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1. Summary of the doctoral research

1.1. Abstract
Purpose: To provide scientific evidence on determinant factors of physicians’ prescribing of

antibiotics, and also factors that influence physicians’ opinions about interventions to

ameliorate the problem of antimicrobial resistance in Germany.

Methods: A mixed-methods quantitative-qualitative research approach consisting of: focus
group discussions within outpatient care and hospital care practice in the Berlin region,
Germany; a national, cross-sectional survey of outpatient care and hospital care physicians

and a nationally representative online survey of the general population in Germany.

Results: The qualitative investigation indicated that outpatient care physicians believed the
most important factors associated with antibiotic prescribing and antimicrobial resistance to
be the ability to diagnose and prescribe precisely, patient demand and noncompliance. For
hospital care physicians, this was found to be challenges associated with the spread of multi-
resistant pathogens; challenges associated with hygiene and the limited time they have to
consult patients. In the survey of physicians the following factors were found to be
statistically significant in logistic regression analyses: status as a hospital physician, male
physician, age 50-59, and place of practice in states in the former East Germany. Bivariate
analysis in the survey of the general population suggested that the prevalence of self-reported
expectations of antibiotics for the common cold is related to level of education, but the
majority of participants showed a basic understanding that antibiotics are effective against

bacteria but not viruses and knew about antibiotics resistance.

Conclusions: The general population appears to be well informed about antibiotics, therefore
the research evidence suggests that the factors influencing antibiotic prescribing and
resistance are more in the domain of physicians and quality of clinical treatment. While
previous research in other countries has focused on improving patient education or increasing
public awareness, this research suggests that a focus on factors influencing physicians’
decisions to prescribe antibiotics, the quality of their prescribing and their realisation of

antimicrobial resistance could be more appropriate for Germany.



1.1.1. Zusammenfassung in deutscher Sprache

Zielsetzung: Die Erhebung von moglichen Determinanten von Antibiotika-Verschreibung
durch Arzte sowie Einflussfaktoren auf deren Einstellungen zu MaBnahmen, die das Problem

der Antibiotika-Resistenzen verringern.

Methodik: Eine sowohl quantitative als auch qualitative Forschungsmethodik bestehend aus:
Fokusgruppendiskussionen gefiihrt mit ambulanten und stationéiren Arzten in der Berliner
Region; eine repriisentative Querschnittsbefragung unter ambulanten und stationiiren Arzten
in Deutschland; und eine repriasentative online-Querschnittsbefragung der Bevilkerung in

Deutschland.

Ergebnisse: Die qualitative Untersuchung zeigte, dass es den ambulanten Arzten eher
wichtig war, korrekt diagnostizieren und verschreiben zu kénnen. Zudem waren fiir sie der
von den Patienten ausgehende Druck sowie die Noncompliance von Relevanz. Stationére
Arzte betonten besonders Aspekte der Ausbreitung multiresistenter Erreger, Hygiene-
assoziierte Herausforderungen sowie die Problematik eingeschrinkter Beratungszeiten mit
Patienten. In einer logistischen Regressionsanalyse der Ergebnisse der Querschnittsbefragung
unter Arzten zeigten sich folgende Faktoren als statistisch signifikant: Status als
Krankenhausarzt, mannlich, Alter 50-59 Jahre, Praxis in den neuen Bundesldandern. Aus der
Befragung der Bevolkerung lieferte eine bivariate Analyse Hinweise, dass das Vorherrschen
der selbstberichteten Erwartung, fiir eine Erkéltung ein Antibiotika verschrieben zu
bekommen, in Bezug zum Bildungsgrad steht. Die Mehrheit der Befragten zeigte aber ein
Grundverstdndnis dafiir, dass Antibiotika effektiv sind gegen Bakterien aber nicht Viren, und

wusste von Antibiotikaresistenz.

Schlussfolgerungen: Die Bevdlkerung scheint gut iiber Antibiotika informiert zu sein. Damit
legen die Forschungsergebnisse nahe, dass die Einflussfaktoren auf Antibiotikaverschreibung
und -resistenz eher im Bereich der Arzte und der Qualitit der klinischen Behandlung liegen.
Wihrend die bisherige Forschung in anderen Léndern sich auf die Verbesserung der
Patienten-Aufkliarung oder die Sensibilisierung der Bevolkerung konzentriert, konnte fiir
Deutschland ein Fokus auf Einflussfaktoren auf die Entscheidungen von Arzten, Antibiotika
zu verschreiben, sowie die Qualitét ihrer Verschreibung und deren Auswirkungen auf

Antibiotikaresistenz angezeigt sein.



1.2. Introduction

1.2.1. Background

Antimicrobial-resistant bacteria have remained a persistent challenge in medicine. Resistant
and multi-resistant pathogens can prevent the successful uptake of antimicrobial therapy,
leading to potentially fatal consequences for some patients. Antimicrobial resistance can
often be traced to clinical causes, like too much and uncontrolled use and applications for the
wrong conditions (e.g. viral infections on which antimicrobials have no affect). Physicians
make clinical assessments, consider appropriate therapies, and decide whether or not, and
when to prescribe antimicrobials. The challenges for prescribing are diverse, but it comes
down to the following key problems: 1. The physician must weigh many decisions in a risk
assessment that could have potential consequences that are harmful to the patient, and 2.
Prescribing is difficult, since once a viral diagnosis is ruled out, it is often unclear what the

underlying bacteria is and whether it will be susceptible to the antimicrobial of choice.'

From an epidemiological perspective, the problem is of as much concern in the
community care setting as it is in the hospital care setting, where resistant pathogens can
cause severe outbreaks that are more difficult to bring under control, posing a threat to the
larger population. Combating antimicrobial resistance is now widely considered a priority

2,3,4,5,6,7 iy
””” and within

area in public health, and several surveillance campaigns across Europe
Germany®”'? have been developed to follow antimicrobial consumption and usage patterns to

present evolving resistance trends over time and comparisons between countries and regions.

In 2007 the Robert Koch Institute (RKI), the federal public health institution in Germany,
initiated research to investigate factors to be considered when designing a national strategy to
prevent rising antimicrobial resistance. Efforts to combat resistance in other countries have
focused on limiting antimicrobial use and boosting public awareness and patient education
about appropriate use. Many factors affect the issue differentially, from patient demand and
expectations, to geographic region, individual infectious diseases treated and the availability

1123 The aim of the research initiated by RKI was thus

of clinical support and diagnostics.
to uncover the most relevant factors of influence for antibiotic prescribing and antimicrobial

resistance in Germany.



1.2.2. Research goals and scientific questions

The goal of the doctoral research was to provide scientific evidence on factors of physicians’
prescribing of antimicrobials, and also factors that influence physicians’ opinions about
interventions to ameliorate the problem of resistance in Germany. The scientific questions

addressed in the publications representing this research are as follows:

1. What are physicians’ perceptions of antimicrobial resistance, about their role as
prescribers of antibiotics and their opinions about potential interventions?

[Publication 1, page 19]

2. Which physician-related characteristics are associated with the decision to prescribe

antibiotics? [Publication 2, page 30]

3. What are the expectations of the general population in Germany concerning

prescriptions of antibiotics? [Publication 3, page 40]



1.3. Methods

1.3.1. Study design

This doctoral research is submitted as a cumulative dissertation (Publikationspromotion),
which comprised various published studies (Section 3). The studies cover a triangulated,

mixed-methods, quantitative-qualitative research approach as follows:

1.3.2. Qualitative study of physicians (focus group discussions)

A literature review was first conducted to identify previous research on factors of influence
for antimicrobial prescribing. The results were used to develop a socio-behavioural model for
antimicrobial prescribing in hospital and outpatient care that links various factors
(demographics, diagnosis patterns, physician knowledge and expectations, and opinions) to
antimicrobial prescribing. A resulting conceptual structure served as the basis for this study
component. [Publication 1, page 19] We conducted four focus group sessions of 5-7
physicians each: 1. Outpatient setting, less experience; 2. Outpatient setting, more
experience; and 3. Hospital setting, less experience; 4. Hospital setting, more experience.

[Table 1 and 2, Publication 1, page 19]

A semi-quantitative approach was used to analyse the results of the focus group discussions.
Discussions were transcribed into text, which was labelled based on emerging themes related
to antimicrobial prescribing and resistance. The transcripts were subjected to constant
comparative analysis—an iterative method of content analysis where a category is assigned
to textual statements and constantly revised during categorisation. The method is popularly
used to allow so called “emergent codes” to be applied at all points in the analysis.'*'* The
frequencies of codes were used as a measure of significance of emergent themes. All data
making and content analyses were done using TAMS Analyzer for Macintosh OS X (version
4.13), an open-source, computer-assisted qualitative research tool.'® We extracted relevant
quotes from each focus group interview in order to further establish an in-depth look at each
topic. Video footage was also later reviewed in greater detail to provide further descriptive

evidence on focus group dynamics between the participating physicians.

1.3.3. Representative, national cross-sectional study of physicians (physician survey)
A clinical-style survey instrument was developed from the aforementioned focus group
study. A pilot test was conducted among scientists at the Robert Koch Institute (RKI), and a

short article describing the study was placed prominently in the German medical journal,

Deutsche Arzteblatt."”



Proportionate stratified sampling methods were applied based on the known registries of all
practicing physicians provided by each state medical association in Germany. We first
allocated physicians to one of four regions: north, south, west and east. We included both
hospital and outpatient care physicians belonging to practice specialties that are known to
more frequently prescribe antimicrobials: general practice (GP), internal medicine, surgery,
gynaecology, paediatrics, ear, nose and throat specialists (ENT), dermatologists and
urologists. We excluded any respondent who reported not belonging to our targeted
specialties or not prescribing antimicrobials within the last year. We treated the total
population of registered physicians in each of four regions separately in two groups based on

care setting. Using STATA, we calculated a final sample size of 10,600 physicians.

The survey collected information on factors of influence (demographics, diagnosis patterns,
physician knowledge and expectations, and opinions) related to physicians’ antimicrobial
prescribing. It also collected information about the frequency within the last year of deciding
to begin any antimicrobial therapy in their field of practice; and opinions about statements on
experience with antimicrobials and surveillance of antimicrobial resistance in their practice.
Data was stored in a Structured Query Language-database (SQL) and exported to STATA

software (Release 10, 2007) for descriptive and regression analyses.

Multiple statistical analyses were done using STATA. In a first analysis, we calculated
frequencies for demographic information, and for consideration to prescribe daily and weekly.
The frequency of prescribing was explored in greater detail by identifying statistically
significant factors for “considering daily to make a decision to prescribe antimicrobials,”
using the likelihood-ratio test (80% CI; P<0.20). Because we explored 74 potential influence
factors, we did not define a model a-priori. Instead, we first conducted univariate regression
analyses on all factors and included only those found to be significant into a stepwise
multivariate regression model to test predictors for "deciding daily to start an antimicrobial
therapy in a patient” (95% CI; P<0.05). We performed a second analysis, in which we took
predictors found to be significant in our regression model and performed chi-square or
Fisher’s exact tests (95% CI; P<0.05), using demographic variables to assess significance

levels. [Publication 2, page 30]

1.3.4. A representative cross-sectional study of the general population (public survey)
A representative sample of 1778 persons was drawn by a large market research company.

An online survey instrument covered expectations concerning prescriptions of antibiotics and



on knowledge and attitudes regarding effectiveness and use of antibiotics in the context of
upper respiratory tract infections only. We calculated relative frequencies of answers (total
and stratified by demographic characteristics). The chi-square, t-test or Cuzick test for trend
was applied to test for significant differences between subgroups. Logistic regression analysis
was used to find determinants (demographics, knowledge, attitudes) for expecting a
prescription of antibiotics when suffering from a common cold. Variables associated with
these expectations in the bivariate analysis (80% CI; P<0.20) were entered into the model and
retained if the adjusted p value was less than 0.10 (stepwise backward elimination). We used
logistic regression analysis to identify determinants for expecting a prescription of antibiotics

when suffering from a common cold. [Publication 3, page 40]



1.4. Results

1.4.1. Qualitative study of physicians (focus group discussions)

Overall, results showed that physicians exhibited differential interest in topics related to
antibiotic prescribing and antibiotic resistance. This was related to various factors, including
to whether a physician practices in either outpatient or hospital care. Major factors associated
with prescribing antimicrobials in the outpatient care setting were being able to diagnose and
prescribe more precisely, patient demand and noncompliance and the perception of the
influence of the pharmaceutical industry. For hospital care physicians, major factors
associated with prescribing antimicrobials were first and foremost interested in challenges
with hygiene and the prevalence of multi-resistant pathogens, the often limited time to

consult patients and their use of clinical guidelines.

Table 3 [Publication 1, page 19] provides a detailed overview of the highest incident
emergent codes and code categories from constant comparison analysis for all focus groups
combined. Emergent codes served as a way to begin further critical analysis of the main
insights reflected in this group of physicians, which we stratified by each focus group.
Additional in depth-responses on several determinants of antibiotic prescribing and antibiotic
resistance that cut across all focus groups, such as non-patient factors, hygiene, the
pharmaceutical industry and antibiotic costs are presented. [Table 4, Publication 1, page 19]
The topic of UTIs arose as a specific concern driving resistance — one that was also shown as

statistically significant in the physician survey. (Results 1.4.2)

1.4.2. Representative, national cross-sectional study of physicians (physician survey)

A total of 3,492 physicians answered the questionnaire (response rate = 33%; 3,492/10,600).
We verified the representativeness of our responders by performing a non-response bias
analysis using the complete medical registries of all German physicians and the normal
distribution of registered physicians in Germany. We compared individual response rates, and
performed chi-square goodness of fit tests, which showed no significant differences between
the observed proportions from our responders and from proportions in the original
representative sample. Overall differences in response rates were low; but paediatricians—
while only 6.7% of the original sample population—were overrepresented by over 10%
compared to the originally calculated proportionate stratified sample. Responders from states
in the former East Germany, though 22% of the original sample, were also overrepresented

by approximately 10%.



Among respondents, 90% indicated that they decide to start an antimicrobial therapy in a
patient at least weekly, and 66% reported that they decide daily. Overall, respondents
indicated the most frequent diagnoses to be for uncomplicated urinary tract infections (UTTI).
For deciding to start an antimicrobial therapy in a patient, statistically significant factors that
are not directly related to the physician-patient relationship were: status as a hospital
physician [odds ratio (OR) 1.29 (95% confidence interval (CI) 1.00-1.68)], male physician
[OR 1.81 (95% CI 1.42-2.31)], being age 50-59 [OR 1.56 (95% CI 1.10-2.21)], and
practicing in states in the former East Germany [OR 1.60 (95% CI 1.15-2.21)]. Each
specialist was significantly less likely to decide to start a course of antimicrobial therapy than
ENTs and urologists. Other predictors were agreeing to prescribe to be on the safe side [OR
1.34 (95% CI 1.03-1.76)], believing that the quality of prescribing practice improves after
receiving continuing education from pharmaceutical companies [OR 1.43 (95% CI 1.11-
1.84)] and having experience with failed therapies for resistant pathogens [OR 2.42 (95% CI
1.83-3.19)].

Results from our frequency analyses show that the older a physician is, the less they were
inclined to prescribe to be on the safe side. Outpatient care physicians indicated that they
prescribe to be on the safe side more so than hospital physicians. [Table 5, Publication 2,
page 30] Hospital physicians in the sample were more likely to find it either important or
very important that they receive data on regional antimicrobial resistance and appropriate
feedback for prescribing. Hospital physicians also found it either important or very important
that they receive intervention that would provide them with consulting, audits and feedback
on their own antimicrobials use. Physicians in each practice setting equally found important

or very important increased antimicrobial surveillance activities.

1.4.3. Representative cross-sectional study of the general population (public survey)

In total, 1076 persons aged 15-78 years participated (response: 61%). Compared to
Germany’s general population, there was no considerable difference in our sample
concerning the distribution of persons through Germany’s sixteen states and different sizes of
places of residence but higher age groups, women and persons with a lower level of

education were underrepresented.

