised trial, economic analysis,
observational cohort and qualitative study.” Health Technol Assess
13(19): iii-iv, ix-xi, 1-73.

Livermore, D. M., P. Stephens, J. Weinberg, A. P. Johnson, T. Gifford, D.
Northcott, D. James, R. C. George and D. C. Speller (2000). "Regional
variation in ampicillin and trimethoprim resistance in Escherichia coli in
England from 1990 to 1997, in relation to antibacterial prescribing.” J
Antimicrob Chemother 46(3): 411-22.

Ludlam, H., O. Sule, M. Knapton and I. Abubakar (2004). "Can routine
laboratory data guide empirical prescribing?” J Clin Pathol 57(6): 672.

Magee, J. T. (2004). "Effects of duplicate and screening isolates on
surveillance of community and hospital antibiotic resistance.” J
Antimicrob Chemother 54(1): 155-62.

Magee, J. T., M. L. Heginbothom and B. W. Mason (2005). "Finding a strategy:
the case for co-operative research on resistance epidemiology.” J
Antimicrob Chemother 55(5): 628-33.

Magee, J. T., E. L. Pritchard, K. A. Fitzgerald, F. D. Dunstan and A. J. Howard
(1999). "Antibiotic prescribing and antibiotic resistance in community
practice: retrospective study, 1996-8." BMJ 319(7219): 1239-40.

Manges, A. R., J. R. Johnson, B. Foxman, T. T. O'Bryan, K. E. Fullerton and L.
W. Riley (2001). "Widespread distribution of urinary tract infections
caused by a multidrug-resistant Escherichia coli clonal group.” N Engl J
Med 345(14): 1007-13.

Mangione-Smith, R., M. N. Elliott, L. McDonald and E. A. McGlynn (2002). "An
observational study of antibiotic prescribing behavior and the
Hawthorne effect.” Health Serv Res 37(6): 1603-23.

Martin, W. (2008). "Linking causal concepts, study design, analysis and
inference in support of one epidemiology for population health.”
Preventive Veterinary Medicine 86(3-4): 270-288.

McCormick, A. W., C. G. Whitney, M. M. Farley, R. Lynfield, L. H. Harrison, N.
M. Bennett, W. Schaffner, A. Reingold, J. Hadler, P. Cieslak, M. H.
Samore and M. Lipsitch (2003). "Geographic diversity and temporal
trends of antimicrobial resistance in Streptococcus pneumoniae in the
United States.” Nat Med 9(4): 424-30.

McGee H, H. A., Smith M, Byrne M, Consultative Council on Hepatitis C (2000).
Review of the health services available for persons who contracted
hepatitis C through the administration within the state of blood or
blood products. .

McNulty, C., J. Richards, D. Livermore, P. Little, A. Charlett, E. Freeman, I.
Harvey and M. Thomas (2006). "Clinical relevance of laboratory-
reported antibiotic resistance in acute uncomplicated urinary tract
infection in primary care.” J Antimicrob Chemother 58: 1000 - 1008.

McNulty, C. A., J. Richards, D. M. Livermore, P. Little, A. Charlett, E.
Freeman, I. Harvey and M. Thomas (2006). "Clinical relevance of
laboratory-reported antibiotic resistance in acute uncomplicated

190



References

urinary tract infection in primary care.” J Antimicrob Chemother 58(5):
1000-8.

Mehnert-Kay, S. A. (2005). "Diagnosis and management of uncomplicated
urinary tract infections.” Am Fam Physician 72(3): 451-6.

Merlo, J., B. Chaix, H. Ohlsson, A. Beckman, K. Johnell, P. Hjerpe, L. Rastam
and K. Larsen (2006). "A brief conceptual tutorial of multilevel analysis
in social epidemiology: using measures of clustering in multilevel
logistic regression to investigate contextual phenomena.” J Epidemiol
Community Health 60(4): 290-7.

Merlo, J., H. Ohlsson, K. F. Lynch, B. Chaix and S. V. Subramanian (2009).
“Individual and collective bodies: using measures of variance and
association in contextual epidemiology.” J Epidemiol Community Health
63(12): 1043-8.

Metlay, J. P., J. A. Shea, L. B. Crossette and D. A. Asch (2002). "Tensions in
antibiotic prescribing: pitting social concerns against the interests of
individual patients.” J Gen Intern Med 17(2): 87-94.

Metlay, J. P., B. L. Strom and D. A. Asch (2003). "Prior antimicrobial drug
exposure: a risk factor for trimethoprim-sulfamethoxazole-resistant
urinary tract infections.” J Antimicrob Chemother 51(4): 963-70.

Milinski, M., D. Semmann and H. J. Krambeck (2002). "Reputation helps solve
the 'tragedy of the commons'.” Nature 415(6870): 424-6.

Miller, L. G. and A. W. Tang (2004). "Treatment of uncomplicated urinary tract
infections in an era of increasing antimicrobial resistance.” Mayo Clin
Proc 79(8): 1048-53; quiz 1053-4.

Moineddin, R., F. I. Matheson and R. H. Glazier (2007). "A simulation study of
sample size for multilevel logistic regression models.” BMC Med Res
Methodol 7: 34.

Morgan, M. G. and H. McKenzie (1993). "Controversies in the laboratory
diagnosis of community-acquired urinary tract infection.” European
Journal of Clinical Microbiology &amp; Infectious Diseases 12(7): 491-
504.

Naber, K. G. (2000). "Survey on antibiotic usage in the treatment of urinary
tract infections.” J Antimicrob Chemother 46 Suppl 1: 49-52; discussion
63-5.

Naber, K. G. (2000). "Treatment options for acute uncomplicated cystitis in
adults.” J Antimicrob Chemother 46 Suppl 1: 23-7; discussion 63-5.

Nasrin, D., P. J. Collignon, L. Roberts, E. J. Wilson, L. S. Pilotto and R. M.
Douglas (2002). "Effect of beta lactam antibiotic use in children on
pneumococcal resistance to penicillin: prospective cohort study.” BMJ
324(7328): 28-30.

Nathan, S., E. Thacker, P. Oakeshott and H. Atherton (2008). "Use of opt-out
in a trial of chlamydia screening.” Int J STD AIDS 19(2): 143-144.

Nicolle, L. E. (2001). "Epidemiology of Urinary Tract Infection.” Infections in
Medicine 18(3): 153-162.

OBrien, K., S. Hillier, S. Simpson, K. Hood and C. Butler (2007). "An
observational study of empirical antibiotics for adult women with

191



References

uncomplicated UTI in general practice.” J Antimicrob Chemother 59(6):
1200-3.

Ohlsson, H., B. Chaix and J. Merlo (2009). "Therapeutic traditions, patient
socioeconomic characteristics and physicians' early new drug
prescribing--a multilevel analysis of rosuvastatin prescription in south
Sweden." Eur J Clin Pharmacol 65(2): 141-50.

Ortega, M., F. Marco, A. Soriano, M. Almela, J. A. Martinez, A. Munoz and J.
Mensa (2009). "Analysis of 4758 Escherichia coli bacteraemia episodes:
predictive factors for isolation of an antibiotic-resistant strain and their
impact on the outcome.” Journal of Antimicrobial Chemotherapy 63(3):
568-574.

Oteo, J., V. Bautista, N. Lara, O. Cuevas, M. Arroyo, S. Fernandez, E. Lazaro,
F. J. de Abajo and J. Campos (2010). "Parallel increase in community
use of fosfomycin and resistance to fosfomycin in extended-spectrum
beta-lactamase (ESBL)-producing Escherichia coli.” J Antimicrob
Chemother 65(11): 2459-63.

Parascandola, M. and D. L. Weed (2001). "Causation in epidemiology." J
Epidemiol Community Health 55(12): 905-12.

Patrick, D. M. and J. Hutchinson (2009). "Antibiotic use and population
ecology: How you can reduce your "resistance footprint"." Canadian
Medical Association Journal 180(4): 416-421.

Patrick, D. M., MD MHSc and J. Hutchinson, MD (2009). "Antibiotic use and
population ecology: How you can reduce your "resistance footprint"."
CMAJ 180(4): 416-421.

Pedersen, G., H. C. Schonheyder, F. H. Steffensen and H. T. Sorensen (1999).
"Risk of resistance related to antibiotic use before admission in patients
with community-acquired bacteraemia.” J Antimicrob Chemother 43(1):
119-26.

Perfetto, E. M., K. Keating, S. Merchant and B. R. Nichols (2004). "Acute
uncomplicated UTI and E. coli resistance: implications for first-line
empirical antibiotic therapy.” J Manag Care Pharm 10(1): 17-25.

Perz, J. F., A. S. Craig, C. S. Coffey, D. M. Jorgensen, E. Mitchel, S. Hall, W.
Schaffner and M. R. Griffin (2002). "Changes in antibiotic prescribing for
children after a community-wide campaign.” JAMA 287(23): 3103-9.

Petersen, I. and A. C. Hayward (2007). "Antibacterial prescribing in primary
care.” J Antimicrob Chemother 60 Suppl 1: i43-47.

Pitout, M. D. J. D. D., P. C. C. Sanders and W. E. Sanders (1997).
"Antimicrobial Resistance with Focus on [beta]-Lactam Resistance in
Gram-Negative Bacilli.” The American Journal of Medicine 103(1): 51-
59.

Porta, M. and J. M. Last (2008). A Dictionary of Epidemiology, Fifth edition.
New York, Oxford University Press.

Priest, P., P. Yudkin, C. McNulty and D. Mant (2001). "Antibacterial prescribing
and antibacterial resistance in English general practice: cross sectional
study.” BMJ 323(7320): 1037-41.

192



References

Ranji, S. R., M. A. Steinman, K. G. Shojania and R. Gonzales (2008).
“Interventions to reduce unnecessary antibiotic prescribing: a
systematic review and quantitative analysis.” Med Care 46(8): 847-62.

Rasbash, J. S., F. Browne, W.J. (2003). A user's guide to MLwiN. Version 2.0.,
London: Centre for Multilevel Modelling. Institute of Education.
University of London.

Reintjes, R., A. de Boer, W. van Pelt and J. Mintjes-de Groot (2000).
"Simpson’s paradox: an example from hospital epidemiology."
Epidemiology 11(1): 81-3.

Reynolds, R. (2009). "Antimicrobial resistance in the UK and Ireland."” Journal
of Antimicrobial Chemotherapy 64(suppl 1): i119-i23.

Richards, J. (2002). "Monitoring antibiotic resistance in urinary isolates from
the community--a spotter practice model.” Commun Dis Public Health
5(3): 226-9.

Roe, V. A. (2008). "Antibiotic resistance: a guide for effective prescribing in
women's health.” J Midwifery Womens Health 53(3): 216-26.

Rooney, P. J., M. C. O'Leary, A. C. Loughrey, M. McCalmont, B. Smyth, P.
Donaghy, M. Badri, N. Woodford, E. Karisik and D. M. Livermore (2009).
"Nursing homes as a reservoir of extended-spectrum beta-lactamase
(ESBL)-producing ciprofloxacin-resistant Escherichia coli.” J Antimicrob
Chemother 64(3): 635-41.

Rothman, K. and S. Greenland (2005). "Causation and Causal Inference in
Epidemiology.” Am J Public Health 95: S144 - S150.

Ruiz, J. (2003). "Mechanisms of resistance to quinolones: target alterations,
decreased accumulation and DNA gyrase protection.” Journal of
Antimicrobial Chemotherapy 51(5): 1109-1117.

Sagar, A., A. Daemmrich and M. Ashiya (2000). "The tragedy of the
commoners: biotechnology and its publics.” Nat Biotech 18(1): 2-4.

Sandegren, L., A. Lindqvist, G. Kahlmeter and D. I. Andersson (2008).
“Nitrofurantoin resistance mechanism and fitness cost in Escherichia
coli.” Journal of Antimicrobial Chemotherapy 62(3): 495-503.

Sanders, C. C. and W. E. Sanders, Jr. (1992). "beta-Lactam resistance in gram-
negative bacteria: global trends and clinical impact.” Clin Infect Dis
15(5): 824-39.

Schwaber, M. J. and Y. Carmeli (2006). "Antimicrobial resistance and patient
outcomes: the hazards of adjustment.” Crit Care 10(5): 164.

Schwaber, M. J., T. De-Medina and Y. Carmeli (2004). "Epidemiological
interpretation of antibiotic resistance studies - what are we missing?”
Nat Rev Microbiol 2(12): 979-83.

Scott, A., A. Shiell and M. King (1996). "Is general practitioner decision making
associated with patient socio-economic status?” Social Science &
Medicine 42(1): 35-46.

Seleborg, S. AxCrypt - File Encryption for Windows

Seppala, H., M. Haanpera, M. Al-Juhaish, H. Jarvinen, J. Jalava and P.
Huovinen (2003). "Antimicrobial susceptibility patterns and macrolide

193



References

resistance genes of viridans group streptococci from normal flora." J
Antimicrob Chemother 52(4): 636-44.

Sheehan, C. and N. Chew (2005). "Anti-microbial stewardship for urinary tract
infection.” Ir J Med Sci 174(4): 3-5.

Simerville, J. A., W. C. Maxted and J. J. Pahira (2005). "Urinalysis: a
comprehensive review.” Am Fam Physician 71(6): 1153-62.

Singleton, P. and M. Wadsworth (2006). "Consent for the use of personal
medical data in research.” BMJ 333(7561): 255-8.

Skold, O. (2001). "Resistance to trimethoprim and sulfonamides.” Vet Res
32(3-4): 261-73.

Steffensen, F. H., H. C. Schonheyder and H. T. Sorensen (1997). "High
prescribers of antibiotics among general practitioners--relation to
prescribing habits of other drugs and use of microbiological
diagnostics.” Scand J Infect Dis 29(4): 409-13.

Steinke, D. and P. Davey (2001). "Association between antibiotic resistance
and community prescribing: a critical review of bias and confounding in
published studies.” Clin Infect Dis 33 Suppl 3: 5193-205.