The majority of participants knew that “antibiotics are effective against bacteria” (72.3%)
but not viruses (52.6%), knew about antibiotics resistance (89.0%) and acknowledged it to be

a problem in German hospitals (72.6%). Of all participants in the public survey, 445/1076



(41.4%) knew that antibiotics are not effective against the common cold or flu, and 91.8%
reported using antibiotics “only if absolutely necessary”. A prescription of antibiotics was
expected by 113/1076 (10.5%) for the common cold and by 92.7% for pneumonia. Among
those expecting a prescription, 70.8% reported to trust their physician when he/she deems a

prescription unnecessary, further 7.1% would be unsatisfied but accept the decision.

For the common cold, the prevalence of self-reported expectations depended on level of
education in the bivariate analysis (19.9%, 12.0%, and 7.6% for low, medium and high level
of education, respectively). No other significant associations with demographic data (age
group, sex, places of residence, migration background, household income, type of health

insurance, occupational group) were seen after stratification by level of education.

In the multivariate analysis, the strongest predictors for expecting an antibiotic prescription
for the common cold were the following opinions: “common cold or flu can effectively be
treated with antibiotics” [prevalence: 37.6% OR 9.60 (95%CI 3.8-24.3)] and “antibiotics
should be taken when having a sore throat to prevent more serious illness.” [prevalence 8.6%,

OR 7.6 (95%CI 3.9-14.5)].
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1.5. Discussion

The research featured a methodology that incorporated both qualitative and quantitative
approaches to uncover socio-behavioural determinants of antimicrobial prescribing and
resistance. Qualitative focus group discussions were used to identify issues of antibiotics and
resistance as expressed by physicians themselves. The use of a nationally representative
survey of hospital and outpatient physicians provided statistically significant evidence that
can be generalized for Germany. For the general population, an additional survey provided a
clearer picture of patient expectations for antibiotics in Germany when faced with a cold or
flu, which offers important findings for an issue that still causes confusion for patients and
physicians alike. The combined results provide a basis to explain the influences on antibiotic
prescribing and resistance, the possible impact on medical activities, as well as physicians’

and patients’ attitudes towards possible intervention measures in Germany.

Overuse of antibiotics remains a driving force for antibiotic resistance. This is consistent

with other findings that antimicrobials belong to the 10 most prescribed groups of drugs in

18,19

Germany. Yet, on the whole, overall consumption of antimicrobials within Germany is

202122 Historically, patient expectations,

23,24,25

low in comparison to other European countries.
misuse and noncompliance have been shown to influence resistance. But our study on
the general population indicated that patients in Germany are generally well informed about
some of the most common diagnoses, only a minority expect antibiotics often and most trust
their physician’s decision to prescribe or not. [Publication 3, page 40] Overall, this research

suggested that physicians are aware of this, and that they believe factors not associated with

patients to also have a large influence on their prescribing and the resistance situation.

The physician survey identified that status as a hospital physician was a statistically
significant factor for deciding to start antimicrobial therapy on a patient, and significantly
more hospital than outpatient physicians in our sample thought their practice has an influence
on antimicrobial resistance. [Publication 2, page 30] This could be attributed to the fact that
hospital physicians attend more acute cases than their outpatient care counterparts. The
increasing prevalence of multi-resistant pathogens is of particular concern in hospital, where
more patients with complex indications are often seen during shorter consult times."
[Publication 2, page 30] Hospital care physicians are aware of the problem of antimicrobial

resistance, but they demonstrate varying knowledge about antimicrobials.'* ***’ In both the

physician survey and focus group discussions, hospital care physicians found surveillance
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data on regional resistance, improved hygiene, better access to microbiologists and more

consulting, audits and feedback to be important influence factors.

Aside from patient diagnosis, symptoms and discomfort, factors that influence the decision
whether or not physicians decide to prescribe antimicrobials in outpatient care can range from
perceived patient-expectations to whether or not the physician feels well informed or has

i 28,29
access to guidelines.”™

Physicians are more likely to prescribe to be on the safe side in
outpatient care settings, where they often rely on common empirical therapy, where it may be
harder to ask colleagues for advice or where setting-specific guidelines are less prevalent.*
Unlike physicians in the hospital setting, where there is access to an array of in-house
developed guidelines,”' physicians in the outpatient care setting indicated that guidelines are
differentially updated. Physicians increasingly encounter difficult diagnoses that are
complicated by resistance patterns. The increasing prevalence of antibiotic resistant
uncomplicated urinary tract infections (UTI) exemplifies this problem. Newly resistant
pathogens leading to UTIs, such as Escherichia coli, Proteus mirabilis and Klebsiella
pneumoniae, complicate antibiotic treatment choices, and first line treatments that must be
adapted to patterns often may be an influence factor for resistance, but problems associated

with various diagnoses lead to differential prescribing outcomes among hospital and

outpatient care physicians.’> > [Publications 1 and 4, pages 19 and 48]

Physicians who belong to certain practice specialties that are known to prescribe more
antimicrobials, like urology, ear-nose-throat and paediatrics might share similar attitudes on
use and resistance. Children receive more daily doses of antimicrobials than adults in

34,35
Germany,™

and paediatricians were also more likely to respond to our physician survey, a
self-selection that may arise out of more concern about antimicrobials use and resistance in

their practice.

Cultural variance related to differences in age and in region of practice may also affect
attitudes when it comes to factors of influence for prescribing antimicrobials. A factor
associated with older respondents in the physician survey was finding formal education to be
important. For younger physicians, the associated factor was finding consulting, audits and
feedback, as well as hands-on, on-the-job training to be important. Preferences for continuing
medical education on antibiotic resistance may be another influence factor that is experienced

differentially by physicians belonging to different age groups.*®

12



The physician survey indicated that physicians in the former East Germany are more likely
to decide daily to start an antimicrobial therapy in a patient, even though most evidence
shows that significantly less antimicrobials are consumed in the eastern parts of Germany."®
While we are unsure of the direct cause, physicians practicing in the former East Germany
may demonstrate a protective factor for prescribing that predisposes them to more prudent
use of antimicrobials: being aware of rational prescribing and associated surveillance
efforts.’” They are more aware, but use less. Awareness is an important factor that has been

illustrated in recent studies that aim to look at the motivations for prescribing or not.***

Though the exact influence remains unclear, this research indicates that, despite some
caution about the persistence of the pharmaceutical industry, it enjoys a largely positive

presence among outpatient care physicians in Germany. [Publication 1, page 19]
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1.6. Conclusions

Despite some indication of disparity based on level of education and the persistent challenge
of clinical noncompliance, patients appear to be well informed about antibiotics and they
trust their physicians’ decisions. While previous research in other countries has focused on
improving patient care or increasing public awareness in order to improve antibiotic
resistance, this research suggests that the situation in Germany requires a different focus — on
physician-oriented factors. While previous research in other countries has focused on
improving patient education or increasing public awareness, this research suggests that a
focus on factors influencing physicians’ decisions to prescribe antibiotics, the quality of their
antibiotic prescribing and their realisation of antibiotic resistance could be more appropriate

for Germany.
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Eliciting views on antibiotic prescribing
and resistance among hospital and
outpatient care physicians in Berlin,
Germany: results of a qualitative study

Edward Velasco,'? Antina Ziegelmann,® Tim Eckmanns,' Gérard Krause'

ABSTRACT

Objective: To better understand physicians’ views on
factors of influence for the prescribing of antibiotics
and on antibiotic resistance in the Berlin region,
Germany.

Design: Qualitative study with focus groups.
Setting: Outpatient care and hospital care practice in
the Berlin region, Germany.

Participants: 7 General practitioners, two urologists,
one paediatrician from outpatient care and eight
internists, two paediatricians, two ear, nose and throat
specialists and two urologists from hospital care.
Results: Physicians showed differential interest in
topics related to antibiotic prescribing and antibiotic
resistance. Outpatient care physicians were interested
in topics around their own prescribing, such as being
able to diagnose and prescribe precisely, and topics
about patient demand and non-compliance. Hospital
care physicians were interested in hygiene challenges,
limited consult time and multi-resistant pathogens.
Conclusions: Physicians considered the development
of resistance to be more in the domain of clinical
treatment than that of the patient. Major challenges
related to antibiotic resistance for this group of
physicians are access to and clarity of treatment
recommendations, implementation of hygienic
measures, as well as increased outsourcing of
laboratory services. Results raise questions about
whether meeting physicians’ expectations should be
a focus when developing intervention that aims to
influence antibiotic resistance in this and other areas of
Germany.

INTRODUCTION

Antimicrobial use has remained a major
concern in medicine and epidemiology over
the last years. Surveillance initiatives have
been implemented in order to monitor
antimicrobial consumption and usage
patterns and resistance data for selected
pathogens in order to present trends over
time and comparisons between countries and
regions.' # The results provide evidence that
antimicrobial resistance has continued to

ARTICLE SUMMARY

Article focus

m Overuse of antibiotics across many specialities
and in some of the most common diagnoses
remains a driving force for antibiotic resistance.

m While much attention has focused on limiting use
and addressing clinical concerns like improving
point-of-care diagnostic tests, prior literature has
largely left out the consideration of socio-
behavioural factors that influence physicians’
decisions to prescribe antibiotics.

m Focus group discussions were used to show
physicians’ views on factors that influence
their prescribing of antibiotics and antibiotic
resistance.

Key messages

m Berlin area physicians are interested in receiving
help to make informed decisions on the appro-
priate measures for mitigating patient discomfort
and risk.

m In this group, well-informed prescribing practice
appears to be influenced by non-patient-oriented
factors that are both structural (eg, overcrowding
in hospitals) as well as non-structural in nature
(eg, access to feedback from microbiologists or
time allowed for patient consult).

m Physicians desire intervention activities that
address their own skills, like assessment of
patient needs, time management for consult and
navigation of pharmaceutical consulting.

Strengths and limitations of this study

m Modern methodologies for focus group data
analysis, including a comprehensive plan for
ensuring validity in data-making and data
reduction were used in the study.

m Presented study methodology allows replication
by other research groups.

m The number of participating physicians was
limited; however, they were recruited from
diverse backgrounds with respect to age, sex,
size of practice, care setting and number of years
in practice.
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persist across all specialities and in some of the most
common diagnoses. Efforts to combat resistance have
focused on limiting antimicrobial use, providing patient
education about appropriate use and developing better
point-of-care tests. There are also other socio-behav-
ioural factors of antibiotic use and resistance, which
should also be a core part of campaigns that attempt to
monitor resistance in both hospital and outpatient care
settings.”°

In 2007, the Robert Koch Institute, the federal public
health institution in Germany, initiated a number of
different studies to investigate factors to be considered
when designing a national strategy to prevent the spread
of antimicrobial resistance. The aim was to use different
methodological approaches to describe factors of influ-
ence for antibiotic prescribing and antibiotic resistance
in Germany. As a preliminary study, a literature review
was conducted to identify previous work on factors
of influence for antimicrobial prescribing and to guide
further research. The aim of this study using focus
groups was to elicit physicians’ views on factors
that influence their prescribing of antibiotics and anti-
biotic resistance. As a mixed-methods research approach
can help to explore research findings in greater detail,” ®
a further aim was to generate exploratory information
as the basis to develop a nationally representative
cross-sectional survey on the same topic, conducted in

2008.°

METHODS

Focus group conceptual structure

A conceptual structure was created to serve as the basis
for the focus group discussions. Five conceptual areas
encompassed influence factors for the following: (1)
general impressions of antibiotic resistance (eg, How is
the development of antibiotic-resistance perceived? How
generally relevant is the topic of rising antibiotic resis-

Table 1 Focus group participant details: outpatient care

tance?), (2) prescribing in outpatient care (eg, Which
influence factors are relevant for prescribing antibiotics?
Which factors are relevant for prescribing in outpatient
care?), (3) Prescribing in hospital care (eg, Which
influence factors are relevant for prescribing antibiotics?
Which factors are relevant for prescribing in hospital
care?), (4) Information and knowledge about antibiotic
treatment (eg, what are sources of knowledge about
antibiotics? How are physicians generally informed
about medical areas related to antibiotics?) and (b)
Impressions on problematic areas of concern (eg, How
are problem areas in antibiotics and antibiotic resistance
addressed? Which factors should be addressed by
potential interventions to combat antibiotic resistance?).

Focus group participants

We recruited physicians from the Berlin region,
Germany, with diverse backgrounds with respect to age,
sex, specialty, practice type, the number of patients seen
quarterly and location of practice. Physicians were
offered monetary compensation of €200. We conducted
four focus group sessions of five to seven physicians
each: (1) outpatient setting, less experience; (2) outpa-
tient setting, more experience and (3) hospital setting,
less experience; (4) hospital setting, more experience
(tables 1 and 2). A qualitative research agency drew the
sample of physicians, and moderated and transcribed all
focus group discussion sessions.'’

Interview methodology

The focus groups were held between 4 and 6 December
2007 in Berlin and were facilitated in four sessions of 2 h
each. All sessions were held separately and conducted by
a trained moderator. Moderators used a semistructured
framework, a method which has been found to enable
participants to share and confirm their views, or
construct new views based on interactions in a peer

Focus Participant Practice Years Patients
group ID Sex Age Specialty type in practice Location per quarter
1 1 Female 46 Paediatrics Group 12 East ~900
2 Female 35 General Group 5 West ~200
practitioner
3 Male 48 General Single 9 East ~1000
practitioner
4 Male 54 Urology Single 11 West ~1200
5 Male 40 General Group 10 West ~800
practitioner
2 1 Male 62 General Group 25 West ~2000
practitioner
2 Female 53 Urology Group 15 West ~800—900
3 Female 55 General Group 16 East ~150
practitioner
4 Female 42 General Group 15 East ~180
practitioner
5 Male 57 General Single 15 East ~800—900
practitioner
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Table 2 Focus group participant details: hospital care

Focus Participant Beds Years Patients
group ID Sex Age Specialty/position (n) in practice Location per quarter
3 1 Female 40 Paediatrics/consultant 1200 8 West ~600—700
2 Male 34 Internal/resident 620 5 West ~400
3 Male 43 Internal/consultant 538 9 East ~500
4 Male 42 Internal/resident 626 4 West ~300—400
5 Female 34 Internal/resident 363 3.5 West ~400
6 Male 30 ENT/resident 1200 3 East ~350
7 Male 43 Urology/consultant 220 12 West ~500
4 1 Male 51 Internal/consultant 538 16 West ~500
2 Female 40 Internal/consultant 1200 14 East ~1000
3 Male 56 Internal/consultant 276 31 West ~500
4 Male 48 ENT/consultant 1000 10 West ~1400
5 Male 41 Internal/consultant 1200 10 West ~1000
6 Male 44 Paediatrics/consultant 542 16 West ~300—-500
7 Female 63 Urology/consultant 1200 37 East ~4000

context, and build knowledge together.'' For each
discussion, the framework was based on the topics from
the five conceptual areas but allowed participants in
each group to explore topics differentially. Interviews
were transcribed in real time, and each session was video
recorded for later in-depth review. To check for accuracy
of the text in each transcription, six random samples of
5—7 min were chosen from the video footage of each
focus group and then checked against the corre-
sponding text. Video footage was also later reviewed in
greater detail in order to explore group dynamics.

Data analysis

A semiquantitative approach was used to analyse the
results of the focus group discussions. This first consisted
of examining the data based on the five conceptual
areas and the respective study questions. We were able to
draw key relationships between conceptual areas, so
called ‘code-categories’ under which were assigned
individual topics arising from the content of the
focus group discussions. The resulting framework was
used to guide all subsequent data-making and analysis
tasks.

A preanalysis code map was developed from the
framework, showing a hierarchy from the five code cate-
gories to each topic and subtopic. (online supplementary
data table) The code map was then created, to be used
later for constant comparative analysis—an iterative
method of content analysis where each category is
searched and constantly revised, popularly used to allow
so called ‘emergent codes’ to be applied at all points in
the analysis.12 13 Before beginning the analysis, we vali-
dated our code map by performing a code check,
looking for duplicates and comparing codes to the topics
within the aforementioned framework. Revisions were
made and a resulting code map was used for subsequent
data-making (figure 1).

All text from transcripts was subjected to constant
comparative analysis, and the frequencies of codes were

used as a measure of significance. All data-making and
content analyses were done using TAMS Analyser for
Macintosh OS X (version 4.13), an open-source
computer-assisted qualitative research tool.'*

We extracted quotes from all transcripts when
a specific topic involved multiple sentences, when the
comment provided was observed to be provocative and/
or when it generated lively discussion among more than
two individuals. We extracted relevant quotes from each
focus group interview in order to further establish an in-
depth look at each topic. An epidemiologist who is
fluent in German and a native English speaker
completed German—English translations. We assigned
each participant a quote identifier based on the focus
group in which they belonged and their demographic
information (shown in tables 1 and 2). The identifier is
presented in the Results section as a two numbers (focus
group number—ID number).

RESULTS

Table 3 provides a detailed overview of the highest
incident emergent codes and code categories from
constant comparison analysis for all focus groups
combined. Emergent codes served as a way to begin
further critical analysis of the main insights reflected in
this group of physicians, which we present in the
following segments stratified by each focus group.
Additional in-depth responses on several determinants
of antibiotic prescribing and antibiotic resistance that
cut across all focus groups, such as non-patient factors,
hygiene, the pharmaceutical industry and antibiotic
costs are also presented (table 4).

Focus group 1: outpatient care physicians with fewer years
of practice experience

Physicians focused on themes that are related to
prescribing in the outpatient care setting (frequency:
146). Discussion focused on general impressions of
rising resistance (115), sources of information on
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Figure 1 Plan for data-making,
data reduction and analysis.

Pre-analysis

Conduct preliminary analysis oft ranscribed data
Read transcripts and notes to identify emerging
categories (by focus group, then overall)

v

Draw key associations from each discussion
Create conceptual framework from identified categories

v

Develop pre-analysis code map to be used during
constant comparative analysis (coding)
Create categories, finalise a code map

v

Pre-analysis code checks
Check for duplicates; compare to the

topics within the conceptual framework

v

Revisions (Addition, consolidation or

deletion needed?)

Validity Revise code map ¢ ¢

checks

Yes No

‘ !

Begin constant comparative
analysis (constantly revised

coding)
v

Yes Any needed additions (codes/ topics?)

Analysis

antibiotics (64) and physician-oriented interventions
(17). They expressed concern about difficulties dealing
with complicated patient histories (12), patient compli-
ance (9) and patient perception of treatment (8).
Participants frequently discussed the development of
antibiotic substances (11) and about responsibility in
their own practice (4). Participants also focused on
specific diagnoses that are perceived to be driving resis-
tance, with major discussion occurring around the topic
of uncomplicated urinary tract infections (UTIs) (5).
Cost was also discussed as a factor influencing antimi-
crobial prescribing, specifically, the effects of health
regulations on the accessibility of medications.
Conferences (9) and pharmaceutical companies (4)
were discussed most when it came to common sources of
information on antibiotics. A large amount of time was

v

No

Code data
Data-making, data reduction and analysis

spent discussing pharmaceutical representatives, whom
participants found to be persistent and aggressive:

“They come often and always have antibiotics on hand.
You get a bag of them every day. And high doses of drugs.
It all stacks up in the cabinet. For me there are 4 to 5
representatives each day” (Participant 1—3: tables 1 and 2).

“I notice that they approach me, too. But I do not accept
them all. I would estimate that there are about 5—7 every
day, and they do bring whole bags full (of giveaways).”
(1-2)

“The representatives come into my practice. And you do
listen to them. You even take the information they offer,
even if with a critical eye. But you do learn something as

well.” (1-5)
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Table 3 Top five highest incident emergent codes and categories from constant comparison analysis (all groups combined;
total codes n=1035)

Code-category Five most frequent code topics Frequency
General impressions on rising resistance 401
Patient non-compliance 15
Antibiotics development 13
Hospital-specific issues, eg, hygiene, laboratories 11
Antibiotic dosing 10
Urinary tract infections 10
Outpatient-specific influences on prescribing 251
Patient history 18
Patient demand 18
Physician experience 14
Patient self-education 11
Patient compliance 11
Sources of information on antibiotics 234
Practice guidelines 10
Continuing medical education 8
Specialty journals 8
Internet 8
Quality of conferences 7
Physician-oriented interventions 84
Surveillance 9
Laboratory feedback 7
Information on local resistance situation 7
Hospital 4
Hygiene 4
Hospital-specific influences on prescribing 65
Up-to-date internal guidelines 4
Laboratory/microbiologists exchange 4
Specificity of internal guidelines 4
Experience with infectious diseases 3
Problematic diagnoses 3

“The pharmaceutical industry is very aggressive.” (1-3)

“For wurology I cannot remember in recent months
receiving a visit on this issue. But that is certainly very
different than in the primary care sector.” (1-4)

There was no single participant dominating the
discussion, and comments readily came from each;
however, the paediatrician did mention that there is
less pharmaceutical presence in her practice. This
group most frequently saw feedback on their
resistance situation and cooperation with laboratories
(5) as ways to address the problem of rising antibiotic
resistance.

Focus group 2: outpatient care physicians with more years of
practice experience

Unlike the first outpatient group, this group veered away
from a dominant focus on outpatient-specific topics and
discussed most frequently those topics within the cate-
gory of general impressions on rising resistance (150).
The group was also concerned with having adequate
sources of information on antibiotics (126), outpatient-
specific influences on prescribing (105) and other
physician-oriented interventions (28).

Physicians frequently discussed the effectiveness of
antibiotic substances and drug development (6). As in
the previous outpatient care group, cost was seen as
a factor of influence on antimicrobial prescribing. In this
group, participants agreed that they are less wary of the
cost of antibiotics because the nature of predominantly
short treatments makes it affordable compared with
longer-term treatments, like those prescribed for high
blood pressure. This group also talked about social
factors that may be driving the situation, like increased
foreign travel (6), over-the-counter availability of drugs
abroad (4) and migration (4). The topic of UTIs arose as
a specific concern driving resistance.

This group discussed the category of hospital-specific
influences on prescribing (8), like multi-resistant path-
ogens (6). The topic of hospital hygiene arose in each
of the two outpatient focus groups, which agreed that
antibiotic resistance was largely a problem of the
hospital setting, “In hospitals resistance plays a bigger
role because there one finds hospital specific germs.”
(1—4) Incidentally, the topic of resistance was often
quickly averted when brought up, instead being
commented as a problem specific to the hospital care
setting:

Velasco E, Ziegelmann A, Eckmanns T, et al. BMJ Open 2012;2:¢000398. doi:10.1136/bmjopen-2011-000398 5



Downloaded from bmjopen.bmj.com on February 4, 2012 - Published by group.bmj.com

Physicians’ views on antibiotic prescribing and resistance

Table 4 Selected in-depth responses from focus group discussions

Category Quotes

Hygiene Have a look what is happening in the operating rooms. Time for cleaning up is getting shorter every day.

Before we had around 100 beds in a normal ward, now its cut down to 40—50 beds, but we are still treating as
many patients as they were 10 years ago. Get in and get out. A bed is never empty. And | have my doubts as to
whether these disinfectant wipes are an ideal solution. | think the time pressure is there and already a problem. (4-7).
The highest infection rates are in intensive care units, but it is certainly always clean. In the OR smears are
made at regular intervals. | think this is still the safest. Unless they have very septic cases and those cases
where the pus runs from the abdomen. On the hospital ward that is where | think it is not very hygienic. In
intensive care so they can get almost all antibiotics, and that is where the transmission of nosocomial
infections at the highest, and where there are more immunosuppressed patients. (4-1)

From our end in the clinic, it is the hospital-acquired infections that are acquired in the hospital and last for
2—3 days, possibly even later. They are often preventable through effective hygiene measures and can be
much better than they would be with antibiotics. (4-3)

Laboratory Our laboratory is outsourced, but once we had also invited a microbiologist to provide training, and he made

and resistance a comparison of the germs in hospital with those generally presented in the other hospitals. It was good

data information. (4-3)

Many things change as well over the years, procedures change. Too often, there is a deficit in this information.
(4-3)

Guidelines vary and are specific to each hospital. We have a very committed leader in this area, who takes
a lot of trouble to log and actually follow information from each recommending commission, which often revise
their information. We have a commission that discusses and revises information which is then put online for
reference and so that all staff can gain insight. We also have disclosure on which department prescribe show
much and how expensive it is. This is useful in individual cases, and to follow the development of resistance
and hygiene. So, it is all kept very transparent. (3-3)

Pharmaceutical Pharmaceutical advertising is very important. There are at least two variants. There are those that visually

industry present with more or less exciting images and colours. And these accordingly make you curious so that you
might read some fine print and look more closely to find out what the stuff is. | find this to be the more pleasant
variant. Because you immediately recognize it as such and may or may have to look closer. Medical journals
on the other hand may contain interesting content, but there it's hard for you to determine what the content is.
Is it a short conference report? Is it a topic that interests me? A professor on a topic | am interested in? Is it
really is objective? And that’s the annoying thing, because then it is difficult to distinguish. (3-7)

They also know as who is receptive. Then they just leave the bag there and just want a signature and a seal.
Much is given at each and every day, many just want a short word. I've been doing this at the reception
counter. Very

rarely do | give them an appointment. For me there are 4 to 5 representatives each day. (1-1)
Pharmaceutical representatives give me bags full (of antibiotic samples)! (1-1)

In the moment when the pressure in the outpatient setting is relatively high, even from marketing, then certain
things are pushed. Something has changed in prescribing in the outpatient setting; this is what will notice from
practice in the clinic. Prescribing practice, what is underlying it, this is often not transparent. (4-6)

Cost Until three years ago, | was still prescribing Cotrim in the urology setting. It was still cheap, at about €3. Back
then, gyrase-inhibitors had a starting price of about €12. Then health regulations led to compulsory levies,
which introduced a fixed fee of €8. Since then, Cotrim increased from €3 to €12—the same as the
gyrase-inhibitors. Until then, the threshold for prescribing gyrase-inhibitors for UTIs was relatively high, and
| prefered to prescribe Cotrim. But since the price drop, | prescribe Cotrim less and more quickly look to
prescribing gyrase-inhibitors. (1-4)

Yes, | would think that costs are different for antibiotics than for other treatments. Simply because the duration
of (antibiotic) treatment is short. When | prescribe an antibiotic, and even if it is an expensive one, then | know
it takes 10 days or 2 weeks, so the treatment is limited from the outset. When | prescribe someone a drug for
high blood pressure, which in the quarter costs 150€, then | am affected each quarter. Thus, the
antibiotics—treatment when it comes to price, is certainly not as problematic as the high blood pressure
treatment or other therapies | am prescribing. (2-1)

Other We have experienced changes: like short stays in hospital. Hospitals are simply the most dangerous places

non-patient for patients. The sooner the patient is out of the hospital the better. The more minimal invasive interventions

determinants  are, the lower the probability for wound infections. (3-7)

Recent medical interventions are indeed more complex and daring; cardio-haematology, oncology. We are
also treating acute myelogenous leukaemia, which accounts for a lot of consumption of antibiotics. You also
can'’t ignore that in certain areas treatments are simply too complex. The result is also that inappropriate
consumption is higher. This is the price for medical progress. Bypasses for 80 year olds, do an ACVB and then
they still catch pneumonia, lie for weeks in intensive care. This is the reality now. We believe in all sorts of
advances; but we'll see the resulting effects soon enough. (4-1)
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“I think the development of resistance is more the
domain of clinical treatment and not the patient.” (2-5)

“Exactly.” (2-3)
“Yeah, especially in intensive care.” (2-4)

Participants discussed most frequently that patient
demand (11) is a major driver for prescribing in the
outpatient setting, followed by doctor experience (9)
and specific diagnoses (6). The role of the patient,
including patient non-compliance and self-medication,
also emerged. Physicians discussed two types of patients:
those concerned with getting an antibiotic and those
concerned with avoiding what they think is harmful:

“Pressure from patients is not insignificant...the worst are
the mothers where the children are really very sick and the
mothers say: I don’t want any chemotherapy. The lymph
nodes are thick with pus, almost hanging out, and then
the mother says no, no antibiotics for us. That’s bad.” (2-1)

Physicians in this group valued information that is
concise and available to them in a way that complements
their work without taking up too much time:

“Is there a new antibiotic’ What is the resistance situa-
tion? Which organisms are being affected? What are the
indications, what are the side effects? The interactions
with other drugs? Are there alternatives? If this informa-
tion could be given to us in a short and sweet way, then we
would be happy. Something like this is not currently
available to us.” (2-1)

Participants in focus group 2 found treatment guide-
lines (8), pharmaceutical-based materials (5) and
conferences (4) to be main sources of information
on antibiotics. This group found information from
pharmaceuticals to be concise and readily available:

“There’s been a big change from the expertise of repre-
sentatives who come in. These are all clinicians and they
do not give a bad impression at all. They bring me a lot of
information although, of course, you have to make sense
of it all. But I do admit that I feel as though I am getting
good consulting. Because I don’t have the time to do
my own research nor to sit down on the Internet
every evening. I am very grateful for the very specific
information they offer me.” (2-2)

As evidenced above, most other comments about the
pharmaceutical industry also remained positive in this
group. There were comments that patient outreach is
not needed in Germany (2), and this focused largely on
the belief that the patient population is well informed
and, if at all, opposed to antibiotics, sometimes opting
for alternative therapies.

They discussed the need to have more access to
surveillance of their local resistance situation: “I think we
need what there was in (the former) East Germany,
a short, independent information sheet that shows the
current epidemiological situation in the country or the

region where I live.” (2-5) The group seems to have
agreed since they mostly discussed interest the following
intervention options: increased surveillance (9),
including information on their regional resistance situ-
ation (5), constraints on their patient consult time (3)
and consulting (2).

Focus group 3: hospital physicians with fewer years of
experience

Physicians most frequently discussed their general
impressions on rising resistance (70), hospital-specific
influences on prescribing (40), sources of information
on antibiotics (15) and physician-oriented interventions
(12). Patient non-compliance (8), correct prescribing
and antibiotic dosing (5), hospital care (3) and hygiene
(3) were the most frequently addressed topics.

The internet (3), pharmaceutical advertising (2) and
conferences (2) were listed as the most frequent physi-
cian-oriented interventions mentioned by this group.
The visibility of pharmaceutical advertising was also
discussed, and this group found it easy to access and
useful for learning. Participants were in agreement
about how pharmaceutical advertising is more accessible
than other traditional forms of information dissemina-
tion, such as medical journals.

Participants overwhelmingly stayed with the topic of
hospital workplace concerns, like hygiene (7) and time
for patient consult (4) as the most needed intervention
to combat resistance in their setting. They discussed
non-structural demands on the hospital, such as
advances in treatment possibilities for more complex
indications, which might necessitate more antibiotics
consumption in the hospital setting, which may in turn
itself be a driver for resistance.

The hospital itself was viewed as having structural
aspects that might contribute to increased antibiotic use
and resistance (7). One such aspect, maintaining
hygiene, was a perceived danger of interrelated issues of
increased patient load (3), patient—patient contact (1)
and infectiousness (2). One physician noted that the
pressure to treat more patients has led to a related need
for a faster consult time, which may put strain on the
thoroughness of hospital hygiene measures. Hospital
physicians also pointed out that they would prefer to
pursue intervention through new programmes for
hygiene, although they also recognise it to be a chal-
lenging method of improvement. Participants also
discussed the benefits of transparency and feedback on
antibiotic consumption, costs and trends in the hospital
setting.

Focus group 4: hospital physicians with more years of
experience

Participants discussed most frequently about their
general impressions on rising resistance (66), followed
by hospital-specific influences on prescribing (29),
sources of information on antibiotics (27) and physician-
oriented interventions (21). The most frequent topics
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brought up by this group were diagnostics possibilities
(5), patient history/epidemiology (increasingly acute
cases in care) (4) and social factors like ageing (4).
When talking about the influence on prescribing in
hospital care, the following topics were most frequent:
indication and disease (2), risk assessment in acute cases
(2), specificity of guidelines (2) and time constraints
during patient consultation (2). This group of physicians
made relatively long commentaries at a higher level of
detail than was observed in participants during the other
focus group sessions. The group spoke at such detail
about non-patient factors of antibiotic prescribing and
antibiotic resistance, including patient stays in non-
intensive wards of hospitals as increasing risk and mini-
mised hygiene routines in hospital due to increased
patient intake.