Steinke, D. T., R. A. Seaton, G. Phillips, T. M. MacDonald and P. G. Davey
(2001). "Prior trimethoprim use and trimethoprim-resistant urinary tract
infection: a nested case-control study with multivariate analysis for
other risk factors.” J. Antimicrob. Chemother. 47(6): 781-787.

Strahilevitz, J., G. A. Jacoby, D. C. Hooper and A. Robicsek (2009). "Plasmid-
mediated quinolone resistance: a multifaceted threat."” Clin Microbiol
Rev 22(4): 664-89.

Strategy for the control of Antimicrobial Resistance in Ireland (SARI). (2008).
"Management of infection guidance for primary care in Ireland (Draft).”
Retrieved September, 2010, from http://www.hpsc.ie/hpsc/A-
Z/MicrobiologyAntimicrobialResistance/StrategyforthecontrolofAntimicr
obialResistanceinlrelandSARI/Communityantibioticstewardship/File,333
4,en.pdf.

Subramanian, S. V., M. Glymour and I. Kawachi (2007). Identifying causal
ecologic effects on health: potentials and challenges. Macrosocial
determinants of population health. G. S. New York, Springer Media: 301-
331.

Sundqvist, M., P. Geli, D. I. Andersson, M. Sjolund-Karlsson, A. Runehagen, H.
Cars, K. Abelson-Storby, O. Cars and G. Kahlmeter (2010). "Little
evidence for reversibility of trimethoprim resistance after a drastic
reduction in trimethoprim use.” J Antimicrob Chemother 65(2): 350-60.

Tansey, S. (2010). Urinary Tract Infection - Characterising Coliforms and
Defining Relatedness of Escherichia coli Isolates (Master thesis). School
of Biomedical Sciences. Coleraine, Northern Ireland, University of
Ulster.

Theall, K. P., R. Scribner, S. Broyles, Q. Yu, J. Chotalia, N. Simonsen, M.
Schonlau and B. P. Carlin (2009). "Impact of small group size on
neighbourhood influences in multilevel models."” Journal of
Epidemiology and Community Health.

194


http://www.hpsc.ie/hpsc/A-Z/MicrobiologyAntimicrobialResistance/StrategyforthecontrolofAntimicrobialResistanceinIrelandSARI/Communityantibioticstewardship/File,3334,en.pdf
http://www.hpsc.ie/hpsc/A-Z/MicrobiologyAntimicrobialResistance/StrategyforthecontrolofAntimicrobialResistanceinIrelandSARI/Communityantibioticstewardship/File,3334,en.pdf
http://www.hpsc.ie/hpsc/A-Z/MicrobiologyAntimicrobialResistance/StrategyforthecontrolofAntimicrobialResistanceinIrelandSARI/Communityantibioticstewardship/File,3334,en.pdf
http://www.hpsc.ie/hpsc/A-Z/MicrobiologyAntimicrobialResistance/StrategyforthecontrolofAntimicrobialResistanceinIrelandSARI/Communityantibioticstewardship/File,3334,en.pdf

References

Thomas, C. M. and K. M. Nielsen (2005). "Mechanisms of, and Barriers to,
Horizontal Gene Transfer between Bacteria.” Nat Rev Micro 3(9): 711-
721.

Treweek, S., M. Pitkethly, J. Cook, M. Kjeldstrom, T. Taskila, M. Johansen, F.
Sullivan, S. Wilson, C. Jackson, R. Jones and E. Mitchell (2010).
"Strategies to improve recruitment to randomised controlled trials."
Cochrane Database Syst Rev(4): MRO00013.

van de Sande-Bruinsma, N., H. Grundmann, D. Verloo, E. Tiemersma, J.
Monen, H. Goossens and M. Ferech (2008). "Antimicrobial drug use and
resistance in Europe.” Emerg Infect Dis 14(11): 1722-30.

Vandijck, D. M., S. I. Blot, J. M. Decruyenaere, R. C. Vanholder, J. J. De
Waele, N. H. Lameire, S. Claus, J. De Schuijmer, A. W. Dhondt, G.
Verschraegen and E. A. Hoste (2008). "Costs and length of stay
associated with antimicrobial resistance in acute kidney injury patients
with bloodstream infection.” Acta Clin Belg 63(1): 31-8.

Vellinga, A., M. Cormican, B. Hanahoe, K. Bennett and A. Murphy (2011). "Opt-
out as an acceptable method of obtaining consent in medical research:
a short report.” BMC Medical Research Methodology 11(1): 40.

Vellinga, A., M. Cormican, B. Hanahoe and A. W. Murphy (2010). "Predictive
value of antimicrobial susceptibility from previous urinary tract
infection in the treatment of re-infection.” British Journal of General
Practice 60: 511-513.

Vellinga, A., A. W. Murphy, B. Hanahoe, K. Bennett and M. Cormican (2010).
"A multilevel analysis of trimethoprim and ciprofloxacin prescribing and
resistance of uropathogenic Escherichia coli in general practice.” J
Antimicrob Chemother 65(7): 1514-20.

Vincent, C., P. Boerlin, D. Daignault, C. M. Dozois, L. Dutil, C. Galanakis, R. J.
Reid-Smith, P. P. Tellier, P. A. Tellis, K. Ziebell and A. R. Manges
(2010). "Food reservoir for Escherichia coli causing urinary tract
infections.” Emerg Infect Dis 16(1): 88-95.

Warren, J. W. (2001). "Practice guidelines for the treatment of uncomplicated
cystitis.” Curr Urol Rep 2(4): 326-9.

Warren, J. W., E. Abrutyn, J. R. Hebel, J. R. Johnson, A. J. Schaeffer and W.
E. Stamm (1999). "Guidelines for antimicrobial treatment of
uncomplicated acute bacterial cystitis and acute pyelonephritis in
women. Infectious Diseases Society of America (IDSA)." Clin Infect Dis
29(4): 745-58.

White, D. G. P. D., M. N. Alekshun, P. F. McDermott and S. B. Levy (2005).
Frontiers in antimicrobial resistance : a tribute to Stuart B. Levy.
Washington, DC, American Society for Microbiology.

Williams, D., A. Kelly and J. Feely (2000). "Influence of media and regulatory
changes on prescribing of cotrimoxazole and trimethoprim in Ireland.”
Pharmacoepidemiol Drug Saf 9(4): 313-7.

Woodford, N. and D. M. Livermore (2009). "Infections caused by Gram-positive
bacteria: a review of the global challenge.” J Infect 59 Suppl 1: S4-16.

195



References

World Health Organization. (2011). "Antimicrobial resistance.” 2011, from
http://www.who.int/drugresistance/en/index.html.

Zalmanovici Trestioreanu, A., H. Green, M. Paul, J. Yaphe and L. Leibovici
(2010). "Antimicrobial agents for treating uncomplicated urinary tract
infection in women." Cochrane Database Syst Rev 10: CD007182.

Zou, G. (2004). "From diagnostic accuracy to accurate diagnosis: interpreting a
test result with confidence.” Med Decis Making 24(3): 313-8.

196


http://www.who.int/drugresistance/en/index.html

Appendices

Appendix 1

Initial response of the ethical committee of the ICGP

3" October 2007

Prof. Andrew Murphy
Clinical Sciences Institute
Mational University of [reland
Cialway

Tht Irish College of
.5 Practitioners

Re:  Antibiotic  prescribing and  bacteriuria  caused by tnmﬂhupnm an

qumulnn: resistant bacteria in the community: & multilevel study with prospegiiys. . Dhachtgiri
patient and retrospective practice data. Teaghlaigh Eireann

Deear Prof. Murphy,

I wish to advise that the above study was reviewed by the Research Ethics Commities on
12™ September 2007 The committes approved the study subject to an opt in consent
arrangement. The committee read with care the argument for the opt-out method and this
wis defended by co-applicant Prof. Bradley. The committes accepts the scientific
argument that it is possible that an opt-in requirement could ereate a bias in response
However, the supportive evidence refers to a different type of project and the committes
fielt strongly that it could only approve an opt-out arrangement, which runs counter to
precedent, should it be demonstrated that recruitment to the study was being adversely
affected

Alternatively the committee highlighted that were there a pilot study to prove that
response was affected by the optl-in method, the decision of the Commiltee could be
reconsidered. Yy

If you have any queries please do not hesitate fo contact me.

i
Regards R _
"‘Z':)> .‘a *‘;ﬁ
= - ) L™
Pauline, Tiemey 1L} Y =8

REC Adrministrators

A-5 Lincalm Place, Dudlin 2

Tel: (01) 676 370508
Fa- {D1) 6% SRS
e-mail: infadiogpie

WWW.DE, e

Risged. in Intland gt Th irish Colige
of Gersral Procuitioners Limited

Ragrtration Mumbes 160456
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Appendix 2

Resubmission of the application for ethical approval

Galway, January 15", 2009

Re: Re-submission of application:

‘Antibiotic prescribing and bacteriuria caused by trimethoprim and quinolone
resistant bacteria in the community: a multilevel study with prospective

patient and retrospective practice data’.

Dear Members of the ICGP Research Ethics Committee,

Thank you for your consideration of the above application and your letter of
the 3" of October 2007.

This resubmission refers to the prospective patient based component only; the
retrospective practice based study received approval as outlined in your letter
of 14™" November 2007. The original application is also attached for your

information.

We understand and appreciate the concerns of the REC regarding the original

prospective opt-out recruitment method. We now propose a thoroughly
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revised opt out recruitment method which, we believe, is in keeping with
current best ethical practice and research conduct. The specifics of this

revised approach are outlined on page 3 of this letter.

The comments of the REC were most helpful in developing this revised
approach.
In your letter of the 3™ October 2007, you referred to:
e The supportive evidence for the opt-out method, regarding selection
bias and recruitment difficulties, as being unconvincing.
o Areview of the literature regarding opt-out methodology with
specific reference to selection bias and recruitment difficulties is
now supplied in Appendix 1.
e The need for additional information such as pilot data.
o A summary of a focus group study specifically reviewing our
proposed recruitment strategy, nested in a HRB funded project,

is included in Appendix 2.

A review of the literature regarding opt-out methodology (Appendix 1)

Various studies have shown that people are generally favourable and
committed to research. Of particular interest, is a landmark study of Irish
women who had contracted hepatitis C through contaminated blood products.
The response rate was 61% when interviewees received a letter and a follow-
up phone call compared to a 25% response by an opt-in strategy (McGee H
2000). This opt-out method was approved by the REC of five hospitals.
Additionally, when contacted, patients were asked if the contact and the
method of contact was acceptable to them. All 124 patients indicated the
contact acceptable, even though 39% declined to participate in the study. If
this method of contact was deemed acceptable to participants in the Hepatitis

C study, a highly sensitive and vulnerable patient population with high risk of
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stigmatisation, this method should also be acceptable for participants in the
presented study. Similarly, in a Chlamydia screening trial where additional
sample testing was requested by letter, an opt-out approach resulted in 2 out

of 2500 women declining participation (Nathan, Thacker et al. 2008).

The review of the literature suggests that changing to an opt-in strategy, as
suggested by the REC, is likely to result in a significantly lower response rate
and a selection bias. As outlined in the original application, a clear strength of
the proposed study was the potential generalisability of study E.coli
resistance patterns to the general Irish population. If this generalisability is
imperilled through selection bias, the extrapolation of the findings may be

limited.

Pilot data

As suggested by the REC we have performed two pilot studies.

1) Four focus groups with 27 participants in total were set up to investigate
the Irish public’s attitudes to the use of personal information, from their
general practice medical records, in research and service development
(Appendix 2). This study is a three year project grant funded by the Health

Research Board and led by Brian Buckley, a departmental researcher.

One of the scenarios presented to the participants depicted our proposed
revised recruitment strategy. In summary, participants would hypothetically
not have any difficulty with that type of information being passed to
researchers due to the “greater good” effect. Differentiation was made
between this scenario and one concerning more sensitive information.

Assurance around confidentiality and security of data was deemed important.
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These concerns about strict guidelines on the storage of the personal
information and confidentiality agreements, are addressed by the
commitment of the department to best practice guidelines outlined by the UK
MRC Report ‘Personal information in medical research’

(http: //www.mrc.ac.uk/index.htm).

2) The recruitment method in which patients are identified from the central
microbiology records of University Hospital Galway (UHG) has been
successfully piloted over a two month period in the practice of one of the
applicants (Appendix 3). Telephone follow up showed that all twenty patients
with E.coli had no difficulty with the confidential transfer of identification

details from the microbiology laboratory to the researcher.

Proposed revised opt-out recruitment method

Reflecting the advice of the REC, the literature review and pilot data, we now
propose a revised opt-out recruitment method as outlined in the flowchart

(page 5). The key sequential steps are:

e A website (www.antibiotics.nuigalway.ie) devoted to the proposed
research will be developed. This will describe the proposed study with
particular emphasis on the ethical aspects of the opt-out recruitment
strategy. Contact details for the lead researcher, will be provided.

¢ Notices will be placed in the waiting rooms of all participating
practices. These notices will describe the proposed study with
particular emphasis on the ethical aspects of the opt-out recruitment
strategy. Contact details for the lead researcher, will be provided.

e Patients, identified in the lab of UHG from participating practices,
whose MSU’s grow E.coli will receive a written letter outlining the

study and how to opt-out (Appendix 4).
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e Patients can opt-out through the website, a Freephone number, email
or prepaid written response.

e There will be a ‘cooling-off’ period from receipt of letter to accessing
patient medical records.

e As previously approved by the Data Protection Commission and the ICGP
REC, the lead researcher will sign data confidentiality agreements and
data agent nomination forms with each participating practice.

e Each participating practice will receive audit data of their prescribing
and E Coli resistance patterns. This will potentially contribute to direct

gain for the individual patient and practice.