Physicians frequently consulted specialty journals (9),
clinical handbooks (3) and the internet (3) as sources of
information on antibiotics. Discussion points on hospital
feedback on the resistance situation (5) and continuing
education (2), especially in the area of hygiene (2) and
infectious diseases (2) emerged most frequently in
discussions regarding intervention for antibiotic
resistance.

Collegial exchange with microbiologists/laboratories
(b) emerged as the most frequent topic under the
category of hospital-specific influences on prescribing,
something that was also observed in focus group 3.
Physicians in this group spoke about opportunities to
closely collaborate with laboratories and microbiologists,
which they saw as helpful in navigating antibiotic
treatments:

The microbiologists that we have are top. We mostly get
reports via the doctor calling us before anything is
published on our intranet. It is then also discussed, what
underlying disease does the patient have, which antibiotic
was given, and the provisional findings will be commu-
nicated first. Short, quick ways; you have to communicate
well with people. (4-1)

The topic of outsourcing of laboratories arose
throughout this discussion. Physicians perceived this as
prohibiting close communication and producing too
much bureaucracy, “For us, it is unfortunately not the
case. The laboratory has been outsourced. A service
provider is at the other end of town; they can’t
communicate with us much.” (4-5) Other emerging
themes were the role of the hospital pharmacist in
influencing prescribing choices (4), followed by how
often and appropriately internal/hospital antibiotic
treatment guidelines are updated (4) and subsequently
by multi-resistant pathogens (3).

DISCUSSION

Past research has underlined the importance of patient-
oriented factors of influence for prescribing, and the
focus has primarily been on patient demand and non-
compliance.lsf17 This is consistent with the historical

data on the subject showing that antibiotics are more
likely to be prescribed when the patient expects them
and that they may be even more likely to be prescribed
when the doctor may perceive that the patient wants
a prescription, when in fact the demands of patient are
unclear.'® Responses from physicians in these groups
indicated something different: an overwhelming interest
in non-patient factors that influence antibiotic
prescribing and resistance.

A major topic in both groups of participating physi-
cians from outpatient care was their experience of
increasingly difficult diagnoses that are complicated by
resistance patterns. A good example is the increasing
prevalence of antibiotic-resistant UTIs. Many partici-
pants are involved in the management of UTIs, a finding
supported by the cross-sectional study component of this
research (survey).” Indeed, the trends in many Euro-
pean studies of antimicrobial resistance show UTIs to be
accountable for a large amount of antibiotics consump-
tion." Many of the common pathogens leading to UTTs,
such as Escherichia coli, Proteus mirabilis and Klebsiella
pneumoniae, are increasingly becoming resistant to stan-
dard treatments, which affects antibiotic treatment
choices' ?°; however, physicians showed differential
interest topics related to their antibiotics prescribing and
resistance, based on their care setting.

Outpatient care physicians found resistance primarily
a problem of the hospital care setting, related to the
presence of different multi-resistant pathogens and
challenges with hygiene. This was also a major topic
discussed by hospital physicians. The increasing preva-
lence of multiresistant pathogens is of particular
concern, especially given the views that the hospital ward
is increasingly faced with more patients at any single
time and that patients—many of whom are carrying
more complex indications—are also seen during shorter
consult times.?! 22 In fact, data from the survey identified
that status as a hospital physician was a predictor for
deciding to start antimicrobial therapy on a patient.”
This could be attributed to the fact that, generally,
hospital physicians attend more acute cases than their
outpatient care counterparts.

Hospital care physicians were accustomed to regular
and easy collaboration with microbiologists when
discussing indications and possibilities for therapy. This
was also found in the study sample of the survey, which
showed that hospital physicians found it either impor-
tant or very important that they receive data on regional
antimicrobial resistance and appropriate feedback for
prescribing.” This opinion was also shared in the focus
group discussions among physicians, who want labora-
tories to provide feedback on the resistance situation for
their hospitals. Participants expressed frustration and
concern around outsourcing of laboratories. It was
a matter of having less contact with helpful microbiolo-
gists and described a need: that even in a hospital setting
with outsourced laboratory services, it is important to
offer chances to dialogue with microbiologists. While
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this finding does seem to match the views shown by the
national survey, more qualitative research on other
groups could help to show whether or not there is
a need to enhance access to their local resistance situa-
tion in the hospital setting in other areas of Germany.

There was differential discussion about treatment
guidelines, which may also be an important influence
factor on physician prescribing practice. Participants
from the outpatient care setting found clinical recom-
mendations to be difficult to access quickly and use. For
the hospital setting, this was significantly different.
There was more discussion about whether guidelines are
up to date and about their relevance, specificity and
availability in clinical practice. There are many guide-
lines with varying degrees of quality available to physi-
cians. Hospital care physicians have an array of inhouse
developed guidelines, differentially taking into account
local resistance data.*” But, as also evidenced by other
studies, availability is differential and may warrant
addressing this separately for each practice setting.* #*

The pharmaceutical industry was often a major topic of
discussion, but it remains unclear how large the current
influence of the pharmaceutical industry is on physicians
in Germany. Physicians indicated that the pharmaceu-
tical industry plays a large role in outpatient care prac-
tice. Visits to doctors’ offices by the industry and free
samples of antibiotics are ubiquitous; their informational
materials are generally perceived as attractive. This may
have to do with the fact that information from the
industry presents information in ways that are more
convenient than scientific literature on the same
topics.?” These important findings about the presence of
the pharmaceutical industry also showed up among the
participants of the survey: despite some caution about
the persistence of the industry, most outpatient care
physicians welcome their assistance and view them as
another resource among many other sources of infor-
mation on antibiotics. Results from these focus groups
and the survey indicate that the pharmaceutical industry
has a large presence among physicians in Germany.

CONCLUSIONS

Our findings suggest that physicians in Berlin are inter-
ested in topics around their own prescribing, like
physician sensitivity to patient need, time management
for patient consult, access to guidelines and their
perception of the pharmaceutical industry. These non-
patient determinants, when coupled with intervention
ideas for the hospital care setting (eg, improving hygiene
measures, easing diagnostics and cooperation with
laboratories), are different from factors of antibiotic
prescribing and resistance that have been previously
observed in similar contexts: they are physician oriented.
Furthermore, focus group discussions provided more
details about some of the determinants that were also
found relevant by physicians participating in the survey
component of this research. Together, these study
components raise questions about whether targeting
other physicians may be a better approach for inter-

vention that aims to influence antibiotic resistance in
this and other areas of Germany. This could be
a remarkable finding for Germany: in other countries,
intervention to reduce antimicrobial resistance has often
been targeted at the patient directly, but more qualita-
tive research and similar focus groups in other areas of
Germany could show whether or not this trend is
nationally relevant.

STUDY LIMITATIONS

Participants were all from the Berlin region and
included physicians from diverse backgrounds with
respect to age, sex, size of practice, care setting and
number of years in practice. Additionally, we recruited
physicians from the former east and west areas of Berlin
and from outer city areas to reflect greater diversity
specific to this setting in Germany. We used a relatively
small, purposive convenience sample of physicians from
specialties known to prescribe most often; thus, there
may have been some degree of representational
bias. Although many findings from the focus groups
align well with findings from our nationally representa-
tive survey, which was conducted to further explore
influence factors on this topic, other focus groups in
other regions or large metropolitan areas in Germany
could strengthen these results and are critical before
determining national relevance.

The same moderator conducted all focus group
discussions based on a conceptual framework drawn
before the sessions, so there could be issues of reliability
due to its application to four different groups of physi-
cians. But, since we intended for the moderator to allow
for participants in each group to explore topics differ-
entially around this framework, so that any new or
previously unanticipated topics could come up, we
believe that this provided a strength that is unique to this
qualitative approach.
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Abstract

Purpose: Current efforts to prevent antimicrobial resistance include limiting antimicrobial use, providing
education about appropriate use, and developing better point of care tests, but what do physicians actually
think of rational prescribing and potential interventions? We tried to ascertain which factors can influence
a physician’s decision to start an antimicrobial therapy in a patient, and their opinions on measures to
promote rational prescribing.

Methods: We conducted a nationwide, cross-sectional survey of 10,600 physicians from medical
registries of all known board-certified physicians in Germany.

Results: Among respondents (n = 3,492; response rate = 33%, detailed non-response bias analysis
included), 90% indicated that they decide to start an antimicrobial therapy in a patient at least weekly, and
66% reported that they decide daily. We identified correlates for deciding to start an antimicrobial therapy
in a patient. Predictors were status as a hospital physician [odds ratio (OR) 1.29 (95% confidence interval
(CI) 1.00-1.68)], male physician [OR 1.81 (95% CI 1.42-2.31)], being age 50-59 [OR 1.56 (95% CI 1.10-
2.21)], and practicing in states in the former East Germany [OR 1.60 (95% CI 1.15-2.21)]. Each specialist
was significantly less likely to decide to start a course of antimicrobial therapy than ENTs and urologists.
Other predictors were agreeing to prescribe to be on the safe side [OR 1.34 (95% CI 1.03-1.76)],
believing that the quality of prescribing practice improves after receiving continuing education from
pharmaceutical companies [OR 1.43 (95% CI 1.11-1.84)] and having experience with failed therapies for
resistant pathogens [OR 2.42 (95% CI 1.83-3.19)].

Conclusions: Physicians in our sample decide to start an antimicrobial therapy in a patient, and they
value interventions to support prudent use, such as continuing education, practice guidelines and
implementation of surveillance measures. Socio-behavioural factors, regional variation, gender and age
merit further research to promote rational antimicrobial prescribing and explore related influence factors.

Keywords: antimicrobials, prescribing, surveillance, cross-sectional studies, interventions

Running Title: Socio-behavioural factors and antimicrobial prescribing in Germany



Introduction

Combating antimicrobial resistance is now widely considered a priority area in public health, and
several surveillance campaigns across Europe have been developed in response.'? Antimicrobial surveillance
systems collect information on evolving resistance trends, and follow antimicrobial consumption and usage
patterns.”® Germany takes part in European Surveillance of Antimicrobial Consumption (ESAC),’” and the
European Antimicrobial Resistance Surveillance System (EARSS)® that collects validated resistance data for
selected pathogens in order to present trends over time and comparisons between countries and regions in
Europe. The Antimicrobial Resistance Surveillance (ARS) project,” which monitors antimicrobial consumption
and captures resistance data from routine diagnostics of the whole spectrum of clinically relevant pathogens in
both hospitals and from the outpatient care setting, serves to complement European resistance surveillance.
ESAC, EARSS and ARS serve as core components of the German Antibiotic Resistance Strategy (DART).'°

Looking to socio-behavioural factors of physicians’ antimicrobial use and acceptance of interventions
for resistance has newly been recognized as an area of interest in campaigns to monitor resistance.'"'> '*
Physicians make clinical assessments, consider appropriate therapies, and decide whether or not and when to
prescribe antimicrobials. Such decisions are facilitated by what physicians know and what attitudes they have
toward treatment. However, little evidence exists on these factors. We aimed to measure factors of influence
among board-certified physicians in Germany when they consider making a decision to prescribe antimicrobials.
A further objective was to ascertain physicians’ opinions on potential measures that can promote rational use of

antimicrobials.

Methods

Development of the survey

During 2007 we conducted an extensive literature review to identify previous work on socio-
behavioural factors of influence for antimicrobial prescribing. Additionally, a series of representative focus
groups involving German hospital and outpatient care physicians was conducted to provide qualitative insight
into general concerns about antimicrobials resistance. The results were used to develop a socio-behavioural
model for antimicrobial prescribing in hospital and outpatient care physicians that links various factors
(demographics, diagnosis patterns, physician knowledge and expectations, and opinions) to consideration of

antimicrobial prescribing. A survey instrument was developed from the model.



The survey instrument solicited the following information in sections: 1. Demographic information on
age, gender, practice speciality and regional population size, using multiple choice questions; 2. The frequency
within the last year of deciding to start an antimicrobial therapy in a patient, and of any provision of
consultations to peers, using multiple choice questions; 3. Information about the most frequent diagnosis within
the last year in any of our surveyed fields of clinical practice, whether or not an empirical therapy was chosen for
that diagnosis, whether or not a diagnostic test was implemented, and whether there was change of antimicrobial
therapy after a first line therapy failed, using Likert scales; 4. Opinions about statements on experience with
antimicrobials, antimicrobial resistance surveillance and limited use in clinic or practice, using ‘agree/disagree
statements;” and, 5. Evaluation of potential interventions to aide in improved antimicrobial usage, using a Likert
scale. A copy of the survey instrument can be viewed on the ARS homepage.'* The results of section 3 do not
fall within the context of this analysis and will be presented in another paper. We used two survey forms, one for
hospital and one for outpatient care setting. Each form contained 45 questions, and in sections 2, 3, and 4 the
language was adjusted to be appropriate for hospital and outpatient care physicians where appropriate. The
survey form was designed to have a clear and clinically-friendly format, and a pilot test was conducted among
scientists at the Robert Koch Institute (RKI). A short article describing the study was placed prominently in the

German Medical Journal.'®

Criteria for inclusion and exclusion

Recruiting was done from a complete population of known board-certified physicians registered in each
of 17 state medical associations in Germany. We included both hospital and outpatient care physicians belonging
to practice specialties that are known to more frequently prescribe antimicrobials: general practice (GP), internal
medicine, surgery, gynaecology, paediatrics, ear, nose and throat specialists (ENT), dermatologists and
urologists. We excluded any respondent who reported not belonging to our targeted specialties or not prescribing

antimicrobials within the last year.

Sample estimation

This is study is based on the known population of registered physicians in Germany, and proportionate
stratified sampling methods were applied. Using known registries of all practicing physicians provided by each
state medical association in Germany, we first allocated physicians to one of four regions: north: Schleswig
Holstein, Lower Saxony, Hamburg, Bremen; south: Baden-Wuerttemberg, Bavaria; west: North Rhein,

Westphalia-Lippe, Hessen, Rheinland-Palatinate, Saarland; and east: Mecklenburg-Lower Pomerania,



Brandenburg, Berlin, Saxony-Anhalt, Saxony, Thuringia. We treated the total population of registered physicians
in each of four regions separately in two groups based on care setting. For the hospital setting the size of the
smallest region was north at 7,231 physicians, and the largest region was west with 17,720 physicians. For the
outpatient care setting, the smallest was also north at 14,669 physicians and the largest was west at 32,031
physicians.

We then used STATA software (Release 10, 2007) to calculate a sample estimate for each group. We
set our level of significance at .10, and estimated that approximately 544 physicians per group (each care setting,
per 4 regions) were needed in order to allow for a statistically significant comparison of proportions at 45-55%.
We thus calculated a needed number of 1,360 survey forms per care setting and region in order to receive an
expected response rate of 40%. The response rate was based on previous experience with similar response rates
at the RKI, where difficulties reaching physicians are a result of strict data protection laws preventing direct
follow-up with non-responders. The methods enabled us to predict a sample size of 10,998. Due to political and
administrative barriers, the medical association of Saxony chose not to participate, our sample was reduced by

398 to 10,600, and our stratification was adjusted accordingly.

Ethics and informed consent

Due to the nature of data protection laws for the federal collection and distribution of medical data
within Germany, anonymous survey forms were sent first to state medical associations and then distributed to
physicians based on our stratified sample. Anonymous postage-paid return-envelopes were provided. The

commissioner for data protection at the RKI approved the survey instrument and the study methods.