This approach closely resembles that of McGee’s study on Hepatitis C which

can be considered a much more sensitive issue.
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Conclusion

We believe that the revised opt-out recruitment strategy, informed by a
literature review and relevant pilot data, balances the needs to both protect
the confidentiality of individual patients and generate a generalisable study

sample.

We look forward to your response and thank you for your consideration.

Yours sincerely,

Ms Akke Vellinga

Lead Researcher

Prof Andrew W Murphy

Prof of General Practice

Prof Martin Cormican

Prof of Medical Bacteriology

1. McGee H HA, Smith M, Byrne M, Consultative Council on Hepatitis C. Review of the health services
available for persons who contracted hepatitis C through the administration within the state of
blood or blood products. , 2000.

2. Nathan S, Thacker E, Oakeshott P, Atherton H. Use of opt-out in a trial of chlamydia screening. Int J
STD AIDS 2008;19(2):143-44.
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At selected and co-operating practices (N=20)

e Information leaflets in waiting room
e  Practice nurse/administration informed
e  Website/Freephone cleatly displayed

\ 4

Patient presents at GP practice with suspected urinary tract infection

v

MSU taken of all eligible patients and send to Regional Laboratory UCHG

Postitive cultutre (E.cof) < > Negative culture (E.coli)

\ 4

: Opt out
Contact Patient by letter >

(Freephone, website or letter)

v

Review of patient file for Contact subsample (10%) of
—_—
information on UTI treatment patients over phone

Description of present management of UTI in Irish general
practice

Prevalence data on resistant bacteria in the community
Detailed information on resistant bacteria allowing to make
inferences with antibiotic prescribing at community level

Basis for design of a complex intervention to improve antibiotic
prescribing in general practice

NDenvialaman Aata A CCDI Y~
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Appendix 3

Literature review accompanying the ethical re-application

Literature Review on Opt-out methodology

Appendix of re-submission of ethical approval

Due to changing privacy laws, the ethical approach to clinical trials and medical
treatment is also applied to ethical approval for further analysis of databases. The
golden standard in ethical approval is still considered to be explicit written consent.
This type of explicit consent only applies for the specific trial/treatment and includes
the retention of medical records. Within this framework, subsequent re-use of data is
not possible even though it is considered preferable to re-use data rather than re-

collect it .

Research in health and health senvices is often based on the use of datasets available.
Data are collected at various levels, prescription data by GMS, hospital admission data
in HIPE, consus data by the CS0. Thaese data usually have a different primary function
but can, especially when combined with other datasets, open a wealth of informaticn
in subsequent secondary analyses '. Due to the application of privacy laws originating
from ethical approval for clinical trials, the demand for written explicit consent is
requested for this type of research. In this overview of literature, we aim to show that
for low risk non invasive studies, privacy laws are not breached when permission to
study anonimised data is obtained through passive consent after providing public
information.

The evaluation of health service and practice requires the information on patients
using theso services as they will also be the ones most affected by changes resulting
from research. If ethical approval requires active consent by reading and signing
information sheets, this might discriminate against more vulnerable groups and work
against the principle of equal opportunities for health. To aim for equality of access to
quality health and social services, this equality should be reflected in its research.
Without equal representation of all population groups, the outcome of research cannot
reflect the real life situation and inevitably will result in population groups missing and
thair problems not being appropriately addressed *.

Re-submizsion of application: Appendix 1- Literature review
Antibiotic prescribing and bacteriuria caused by trimethoprim and quinolone resistant bacieria in the community

Nartional University of Ireland, Galway

Departments af General Practice and Microbiology
1/6
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In low risk studies consent can be considered as an indication of willingness rather
then refusal. Various studies have shown that most patients do not have a preference
for active consent ®. If it can be assumed that people will have no objections to taking
part in studies and if risks for pecple are very low, an opt-out arrangement or passive
consent is the most efficient procedure without violating the option of providing
choice * which will serve the central ethical dilemma of balancing respect for the
individual freedom and liberty with public health .

Active consent or opt-in has been shown to limit participation ® and introduce bias into
studies ”. The resulting selection bias is reported to influence results due to higher
participation of certain age groups, gender, socic-economic background and ethnicity®
3

Furthermore, people who actively consent and people who do not consent differ from
each other in various demographic characteristics, but both also differ from people
who do not answer "°. This shows that active consent is prone to bias, resulting in
conclusions not necessary representative for the population intended. The
requirement of individual informed consent for organisational research is misleading

and inappropriate as it will lead to unrepresentative outcomes ~.

A number of studies explicitly researched objection to the opt-out system. In the
Southampton women's study 75% of the women contacted agreed to join the study
after being directly approached and the public concern about this approach was
minimal ''. The use of opt-out in a Chlamydia screening trial where additional sample
tosting was required, resulted in 2 out of 2500 women to opt-out of the study '
Interestingly, even though not required, 133 women formally responded of whom some
included positive comments explicitly expressing their motivation to co-operate. A
national survey on British public viows on the use of identifiable madical data by tha
cancer registry concluded that the use of personal, identifiable patient information for
the purpose of public health research and surveillance was not considerad to be an
invasion of privacy. An Irish study on public perceptions of biomedical research reports
on telophone interviews with over 2,000 members of the public in 2004/2005

Re-submizsion of application: Appendix I1- Literature review
Antibiotic prescribing and bacteriuria caused by trimethoprim and guinolone resiztant bacteria in the community
Naronal University of Ireland, Galway
Deparmments of General Practice and Microbiclogy
2/6
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(response rate 65%) for their views on various ethical issues including preferences for
informed consent procedures”. The report found that the public is generally aware of
and committed to making a contribution to research and related activities in the
heoalthcare systom for their benefit and for the benefit of future pationts.

The publics' knowledge about research is low even though there is a general support
for research ™ but education about research has shown to increase patients’
willingness to participate . Information should be available to participants to allow
for informed consent. Informed consent is then seen in the sense of providing option
and helping to make tho optimum choice in light of their circumstances, needs and

values, including perceptions of the benefits from medical research’ ™.

Good methodology should include safeguards to protect privacy and necessary
information should be made available to make an informed decision™ 7. This
methodology should respect personal autonomy by allowing the right to inform and
agree without unnecessary administrative burden on patient or researcher '.

Such a strategy is served by an opt-out policy with additional educational brochures,
description of the observational research project and contact names and telephone

numbers for further information or to request exclusion.

Based on advice given by the United Kingdom Data Protection Act and General Medical
Council an op-out strategy was designed for a project to improve delivery of cardiac
health care between primary and secondary providers *. The principle of the strategy
is the need to take all reasonable measures to inform those whose personal data could
be stored regarding the registry’s purpose, data set, storage method, and users. This
comprehensive public-awareness campaign fulfils the ethical imperative of informed
consent and the implied right of individual people to refuse inclusion while
maintaining a registry that is complete. A similar strategy was used for the registry of
tha Canadian Stroke network. Information leaflets and postars dascribing the purposes
of the registry, including how to opt-out, are available on the stroke and general
medical wards at each participating hospital'®. The opt-out rate has been very low.

Re-zubmizsion of applicarion: Appendix 1- Literamure review
Antibiotic prescribing and bacteriuria caused by rimethoprim and guinolone resistant bacreria in the community
Nanenal Universuy of Ireland, Galway
Deparmments of General Practice and Microbiology
3/6
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In conclusion, research by analysis of databases for the benefit of the community has
been soverely obstructed by the implementation of individual privacy laws. The
implementation of research ethics and confidentiality agreements should allow public
health researchers to access personal records without violating privacy laws. The
requirement for informed consent could be better served by providing information
through the distribution of leaflets, provision of websites providing references and

further information and contact names and phone numbers for additional

requirements.

Re-zubmizsion af application: Appendix 1- Literamre review
Antibiotic prescribing and bacteriuria caused by mrimethoprim and guinolone resiztant bacteria in the community
Narenal University of Ireland, Galway
Deparments af General Practice and Microbiology
4/6
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Appendix 4

Summary of focus group study
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Summary of Focus Group:
UTI Antibiotic Resistant Research Scenario

Patients’ attitudes from Inform Study focus groups.

Brian Buckley, Pauline Clerkin

Background and methods

As part of the Inform study, which is ongoing and which is investigating the Irish public’s
attitudes to the use of personal information from their general practice medical records in
rescarch and service developments, 27 men and women aged over 18 have beon involved in four

focus groups in Galway, Spiddal, Corofin and Ballyvaughan.

As part of thase focus groups, various scenarios wero discussaed which described different types
of data access and use. One scenario depicted the proposed use of identifiable data to contact
patients with anti-biotic resistant Urinary Tract Infections.

The scenario was described in the following way:

=  Some urinary tract infections (UTIs) are resistant to antibiotics, so that extra treatment
is needed.

* Laboratory researchars want to study whether being prescribed with antibiotics
previously by GPs can lead to antibiotic-resistant UTls.

*  But of the very many samples sent by GPs to hospital laboratories for testing, only a few
will have an infection and aven fewer will have a resistant infaction.

* The researchers want the hospital laboratory to provide the name and address of patients
whose laboratory tests show they have an antibiotic resistant UTI, so that they can
contact them and ask for their permission to use medical and prescribing information
from their GP records in the study.

* If a patient does not want to allow their records to be used in the study, they can opt
out.

* But oven to ask whother the patients’ information might be used, the researchers would
have to be able to link personal medical information (the urine analysis results) and the

Re-rubmiszion of applicarion: Appendix 2: Summary of focus group study
Antibiotic prescribing and bacteriuria caused &y rrimethoprim and guinolone resisiant bacieria in the community
Nadenal University of Ireland, Galway

Deparmentz of General Practice and Microbiology
1/4
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patients’ identities: i.e. the researcher would know that everyone they write to has had a
uTl.

*  Would patients be upset that someone unknown to them has already linked their name to
personal medical information in order to invite thom to participate in the study?

= |f NOT allowed to see these data the research will not take place because the only other
option is to write to invite everyone who has had a urine sample tested and then identify
those with UTI's of interest - and this would be too expensive and impractical.

Results

Across all the groups, most participants reported that in general they would have “no problem”
with their contact information being passed to researchers in the scenario given. Opinions varied
from general acceptance of personal information being available for research in general, with or
without permission, to accoptance of this particular scenario given that the amount of

information being made available to the researchers is limited.

“Because you might help somebody.. And if it was going to be of benefit to people then
..other peaple, then it’s great...”

“so the only data that any of these researchers know about me is the fact that 1've had
UTls that did not react to antibiotics, right? They DON'T know that I'm also a
schizophrenic and that I'm on half a dozen drugs for that, they don't know that I've got
a heart condition or anything else about me ... so they know nothing ..."

Some pointed out that if they thought that if it were pointed out that they personally were to
benefit from the research, or that the purpose of the research was made more pertinent to
them thay were less likely to be concerned about their details being passed on to researchers.

“If | got the letter and like they were doing research on it and | was personally to  gain
by the outcome of the research...that there might be some, you know;, benefit for
me as such...'d be all for it...”

Re-submizsion of applicatien: Appendix 2: Summary of focus group siudy
Antibiotic prescribing and bacteriuria caused by trimethoprim and gumolone resistant bacteria m the communiy
Nanenal University of Ireland, Galway
Departments af General Practice and Microbiology
24
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“that's where the benefit is...they can go straight to the..straight to the carrier, right,
and go look it, you have a problem, these hundred people in the West of Ireland
have a problem...you ARE resistant...what we’re doing is attacking this problem...”

The fact that the scenario concernad a topic deemed to be less sensitive was a factor in whether
or not participants would be concerned. It was suggested that they would be less likely to

approve of this scenario if it invelved a more sensitive condition e.g. S.T.D.

“what if you ... you'd got an 5TD, for example...now if you got a letter in the post
from researchers saying we know that you've had this at such and such a time...
mean it’s going to be a bit of a shock to the system isn’t it?

“But a UTI is a UTI ...it"s not like you have ...you know..”

While in general most people were happy with the scenario and wouldn't have any objections
some pointed out that it would need to be undertaken under strict guidelines and criteria to

ensure that personal information was secure.

4| think the research in itself is extremely important and it's very valid to have to

do it....but | think the conditions under which it is done are also very important... and
the controls are very important... they have to have clearly defined criteria though to make
sure that that doesn’t happen...so that people know exactly what the rules are...exactly what
they're allowed to do and not allowed to do...because once that information leaks from a
doctors surgery and is in someone else’s hands, there has to be very careful control”.

Security arrangements around where the identifying details are stored were seen as important as

was the signing of confidentiality agreements by research staff.

“Access by other people whoever they are. And also the kind of place in which it’s
stored. And the working environment for people to actually use it in soit's not

moved to other places.

“Because they'd sign the confidentiality...and I'm hoping that like everyone else in the
practice they’'d abide by that...”

Re-submizsion af application: Appendix 2: Summary of focus group study
Antibiotic prescribing and bacteriuria caused by trimethoprim and guinolone resistant bacteria in the communify
Naronal University of Ireland, Galway
Deparmments ef General Practice and Microbislogy
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Conclusion

In summary participants overall were happy to consider the UTI antibiotic resistant research
scenario and would hypothetically not have any difficulty with that type of information being
passed to researchers due to the “greater good” offect. Differentiation was made between this
scenario and one concermning more sensitive information and assurance around confidentiality

and security of data was deemed important.

Re-submizzion of application: Appendix 2: Summary of focus group study
Antibiotic prescribing and bacteriuria caused by trimethoprim and guinolone resistant bacteria in the communiy
Nanonal University of Ireland, Galway
Departments of General Practice and Microbiology
44
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Appendix 5

Irish College of General Practitioners, ethical approval

19" Febeuazy 2009

Fez: Antibiotic prescribing and bacteriuria caused by trimethoprim and quinolone
resistant bacteria in the community: a multilevel study with prospective parient
and retrospective practice data

Dear Prof. Murmphy,

I weiah v wonfom tat the reaubeisaion sclaotivg w e patieot based conporent of the alaove
study was reviewed by the Rescarch Ethics Committee on 1% February 2009,

The commiltee approved the chanpe in the recruitment method as pequested.