Statistical Analysis

A two-part analysis was conducted using STATA. In a first analysis, we calculated relative frequencies
for demographic information, and for consideration to prescribe daily and weekly. The frequency of prescribing
was explored in greater detail by identifying significant factors related to “considering daily to make a decision
to prescribe antimicrobials,” using the likelihood-ratio test (80% CI; P<0.20). Because we explored 74 potential
influence factors, we did not define a model a-priori. Instead, we first conducted univariate analyses on all
factors and included only those found to be significant into a stepwise multivariate regression model to test
predictors for "deciding daily to start an antimicrobial therapy in a patient” (95% CI; P<0.05). We chose to use a
combined reference group of ENT and urologists, because they are known to be frequent prescribers and resulted

in significantly higher odds ratios in univariate analyses. Once we found predictors to be significant, we



performed a second analysis, in which we took predictors found to be significant in our regression model and
performed chi-squared or Fisher’s exact tests (95% CI; P<0.05), using demographic variables to assess

significance levels.
Results

A total of 3,492 physicians answered the questionnaire (response rate = 33%; 3,492/10,600). Despite
our response rate, we were able to verify the representativeness of our responders by performing a non-response
bias analysis using the complete medical registries of all German physicians and the normal distribution of
registered physicians in Germany. We compared individual response rates, and performed chi-square goodness
of fit tests, which showed no significant differences between the observed proportions from our responders and
from proportions in the original representative sample. Overall differences in response rates were low; but
paediatricians—while only 6.7% of the original sample population—were overrepresented by over 10%.
Responders from states in the former East Germany, though 22% of the original sample, also deviated from the
general response rate by approximately 10%. Please see table 1 for results of a non-response bias analysis.

Table 2 shows the demographic characteristics of our sample of physicians. Nearly 90% of all
responding physicians reported that they decided at least weekly to start an antimicrobial therapy in a patient,
and 66% considered at least daily. Physicians in hospital settings (69%) responded that they decided daily to
start an antimicrobial therapy in a patient more frequently than those in outpatient care settings (63%)(P<0.004).
The number of physicians who decided daily to start an antimicrobial therapy in a patient was highest compared
to all other specialities among urologists, ENT, and paediatricians (92%, 90%, and 72% respectively; P<0.001).
Gender showed to be consistently significant across many variables in our study: of all surveyed male
physicians, 72% decided daily to make a decision to start an antimicrobial therapy in a patient vs. 56% of all
female physicians. Two intriguing findings from the multivariate regression were that each specialty was
considerably less associated with deciding to start an antimicrobial therapy in a patient than ENTs and urologists.
Physicians from states in the former East Germany were also more likely to start an antibiotic therapy in a
patient daily [OR 1.60 (95% CI 1.15-2.21)], and thinking own work has an influence on antimicrobial resistance
[OR 1.55 (95% CI 1.23-1.95)]. Table 3 shows complete results from the multivariate regression.

Physicians responded to selected questions about their attitudes toward prescribing antimicrobials.
(Selected results are shown in table 4) Results from our frequency analyses show that the older a physician is,
the less they were inclined to prescribe to be on the safe side. More outpatient care physicians indicated that they
prescribe to be on the safe side than did those in hospitals. Dermatologists in our sample were almost two times

more likely to indicate that they prescribe to be on the safe side than other specialties (45% vs. 24% combined



average). More hospital (70%) than outpatient care physicians (52%) agreed that “their own work has an
influence on antimicrobial resistance,” and older physicians were less likely to agree with the statement. More
male (86%) than female physicians (76%) indicated that they “have experience with failed therapies for resistant
pathogens.” Among all physicians, the older they were the more they agreed that “the quality of prescribing
practice improves after receiving continuing education from pharmaceutical companies.” More descriptive
results can be viewed on the ARS project homepage.'

Table 5 shows complete respondent evaluations of potential interventions for improving antimicrobials
use to minimise resistance. More hospital physicians in our sample found it either important or very important
that they receive data on regional antimicrobial resistance and appropriate feedback for prescribing. More
hospital physicians also found either important or very important an intervention providing consulting audits and
feedback on their antimicrobials use. Physicians in each practice setting equally found important or very
important increased antimicrobial surveillance activities, the availability of federal guidelines for making

diagnoses and prescribing antimicrobials, and improvement of educational opportunities at university.

Discussion

Physicians responding to our study decide often to start an antimicrobial therapy in a patient. This is
consistent with other findings that antimicrobials belong to the 10 most prescribed groups of drugs in Germany.
There is no other medicine that is used so widely across all physician specialties.'®'” Yet, on the whole, overall
consumption of antimicrobials within Germany is low in comparison to other European countries.'® This is true
for both outpatient care and hospital settings. As an example, Germany’s outpatient antimicrobial consumption
in 2007 was in the lower third of the range observed across Europe, at 13-15 defined daily doses (DDD) per
1000 inhabitants. In higher range countries of Greece, Cyprus, France, Italy and Belgium the amount is more
than double.'® Additionally, other studies on European national consumption in hospital care show that
consumption in Germany is only 5-10% of total exposure to antimicrobials in many European countries, even if
some regional differences within Germany indicate that there is room to improve.'*?

Looking more closely at differences between hospital and outpatient care physicians may inform about
the influences behind their motivations for antimicrobial prescribing. Over 80% of all antimicrobial prescriptions
occur in the outpatient care setting. Actual data shows that in 2007, 56% of all antimicrobial prescriptions were
made in outpatient care settings by GPs.'®

Given that outpatient care physicians prescribe more, why did significantly more hospital than

outpatient physicians in our sample think their practice has an influence on antimicrobial resistance? It might



have to do with differing cultures within each practice setting. For example, hospitals tend toward increased use
of surveillance data, enabling physicians to have greater knowledge of the relationship between their practice
and the resistance situation. Thinking that own work has an influence on resistance—also found in our analysis
to be a significant factor for more frequent decisions to start an antibiotic therapy in a patient —might be because
physicians who prescribe more may also have increased awareness about antimicrobial use. Collection of
regional antimicrobial resistance data with appropriate feedback and within practice settings could be a step to
create a culture of utilising resistance data for increased awareness and responsible antimicrobial use.

The nature of antimicrobial prescribing and diagnoses in hospital versus outpatient care settings may
also play a role. Hospital physicians attend fewer but more acute cases than their outpatient care counterparts.
Hospital settings also require special attention because of the increasing prevalence of antimicrobial resistant
emerging infections like MRSA.>' As such, physicians in hospital settings have been shown to be aware of the
problem of antimicrobial resistance, but they demonstrate varying knowledge about antimicrobials.”*'* Physician
attitudes about antimicrobials use and resistance might thus vary based on available knowledge.” Provision of
‘antimicrobial experts’ in hospitals who give on-site consulting, audits and feedback may offer knowledge and
help to regulate variation in antimicrobials use.

Physicians are more likely to prescribe to be on the safe side in outpatient care settings, where it may be
harder to ask colleagues for advice, or where setting-specific guidelines are less prevalent. That antimicrobials
may be prescribed out of insecurity is also shown indirectly: younger physicians in this sample consider
prescribing most often, indicating that more years of experience could increase security with antimicrobials use.
Physicians’ characteristics, like age, should be accounted for in intervention options, such as ways to offer
information and guidance, and university education in the area of antimicrobials.

Physicians who belong to certain practice specialties that are known to prescribe more antimicrobials,
like urology, ENT and paediatrics might share similar attitudes on use and resistance. A look at paediatric
diagnoses in Germany shows that between 1998 and 2005 children received 20-50% more daily doses of
antimicrobials than adults.*** Paediatricians were also more likely to respond to our survey, a self-selection that
may arise out of more concern about antimicrobials use and resistance in their practice. In general, ENT and
urinary tract diagnoses are often treated in outpatient care settings and often rely on common empirical
therapies.”® While this may be due to the nature of diagnoses, physicians in some specialties might be more
autonomous, and individual professional characteristics may carry influence over deciding when and how to

prescribe.”’ Interventions such as improved guidelines, continuing education and audits should be tailored to



account for professional characteristics that clearly relate to the specific nature of diagnoses and clinical
situations in certain specialities.

Our sample indicated that physicians in the former East Germany are more likely to decide daily to start
an antimicrobial therapy in a patient, even though most evidence shows that significantly less antimicrobials are
consumed in the eastern parts of Germany. '® This may be true and also consistent: physicians practicing in the
former East Germany might exhibit cultural differences that predispose them to more rational use of
antimicrobials. This trend has been explored before. It has been speculated that poor economic status and
bureaucratic barriers in the former socialist East Germany presented constraints to prescribing. Others refer to a
general scepticism among East Germans, although this has been discounted due to different patterns of
consumption in other countries within the former Eastern Bloc. A third explanation argues that a strong state
interest in public health - including authoritative surveillance- made physicians cautious to the use of clinical
guidelines, versions of which were still in use until after the fall of the Berlin wall.?® Physicians practicing in the
former East Germany may demonstrate a protective factor for prescribing: being aware of rational prescribing
and associated surveillance efforts. Awareness is an important factor that has been illustrated in recent studies
which aim to look at the motivations for prescribing.?>*%

Cultural variance related to differences in region of practice, gender and age may also affect attitudes
when it comes to factors of influence for prescribing antimicrobials. Related intervention requirements vary
accordingly. For example, different age groups that indicate varied preferences for information gathering and
continuing education about antimicrobials resistance have unique needs. In a comparison of two surveys about
influences on prescribing practice within the same generation of GPs in the former East Germany in 1979 and
again in the same reunited states in 1998, Sturm found that among older physicians, university education had
become more important.”’ Indeed, formal education was also valued by older respondents in our survey, and
younger physicians more often valued consulting, audits and feedback, indicating that hands-on, on-the-job
training may better suit their needs. Current efforts in Germany to develop training possibilities on infectious
disease, antimicrobial use and resistance at university can be enhanced by taking into account different needs in

regions and among age groups.

Limitations
Given the response rate of 33%, we recognize that potential biases may be caused by self-selection

based on respondent interest in the subject and by non-response. Survey responses are also from self-report, and



respondents may be prone to social desirability about their experience with antimicrobials. We also recognize
that patient and public opinion is important and have thus collaborated in other studies of patients in Germany.*!
We considered measures to increase the response rate considering the associated potential for bias. It
was not possible, however, to survey non-responders due to the nature of data protection laws for federal data
collection within Germany, which meant that contact details for follow up with non-responders were
unavailable. Additionally, the use of institutional infrastructure at the state medical associations to process more
than one mailing of questionnaires was not possible. We also considered the use of proxy respondents to
compare our results, but we believe that proxies are unsuitable for measuring knowledge, attitudes or opinions.
Since our survey was not based on a random sample but was stratified to account for the complete population of
known registered physicians in Germany by performing a non response bias analysis, we were able to show
representativeness of our stratified sample using a non-response bias analysis, already presented in the results
section of this paper. The results of the non-response bias analysis show a close match of proportions and
distribution of physician attributes, thus helping to rule out the chance for selection bias. We are thus confident
about our ability to make comparisons among the following 5 attributes in our results: hospital and outpatient
setting, practice specialty, region, age and sex. We have also included in our multivariate regression 4 factors
related to attitudes, since these were repeatedly found to be significant in our univariate analyses. As these were
not included in the non-response bias analysis, these factors may be interpreted as a property of our group of

responders only, not necessarily all physicians.

Conclusions

The prioritisation of interventions to support physicians in rational antimicrobial prescribing and to
minimise resistance is a major task facing public health authorities. Working to promote rational antimicrobials
use, to provide education for physicians and patients on rational use, and to develop better point of care tests
remain important measures for intervention. This work can be complemented by measures that address socio-
behavioural factors affecting behaviour for prescribing—such as awareness of practice impact and availability of
individualised clinical support—and the acceptance of related interventions.' ** The results of this national
cross-sectional survey provide much needed quantitative research evidence on socio-behavioural factors, like
attitudes and individual professional characteristics that affect antimicrobial use and potential interventions for

resistance.
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Tables

Table 1: Results of a non-response bias analysis, comparing percent of the original sample from known
medical registries to actual received response rates, with respective results of chi-square goodness of fit
analyses (P<0.05). The overall response rate in the study was 33% (N=3492/10600).

Physicians characteristics % of Sample Response Rate, % Chi-square goodness of fit
Hospltz.ﬂ 50.0 31.8 P=0.03
Outpatient care 50.0 34.1
GP 30.2 30.2
Internal 20.1 28.1
Surgery 22.4 30.7
Ear Nose Throat 3.6 333 _
Paediatrics 6.7 47.6 P=0.00
Urology 3.6 35.6
Gynaecology 10.4 34.1
Dermatology 3.0 33.5
State in the Former East 22.3 23.2
Germany _
State in the Former West 71.7 35.7 P=0.04

Germany




Table 2: Demographic and professional characteristics of responding physicians

Total Hospital Outpatient
physicians care
physicians
Variable n % n % n %
3492 100 1,682 48 1,810 52
Sex Male 2222 65 1093 66 1129 64
Female 1200 35 564 34 636 36
Age group <30 15 0.4 13 1 2 0.1
30-39 583 17 459 28 124 7
40-49 1396 40 723 43 673 37
50-59 1049 39 385 23 664 37
> 59 422 12 89 5 333 19
Population of site of <19,999 900 26 333 20 567 32
hospital/practice
20,000-100,000 1,142 33 583 35 559 32
>100,000 1,377 40 642 36 735 45
Specialty GPs 914 27 183 11 731 41
Internal 652 19 416 25 236 13
Surgery 729 21 536 32 193 11
Ear Nose Throat 126 4 48 3 78 4
Paediatrics 340 10 163 10 177 10
Urology 134 4 76 5 58 3
Gynaecology 377 11 154 9 223 13
Dermatology 111 3 34 2 77 4
No specialty 51 | 42 3 9 0.5
Region State in the 548 16 257 15 291 16
Former East
Germany
State in the 2944 84 1425 85 1519 84

Former West
Germany




Table 3: Multivariate analysis: factors associated with deciding daily to start antimicrobial therapy in a
patient

Variables: Demographics, determinants (p < 0.05) Odds Ratio 95% CI
Setting: Hospital 1.29 1.00 - 1.68
Sex: Male 1.81 142 - 231
Practice specialty: ENT and Urologist (reference)

GP 0.14 007 - 029

Internist 0.14 0.10 - 031

Surgeon 0.15 0.09 0.28

Paediatrician 0.24 0.11 - 053

Gynaecologist 0.11 0.05 - 024

Dermatologist 0.10 0.04 - 023

No specialty 0.04 013 - 0.14
Region: State in the Former East Germany 1.60 .15 - 221
Age Group: 20-29 (reference)

50-59 1.56 .10 - 221
“Yes, I prescribe to be on the safe side” 1.34 .03 - 176
r;gfsst,a L 21:’?1( my own work has an influence on antimicrobial 155 123 - 195
“Yes, I have experience with failed therapies for resistant pathogens ” 242 1.83 - 319

“Yes, the quality of my prescribing practice has improved after

consulting and continuing education from pharmaceutical companies ” 1.43 LI - 184




Table 4. Attitudes concerning antimicrobial prescribing: approval of selected items, demographic and

professional characteristics

I prescribe to be on I think my own I have experience = The quality of my

Former West
Germany
Total

827/3416 (24)

2016/3317 (61)