If vou have any queries please contact Ms, Pauline Tierney — paulipg tierneviaicep,ig

Yours sincerely,

. Prof, Colin Bradley

Chairman REC
4-5 Lincale Plage, Dublin 2
Tal: (01} &76 IT05TE
Fax: (01] 676 S50
a-malk infeaiicgp e
W, g

Raggd, in frefand a4 Tha kith Collag
of Genargl Pracyiionsi Limiie

Apgiration Mamber (08

F O Cunnaag
Chief Exeonl
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Appendix 6

Invitation letter to practice

Antibiotic prescribing and urinary tract infections in the community

Galway, September 2009
Dear Dr. HAME,

Antibiotic resistance is a growing clinical problem in general practice.

Although thers is general acceptance that the problem of resistance is linked to
antibiotic prescribing, details of this link are not clear. We wish to invite you
to take part in a study on antibiotic prescribing and urinary tract infections in
general practice. This is a HRE funded project led by the NHUI Galway
Departments of General Practice and Bacteriology with full ethical approval
from the ICGP. Further details are available at www.antibiotics. nuigalway.ie.

Backeround

In the first part of our study we looked, for the first time in Ireland, at the
association between antibiotic prescnibing and resistance at the practice level.
This multilevel analysis showed a clear association between prescribing of
Trimethoprim and Ciprofloxacin and resistance of E.coli from urine to these
antibiotics. The second part of the study is to look for evidence of this link

between antibiotic prescribing and antibiotic resistance of urinary E. coli at the
individual level.

Why our practice and what is being asked of us?

We are asking practices that have, in the past, submitted the most urine
samples to UHG to participate in the study. |t is likely that these practices
already submit urine samples on most or all patients with clinical features of
UTI and we anticipate that participation in the project will not have an impact
on workload.

For the duration of the project we would like to ask you to send a urine sample
from every patient with suspected UTI. Upon receipt of this sample in the
microbiology laboratory of UHG, a letter will be sent out by us to inform every
patient about the study. We will also wish to access additional information on
antibiotic prescribing from the patient record which will be done by our
researcher.

What is being asked of patients?

Only a selection of these patients will be asked to answer some specific
questions on their UTI. Patients can opt-out at any stage of the study., A
website has been set up to give additional information to patients as well as an
easy opt-out form to facilitate patients who do not wish to participate. Leaflets
to inform patients of this study will be distributed to the practice waiting
room.

weerw. antibiotics. nuigalway . ie 091/495192 akke.vellinga@nuigalway.ie
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What happens next?

We will call you during the next ten days to answer any queries you may have
about the study. Altermatively, you can contact Martin Cormican (087 833
S9881), Andrew Murphy (087 2731188) or Akke Vellinga (091/495192) to discuss
the study. If you prefer, a visit by one of us can be set up. This visit will be
brief and can be arranged at a time chosen by you. All staff are welcome to
attend. Alternatively if you do not wish to participate, just contact Akke by
phone or email (see below).

At the conclusion of the study you will receive a newsletter with an overview of
the results, together with a profile of specific E. coli resistance patterns for
your practice.

Yours sincerely,

Prof. Andrew Murphy Prof. Martin Cormican Akke Vellinga
General Practice Bacterology Ressarcher
wwne. antibiotics. nuigalway.ie 091/495192 akke.vellinga@nuigalvay. ie
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Appendix 7

Invitation letter to patient, including opt-out return letter

Antibiotic prescribing and urinary tract infections in the community
A study condhcted by the Departments of General Practice and Bacteriology, NUI Galway

Dear HAME,

fou are invited to take part in the above research study which is funded by the Health
Research Board.

1nl\'l'r'_.r am | being asked to participate?
At your last visit with your general practitioner, you were asked to provide a
urine sample which was then forwarded to the laboratory in University Hospital
Galway.
=+ All such patients are being asked to participate in the study. The lead researcher
is a member of the microbiology team and is mow contacting you.

What is the study about?
=+ The study has been set up to understand the relationship between the prescribing
of antibiotics in general practice and community wrinary tract infections.
= The study will contribute to a better understanding of how best to manage
urinary infections in the Irish commumity.

What are you being asked to do?

+ ‘fou are being asked to give your permission to allow us to look at your charts in
your general practice for information specific to this research study. We will only
record information relating to urinary tract infections. Mo personal information
that would allow you to be identified will be taken. Any information will be kept
strictly confidential amd will be seen only by the researcher.

= [f you are happy to give your permission, you do not need to do anything.
However, if you would prefer that we do not use your information then please let
us know by returning the enclosed form in the prepaid envelope, calling the
phone number or logging onto our website www.antibiotics. nuigalway.ie where a
special opt-out button can be clicked. Should you decide not to take part, your
care will not be affected in amy way.

More information on this study can be obtained by visiting our website
wiwnw. antibiotics. nuigalway. ie, contacting the researcher at 091/495192 or emailing
akke.vellinga@nuigalway.ie

Thank you for considering this request.

Prof. Andrew Murphy Prof. Martin Cormican Akke Vellinga
General Practice Bacteriology Researcher

Am‘sﬁmncmmbmgmﬂmmy tract infections m the community
WWWLaREIBe e Lig or495197 akke vellinga@muizalway.ie
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OPT-OUT

Date: / /

| would like to opt-out of this study:

[ 1 do NOT give permission to search my charts to get information for this
research study

Additional comments:

Please return this form to:
Akke Vellinga
Department of General Practice
NUI Galway
1 Distillery Road
Galway

Annbiotic prescribing and urinary tract infections in the community
www.annibionics. nuigaiway.ie 001/4951902 akkevellinga@migalway.ie
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Appendix 8

Practice information sheet (A3 for waiting room, A5 for reminder cards in the consultation

room)

OE Gaillimh

NUI Galway

This general practice has agroed to co-operate with the study:

Antibiotic prescribing and urinary tract
infections in the community.

This is a study conducted by the Departments of General Practice
and Bacteriology of the National University Ireland, Galway and
funded by the Health Research Board.

The study will contribute to a better understanding of how best to
manage urinary infections in the Irish community. For more
information about the study and how this rescarch can have an
impact, please log on to our website www.antibiotics.nuigalway.ie

The study obtained approval from the ethical committee of the Irish
College of General Practitioners. All data will be handled with
respect to privacy and confidentiality.

If you would prefer that wo do not use yvour information thon pleaso
let us know by calling the phone number below or logging onto our
website where a special opt-out button can be clicked. Should you
decide not to take part, your care will not be affected in any way.

Thank you for considering this request.

Akke Vellinga Prof. Andrew Murphy Prof. Martin Cormican
Researcher Department of General Practice Department of Bacteriology

www.antibiotics. nuigalway.ie
Telephone mumber: 091/495192
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Appendix 9

Website

NUI Galway
OE Gaillimh

olleges & Schools

This is a HRB funded project from the Departments of General Practice and Bacteriology from the NUI Galway

The project aims to understand the relation between prescribing antibiotics in primary care and antibiotic
resistance. The study focuses on urinary tract infections

There are two parts to the study

¢ Linking the database on prescribing behaviour of general practices in the West of Ireland and results from
urinary samples sent to the microbiology laboratory of the University Hospital Galway. This part of the
study is now finished and the results are published and can be viewed by clicking on the ‘Findings’ button
; ; v Links
« Collection of samples from patients in a selection of general practices and linking this with individual
characteristics related te antibiotic prescriptions

Opt Out

n
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Appendix 10

Practice agent nomination form

AGENT NOMINATION FORM

Mame of Practice:

As a General Practitioner representing the practice named above, |
hereby nominate Akke Vellinga as an agent of this practice for the
duration of the practice’s involvement in “dnfibiofic prescribing and

urinary tract infactions in the community” study.

As an agent of the practice, Akke Vellinga will be bound by the
normal procedures governing patient confidentiality in this
practice. Information about individual patients will be treated
confidentially and will be used solely for the purpose of the
rescarch study. Akke Vellinga will remove personal identifiers
from the data to ensure that only anonymised data is disclosed

from the practice to the study.

GP Signature: Date:

GP Name (block capitals):
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Appendix 11

Confidentiality agreement

CONFIDENTIALITY AGREEMENT

As a researcher working with the ‘Antibiotic prescribing and urinary
tract infections in the commumity’, | agree to be bound by the normal
procedures governing patient confidentiality. Information about

individual patients will be treated confidentially and vsill be used

solely for the purpose of the research study.

Researcher Signature:

Researcher Name: Akke Vellinga

Date: [/ /2009

Witnessed by (member of staff):
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Appendix 12
A multilevel analysis of trimethoprim and ciprofloxacin prescribing and resistance of

uropathogenic Escherichia coli in general practice. Vellinga A, Murphy AW, Hanahoe B,
Bennett K, Cormican M. J Antimicrobial Chemotherapy 2010; 65(7): 1514-20.
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J Antimicrob Chemother 20010 65: 1514-1520

doi:10.1093/joc/dkql49 Advance Access publication 10 May 2010

Journal of
Antimicrobial
Chemotherapy

A multilevel analysis of trimethoprim and ciprofloxacin prescribing and
resistance of uropathogenic Escherichia coli in general practice

Alkke Vellingo*, Andrew W. Murphy?, Belindo Honohoe?, Kothleen Bennett* and Martin Cormicon®*

‘Discigline of General Broctice, School of Medicine, NUF Galway, Ireland “Department of Medical Micobiology, University Hespital,
Galway, Ireland; “Denartment of Bharmocdogy & Therapeutics, Trinity Cantre for Heolth Sdences, Dublin, Iraland;: *Discipline

of Bacteriology, Schood of Medicine, NUI Galway, Ireland

“Wnmesponding author. Te- +353-91-595192; E-mail- aklke weling o@nuigalway e
Recaived X Mawch 2010; accepted 28 March 210

Objecthes A retrospective analysic of dotoboses was performed to desoibe trimethaprim and dprofloxadin
|presoibing and resistonce in Eschanichia coll within general procticss in the ‘West of rband from 2004 to 2008,
Metheds: Antimicrobial susceptibility testing was performed by disc diffusion methods acoording to the OLA
methods and oiteia on significant E coll Eototes (cd ony count >10% cfuiml) from urine samples submitted
from genenal proctice Dota wee collected over a 4.5 yeor peniod and aggregated ot proctice bevel. Data on anti-
i robial prescribing of pectices were obtoined from the notional Inich presonibing dotobase, whidh oooounts
far ~~ % of all medidines presoibed in primany care. A multilesd modd PMLwiN] was fitbed with trim ethoprim
ciprofioxoadn esistonoe rotes as outoome and proc tice presanibing as predictor. Proctics and individual routinely
collec ted vonables wer contmlled for in the moda.

Results: Seventy-two general proctices sent between 13 and ?m[medu'l155]mple-s.ﬂ'mnlnedmmne
E. cai positive Presoibing ot proctice leve was comrelated with the probobility of antimicnobial-
resistant E. coli with an odds rotio of 1.02 [95% confidence interal (1) 1.01 - 1.04] forevery additional presorip-
tion of trimethoprim per 1000 patients per month in the proctice and 108 (1.06-1.11) for aprofloxoadcin. Age
wias a significant risk foctor in both modes. Higher variotion between proctices was found for diprofloxadin
as well o= g yearly ingrease in resistance. Comparning a ‘mean’ proctice with 1 prescrption per manth with
one with 10 presoniptions per month showed an inoease in predicted probability of o resistont E coli for the
‘mean’ poatient from 23.9% to 27 5% for trimethoprim and from 3.0% to 5.5% for dprofloxoedn.

Coneluslons: A higher bevel of antinmic rbial presanibing in a proctice is assodated with a higher probability of a
resistont £ ool for the potient. The voriotion in antimicrobol resetance levels between proctices was relotively
higher for ciprofioxoacin than for trimethoprim.

Keywands: quinolones, UTls, commmmunity

. indiidual presoibing of timethoprim™ s well o5 ot prodice
Introduction leved for ampiclin and trimethoprim prescribing.™
Irebond = one of only tl'n!e_cm.ntms. l'l Europe  where Hﬁuﬂgﬁmmmwﬂumaunﬁmu—

outpatient antinnicmbial g is o svery
1000 members of the Ich populotion, 21 daily defined doses
(D0D=") of antibotics were presoribed in 2006 compared with
llfuﬂ'erb‘ﬂ'ﬁhﬂﬁ:ndl&funmtrehmﬂpemhﬁz
of antimicobial egent=” Use of antimicrobioks is recognized as
thie main selective pressure driving the emengence and spread
of antimioobial resistonce in human pothogens. Higher rotes
of ontimicebiol resistonce were shown i high consuming
countries in o cross-notional ecological study.” Assodotions
have alzo been shown between presoibing and esistonce for

geted to controd and Bt the spread of resistonce of pathogens,
but general proctitioners [GPs) ae not olways comanced of
their contribution to overdl antimicrobial resistance lewels " A
smiall-soale sudy of antimicnobéal prescribing in the [ish genenal
proc tice showed thot =80 of the GPs ogreed that they overnpre-
soibe antimicrobial agents and almost H0f fet under oy
patients to presoribe antimicrobinl agents® Efforts to reduce the
level of presoibing of antimicrotioal ogents ot notional and
patient level con be expected to have an =fect on resistonce
levels, but evidence to aupport this hypothesis i limited. ™

i The Authar 2010 Puhiished by Ouford Universly Press on behalf of the Britkh Saciety for Antimicobia Chemothespy. Al rights msered.

For Parmisgons, pleme e-mal: oumnas permispraexirdoumas og
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Andlysts of trimethoprim and &profloxocin

JAC

Urinary troct infection (UTI) i= one of the most comimnomn boc-
tefial infections presenting in genernal proctice and micet episades
are treoted with antimicmobiol ogents.’™ Some guiddines for
empirical treatment of uncomplicoted cystite suggest trimetho-
primn o= first-ine ogent and dprofloxodn o an altemative « the
level of msictance to dprofioxedn i generally still low.™? A single
pathogen (Eschenichio call ocoounts for a high proportion of LTI
in the community.™ Most dinical loboratories perform susoepti-
billity testing to a sandard pane! of antimicrobial agents, uswally
ind uding trimmethoprim and ciprofloxodn, on routine Eolotes.

A muttilevel modeling opproxch seporates the effects of
individud- and groupdeve] vonobles on the outcome. This
approoch & opplied to assess the assoacation betwesn antinmico-
bial presoaibing of a pnctl:eu'dpuua'utktmmydmnm
resistance to trimethopim and dprofioxodn of E ool from

urinary somples.

Methods

Isolates

Lirine: 50 mples subrritted from genenl prociceto the Micabialogy Labam-
tary at Gaway Univesity HeEpiols wem altured by semirquantiiative
metads Taolobes Fom specimens yeelding =107 cfufmil were dentified
by standamd methads and tesfing was perfosmed by the
dise diffusion methad scmeding ta (LS] metods ™ Suscentibility teting
ta trimethaprim, dpofloxndn, amgclin, co-omanclay, cefpadasime and
nitrafurantain wae perfosmed on dl Eolates. Data fFom all cultumes overa
& 5 year pernd (Apd 2004- September 2008) wes calected Far eadh
sample, gender_oqeand geneml procticea ddmess wes aeallable Dupliote
Eolates were defined as mpeat =adates fom the same patient within
91 daysof the fistmdate and wene exdided Fam analys The number
afusne somples and e number of BEaates foreadh proctice were alai-
lotieed . Dty e anly includisd whien awallable for the whale pediad and
athsast 10 positiee somples wene subrmitted by o pmdice sach year Only
ane pmctioe did not submit the minimom 10 somples per year

Prescribing doto

Data on pmctice antimecobiol pescibing wee obtaned fom Health
Service Evecutive-Frimary Core Bembursement Services (HSEAERE) In
Treland 7% of the populnton & awemd by péeate nmumnoe and 30%
{who are means besbed) howe free healfcom and fee medioation
[ ed “GMS eligiie’, whes GMS stands for Geneml Medioal Senioes]. ™
Far the dumtion of this study dl patients =70 years of oge wene GMS oi-
gible While the HSEPCRS populafion camnat be considesd sepmsenin-
tive of e enfire population, a5 e ddedy, the young and the socialy
deodvartaged om overrepresented, it & esSmoted to acount for
=~ 7% of all medidnes depersed in primany care.

The HSEARS provided the number of pesciptions per pocfice for
thie study period_ Data were chtdined for all anfimicmbial prescriptions
and, to allbw coredions for pescribing behaviour of the pmctios, the
gwerdl numbes of prescriptions, oml controceptives, hormone meplooe-
ment thempy, selectie sergtonin re-upbake nhibitors. (5581%) and benzo-
dinzepines. were abtained

Practice data

Proctioe{evel data were abtaine d fmm the HSE- GMS panel sie; location;
nurse availability; numberaf poftnes; dipensng stabus; dsfonce 1o the
hespital laboratary; pecentoge of female GPs; mean oge of GRs; and
redative affluence of proctice ama. To mssess the mlafve affluence, the
Srmall Amea Heath Reseamh Uit (SAHAL ndes was used ™ This index

& bosed geographicnlly an district dectord divisions, ond rotes indioes
of relatiee poverty on a soake of 1 to 10, whes 1 & the most affluent

Data analysis

bweroge pmctioe pesciption rates wem coodated per 1000 patients
{paned size] per manth fee Toble 1] Sacdo-smnomic stotus (SE5) was
onteqgadmed into high and low 555 with scores of =8 being depdoed
Age wers coteqarized into five oge groups.

The m==tance of £ cali to Fimethoprim and dproflaxacn wos com-
pamd with the pooled pescripBons of these ontimcmbds within the
practce. The csncnfan wos shudied with a multlevs logetic model in
which wariohles are cntmlled for at poctice ewl o ot ndividual lesel
The odds mtia (0R) [and = 95% onfidence intesvd ((T]] gives the
incmease in the pmbability of hoding a msiEtant £ ol for every addiional
prescripton of the antimicrabiol {per 1000 patients per manth] ar, far the
ather warobles, for one coeqory companed with the refe snoe coteqany.
The mintive mpartance of proctioe and ndividual wariobles was inte-
preted by comparing the amount af vadation explained ot sach sten
The madion 0F! {m0E) shows e rdevanoe of pmdice compamed with
individud wariable s the larger the mOR the mome important the proctce
& in peediding the pobabiity of having o resstont E calf fEee Table 2]

A otemilar plot showing the etimated resduds forall the pmdioe
inrank ande r was made based on the find moade. The harixontal line at
g & the owroge reSstance at prdice level. Similarly, based on the
find maodd, o pedciion of e ovemll level of msistonce was made
with the waning pesaibing per month. For each praciice the same pe-
dictinn ws made warying the presaibing within the proctioe limits.

Predictions fand 95% (1) were calculnted based on the final modeds,
with dl wariobles set at their me an walle and pmdice prescribing ranging
fram 0 to 20 pesciptions per 1000 patients per month

Adciti | statistical axpl 4
Data were andysed wsing a multiess logetic regresion madel with tr
methoprim and dpmflomdn msstanae as binary outomes (yesnal
This appmoch dlows the sepamtion of proctioe- and patient-ewsed
fadtos. A madel wes bult sinrfing with anempty maode and ntrad ucding
the main foctor of inemst, antimicobid pescibing, patient vasablbes
fage and gender) and proctice-level wasables ot eoch sep

Pt cription mtes wes speciied as mndom effects {varying ntescept
for each proctice), which alows mies to be speciic for each proctice

iption rates were dso tested for random sihpes 1o see whether
the effect of prescribing differs between proctioes, but this dd not
improse the madeks.

bn alematie mode in owhich tohort” (year] we nduded o a
lervel {individudls within cohads within practices) was not sigrificantly
better than the two-lewd model Hu-chh wen bested for Ntemdions,
but these did nat show any statetical sigrificancas.

The odjsted OB with 95% (0 for resstance to the antimicrabial
of ents wee cdoulnted for the explanatary varables Inoder to quantify
the wariability betwesn poctios: nantimicobiol resstance level, an mOR
wirs mlailoted using Lorsers mORL™E7 The mif con be interpreted
& the inceease in risk in the maginary esent of a patient masing Fom
a practoe with bow to o proctioe with high resstonce. An mOR equal ta
ane means no diffe ences between pmdices n the probability of res<t-
anae. Far the mOR a Bayesion credible interal was cdouated bosed
an the distdbu tion af the mOR ta dstnguishit fom a fied effects ORCL

The mullilevel logestic regresion modes wee estimabted with a
Markow Chain Monte Coardo MOMO) method wsing Muwid softwom
feergian 12) developed by the Goldsten ressach goup'™® The
deviance nibsmation citedon (DIC], which oom bines the devianae with
nfarmation about the number of parametens in the madel, was used ta
compame diffesnt madels.
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Vellinga et al.

Results

Our study somple consisted of 14181 £ cal isolotes from 72
proctices. The mumiber of somples per proctice mnged from 44 to
E&T (medion 17 5) over the 4.5 year study peniod. The pond size
[nurnber of GMS potients) ranged from F1 to 3195 with a
median of 1066 per practice. Table 1 shows the basc chaocter-
istics of the indhaduol- and proctice-leve] vonables. An ovensew
af the final models for timethoprim- and dprofloxodn-resetant
E. cali for individual- and proctice-lesel voniobles & shown in
Table 2. The specific comelbotion for each proctice and the overall
comrebation (thick red Bne)] between presoibing and predcted
resistance are shown in Figure 1 for trimnmethoprim and Figure 2
for diprofloxadin.
Trimethoprim prescribing is sonificontly comeloted with tri-
resistonce of E. call in unnory solotes with an
inrease of 1.02 (95% O 1.01-1.04) for every odditional

prescription of trimethoprim per 1000 potients per monith
[Taible 21 Increasing oge inceased the odds of msistonce for -
mmethioprinn, but this & only significant for oges over 80, Mo differ-
ences were observed between males and femoles within
pra tices. Mo yearty changes were observed intrimethoprim mesist-
ance ot proctice level, except for o small inorease for 2008 com-
poed with the reference yeor 2006 DR 119 [959% O 104-
1.34]]. Ho pmctice-devd vonables were found to be signific anthy
a=sodated with trimethoprimn resistonce. Owvemll presoibing of
medication ot the proctice level was kept in the model, but did
miot show o significant effect.

Cprofioxadn prescribing is significontly assodated with dipro-
Tionodin resistance of E colf in unnary isolotes with an inoease of
108 (95% O 106-1.11) for ewery oddiional prescription of
cipraofiosndn per 1000 potients in the procice. The Of for yeor
[cohort) showed an inoemse in dpofloxarin resistance with
inoreming year. The OR of resistonce for an individual in 2008

Toble 1. Bsic chamaeritics of individual- and pmdice-lesd wsables

Pemertage ar mean Madion =0 Min-max
Individual level vorigbles n=14 181
Gender
mae 19%
female 88.9%
U 3%
Age (years) w63 &5 250 0-102
=18 12 3%
18 ta <40 314%
40 ta <180 21.5%
60 ta <80 24 1%
=80 10.7%
Proctice level variables n=T72
rurm ber af samples 197 175 L4-567
pand sie |patients) 10481 loehE (2] 71-3195
age of GMS G (years) 523 517 ] 389-687
i ber of GMS GPs 14 1 09 1-5
SESaf ama 6.8 8 i3 1-10
distaniae ta hespital {km) 2510 216 252 0-85
pectice rurse 55.6%
dispersing 13 9%
ruml allowanos 20.5%
single handed 63.3%
Predictor voriable s—pme scrip tion
trimethogrim prescribing per manth fmean no. &7 &3 3z 0-18.1
af pescdption=1000 practioe population)
cipraflaxacn presaibing per maonth fmean na 46 &1 34 0-1749
af pe=cdption="1000 practice population)
antimgtics per year [no. of prescriptions) 1037 1o &61 L-2412
aweral medication per year (no. of prescriptions) 20060 21869 8976 &4-L4 576
Dependent
antibhotic msitance mie ot poctios 259% 50 150-400
leved, rimethapdm
antibiotic msitance mie ot poctios 5.5% a5 08-18.6
Lesved, ciperyflo o cin
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Taoble 1 Overvienw of the final mulleve mades for témethagrm- and
dpmfiomdn-m=kinnt £ ol in usnary Bolates

Trimethagprim Cipmflaxacin
[ 9% d [ W%
Prescrifing per 1000 102 101-104 1.08 104-111
pafients per manth
Gender
male e ference refenence
femde 096 096-110 050 040-063
urkrown 117 0492-150 08} 04LR-127
Age, years
<18 e ference nefenence
18-<40 109 O81-106 138  094-205
&0 <060 104 091-120 214 147-318
[y ] 13 125-164 463 331-680
=80 125 194-262 1152 300-1661
Yasar
2004 e ference reference
2005 093 0O87-112 105 078-141
2006 108 096-123 1M 12-228
2007 109 096-123 18 142-252
2008 119 104-136 218 1&62-2948
SES area 105 094-117 1.04 1.01-108
Orverall pmescriling
Licnw e ference nefenence
madium 1 090-114 078 059-102
high 082 0F1-09& 077  051-114
Practoe mE° 110 103-116 137 122-259

“The miedian value of the OR be tween the pmcfice ot highest &5 and the
pmdtioe at lowest risk when randomiy picing out two proctioes.

.0,

B3 05 ~

Ly

Elsu_zu

#E]

1.

b

T p1g . . ; |
0 5 10 15 m

Trimethaprim prascribing per 1000 POUents per month

Fgure 1 Pedicted proctioe and owvemll {thide line] aeelation betwesn
trimethogrim presaibing and resstonce. This figure appears in cdaur
in the anline wersion of IAC and in Bock and whibe in e print wersion
af JaC

s double the odds of 2004 [OR 218 (95% C1 1.62-298]]. The
fnear trend for yeor wos stotisticolly significont (P-<0001,
foctor; compared with a person <18 years old, the odds of a

resistance of £, coll
§ B B
T T

2

) 5 10 15 m
Clprofizxacin prescribing per 1000 pILEns per manth

Predicted % ciproflaxadn

Figure 2. Pradicted pmdics and overdl fthick ine] comalation between
cpmflaxacin pesciting and ressfonce. Ths figum appears in mlour
in the arline wersion af JAC and in block and white in the print sesion
af TAC

Pradice-level reddual

i 18 b 5 72

Practices ranked by Incrensing value of reskdual

Fgure ). Procticedevel msiduds showing the difference in varionoe
betwesen the trimethogim and cpmflaxacn madel The dpmflasacn
made shows mome unexplaned sasation at proctios level

diprofioxodn-resisant iolote for a =40 yeors old
doubdes and inoreases to 11.5 (3.0-16.8) for =80 years of oge.
Fermales were significantly less Gkely to hove o dprofiosodn-
resistant E_ ool infec tion compared with males. Sodo-economic
aren wos found to be borderine sSgnificant, with lower sodo-
economic chass (Le. higher Sahnu index) inoreosing the odds of
resistant isobotes.