2749/3330 (82)

the safe side work has an with failed prescribing
influence on therapies practice has
antimicrobial improved after
resistance consulting and
continuing
education from
pharmaceutical
companies
Setting Yes/All (% Yes) Yes/All (% Yes) Yes/All (% Yes) Yes/All (% Yes)
Hospital 353/1654 (21) 1136/1619 (70) 1393/1619 (83) 315/1390 (23)
g‘;‘epat‘e“t 474/1762 (27) 880/1698 (52) 1356/1711 (86) 453/1544 (29)
Total 827/3416 (24) 2016/3317 (61) 2749/3330 (83) 768/2934 (26)
Specialty
GP 258/895 (29) 502/847 (60) 696/858 (81) 243/780 (31)
Internal 123/644 (19) 463/631 (73) 566/632 (90) 142/552 (26)
Surgery 156/715 (22) 445/703 (63) 607/702 (86) 153/607 (25)
Ear Nose 20/102 (20)
Throat 30/125 (24) 60/119 (50) 97/120 (81)
Paediatrics 45/331 (14) 211/324 (65) 253/324 (78) 68/291 (23)
Urology 32/134 (24) 83/132 (63) 123/130 (95) 34/113 (30)
Gynaecology 106/367 (29) 149/357 (42) 245/358 (68) 65/315 (21)
Dermatology 49/109 (45) 39/108 (36) 86/107 (80) 24/92 (26)
No specialty 15/49 (31) 35/48 (75) 38/51 (75) 10/40 (25)
Total 814/3369 (24) 1989/3269 (61) 2711/3282 (83) 759/2892 (26)
Age Group
<30 5/14 (35) 8/13 (62) 11/15 (73) 1/11 (9)
30-39 151/577 (26) 411/559 (74) 488/563(87) 99/491 (20)
40-49 329/1370 (24) 871/1337(65) 1127/1335 (84) 290/1189 (24)
50-59 237/1027 (23) 543/988 (55) 819/1001 (82) 251/881 (28)
>59 99/408 (24) 170/401 (42) 287/396 (72) 122/346 (35)
Total 821/3396 (24) 2003/3298 (61) 2732/3310 (83) 763/2918 (26)
Sex
Male 514/2188 (23) 1359/2131 (64) 1835/2144 (86) 500/1880 (27)
Female 300/1165 (26) 618/1125 (55) 853/1127 (76) 254/1002 (25)
Total 814/3353 (24) 1987/3256 (61) 2699/3271 (82) 754/2882(26)
Region
State in the 125/540 (23) 306/526 (58) 421/527 (80) 164/459 (36)
Former East
Germany
State in the 702/2876 (24) 1710/2791 (61) 2328/2803 (83) 604/2475 (24)

768/2934 (26)




Table 5: Opinions on interventions to improve appropriate antimicrobial use: importance of selected
items, demographic and professional characteristics

Collection of Federal Availability of Improvement of
regional guidelines- ‘antimicrobial training
antimicrobials independent from  experts’ possibilities at
resistance data with  the (consulting, audits  universities
appropriate pharmaceutical and feedback) important or
feedback for industry-for important or very  very important
prescribing diagnostics and important
physicians antimicrobials
important or very therapy
important important or very
important
Setting Yes/All (% Yes) Yes/All (% Yes) Yes/All (% Yes) Yes/All (% Yes)
Hospital 1581/1650 (96) 1463/1641 (89) 1441/1658 (87) 1502/1650 (91)
g‘;?at'e“t 1648/1766 (93) 1587/1768 (90) 1393/1765 (79)  1>03/1766 (89)
Total 2259/3416 (95) 3050/3409 (89) 2834/3423 (83) 3065/3416 (88)
Specialty
GP 856/894 (96) 799/894 (89) 721/895 (81) 788/894 (88)
Internal 616/637 (97) 579/643 (90) 538/644 (84) 567/637 (89)
Surgery 659/716 (92) 631/708 (89) 615/720 (85) 641/716 (90)
%;(ﬁ(t)se 115/124 (93) 115/125 (92) 100/123 (81) 108/124 (87)
Paediatrics 323/331 (98) 294/333 (82) 279/330 (75) 313/331 (95)
Urology 125/134 (93) 108132 (82) 101/134 (75) 123/134 (92)
Gynaecology 335/372 (90) 334/367 (91) 310/371 (84) 333/372 (90)
Dermatology 104/110 (95) 107/110 (97) 94/110 (85) 103/110 (94)
No specialty 49/51 (96) 43/50 (86) 42/50 (84) 46/51 (90)
Total 3182/3369 (95) 3010/3362 (90) 2800/3377 (83) 3022/3369 (90)
Age Group
<30 13/15 (87) 15/15 (100) 14/15 (93) 14/15 (93)
30-39 556/577 (96) 510/570 (89) 501/577(87) 511/577 (88)
40-49 1312/1375 (95) 1257/1370 (92) 1157/1370 (84) 1225/1375 (89)
50-59 957/1024 (93) 888/1024 (87) 830/1032 (79) 930/1024 (91)
>59 374/405 (92) 362/419 (88) 316/411 (77) 369/405 (91)
Total 3212/3396 (95) 3032/3389 (89) 2818/3405 (83) 3049/3396 (90)
Sex
Male 2060/2182 (94) 1918/2184 (88) 1782/2192 (81) 650/2187 (29)
Female 1115/1174 (95) 1076/1163 (93) 1002/1169 (86) 399/1172 (34)
Total 3175/3356 (95) 2994/3347 (89) 2784/3361(83) 1049/3359(31)
Region
State in the 511/543 (94) 501/545 (92) 451/542 (83) 498/543 (92)

Former East
Germany
State in the
Former West
Germany
Total

2718/2873 (95)

3229/3416 (94)

2549/2864 (89)

3050/3409 (89)

2383/2881 (83)

2834/3423 (83)

2567/2873 (89)

3065/3416 (90)




(M

2

(€)

4)

)

(6)

(7

®)

)

(10)

)

(12)

(13)

(14)

(15)
(16)
amn

(18)

(19)

References

Goossens H, Guillemot D, Ferech M, Schlemmer B, Costers M, van Breda M, et al. National campaigns
to improve antibiotic use. Eur J Clin Pharmacol 2006 May;62(5):373-9.

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

Noll I, Barger A, Heckenbach K, Eckmanns T. Zur Surveillance der Antibiotikaresistenz in
Deutschland. Der Mikrobiologe 2008;18(1):19-23.

Meyer E, Schwab F, Jonas D, Riiden H, Gastmeier P, Daschner FD. Temporal changes in bacterial
resistance in German intensive care units, 2001-2003: data from the SARI (surveillance of antimicrobial

use and antimicrobial resistance in intensive care units) project. J Hosp Infect 2005 Aug;60(4):348-52.

Meyer E, Gastmeier P. Antibiotikatherapie - Einfluss und Methodik der Surveillance. Anasthesiol
Intensivmed Notfallmed Schmerzther 2007 Feb;42(2):116-20.

Schroder H, Nink K, Zawinell A. Arzneimittelverbrauchsforschung in Deutschland. Deutsche
Apotheker Zeitung 2004;144(21):2413-8.

ESAC website: http://app.esac.ua.ac.be/public/

EARSS website: http://www.rivm.nl/earss/

ARS website: https://ars.rki.de/

DART online at: http://www.bmg.bund.de/SharedDocs/Standardartikel/DE/AZ/1/Glossar-
Infektionskrankheiten/Antibiotika-
Resistenzstrategie,templateld=raw.property=publicationFile.pdf/Antibiotika-Resistenzstrategie.pdf

Cotter M, Daly L. Antibiotic prescription practices of general practitioners. Ir Med J 2007
Oct;100(9):598-601.

Guerra CM, Pereira CA, Neves Neto AR, Cardo DM, Correa L. Physicians' perceptions, beliefs,
attitudes, and knowledge concerning antimicrobial resistance in a Brazilian teaching hospital. Infect
Control Hosp Epidemiol 2007 Dec;28(12):1411-4.

Hulscher MEJL, Grol RPTM, Van der Meer JWM. Antibiotic prescribing in hospitals: a social and
behavioural scientific approach. Lancet Infectious Diseases 2010;(10):167-75.

A copy of the survey instrument can be viewed on the ARS homepage:
https://ars.rki.de/Projekt EVA.aspx

RKI-Studie zum Einfluss #rztlicher Verordnung. Deutsches Arzteblatt 2008;105(37):1874.
GERMAP 2008 - Antibiotika-Resistenz und -Verbrauch. 2008. Report No.: ISBN 978-3-00-025097-2.

Kern WV, Nink K, Steib-Bauert M, Schroder H. Regional variation in outpatient antibiotic prescribing
in Germany. Infection 2006 Oct;34(5):269-73.

de With K., Schroder H, Meyer E, Nink K, Hoffmann S, Steib-Bauert M, et al. Antibiotic use in
Germany and European comparison. Dtsch Med Wochenschr 2004 Sep 17;129(38):1987-92.

Vander Stichele RH, Elseviers MM, Ferech M, Blot S, Goossens H. Hospital consumption of antibiotics
in 15 European countries: results of the ESAC Retrospective Data Collection (1997-2002). J
Antimicrob Chemother 2006 Jul;58(1):159-67.



(20)

€2y

(22)

(23)

24

(25)

(26)

@7)

(28)

(29)

(30)

€2))

(32)

Kern WV, Steib-Bauert M, de With K. Comment on: Hospital consumption of antibiotics in 15
European countries: results of the ESAC Retrospective Data Collection (1997--2002) J. Antimicrob.
Chemother. 2006 58(4): 900-901.

Goossens H, Ferech M, Vander SR, Elseviers M. Outpatient antibiotic use in Europe and association
with resistance: a cross-national database study. Lancet 2005 Feb 12;365(9459):579-87.

Srinivasan A, Song X, Richards A, Sinkowitz-Cochran R, Cardo D, Rand C. A survey of knowledge,
attitudes, and beliefs of house staff physicians from various specialties concerning antimicrobial use
and resistance. Arch Intern Med 2004 Jul 12;164(13):1451-6.

Grol RPTM. The unbearable lightness of antibiotic prescribing and how to change it. In: de Kruijff B,
van der Meer JW, Noor LHW, editors. The bleak future of antibiotics. Amsterdam: Royal Netherlands
Academy of Arts and Sciences; 2005.

Gtinther J, Kern WV, Nink K, Schréder H, de With K. Solange sie noch wirken ...: Analysen und
Kommentare zum Antibiotikaverbrauch in Deutschland. Wissenschaftliches Inst. d. AOK; 2003.

Wissenschaftliches Institut der AOK. Der Antibiotikaverbrauch bei Kindern. Arzneimittelmarkt-News
2007.

Schwartz RK, Soumerai SB, Avorn J. Physician motivations for nonscientific drug prescribing. Soc Sci
Med 1989;28(6):577-82.

Hemminki E. Review of literature on the factors affecting drug prescribing. Soc Sci Med 1975
Feb;9(2):111-6.

Tauchnitz C, Handrik W. Antibiotika-Verordnungen. Zu den Ursachen der groBen regionalen
Unterschiede von Antibiotika-Verordnungen durch Arztpraxen in Deutschland. Arzteblatt Sachsen
2009;6:263-4.

Ebert SC. Factors contributing to excessive antimicrobial prescribing. Pharmacotherapy 2007 Oct;27(10
Pt 2):126S-30S.

Sturm D. Einflufifaktoren auf das Verordnungsverhalten von Allgemeindrzten. Der Allgemeinarzt
2002;10:753-6.

Faber MS, Heckenbach K, Velasco E, Eckmanns T. Antibiotics for the common cold: expectations of
Germany's general population. Euro Surveill 2010 Sep 2;15(35):pii=19655.

Peterson LR. Squeezing the antibiotic balloon: the impact of antimicrobial classes on emerging
resistance. Clin Microbiol Infect 2005 Oct;11 Suppl 5:4-16.



3.3. Faber M, Heckenbach K, Velasco E, Eckmanns T. Antibiotics for the common cold.
What are the expectations of Germany’s general population? Euro Surveill 2010 Sep
2;15(39).

Impact factor: will first be available in 2012

40



RESEARCH ARTICLES

Antibiotics for the common cold: expectations of

Germany's general population

M S Faber (faberm@rki.de)*?, K Heckenbach, E Velasco*3, T Eckmanns*
1. Department for Infectious Disease Epidemiology, Robert Koch Institute, Berlin, Germany
2. Postgraduate training for applied epidemiology (German Field epidemiology training programme), Robert Koch Institute,

Berlin, Germany

3. Medical Faculty, Charité Universitatsmedizin, Berlin, Germany

Citation style for this article:

Faber MS, Heckenbach K, Velasco E, Eckmanns T. Antibiotics for the common cold: expectations of Germany’s general population. Euro Surveill.
2010;15(35):pii=19655. Available online: http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=19655

Physicians mention patients’ expectations as a reason
for prescribing antibiotics for common (viral) upper
respiratory tract infections despite clinical evidence
against their use and the physicians’ better judgement.
We aimed to assess the prevalence of such expecta-
tions and factors of influence (knowledge and atti-
tudes) in Germany’s general population. In November
2008, 1,778 persons registered with a large market
research company were invited to complete an online
questionnaire on expectations concerning prescrip-
tion of antibiotics and on knowledge and attitudes
regarding the effectiveness and use of antibiotics for
upper respiratory tract infections. A total of 1,076 per-
sons aged 15-78 years participated (response: 61%),
of whom 91.8% reported using antibiotics ‘only if
absolutely necessary’. Prescription of antibiotics was
expected by 113 (10.5%) of the 1,076 respondents for
the common cold and by 997 (92.7%) for pneumonia.
In a logistic regression analysis, predictors for expect-
ing a prescription for antibiotics for the common cold
included the following opinions: ‘common cold or flu
can effectively be treated with antibiotics’ (preva-
lence: 37.6%; odds ratio (OR): 9.6; 95% confidence
interval (Cl): 3.8 to 24.3) and ‘antibiotics should be
taken when having a sore throat to prevent more seri-
ous illness’ (prevalence 8.6%; OR: 7.6; 95% Cl: 3.9 to
14.5). Among those expecting a prescription (n=113),
80 (71%) reported that they would trust their physician
when he or she deems a prescription unnecessary; a
further eight (7%) would be unsatisfied, but would
accept the decision. Our results suggest that only a
minority expects antibiotics for the treatment of cold
symptoms. Physicians should be educated that their
decisions not to prescribe antibiotics for the common
cold, even when against patients’ expectations, are
apparently accepted by the majority.

Introduction

Most respiratory tract infections (e.g. common cold,
influenza and sinusitis) are self-limiting and viral in
origin. Thus, antibiotics are rarely necessary or effec-
tive [1-3]. While overall figures of outpatient antibiotic
use in Germany fall within the lower third of those of
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European countries [4], 28% of German respondents in
the recently published Eurobarometer on antimicrobial
resistance had taken antibiotics in the past year and
more than a third had taken them for a viral infection
such as a cold or influenza [5]. In a direct observation
study conducted in general practices in Germany, 18%
and 64% of patients with common cold and sinusitis
respectively were prescribed antibiotics [6]. These
unnecessary prescriptions are thought to largely con-
tribute to the development of antimicrobial resistance
and increasing numbers of infections without treat-
ment options [4].

As a reason for these prescriptions against their bet-
ter judgment, physicians mention pressure exerted by
their patients to receive antibiotics even for minor ail-
ments or diseases of viral origin (such as influenza or
the common cold) [7]. Doctors feel the need to give in
to this pressure due to time constraints or to avoid los-
ing the patient to another practice.

Public knowledge and attitudes concerning antibiotic
use and action differ greatly between countries in
Europe and between groups of different socio-economic
background. People in northern European countries
and those with a higher level of education are among
the best informed about the effects and sensible use of
antibiotics, whereas there are generally higher levels
of misconceptions in southern and eastern European
countries and among those with a lower level of edu-
cation. These geographical and socio-economic differ-
ences in knowledge and attitudes can in part explain
differences in observed use of antibiotics [5,8].

Large campaigns, educating the public about antibi-
otic action and responsible antibiotic use, have there-
fore been conducted in various countries including
Australia, Belgium, Canada, the United Kingdom and
the United States [9,10] as well as at the European level
[11], aiming at decreasing unnecessary antibiotic use
and thus slowing down the development of antibiotic
resistance.



Little is known about the prevalence of expectations
regarding the prescription of antibiotics for upper
respiratory tract infections in Germany and possible
determinants of these expectations. With this survey,
we try to explore knowledge, attitude and expectations
of Germany’s general public in order to guide decisions
on further preventive measures such as public aware-
ness campaigns.

Methods

Design, sample size, questionnaire design

We conducted a cross-sectional study among a
sample of the German general population using an

TABLE 1

Demographic characteristics of the study participants in
2008 (n=1,076) and general public, Germany

Number Percentage of

Characteristics (percentage) of general public aged

study participants 215 years?
Male 589 (54.7) 48.9
Age (years)
15-19 95 (8.8) 7-4
20-29 213 (19.8) 13.8
30-39 251 (23.3) 14.5
40-49 271 (25.2) 19.5
50-59 164 (15.2) 15.7
260 82 (7.6) 29.1
Level of school education
Low 156 (14.5) 48.7
Medium 276 (25.7) 27.6
High 644 (59.9) 23.7

@ Data for 2007 according to the German Federal Statistical Office
[14].