[afferences in resistonce betwesn proctices were armaler for
trrne‘ﬂ'mrnﬂ'mfuqamﬂom'u[lr{ﬂllﬂmrpmedwm
1.37) and the oedible interval for the trimethoprim made! is nar-
rower than is the czse for aprofioxnodin. Figure 3 shows the war-
iance of the proctice-levd mesiduals for eoch prctice compared
with the owenall resistance [horzontal Bnel in inoreasing ondsr
of this difference from left to nght. The proctice-level residuals
meqmtufﬁcp‘uﬂmmn,ﬂmrgur#ﬁmlymm
rricrobiol resistonce between proctices for dprofioxadn com-

[Figure & shows the predicted probability of hoving o esistont
E coli for the ‘meon’ patient in the ‘meon’ proctice for every
inoreces in presaiption of the antimicrobid ogent per 1000
patients per month. The prbabiity of o ‘mean’ potient having
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&0 vaniables, Butler et al® used o multilevel lnear moda in which
--. Clprofioxocin changes in antimicrotial resistance at practice levd were found
BN trimemcpnm to be osmcided with presaibing. Our study combined the

Fredicted probability
]

.
For--EeroT-ITTETTOR

D123I4&567 8 91011121314151617 181930
Prescription per manth

Fgure & Pedided proboblly of m=stonoe for esesy incmce n
pesciption per manth hased an the find model for ‘meat patent
and ‘mean’ pmcfice].

a resistont E. coli in @ “meon’ proctice with 1 pre
sription per 1000 potients per month wos 23.9% (95% O
126%-250%); with 10 pesoiptions per 1000 potients per
month, 275% (95% C1 26.0-29.2); and with 20
per 1000 |.‘.ﬂ'tl!‘|1£ per monith, 3207 (95% CI 27 7% 365%).
the probability was, respectively, 3%
[95% CI 2.5-"-!!3 3.5%) for 1 prescription, 5.5% 5% CI 4.5%-
6% for 10 pesoiptions and 1007% (95% O G4%-16.4%)

for 20 prescriptions.

Discussion

Owr results demonstrote thot noreased presoribing of both o
methaprim and diproficeacin within o prctice = assodoted with
an inoeased probobility of a resistont E_ coli for the potient, inde-
pendent of other nick fortors. This reane tha o patent consulting
a proactice with a high antimionobinl pesoibing pattemn will havwe o
higher probobiity of infection with antimicrobéol-resstont £ coli
than a paient visiting a low presoitng proct oe.

The additional information abtained from the wse of o multi
level logstic regression showed that the varniation between prc-
tices was higher for ciprofioxadn than for timethoprim. Mone of
the practice-level vanation weE explained by any of the proctice
vaniabbes induded n the maodel, which were mainty reloted to
structure of care, such as the presence of a procice nurse or
the number of Gis assoooted with the proctice.

Thmmmwu‘dm
resistance in the community is well desoribed |
mrehmnuswﬂmrdudm*uelﬂuiuﬁmetaﬂ
repnrtedrl an international ecdogod study a high comelation

betwesn resistance levels and prescribing pattem in 26 Buropean
countnes, Wheregs the strength of the ewdence wos rdotively
weak due to the study design, the consistent patterns weee strik-
ing. oriows other studies also identified a carelotion with nesist-
ance at the ecologcal leve ™~ and with the use of multilevel
studies for i-4octam ontitiotics and trimethaprim™* in boc ter-
furia. A multiteve] study by Donnan et ol showed an increase
in OR of 1.22 (95% (I 1.16- 1.28) for every presaiption of tni-

methoprim ot the patient level after odjusting for practice-level

q:pmd'eshﬂ'miuﬁsm' it showed on o=ociotion of

tice-leve] pesoibing and indhadualdeve] resistonce for -
meﬂ'ﬂpnﬁmmtheud:itmnﬂ'ﬂtﬂ'lsdﬂnmpiedmfhcmw—
notone [dprofloesdn resistance. The opportunity to compane
the predictions from the two models demonstroted thot the
soabe of the impoct wos reatively maorne influential for aprofioxe-
ain compared with trimethoprim. A proctice with 1 pesoiption
p=r 1000 potients per month cormpared with one with 10 pre-
seriptions per 1000 potients per manth showed a difference in
mﬂddmﬁlﬁ%htmﬁmﬂiﬁfu
diprofiorodin. For dprofioxadn  this an  almaost
2-fiold increase in the predicted probobility of resistonce.

Geographical waniotion in resistonce levels was shown for
p-loctam and maoolide resistance of Streptocoaous pnedmonis
reflerted i the difersnces betwesn the proportions of resistance
within indiidual serotypes ™ Goossens & al® supported the
hiypothesis thot sdedtion pressure was the main factor in the
gepgraphical vondtion in resisonce patterns and not dional
dissemination. A poper from Gordo-Rey et d.™ howsver,
Mummmﬁmemﬁmmﬂwem
surmption and resistance in both & pnewmonic and E. coli
between provinces. They performed a Gnear regession onahyss
in which an inverse relotionship was found between consump-
tion and resstonce ofter removal of cwtbers, The lower geo-
graphicad level (proctics) used in owr multilessl anabysic might
e the remson why our results show ewidence supporting the
owerall hypothesis that inceasing antirmiorobial wse in proctices
5 a=sso0ated with inorensed resistance in isolotes of potients
attending thot proctice.

[t is beologically plousit e that differences in prochios presonib-
ing of trimet hoprirm and ipeofl ooocin have o different impoct on
the frequency of msistance in £ colf to these antirmicsbials.
Trirnet hoprim was introduced in dinicol practice in 1975 and
resistonce levels in £ coll hove remoned stoble ot ~30% for
some years ** Trimethoprim resistonce in E. coli = osocioted
with plosmid-encoded resistonce determinants copable of hor-
zontal transmission. As the plosmids may encode esstonoe to
one of mok agents other than trimethoprim, esistance may
be selected for and maintoined by antimicrobial ogents other
than trimethoprim. Ciprofloxodn was introduced into dinical
practice more recently and resetance bevels in E. coli were low
at 2 5% in 2003, but areinceasing ** Mthough plasmid-encaded
lowe-level dprofloxodn resistance s well described, high-level
resistance to dprofiosodin in E. ool s generolly assodated with

int mutotions in the dwomosomal housskesping gene
gwA"’ Thesfore the ‘opportunities’ for trimet hoprim resistance
genes to spread and rmaint ain themsebses may be greater com-
pared with thoze of dprofloeacin

[mespective of how resistonce emerges, the time soole of
emengence of resistonce under constont elective pressune wWos
found to be mucdh shorter thon the decay time ofter cessation
or dedine in the level of presoibing ™ A major decease insul-
phonamide presaibing in the UK did not haove an effect on the
prevalence of resistonce to this dreg in E. ool within a useful
tirne frame."* The pevalence of i E. coli
in this study was very high (46%) ond presanibing was estob-
fished. Nosnin et o™ looked ot the effect of B-loctom antibiotic
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use in children on preumooncs ol resisance (14%) to peniclin in
a cohort study and showed that reduction in antimicrobial use
could result in o reduction in resistance notes within & mont he.
A recent study from Sundquist et ol*? did not show a decrease
in trimn ethoprim resistonce in £ ool oft e a 24 maonth intervention
tha deoessed trimethoprim presoibing by 85% In controst,
Gottesman & ol showed in o retrospective ecological study
an immediate effect of quinolone restriction on the asceptibdity
of E. codl in comnimnunity urine cultues. The quind one resistance
level of E. coli decreased from 12% before to 9% during the
intervention restricting cprofloacine Owr stwdy may  exploin
the differences in outoome betwesn these interventions os i
suggests thot antimicrobiols with bess estoblished and dissemi-
nated resistonce levels, e mors vaniotion in esistonce levels
betwesn pectices, might be more lkely to show an impact of
changing prescriting, and vioe versa.

Cwr daota suppaort the following messoage to GPs with respect
to antinmicrobeal prescribing; not only i prodent wse of antimico-
bial ogents of general walue to the community os a whaole in
Emiting the emengence and dissemmination of infection, but con-
seregtive antimicrobial presonbing is of spedfic benefit to
potients within a proctice by reducing the lkelihood of infection
ot redudng residonce ogminst antimioobiols shoubd toke its
potential impoct into occount o this could be difierent for
mmone of lecs established antimicrohials.

Limitation of the |
The rnain Brmitotion of the study is the use of the HSE-PORS dota-
ba=e for the prescribing dota. Ireland doss not hove o oomipre-
hensive notional presoibing dotobase; the HSR-PORS dotabace
oovers 0% of oll primary core presoiptions. The mising 30%
& lorgdy presoibing to middie-oged and relotively offluent
patients. Possible binses resulting fom this exdusion ae difficult
to identify, and for this regson our condusons need to be inter-
preted with some coution.

A zecond Bmitdion of the study mfers to the possible
impoct of routine lobora oy sompling on the esults. Ovesll,
wine somple submission did not show any  discemible
changes ower time in o stoble populstion and it appeors reason-
able to suggest thot no change in sampling behaviowr has
occummed.

A prospective individuad-bosed study & oumently being con-
ducted in 22 proctices in the West of Irdond fthe lobonotony
results from these proctices wese oo port of this onabysis)
[wews antibiotics nuigalwanyiel. The 22 procices wes requested
to send in wnine somples of all patients with suspected UTL. Pre-
[rminary results from the first & months of this study showed no
increase in the nurmiber of wnine samples aubmitted to the labor-
tony, suggesting thot genenolly oll potients with suspected UTIs
have o somple submitted for oulture.

Furthermore, the stotistical modaling wused in this poper tokes
4ime’ and ‘number of somples’ into ocoount as independent
vaniables and only the vanable time remaned o significant
foctor in the maodel.

Fromn these results it i expected thot wine somples are ou-
tinely submitted from oll aupected UT] potients and no differ-
ences in resiktonce levels are lkely to be due to changes in
SAUDITHSEMNS.

Conclusions

This multileve]! anolysis with potient- ond procice-level data
showed that an inorecee in trimethoprim and ciprofloxacin pre-
sqriibang within a proctice = assodoted with an inorease in the
probabadlity of dingnosis of o wopathogenic £ ool resistant to
these antimicrobials for the potents. Other proctice wornables
appeared to hove btile impoct on esistance rotes. The vonation
between proctices was higher for dprofioxodn than for timetho-
prinn, which suggests that befor resistance to an antimic obsaol
ogent becomes widely disseminated in the ocommmunity, wari-
ations in presaibing behoviour may hovwe a greater impoct on
selection for resistonce.
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Predictive value of
antimicrobial susceptibility from
previous urinary tract infection
in the treatment of re-infection

Alke Vellinga, Martin Cormican, Belinda Hanahoe and Andrew W Murphy

ABSTRACT

Raoument urinary iract imlections an offan ne-
Infections; Thamdon, antimionoblal susceptiblliby 1ast
rsulls from a pravious episoco may guida the ampinc
therapy In subsaquant episodes. This analysis provicas
predoive values of the andimicrobial sescaptbliy of
prvious Eschanciia ool Isciabes for Tha treatmant of
re-infedtions in rowting clnical practios. F resisiancs o
ampicllin, Frimafoprim, or ciorofSmain is deleched,
re-prascription within 3 months i imprdant.
Susceptibity fo nitroturanton, ciprofioacin, or
trimathopeim in a provious sampis suppons i
prescription for a r-nfection within 3 months and up
10 aysar Aasistanos o nincluranioin IS iow and, onog

datecied, cacays nelativaly quickly. Nirofuranioin
should be considarsd 2= & frst-ine agent for infal and

Tepe: teimant.

Kaywond 5

antibiotic reskstance; Exchanchis ool genaral praclica;
pradiciva walua: wrinany tract infection.
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INTRODUCTION

Urinary tract infection (LTI} is cormidersd to be one of
the most common bacterdal  infections.
Appronimately 5% of young adulis hawve bacteriuna
ot ary one time,” with up to 50% of adult women
reporing @ UTl ot some tme in their life The
incidance of UTI increasss with age, at the rates of
1-2% per decads” Aecurence happers frequently,
in 27-48% of healthy women® after sportorsous
clearance oa well as after antimicrobial fresatment.?s
Prospective studies have shown that the wast
majority of recument UTls are re-infections by a
previcusly identified atrain.?

Guidelines on empirical treatment of acut=
uncomplicated UT] suggsst that agents may not be
suitable for empirical use when the community
prevpdenoe of mesistance to the antimiorobial in
Escherichia coli exoseds 10-20%." Empirical
antimicrobial therapy requires a balance between the
need to achiewve affective thempy as well as to it
the uses of broad-spectrum antimicrobial ogents
Antimicrobial susceptibility tsat results from previous
epinodes of UTl may guide the dscision-making
process in the selection of empinc therapy in 2
subssquent spisode of UTI, and indicate the use of
antimicrobials with high community resistonos levsls

There are limited datn to confirn or quantify the
predictive value of the antimicrobial resistence
pattem of previous isolabes. This analysis o
the wolue of the amtimicrohbiol susceptibiity of a
prewiously isolated E. coli on predicting the
susceptibiity of o subsequent isolation of E. ool from
o UTl in rowtine clinical practice.

METHOD
The lobaratory at Gaksay University Hospital is the
main negional leboratory for over 200 000 patients {of
o tofal Insh population of around 4 millon] and
provides a microbiology senice to GPa in the West of
Irelznd s well o to the hoapital.

Al records from general practioss of patisnts with
mars than one sample of significant bacteriuna

British Jourmal of Genaral Practica, July 2070

234

B



Appendices

A Vellinga, M Cormican, B Hanahoe and AW Murphy

* . *
How this fits in
Although commonly pracfised by GPs thans is no evidence that: provious
apisndas of UT] causad by E. ooff can guids sdlection of empiri antimicrobial

therapy for subsaquent apisodas of UTI. This datshasa snalysis of E. ooff
ra-infections shows thai provicus opisodos can provide guidance in the
treatmant of subsoquent infoctions.

[=10* pure oulture'mil), that is, recument infectiors,
were sxtractsd from the datnbase over o d.f-year
period (April 2004 1o September 2008). The fimt
isolats during this period was idsnified for sach
patierit, and the time to sach subssquent isolats was
calculoted. A recurrence was defined os o re-
infetion if it was caused by the same spscisa and i
it occumsd mone than 2 weeks after the onginal LITL2
Aelopose isolates, defined as recurnence with the
same species within 2 weeka from the previous
sample, wers ewduded from this analysis.” F more
than one sampls wos given during o 2-manth period,
orily the firat of these samples waoa considened.