FIGURE 1

Internet-based questionnaire. A sample size of 1,000
was calculated to yield a precision of 3.1 on a confi-
dence level of 95%, which was judged to be sufficient
for the purposes of this study.

In total, 1,778 individuals were selected from a panel of
approximately 30,000 Internet users, who registered
with a large market research company and had given
their consent to be contacted for purposes of (market-)
research-oriented studies. Upon invitation via email,
participants were able to log on to a website and com-
plete the online questionnaire during a 10-day period
in November 2008. They received a small remuneration
for their efforts in completing the survey.

The questionnaire consisted of closed questions (mul-
tiple-choice, Likert scale) on expectations of prescrip-
tion of antibiotics from physicians and knowledge and
attitudes regarding effectiveness of antibiotics and
antibiotic use for upper respiratory tract infections.
Questions were mostly selected from published stud-
ies with similar objectives (e.g. [8,10,12]) and slightly
rephrased according to the objectives of this study.
Detailed demographic data had been recorded at the
time of the participant’s registration and kept in a sep-
arate database with the market research company. The
definition of levels of education, as used in this study,
was as follows:

e low - maximum of nine years of basic school
education;

e medium - 10 years of extended school education;

e high - 12 or 13 years of extended school education,
including persons who went on to university.

Participants’ answers were directly recorded into a
database, merged with demographic data and exported

Relative frequency of participants’ responses to statements concerning knowledge of antibiotic action and resistance and

normal flora, Germany, 2008 (n=1,076)

A cold orthe flu can effectively be treated with antibiotics

Antibiotics are effective against viruses

Antibiotics are effective against bacteria

Antibiotics also kill bacteria that normally live in the human gut or on the skin
Antibiotic resistant bacteria could infect me or my family

Antibiotic resistance is a problem in German hospitals

Many of the bacteria that live on the skin orin the gut are useful and
protect from diseases

If antibiotics are used too often, they are less likely to work in the future

N Agree

1 Don't know

o] 20 40 60 80 100

Participants (%)

B Disagree



to a single database that was then checked for miss-
ing data and monotonous answers (e.g. yes/no only).
Variables were dichotomised if needed for the analy-
sis (e.g. ‘agree fully’ and ’agree somewhat’ = ‘agree’,
‘disagree fully’ and ’disagree somewhat’ = ‘disagree’).

TABLE 2

Number of correct responses (to eight knowledge
statements)* and number of responses indicating responsible
antibiotics use (to eight attitude statements)®, by participants’
demographic characteristics, Germany, 2008 (n=1,076)

e Knowledge Attitudes

Characteristics
Mean ‘ 95% ClI Mean ‘ 95% ClI

Sex
Male 5.12 4.94-5.29 6.20 6.06-6.34
Female 5.25 5.07-5.44 6.39 6.26-6.52
Age (years)
15-19 4.17 3.74—4-59 5.77 5.43-6.12
20-29 4.94 4.65-5.23 6.21 6.00-6.42
30-39 5.35 5.11-5.60 6.34 6.15—-6.54
40-49 5.62 5.38-5.86 6.50 6.32-6.68
50-59 5.48 5.16-5.79 6.26 6.00-6.51
260 4.35 3.85-4.86 6.26 5.96—6.55
Level of education
Low 4.38 4.06—4.71 5.88 5.59—6.17
Medium 5.00 4.73-5.26 6.24 6.04-6.43
High 5.45 5.29-5.60 6.41 6.29-6.52
Total 5.18 5.05-5.30 6.29 6.19-6.38

Cl: confidence interval.
2 See Figure 1.
> See Figure 2.

FIGURE 2

Statistical analysis

We calculated relative frequencies of responses (total
and stratified by demographic characteristics or partic-
ular items in the questionnaire). Scores were calculated
for: (i) knowledge of antibiotics and (ii) responsible
antibiotic use, summing up the number of correct
responses to statements or answers indicating respon-
sible views of antibiotic use, respectively. The chi-
square test, t-test or Cuzick’s test for trend was applied
to test for significant differences between subgroups.

Determinants (demographics, knowledge and atti-
tudes) for expecting a prescription of antibiotics for
the common cold were sought using logistic regres-
sion analysis. Variables associated with these expec-
tations in the bivariate analysis (p<o.2) were entered
into the model and retained if the adjusted p value was
less than 0.1 (stepwise backward elimination). Logistic
regression analysis was conducted with a separate set
of variables using mean substitution of missing values
(separately for the outcomes ‘respondent expects anti-
biotics’ versus ‘respondent does not expect antibiot-
ics’) [13].

All statistics were conducted using STATA 10.1.

Results

Of 1,778 invited, 1,076 persons between the age of 15
and 78 years (54.7% male) participated, resulting in
an overall response of 61%. Compared with Germany’s
general population, there was no considerable dif-
ference in our sample concerning the distribution of
persons across Germany’s 16 Laender and the size of
places of residence (scale of five ranks), but higher

Relative frequency of participants’ responses to statements concerning attitudes towards antibiotics and antibiotic use,

Germany, 2008 (n=1,076)

| only take antibiotics, if absolutely necessary

I usually know if | need antibiotics before visiting a doctor

If suffering from a cold or flu, it isappropriate to take antibiotics to get
through an important event (e.g. marriage, funeral, exams)

When I’m suffering from a cold or the flu, antibiotics help me to get
well quicker

If suffering from a cold or flu, itis appropriate to take antibioticsin
order to remain active (e.g. job, family, school, university)

When I'm better, | save the remaining antibiotic tablets to use them
when | get sick again

Antibiotics should be available without prescription

When | have a sore throat, | should take antibiotics to prevent
more seriousillness

H Agree fully 3 Agree somewhat

[ Disagree somewhat

T
20 40 60 80 100

Participants (%)

I Disagree I Don't know



age groups, women and persons with a lower level of
education were under-represented (Table 1).

Knowledge and attitudes concerning

antibiotics and respiratory tract infections

The majority of participants knew that antibiotics
are effective against bacteria (72.3%) but not viruses
(52.6%), knew about antibiotic resistance (89%) and
acknowledged it to be a problem in German hospitals
(72.6%). However, only 445 (41.4%) knew that antibiot-
ics are not effective against the common cold or influ-
enza (Figure 1).

The mean number of correct responses to eight state-
ments on antibiotic knowledge was 5.2 of eight (65%).
Participants with a high level of education responded to
more statements correctly than those with a medium or
low level of education (Cuzick’s test for trend: p<o.001).
Persons of younger (15—-29 years) or older (260 years)
age had lower scores in the questions on antibiotic
knowledge (Table 2), also after stratification by level of
education (data not shown).

When asked about views on antibiotics and antibiotic
use, most participants (91.8%) reported that they use
antibiotics ‘only if absolutely necessary’, and disa-
greed with the statement ‘antibiotics should be avail-
able without prescription’ (86.0%). However, 34.4%
thought they knew if they needed antibiotics before
visiting a doctor and 30.8% considered it appropriate
to take antibiotics to get through an important event
when suffering from a cold or influenza (Figure 2).
Overall, self-reported views on antibiotics were more
sensible or responsible in persons with higher levels of
education and least in participants less than 20 years
of age (Table 2).

TABLE 3

Prevalence of expectations

Participants were asked on two occasions during the
survey whether they expect their physician to prescribe
antibiotics for the common cold: the first question
dealt with general expectations when consulting their
physician because of the common cold or influenza.
Most respondents reported that they consult in order
to ‘be examined, receive advice or a sick certificate’
(47.3%) or for symptomatic treatment (44.4%). A wish
for antibiotics was mentioned by 83 (7.7%) respond-
ents. In the second question, participants were asked
whether they would expect a prescription of antibiotics
for certain common respiratory infections (along with
their typical symptoms). In this question, 113 (10.5%)
reported to expect antibiotics for the common cold
(sore throat, blocked nose, cough), while 46.9% and
92.7% did so for influenza (fever, fatigue, head- and
muscle aches, cough) and pneumonia, respectively.
For the common cold, the prevalence of self-reported
expectations of receiving a prescription of antibiot-
ics depended on level of education in the bivariate
analysis (19.9%, 12.0% and 7.6% for low, medium and
high level of education, respectively, p<o.o01). No other
significant associations with demographic data (age
group, sex, place of residence, migration background,
household income, type of health insurance, occupa-
tional group) were seen after stratification by level of
education (data not shown).

Association of expectations and

knowledge and attitudes

In the multivariable analysis, the strongest predic-
tors for expecting a prescription of antibiotics for the
common cold were holding the following opinions: ‘a
cold or the flu can effectively be treated with antibiot-
ics’ (prevalence: 37.6%; odds ratio (OR): 9.6; 95% con-
fidence interval (Cl): 3.8 to 24.3) and ‘when | have a
sore throat, | should take antibiotics to prevent more

Multivariable analysis: factors associated with self-reported expectations for antibiotic prescription for the common cold,

Germany, 2008 (n=1,076)

Factors 0dds ratio 95% Cl
Knowledge and beliefs

A cold or the flu can effectively be treated with antibiotics 9.58 3.77-24.31
When | have a sore throat, | should take antibiotics to prevent more serious illness 7.56 3.94-14.51
Many of the bacteria that live on the skin or in the gut are useful and protect from diseases 0.21 0.08-0.55
I only take antibiotics if absolutely necessary 0.26 0.11-0.62
When suffering from a cold or flu, it is appropriate to take antibiotics to get through an important event 2.26 1.28-4.00
Antibiotics should be available without prescription 2.65 1.25-5.59
Antibiotic resistant bacteria could infect me or my family 3.25 1.28-8.21
When I’'m suffering from a cold or the flu, antibiotics help me to get well quicker 2.18 1.15—-4.15
Antibiotics are effective against viruses 2.01 1.07-3.79
If antibiotics are used too often, they are less likely to work in the future 0.31 0.10-0.94
Characteristics

Antibiotic use during the last year 1.86 1.07-3.22
Reported suffering from cough, cold, sore throat or fever at the time of the investigation 1.77 1.03-3.06
Level of school education: high 0.55 0.32-0.94

Cl: confidence interval.



serious illness’ (prevalence 8.6%; OR: 7.6; 95% Cl: 3.9
to 14.5). The full results are shown in Table 3.

Confidence in the physicians’ decisions

Among those expecting a prescription of antibiotics
for the common cold (n=113), 80 (71%) reported that
they trust their physician when he or she deems a pre-
scription unnecessary. A further eight (7%) would be
unsatisfied but accept the decision, whereas 14 (12%)
reported that they would win over the doctor to pre-
scribe and three (3%) would consult another doctor. In
a more general question, 99 of 1076 (9.2%) reported
that they felt they were not taken seriously or were not
receiving proper treatment if they were not prescribed
antibiotics for a cold or influenza.

Discussion

We found that 10.5% of respondents expected a pre-
scription of antibiotics for the common cold and that
such expectation was associated with a lack of knowl-
edge of correct indications for antibiotic use and
antibiotic resistance. Of those expecting antibiotics
from a consultation, 77.9% reported that they trusted
their physician when he or she deemed a prescription
unnecessary or would at least accept such a decision.

Strengths and limitations

This is, to our knowledge, the largest study specifi-
cally investigating public views and knowledge of com-
mon respiratory tract infections and antibiotic use in
Germany. The use of an online access panel allowed us
to achieve a high response and to gain insight into the
views and expectations of a wide range of population
groups before they visit a doctor. Our study has limita-
tions: firstly, the shortage of participants with a lower
education level might bias the overall results towards
better knowledge and more responsible views than
actually present in the general population. We there-
fore presented stratified results whenever appropriate.
Secondly, asking the general public might introduce
a bias towards a lower prevalence of expectations of
receiving a prescription of antibiotics when compared
with asking patients. We therefore included a question
on the presence of common cold or influenza symp-
toms at the time of investigation, which allowed us to
partially compensate for this effect. Finally, as with all
questionnaire studies, participants may give answers
that they consider are socially desirable, which might
introduce a bias towards more responsible use of
antibiotics.

Patients’ expectations

The existence of patients’ expectations regarding
the prescription of antibiotics and their influence on
the decisions of doctors to prescribe is unequivocal
[7,15,16]; however, the prevalence of such expectations
varies considerably depending on the setting or type of
study. It can be as high as 50% in United States adults
consulting for cold symptoms [17] or as low as 1.2% in
the Dutch general population [12].

Overall, our results indicate a sensible approach to
antibiotics among Germany’s public. Only a minority
reported that they expected a prescription of antibiot-
ics for cold symptoms and most reported to be taking
antibiotics ‘only if absolutely necessary’.

This is remarkable in light of the overprescription of
antibiotics and the common belief that patient expecta-
tions at least partly drive it. However, our findings are
in line with several studies that show that most patients
seek information, reassurance or a diagnosis rather
than a prescription of any kind [18] or a prescription
of antibiotics in particular [19,20]. Real expectations of
patients regarding the prescription of medication seem
to be much less prevalent than expectations perceived
by the doctor and furthermore their presence less pre-
dictive of the decision to prescribe [21-23]. Cockburn et
al. found that when a patient expected a prescription
he was three times more likely to receive it, but when
the general practitioner thought the patient expected
medication, the patient was 10 times more likely to
receive it [22]. A study conducted in general practices
in Germany showed that nearly all patients who, in
their doctor’s opinion, expected a drug left the surgery
with a prescription. However, doctors accurately per-
ceived the patient’s wish for a drug prescription in only
41% of cases [24].

Furthermore, if patients do expect a prescription for
cold symptoms, they do not necessarily expect a pre-
scription of antibiotics. Van Driel et al. suggested that
patients with acute sore throat and who hope for anti-
biotics are actually seeking treatment for pain [19].
This corresponds well to results of our survey, where
44% of respondents reported to expect symptomatic
treatment for cold symptoms (e.g. lozenges, painkiller,
cough medication) while only 7.7% reported to expect
antibiotics for these symptoms.

In contrast to the observed low prevalence of expecting
antibiotics for the common cold, nearly half of the par-
ticipants in our study reported to expect a prescription
of antibiotics for influenza. Given the existence of anti-
viral medication used for the treatment of influenza,
it is unclear whether this question was not specific
enough or whether influenza is much more frequently
expected to be treated with antibiotics. But even if an
individual patient has such expectations and the phy-
sician denies an actual wish for a prescription of anti-
biotics, he or she must not necessarily worry about
losing the patient to another practice. The results of
our study indicate a high level of confidence towards
physicians and their decisions among Germany’s gen-
eral public. Less than 3% of those reporting to expect
an antibiotic for cold symptoms stated that they would
consult another doctor if their request were denied.
Studies conducted in general practice settings showed
similar results and concluded that a medically justified
refusal to prescribe antibiotics had, in most cases, no
negative effect on the consultation or its assessment
by the patient [15,24,25].



Misconceptions and their implications
Misconceptions concerning the appropriateness and
effectiveness of antibiotics for different indications
seem to be quite common among Germany’s public,
comparable with results found in similar studies con-
ducted in the United Kingdom [10] or the Netherlands
[12]. In our multivariable analysis, these misconcep-
tions were clearly associated with the expectation of
receiving antibiotics for the common cold. The two
‘items’ most strongly associated were both related to
the plain beliefs that antibiotics can be used to effec-
tively treat the common cold or influenza and if they
are used for a sore throat they could prevent more
serious illness. It therefore seems to make sense to
educate the public on antibiotic effectiveness, correct
indications and risks of antibiotic mis- or overuse. If
this is considered, efforts should be focused on the
group where relevant expectations are most prevalent:
those with a lower level of education. However, simply
educating the public may not be effective in reducing
the level of prescribing. A large household survey con-
ducted in the United Kingdom demonstrated that those
with a greater knowledge of antibiotics were no less
likely to be prescribed an antibiotic [10]. According to
a systematic review of 39 studies focusing on interven-
tions to improve antibiotic prescription practices in
ambulatory care, multifaceted interventions involving
informing patients, communication training of physi-
cians and educating the public were more successful
[26]. In a cluster-randomised study conducted in more
than 100 general practices in Germany, an intervention
focusing on doctor—patient communication and patient
empowerment even reduced antibiotic prescription
rates for acute cough by 40% after 12 months [23].