The positive predictive value (PPV] was coloulated
oa the proportion of patients with an E. coli resistant
to an antimicrobial of firet molate that remain
resistant to this anSmicrobial at the subsesquent
isolate. Simiarty, the negative predictive value NP
gives the proportion of patiends with an E. ool
infetion susceptble to an entimionobial at the fist
isolats, who show the same susospiibility in a
subse=guent isclate. As the PPV and NPV are directly
proportional to the prevalenoe of resistanoe in the
population, a corection (Bayes theorem)] is appled,®
with a comection for the variohility introduced by the
presmlenos socording to fow.” The PPV s coloulated
ht3 Pldiseass|-teat) - [Bemnaitivity x
prevalence){[asnaitivity x prevalence] + {1 —
speoificityH1 — prevalencelll. PPV and NPV and
thisir 85%: confidencs intervals (Cls) were colculated
uming WINFEP." The prevalsnce was obtained from
the full databass {oll general practics samples aver
the period of 4.5 years). For simplicity, PPV and NPV

Table 2. Overview of prevalence of resistance, positive

ans only presented for re-infection within 3 monthe
and betwssn 9 and 12 mantha.

RESULTS

Ower the 4.5-ysar perfiod, 147 306 wine samples
wane enalysed; in 21.3% an orgenism and in 14.4%
E. cof was identified. A tofol of 3413 pafients
provided at least tec E. colf-positive samples ower
the study perod. The mean age of the prospsctive
cohort was 51.7 yeans {standosd devietion [SD]
26.7 years) and medion 560 years. The study
population consisted of 80.9% femalss and 11.0%:
ware under 18 years of age. No changes in age or
e were obsenved over the Sme period.

& total of 10892 of patisnts had a re-infection within
3 monthe, 633 patients had 2 re-infection betereen 2
and & months after the first sample, 543 betwsen &
and 8 montha, and 450 beteeen & and 12 months.
Litfle difference was found betesen age ond sew
when comparing the full databases from the 4.5~year
pericd to the re-infection dotabase (Table 1). Toble 2
givea on overdiew of the PPY and NPV of the first
mample when the subseguent sample is within
3 monthes and beteeen 8 and 12 months; the PPV
and NPV for the pericds in betwesn [2~§ months and
§-8 montha) declines gredually betwesn these
pericda.

There ia an 84.5%: probability that a patient with an
ampicilin-resistant E. colf in @ previous sample wil
otill hawe a@n ampigillin-resistent E. coli in a
subssquant episcde of bacteriura within 3 montha.

Table 1. Comparison of full and
re-infection database.

Full database  Re-indection database

n 14 405 3413
WAGan Bga, yaars 40.8 LT
Ean, ¥
Famala B4 ooz
kaa 'R B2
Linknivn 4.5 1.0

ive value and

predictive
negative predictive value and 95% confidence interval for each antimicrobial for a
re-infection within 3 months and after 812 months.

F af '#lthin 3 monihs @12 monihs

REksanoe, % PPV 5% O NFY O PPV @59 Cl KV 5% Cl
Co-amowiclw 2349 B45 4080501 B3 B TEEAY 431 EOoEDd 524 BS00ioBAT
Ampaciliin BT B4 BTl ETZE TTE T4ZOBEOT TED TidiopE00 S04 BT o @52
Cloratiowacin 5.7 BiE T.Tio0l7 W83 OTELEET 434 010D 68 668010075
Miroluraricin 2a Mz R3WNI WO WTeLEEI BT 16523 W5 01iolFd
Trimathoprim 2.4 THZ TAiEEs W3 HLLERE B2 B0 &0 503 BE3.01ocBB.0

NPV = nageive prodictive vali. PRV = postifes proditivd valise.
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PPVa are obtnined for ciprofiosacin (82.8%) and
trimethoprim  ([78.2%). Ths probabiity of a
nitrofurantoin resistant re-infsotion within 3 monthe i
the previous isolobs is resistont is poarticularty low
[20.2%). The probability that & re-infisction betaeen
& months and o yeor remaing resistant is high, ot
75.9% for empicillin and 58.2% for trimethopeim. In
contrast, the probabity that @ re-infection within
3 montha and up to a year is susceptible if the inftial
E. coli wos susceptible is nearly 100% for
ciproflowecin and nitrcfurantoin, and B6.23% for
trimethapeim.

DISCUSSION

Summary of main fndings

If & paotient presents with & recument UTI within
3 montha and their previous sample showsd an E
coll resistant to ampicillin, trimethoprim, or
ciprofloxacin, this recurrent UTl is most liksly
nsacciated with an organism that is o8l resistant. If a
patient with o recurrent UT] waoa diagnosed in the
previcus year with an E. colf that wos susosptible to
nitrofurantoin, ciprofiokacin, or timethoprim, the
oepanism assooiaied with this reourent spisode is
linaty to be sl susosptible.

Limitations of the study

The use of routine leboradoery wine samples as the
basis for thia analysis may influence the results dus
to waning reguest behaviour or changes n
labsorartory procedures. Howewver, the number of urine
samples submitied did not changs ower time (data
ovailable from authors). Alsc, the GPa' follow-up of
patients with a laboratory-confirmed UTI aa well as
its potentiol effect on the datn is unknowm.

Comparison with existing Meratire
Ocouwrrences of re-infection are common and
clinicians often look at the results of previous urines
testing to help guide their entimiorobial choice when
patierts represent. To the outhors” knowlsdge thems
hias besn no reseanch, 1o date, which sither supports
or apposes this practice.

Implications for clinical praciice and futune
resesrch
These resuls may help GPs to conserve broad-

spsctrum agents by using antimicrobial test resulits

from presicus episodss of UT] fo prescribe mone
narrow-apsoirum agents such as trimethoprim, even
when commurity resistonce levels are high. The high
PPV of previous ampicillin, timethoprim, and
ciprofloxocin resistance wanrats  agoirst the e-
preacripion of these agemts within 3 montha, whils
the high NPV indicates prescoription of thess
ortimicrobinls  if susceptibility  for  thess
antimicrobials was shown in o previcus sample of the
patient. The kow prevalsnce of resistance and high
NPV of nitofurantoin at both 2 and 12 monthe
prommotes  nitrofurantoin oz a bereficiel first-line
agent for initial and repeat presentations.

More in-depth ressarch into patisnts pressnting with
another positive E coll UTI, in particular within
Amonthe, would be of ntereat to further improve
presaribing practice. An angoing proapective study will

Funding body
This work was concuciad 2 part of 8 project unded by tha
Haalth Research Board of Feland.
Ethical approval
Ethical approval was grantad by tha irsh College of Ganaral
Praciffionars.
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Appendix 14

Opt-out as an acceptable method of obtaining consent in medical research: a short report.

Vellinga A, Cormican M, Hanahoe B, Bennett K, Murphy AW. BMC Health Research
Methodology 2011, 11: 40.
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Opt-out as an acceptable method of obtaining
consent in medical research: a short report

Akke Vellinga'™, Martin Carmican™, Belinda Hanahoe®, Kathleen Bennett® and Andrew W Murphy

Abstract

of the apt-out recritment approach

including an ‘opt-out’ button was set up for the study.

Background: A pospective cohart study was 2t up o investigate a possible association betwesn antibiotic
peEsaibing and antiblotc resistance of E coll wrinary tact infection in the commaunity. Participation of patients with
urinary tract infection was obtained throwgh an opt-out methodalogy. This short paper reports an the acceptability

Methods: Participating practices (2J) were requested 1o send a wrine sample from all patients presenting with
symiptoms of wrinary tract infection. Upan receipt of the sample in the laboratony, a letter explaining the study, an
optout fom and a freepost emvelope were sent to all adult patientz A wehsite with additional information and

Results: A total of 1362 urine samples were submitted by the 22 paricipating practices spresenting 1178 adult
patients of whom 193 acthely responded to the letter: 142 opted out by better, 15 through the welbsie, 2 by
phone and 12 sent the letter back without indication, making a total of 171 patents or 14.5% opt-out; the
remaining 22 patients (1.9%) explicitly apted in_ The total group corsisted of 80% women and the mean age was
509 years (sd 208 Mo significant differences were found between patients who partidipated and those who
opted out in terms of age, gender or whether the wrine sample was posithe or not

Conduslons: Ovesll the aptout method was well received and participation in the study rsached 855%. The low
riumber of comiplaint () indicates that this 5 a geneslly acceptable method of patient mouitment. The 145%
optout shows that it effectively empowers patients to decline participation. The similasty between patients opting
out ard the rest of the patlents ks reassuring for extrapolation of the esults of the study.

Background

The gold standard with respedt 1o ethical meruvitment of
participants in research is explicit written consent,
although various studies have shown that most patients
do not have a preference lbr active consent [1]. An Irish
study on public perceptions of biomedical research
found that the public is generally aware of and com-
mit ted 1o making a contribution to research and et od
activities in the healthcare svstem for their benefit and
for the benefit of fwture patients [2]. In owr study on
management of urinary tract infection (UTI) in general
practice, it was important o get a representative sample
of patients. Concern was raised that an opt-in method
for recruitment could cause bias as this approach is

time consuming for the general practitioner (GP) which

* Comesponcience: akl v lingrgnicaivayic
' Dacipline: of Gareral Fracios; Schonl of Meddne, MU Gakay, nelnd

Full s of sudeor Infoemmadon is aeilibio ot o ond of dhwe amide

() Biomed Central

could impact on the participation of the GP and the
patient. This short paper gives an overview of the appli-
cation of an opt-out recruitment approach and its
acceplability for consideration in other health-related
studies.

Overview of the justification to support opt-out consent
Active consent or opt-in has been shown to limit parti-
cipation [3] and introduce bias into studies [4]. I con-
sent is comnsidered an indication of willingness rather
than refusal and il risks for the paficipanis are very
low, an opt-oul armngement or passive comnsent is gen-
erally the most efficient procedure without violating the
option of providing choice [5]. This methodology will
mast likely result in a more representative po pulation
relecting the real life dtuation [8].

A limited mumber of gudies explicitly resarched pos-
sible objections o the opt-oul system and not only

o 0 1 il o i B ol Ll Ths 5 s o i, T i o i B i v v S of e o s
Amribagion Lienss (W pAorsies oo is.ong A cen s A 20, whi ch permi s s mimed e, derbution, and epoduion in
ary mdum, provided the crgina wirk s properly doad.
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found this method to be generally accepted but addi-
tigrally identified patients” appreciation of participation
in research [78].

Goond methodolegy should megpect personal autonomy
by providing the necessary information to make an
informed decision and indude safeguards to protect
privacy [#-11]. The challenge in applying an opt-out
methodology is to provide easily accessible information
1o all patients to Geilitate informed consent without
innterfering with the medial consultation. This prnciple
wias applied to our gudy on antimicrobial resistance and

Page 2 of 4

reminder cards for the consulation mooms. Partici pating
practices wer equested 1o send a urine sample from all
patients prsenting with sympioms sugges e of urinary
tract infection. Upon receipt of the sample in the
bboratory, aletter explaining the study (sup plementary
filep, an opt-out fom and a freepost envelope were sent
1o all adult patients who supplied a wrine cimple.

In the letter patients were informed of the objectiives
of the study and permission for the researcher to look
al their GP moords was requested. Additionally, it was
explained that they werm free to opt out of participation

prescribing in sdults with winary tract infections.

Methods

A progpective cohort study was sel up to deseribe the
management of UTL in [rsh general practice as well as
to investigate a posible ssociation betwesn antimicn-
il pr\Eal‘.'r.il:ing and resistance of E. coli isolated from
patients with urinary tesct inkection .

Following extensive dialogue with the Research Ethics
Committes of the [rish Collage of General Practitiones,
approval for an opt-out consent method was given. The
study meceived ethical approval for the wse of an opt-out
methodology based on the low risk to the patient and
the potential bemefit for the patient of adequate s ge-
ment of UTI based on unbiased information [5,12]. In
this interpretation consent is an indication of willingnes
rather than refusal and informed consent is oblained by
generally accessible information as well a5 easy modes
i opl out [11].

Only one bboratory provides microbiological services
in this region. After a retrospective amalysis of blsoratory
data from all practices submitting to this hboratery [13],
a list of practices was generated based on the mumber of
positive urine samples in 2007 In an effort to limit the
witkload of a potential increxse in the number of sam-
ples due to the study and in consultation with the
laboratory, the highest ranking practices were selected.
The top 25 practices were invited and 22 agmed to par-
ticipate in the study, two practices did not have compu-
terised meconds and one practice declined. Practices were
located in ruml as well & wrban locations with a variety
of patient populstions. Practices had different patient
(age and gender) profiles ax well as different proportions
of private and medical card patients. At the time of the
study about 30% of the population was eligible for a
medical card. Madical card eligibility is determined by
income as well as age (all pensioners over the age of
70 vears are eligible). Medical card patients have free
medical care and medication [14]. The participating
general practices were considered representative of all
Irish genersl practices.

All practices received posters inlrming patients of the
study to display in the waiting room, 2 well as little

in the stwdy by flling out the included opt-out km, by
phone or through the website.

A dedicated website was st up with detailed infma-
tiom on the study as well & on the problem of antimi-
crobial resistance in general http:/www antibiotics.
nuigalvayie The index page induded an “opt-out”’ but-
ton which linked to a form that could be flled out by
the patient. The website was cearly laid out to avoid
coiftion and enture ey opt-oul Regular updates on
the study, as well as study resulis were added to the
website when available.

Results

A total of 1362 urine samples were submitted by the 22
participating practices during the study period The
amples were from 1178 adult patients. The 22 practices
senl in betwesn 15 and 115 samples

In total 193 patients actively responded 1o the leiter
142 opied out by ketter, 15 through the website, 2 by
phone and 12 sent the letter back without indication,
making a total of 171 patients (14.5%) who opted
outs the mmaining 72 patients [ L9%) explicitly opted in
(Figure 11 The letters of 24 patients had a wrong
address and were returned.

Twao patients expressed concerns regarding the use of
the opt-out method. Both gquestioned the way their
address was obtained and whether this imerfered with
the confidentiality of their patient data. An individual
réesporse b thete concerns was senl o their GP with a
request o forward this to the patient. Mo further con-
CErTE wens e preded.

Patients conssted of 941 women (799%) and 237 men
(20.1%). Their mean age was 50.9 years (sd 20.8) and
the median age was 47 years. Patients who opted out
were dightly older (328 vs 5004 years) and the percen-
tage of females was slightly higher (83% v 70.5%) but
thess differences were not statistically significant.
Patients who opted out through the website were sgnili-
cantly younger than those whoe wsed the letter (non-
parametric, 535 vs 387 yeas, p < 0005

A significant isobte (pure cultume at greater than 10°
colomy ferming wnits/ml) was identified from the urine
sample of 402 (34.1%) patients Patienls with a positive
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Paged of &

Lipirws simpdiss o il
mspectsd UTI patients

1362 samples

1178 Patients

Wsan age 51
Famale: G0%

483 Participants 171 Opt ouwt
B3,4% 14.5%
- +
Maan nge 50 e oo 53
Famaia: 30% Fomake B3

Figure 1 Row chart of the parScipation and apt-out of patients in the study

culture were no more likely to opt oul compared to
thise with a negative culture.

Discussion and Conclusions

Orverall the opt-out method was well meeived by both
general practitioner and patients and achieved a high
level of participation in the study at 83.4%. The low
mumber of complaints indicates that this is a generally
acceplable method of patient recruitment. The 145%
opt-out of patients shows that the process effectively
empowered patients Lo decline paticipation. The high
similarity between patients opling oul and the partici-
pating patients with resged to age, gender and isolation
of a positive culture i reassuring for extrapolation of

the resulis of the gudy. However, a8 no other potentially
imporant variables were availible about the patients
who opted oul, it cannot be naled out that other factos
were of imporiance lbe participation in the study. Simi-
larly, even though every elfort was made o inform
patients of the study, it cannot be guaranteed that all
patients received this information through the different
media offered by us.

Cher findings are in line with other gudies which have
shown that an opt-oul methodology is generally well
accepled and will result in high participation rates
[7.815]. A recent Cochrane review looked al wayws to
increase recruitment into cdinical studies and also identi-
fied opl- oul as a possible method [16]. The lack of
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further involvement in the study by patticipants and
general practitioners, acknowledged in the ethical
approval given to the study, favours this type of recruit-
menl which might be less applicable for studies with
maore invelvement or rigk. For non-interventional, low-
rigsk studies in which rigorows measure to inform
patients and protect patient confide ntiality are in place,
recruitment by opt-out is an easy and acceptable metho-
dology for patients, GPs and mamrchers. As earlier sta-
ted by Junghans et al [4], the opt-oul approach should
be the default recruitment strategy for studies with low
risk iy partici pants
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Appendices

The study on antimicrobial
prescribing and resistance of UTI in

B

¥
:

id

rinary

General Practice

First we would like to take the opportu-
nity to thank you all very sincerely for
your participation in our study and for all
that you have done to make the data
collection a5 easy as passible. This news-
letter includes an overview of antibiotic
resistance levels in E.coli of your prac-
tice and some of the main findings to
date. & final newslether with results will
be sant at the end of the study, next
SUMIMeET.
The aim of this project is to understand
the relationship between prescribing
antibiotics in primary care and antibiotic
resistance of E.coli isalated from a urine
. There are two parts to the

sample. : )
study, a retrospective and a prospective

part.
The first part: of the swdy linked the
database of the medicl card prescrip-
tions with the results from urine samples
sent 1o the microbiclogy laboratory at
University Hospital Galway (UHG). This
retrospective part of the study is now
complete.

The results from the first part of the

study have fied into the second part: that
is currently underway.  In this study we
are looking at a possible link between
antibiotic prescribing and antibiotic re-
sistant E. coli at the level of the indhid-
ual patient rather than at the practice
lewvel.

& total of 22 practices participated in
thie prospective sacond part of the shudy.
Using the laboratory system at the UHG
eligible patients were enrolled in the
study. A letter explaining the study and
an opt-out form were sent to each pa-
tient. The dharts from the particpating
patients were checked for information
on the prescription of antibiotics in the
year before the urine sample was sub-
mitted.

Initially the chart review included all
patients from whom a urine sample was
sent. After three months only the charts
of patients with a positive urine culture
were included. Data collection for this
prospective part of the study is now
nearly completed.

Find out how vour practice compares on page 3

the community

Special points of interest:

+ The more antimicrobials are prescribed in a practice, the
higher the chance that a patient with a UTI will have an anti-
biotic resistant E. coli ... .. read more on page 2 and page 4

« Results from previous UTI can E;l.ude empiric prescrib-
g .o wen oo e em eem en oo . P2 MOTE ON page 2
» Nitrofurantoin should be considered for first line empirical

prescribing in uncomplicated UTI as resistance is very un-
commoninE. coli .. ... read more on page 2 and page 4

bial resistance and u
1011Ss 111

+ Patients were generally very happy to participate in our
study ... ... ...read more on page 2

« More than 2000 patient’s charts will have been checked by
the end of this study

1micro

MUl GALWAY- GENERAL PRACTICE AND BACTERIOLOGY
-

Ant

tract infect
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Does practice prescribing influence patients resistance?

The easy answer is yes! But it is a little more compdli-
cated than that_ In the retrospective study the overall
practice prescribirg to medical card patients was linked
with the antibiotic resistance pattems of the UTI E.coli
from each practice. Even though the database only holds
data on medical card patients, this is representative of
overall frequency and type of prescribing of the prac-
tice. We focused our athention on 2 antibiotics,
trimethoprim and ciprofloxacin.

The results showed that with every
increase in trimethoprim prescription

An interesting finding was that, when controlling for the
individual impact of prescribing on resistance, an under-
lying practice resistance remained. This means that a
patient moving from a practice with Llow to one with a
high resistance will increase his or her chances of being
diagnosed with a resistant E.coli.

i of Al Chemetharmor 2000 S8 TELS 14 TR AR
aoi-I0 L0, o ey 145

in the practice, the odds of a patient

from the practice having a
i im resistant E.coli in-

creased dightly  to 1.02) and a simi-
lar but more marked trend was appar-

= =

ent. for ciproflosacin (1.08). This in-
crease does not Look very big but

wihen comparing practices with 1 pre-
scription per 1000 medical card pa-

tients per month with a practice with
10 prescriptions per 1000 patients, the

predicted probability of having a resis- !
tant E.coli increased from 24% to 28%

fior trimethoprim and from 3% to b
nearly 6% for ciprofloxacin.

# OH I B W ¥ T B RN
Pt prmerk

Recurrent urinary tract infections

In a database analysis of E.coli re-infections we showed
that antibiotic sensitivity test results from previous epi-
sodes of U can provide guidance in the treatment. of
subsequent. infiections.

If a patient presents with a recurrent. UT) within 3
months and their previous sample showed an E.coli resis-
tant to ampicillin, trimethoprim or ciprofloxacin, this
recurment. LTI is mast likely still resistant. if a patient
with a recurrent UTI was diagnosed in the previous year

Opt-out ethical approval

with an E_coli that was susceptible to nitrofurantoin,
ciprofloeacin or trimethoprim,, this recurrent episode is
likely to be still susceptible.

This study is published in the British Journal of General
Practice, July 2010.volume 60, Nr 576, 511-513(3).

il raletance [ Ky Lvamman it the communi:
itemifbiaatain i 8 gengraly safe iy and ¥ shoukd be considensd
For Mt fine resatimennt of wincomgticated LT fcystitly)

Ethical approval for the prospective study in which your
practice participated was granted by the 0GP based on
an “opt-put" approach. It was important to have ap-
proval to use this opt-out method because it avoided
adding an additional burden to the doctor-patient con-
tact. Wwith this method the GP did not have to allocate
time to explain the study to patients, which could have
resulted in lower participation in the study.

able method of patient recruitment. Overall 13% of the
patients opted-out, by letter, phone or through the
website. This shows that it effectively empowers pa-
tients to decline participation. Mo differences wera
found for age or gender between patients opting out
compared to the rest of the patients which & reassuring
for the extrapolation of the results of the study.

87% participation !

The opt-out method has proven to be a generally accept-

Page 2 ANTIMICEOQORTAL RESISTANCE AND URINARY TREACT INFECTIONS IH THE COMMUONITY
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Appendices

How does your practice compare with the others?

In 2009 a total 0f 29,341 urine samples came into the labora-
tory of the University College Hospital. No organisms were
identified in 65% of thess samples, mixad organisms in 13%,
Escherichia coif in 17%, Proteus species in 1% ard a variety
of other orzanisms in the remaining 4%.

The overall percentage rasistance of E.colf in the full database
(only inchading one sample per patient) was §3% for ampicil-
Iin, 21% for co-amoxyclav, 11% for ciprofloxacin, 5% for
nitrofurantoin and 31% for trimethoprim.

In 2009, the 22 practices in the study participating practices
sent 11,18 samples to the lab. Of these 65% yieldad no or-
ganism, 149 mixad organisms and 17°% E.coii. This is simi-
lar to the breakdown for all spacimens submitted The 1880
E_coii from the participating practices were from 1321 pa-
tients. In the picture below an overview of anfimicrobial resis-
tance of these uninary E.coif is shown. For companson, the
ovenall resistance of the 22 participating practices is shown
with its standard deviation.

If you have more questions about this or if you like to gat
more advice on prescribing, pleass let us know and we can set

up a practice visit by a member of our research tzam or a

telephone call can be arranged to discuss your question
whichever is more convenient for you

A pictuw of the Sooding Last s, duo (0 wisoR S0R% SPONNETERTS #orS

08 OF D00 ey
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Overall practice resistance and 95% confidence interval
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Effect of antibiotic prescribing in primary care on antimicrobial resistant in
individual patients: a systematic review. BMJ May 2010

A recent systematic review found that anhbiotic re-
sistance 1= greatest in the month after treatment but
may last for up to a year, possibly driving high lev-
els of resastance 1n the commumity.

Bnfizh researchers analj’sed 24 publizhed studies of
amhbrotic resistance In primary care patients, mamly
for resprratory or unnary mfechons.

Of the inchnded studies, 22 invohred patients with
symptomatic mfecton and two mvolved healthor
volmnteers. Nineteen were obsarvational studies
(two prospective) and five were randonuzed.

Frve studies of unnary tract bacteria (14,348 partici-
pants) found the pooled odds ratio (OR) for resis-
tanee was 2.5 (95% CL 2.1 to 2.9) wathin two
months of antibiotic treatment and 1.33 (95% CL
1.2 to 1.5) withan 12 months. Seven studies of respi-
ratory tract bactenia (2,605 participant=) found

Prescribing of Nitrofurantoin

The dose for adults is 50mg every 6 howrs (best taken
with fiood or milk)

~For simple cystitis in non-pregnant women 3 days
treatment is encugh.
~Treatment for 7 days may be required in some pa-
tients.
CALTIOM:

+ Mitrofurantoin should not be used in late pregrancy
(from 38 weeks) or in patients with renal failure

# It should not be used in children less than 3 months of
age

+ Long term (> & months) continuous use of nitrofuran-
toin {e.g. for prophylads of UTI) may be associated
lumng and liver woricity and requires careful monitoring.

My personal journey

pooled ORs of 2.4 (95% CL 1 4 to 3.%) wathun
two months and 2 4 (95% CL 1.3 to 4.5) within
12 momths.

FResearchers found greater rates of resistance
associated with higher doses of amoxicallin and
longer couwrses of mmethoprim. Also, longer
duration and multiple courses of these antbiot-
1cs were assoctated with ngher resistance rates.
Authors concluded
that the enly way to
avold resistance is
fo avoid NSIMg anf-
hiotics whenever
possible.

http: # fwwewr_bmj.oom ficgil/ conbent/ abstract £ 3404
mayl8_2/ci0%

Fho is mvohed?

Praf Andrew Murply, Discipiine of Gemaral Practice,
School gf Medicime, NUT Gabway and (&P ar Turiough-
more Heaith Cenire

Prof i - Discipiine of B -

School qﬂﬁﬂrmt, NUT Crabway and Conzuizan: Afi-
crobiology, Gatway [niversiyy Hospitals

Beimda Hamahoe, Surveillance Sciensizt, Department gff
Microbioiogy, Gahway University Hozpitals

Dy Eathisen Bennett, Departmant of Pharmacoiogy &
J’qul‘jr:. Trindty Canire for Health Sciences, Dub-

Breda Eellatver, Administrasve support, Discipline qf
(remgral Pracrice, School of Wedicine, NUT Gaivway

Akke Feilinga, Epidemigiogist, Discipime of General
Practice. Schoo! gf Medicine, NUT Gabeay

vou have all seen me in your prac-
tice, where | usually sat quietly at a
computer, trawling through charts
and avoiding even a chat. It was
important for the study to describe
current management of urinary
tract infection in general practioe
without any interference. This pro-
vides an important baseline. At this
stage we have finished the data
collection and | have leamed a lot;
locating practices, interpreting
charts, how practices are run and

most importantly, prescribing.

1 am going into the next stage now
where the data will be analysed,
interpreted and written up. | would
like to thank you all for participat-
ing and allowing me o get o this
stage. It has been a great experi-
ence and | hope to get badk to you
all with the results next year.

1 will keep in toudh.
AL
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Appendix 16

A ‘wordle’ of this PhD thesis
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A wordle is a word cloud in which more prominence is given to words that appear more frequently in
the text (Courtesy of www.wordle.net).
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