Conclusions and recommendations

Our study suggests that there may be several oppor-
tunities to reduce unwarranted use of antibiotics and
thus ultimately reduce further development of antibi-
otic resistance. Expectations that antibiotics will be
prescribed for the common cold are generally not wide-
spread and are most likely less prevalent than believed
by general practitioners.

Physicians should therefore carefully explore if a per-
ceived wish for antibiotics really exists in an individ-
ual patient. It may turn out that the consulting patient
actually seeks symptomatic relief, reassurance or just
a sick certificate.

Existing erroneous expectations might be caused by
misconceptions of what can be achieved by taking anti-
biotics for cold symptoms and what risks are involved
(e.g. adverse effects or development of resistance).
With the high level of confidence physicians enjoy
among the public, they may often be able to convince
patients of alternative strategies and should not overly
worry that they may displease their patients by not
yielding to their requests. Change, however, does not
come easily and multifaceted approaches are needed
to tackle the problem of overprescribing and antibiotic
resistance.
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Introduction

Surveillance is an indispensible part of most strategies for prevention and control of
Methicillin-resistant Staphylococcus aureus (MRSA) in healthcare and community settings. It
provides a scientific basis for public health activities and political decisions, gives indications
for research and identifies needs for infection control measures thereby enabling a targeted
allocation of financial resources.

In Germany, the surveillance of MRSA is shouldered by several institutions that use different
methodological approaches and complement each other by covering different aspects of the
MRSA-problem. Besides nation-wide surveillance-systems such as the German Krankenhaus-
Infektions-Surveillance System (KISS), which has been supplemented with an MRSA-
specific module (MRSA-KISS), and SARI (Surveillance of Antibiotic-usage and bacterial
Resistance on Intensive Care Units), local surveillance systems at regional and hospital level
are implemented, e.g. regional MRSA-networks comprising different healthcare facilities and
primary care providers in a specific region [1,2,3]. The National Reference Centre (NRZ) for
Staphylococci investigates molecularbiological characteristics of S. aureus-isolates
originating from all over the country [4]. Furthermore, German laboratories take part in
international surveillance systems such as EARS-Net with varying participation rates.

Within the framework of DART (German Antibiotic Resistance strategy), initiated by the
ministery of health, a national Antibiotic Resistance Surveillance System (ARS) has been
established in 2007. It aims to collect and analyse regionally and nationally representative
antimicrobial resistance data from hospital and ambulatory care [5].

In order to enabling quantification of the burden of invasive MRS A-infections, the ministery
of health has enacted mandatory notification of MRSA that is detected in blood cultures and
cerebrospinal fluid (CSF). The law is effective since the 1st July 2009. We present data from
ARS and mandatory surveillance in order to provide insight into current epidemiological

features of MRSA in Germany.



Material and methods

ARS (Antibiotic Resistance Surveillance)

ARS is a voluntary laboratory-based sentinel, which relies on the electronic transfer of
resistance data originating from routine laboratory testing of all clinical pathogens and sample
types. Data are transmitted from the laboratory information system (LIS) via a standardised
interface to the central database at the Robert Koch Institute (RKI), the national public health
institution.

The transmitted data comprise: resistance data implying Minimal Inhibitory Concentration
(MIC)-interpretations (susceptible, intermediate, resistant) and optionally MIC-raw data
(mg/1), species-identification, gender and age (month, year) of the patient, sample type (blood,
urinary tract, respiratory samples, punctures of sterile body fluids, samples from surgical sites
and skin and soft tissues), date of sampling, type of medical supply (hospital or ambulatory
care), hospital-type (tertiary care hospitals, other general acute hospitals, single speciality
hospitals) and ward-type (Intensive Care Unit (ICU), general ward), medical department and
speciality and region (federal state). Patients and healthcare providers are uniquely identified
by a pseudonym, in order to warrant confidentiality.

Feed back is performed via an interactive database on the ARS-website (https:\\ars.rki.de). It
offers free public access to general statistics and password-protected access for participating
laboratories enabling them to retrieve resistance data from their specific client hospitals and to
compare them to reference data from hospitals e.g. of the same type or from the same
geographic region. ARS is linked to EARS-Net (European Antimicrobial Resistance
Surveillance Network) via the European data-base of TESSy (The European Surveillance
System). Hence, all ARS-laboratories take part in the annual external quality assessment

exercise organized by EARS-Net and UK NEQAS (United Kingdom National External



Quality Assessment Service). In addition, ARS-laboratories are accredited, which implies the
obligation for continuous quality control in routine laboratory testing.

Analysis is based on data from 2008-2010 from laboratories and hospitals with continuous
participation in ARS within this time period (8 laboratories, 100 hospitals). The number of
ambulatory health care providers was 2003 in 2008, 1913 in 2009 and 1763 for 2010. Isolates
came from health care providers in 9 federal states (out of 16 federal states in Germany).
Data analysis was performed separately for hospital and outpatient care. Copy-strains have
been eliminated according to two different rules:

Copy-strain-rule 1 used for general queries: first S. aureus -isolate/patient/year
Copy-strain-rule 2 used for queries referring to sample type: first S. aureus -
isolate/patient/sample type/year.

Resistance-Testing was performed by Vitek II (Biomerieux) and MIC-interpretations were
done according to CLSI (M100-S17)-breakpoints. Generally, ARS is open for laboratories
using any automated system for resistance testing or any current standard of breakpoint
criteria. Strata with sample-sizes of less than 50 isolates have not been considered for

analysis. Screening samples have been excluded.

Statutory MRSA-notification:

Statutory notification implies that all microbiological laboratories receiving patient samples
from hospitals, other health care facilities and the ambulatory care sector are obliged to notify
MRSA detected in blood cultures and CSF. The data flow works as follows: The
microbiological laboratories report MRSA-cases to the local public health authority from
where it is conveyed electronically to the RKI via the state health department. A case is
defined as the initial MRSA isolate from blood or CSF from one patient for a time period of
14 days. An isolate detected more than 14 days after the first isolate is counted as a second

episode. The basic data set comprises age and gender of the patient, sample type, method and



result of laboratory testing, type of health care supply (hospital- and outpatient care), federal
state and governmental district. Provision of information on the clinical relevance of blood
cultures positive for MRSA is not legally scheduled. In order to preserve comparability with
international data, the presented analysis is restricted to MRS A-isolates from blood, which

have been notified for the year 2010.

Statistical analysis:

Descriptive analysis of the data comprises the presentation of absolute numbers and
calculated frequencies. Incidences of MRSA-bacteraemia were calculated by using
denominators based on the German population 2009 (Deutschland, I.and und Leute 2010,
Statistisches Bundesamt Deutschland, Wiesbaden, 2010 Destatis). Extrapolation to the annual
incidence of S. aureus-bacteremia was performed by using ARS data and application of a
simple rule of proportion: (MRSA-incidence/100,000/year x 100)/ MRSA-Proportion in blood
culture samples (ARS-database). In order to analyse the relationship of regional MRSA-
incidences and proportions of MRSA from hospital care generated in ARS, Spearman Rank
correlation was performed. Comparisons of proportions of MRSA yielded in 2008 and 2010
were done by using the chi squared-test or the Fisher’s exact test where appropriate. A two-

sided p-value of <0.05 was considered as significant.

Results

ARS:
From 2008 to 2010, resistance data from 70,935 S. aureus-strains were transferred to the

central RKI-database with 39,655 isolates coming from hospitalised patients and 31,280

isolates from outpatients.



Characteristics of patients with S. aureus-isolates

Pooled data from the years 2008-2010 show that in-hospital S. aureus-isolates stem from
patients of all hospital types with the majority of samples coming from conservative medical
departments (46.2%). In community outpatient care most of the isolates originate from
general/internal practices (44.1%) followed by isolates from ear nose and throat medicine
(11.4%), dermatology (10.3%) and general surgery (9.2%). Swaps from surgical sites
(hospital care: 25.7% and outpatient care: 26.2%) and skin and soft tissue (33.9% and 59.4%,
respectively) account for the most frequent sample types. Demographic data show that in
hospital care S. aureus predominantly has been isolated from patients >= 60 years (62.1%;
average age: 66.0 years), whereas community outpatients were younger (average age: 45.7
years) and S. aureus was evenly frequent in the age groups >= 60 (42.0%) and 16-59 (42.9%).
In both health care settings the average age of MRSA-patients was higher than in MSSA-
patients (hospital care: 71.9 versus 57.8 years; outpatient care: 69.1 versus 46.1 years). S.

aureus was isolated more frequently in males than in females (54.9% versus 45.1%).

Proportions of MRSA

If not indicated otherwise, in the following joined data from 2008 to 2010 are used to describe

epidemiologic features of MRSA-occurrence.

Hospital care

Proportions of MRSA in hospital care stratified by hospital level, ward type, medical
department, medical speciality, sample type, age, sex and region are presented in table 1.

The overall proportions of MRSA account for 19.2%. Stratification by ward-type reveals that
ICUs yield higher proportions of MRSA as compared to general wards (21.7% versus 18.8%),

which is mainly reflected in the differences of the proportions of MRSA in surgical



departments (27.0% on surgical ICUs versus 16.4% on surgical general wards, p<0.001),
whereas no significant discrepancies between the medical departments of both ward types can
be seen (19.0% on medical ICUs versus 21.0% on medical general wards, p=0.12). Within
ICUs, surgical disciplines exhibit higher oxacillin-resistance-rates than conservative and
interdisciplinary disciplines, whereas a reciprocal relationship is seen on general wards.
Looking at single specialties (general ward) separately, shows that the highest proportions of
MRSA were found in nephrology (49.4%), geriatrics (45.8%) and neurology (34.2%), which
present with rates above 30%.

Considering overall proportions of MRSA over time, we see an increase from 2008 (18.7%)
to 2009 (20.2%) followed by a return to 2008 —values in 2010 (18.6%). The proportions of
MRSA produced by urological wards showed a significant difference between 2008 and 2010
(33.0% versus 22.8%, p=0.02), which was accompanied by a decline in urine samples (34.9%
versus 31.0%, p=0.09). A significant difference of the proportions of MRSA between 2008
and 2010 was observed in skin and soft tissue samples (21.0% versus 18.7%, p=0.01). Further
stratification of the proportions of MRSA of skin and soft tissue samples reveals a significant
decrease in patients, who were >= 60 years old (p=0.006) and with stay on internal general
wards (p=0.005). As in the individual years the sample size of S. aureus-isolates coming from

nephrological wards was <50, data have not been used to estimate differences of proportions

of MRSA over time.

Community outpatient care:

Proportions of MRSA in hospital care stratified by medical speciality, sample type, age, sex
and region are presented in Table 2. The overall proportions of MRSA in outpatient care
(10.6%) achieved more than half the height of the values generated in hospital care.

Stratification by medical speciality reveals that the highest proportions of MRSA were found



in samples from urological practices (29.2%), which after a wide gap were followed by
internal medicine (14.2%) and nephrological practices (14.9%). Blood and urinary tract
samples present with high proportions of MRSA (25.0% and 20.5%, respectively). More than
two thirds (72.6%) of the blood culture samples came from nephrological practices.
Comparing overall proportions of MRSA between 2008 and 2010 revealed a steady course.
Nevertheless, looking at the data in more detail showed a significant increase of proportions
of MRSA in gynaecological practices from 3.3% to 5.7%, p=0.03, while proportions of
MRSA in samples from ambulatory nephrological practices sank significantly (from 17.5% to
12.5%, p=0.02). A non-significant rise could be observed in respiratory samples. As in the
individual years the sample size of S. aureus-isolates from blood was <50, data have not been

used to estimate differences of proportions of MRSA over time.

Statutory MRSA-notification:

From 01.01.2010 to 12.31.2010 3900 cases of MRSA-bacteremia have been reported, which
corresponds to a nationwide annual incidence of 4.8/100,000 inhabitants. Information about
age and sex is available for 3111 (88.8%) patients. The average age was 71 years. The
extrapolated annual incidence increases continuously with patient age from 0.1/100,000
inhabitants in children <= 15 years to 20.5/100,000 in patients >70 years and is generally
markedly higher in males than in females (6.1 versus 3.5/100,000 inhabitants). A more
detailed view on the age group of children revealed that neonates <1 year of age presented
with a higher incidence (1.2/100,000/year) as compared to infants 1-15 years of age
(0.05/100,000/year). In contrast to the pattern of the other age groups, girls were affected
more frequently. Notable regional differences were seen on all administration levels. The
incidences on federal state-level range from 1.0/100,000 inhabitants/year to 8.3/100,000

inhabitants/year (Figure 1). Further subdivision in 38 governmental districts reveals



underlying heterogeneities e.g. the federal state Rhineland-Palatinate consists of 3
governmental districts with annual incidences ranging from 2.3-6.2/100,000 inhabitants/year.
88.9% of MRSA-positive blood cultures stem from hospital care accounting for an incidence
of 4.24/100,000 inhabitants/year and of 0.53/100,000 inhabitants/year. No significant
differences concerning average age (71.1 versus 71.2 years) or sex (males: 63.1% versus

63.0%) were observed between hospitalised patient and outpatients.

Analyses using data from both surveillance systems:

Regional proportions of MRSA (hospital care, 16 governmental districts from 38) and
MRSA-bacteraemia incidences on the level of governmental districts are positively correlated
(Spearman correlation coefficient: 0.64; p=0.01). Extrapolation of the annual MRSA-
incidence-values by using the proportions of MRSA in blood-cultures from ARS yields a
nationwide MSSA-incidence of 16.8/100,000 inhabitants/year and a total S. aureus-

bacteraemia-incidence of 21.6/100,000 inhabitants/year.

Discussion

In order to describe current epidemiological features of MRSA in Germany, we presented
incidence rates and proportions of MRSA from two recently implemented nationwide
surveillance systems. While incidence rates best describe the burden of MRSA-infections,
proportions of MRSA may also give an impression of the magnitude of the MRSA-problem
and are an important metric for guiding empirical antibiotic therapy. Both measures might
show differing trends over time, but they might be used complementary for the estimation of
the actual MRS A-situation.

In the nineties and in the beginning of the first decade 2000, Germany experienced a steep

increase of proportions of MRSA in S. aureus isolates, which appears to have stabilised in the



last years [6,7,8]. Ranking of the proportions of MRSA of European countries participating in
EARS-Net, shows that in 2009 Germany took a position in the second third exhibiting stabile
values as compared to 2008 [8].

Current nationwide population-based incidence-data from other countries are scarce. The
annual German MRSA-bacteraemia-incidence (4.8/100,000) is higher than the reported
incidences from Scandinavia (e.g. Denmark: 0.4/100,000, Sweden: 0/100,000), the United
Kingdom after realising the 50% target (2.9/100,000) and Canada (2.2/100,000), but lower
than in the United States (29.3/100,000) and Australia ( 41/100,000 ) [9,10,11,12,13,14,15].
ARS-Data served to extend the MRSA-bacteraemia-incidence to an overall S. aureus-
bacteraemia (SAB)-incidence (21.6/100,000/year), which is in line with the values of other
European countries (range: 14-26/100,000 inhabitants) and lower than in the US, Australia
and New Zealand [16]. But it should be considered that the validity of the extrapolated data is
compromised, because national representativity of ARS-data for the period considered can not
be assumed. Nevertheless, SAB-incidences represent an important parameter for the
estimation of nosocomial infections [17,18].

Except Newborns <1 year showing the highest MRS A-bacteraemia incidences within the

<=15 years age group, rising incidences with increasing age and predominance of male
gender conform to widely known distribution patterns [19,20]. Likewise in other countries,
intra-country regional differences (federal state- and/or district-level) of MRS A-bacteraemia-
incidences and of proportions of MRSA generated from ARS have been ascertained
[21,22,23]. The positive correlation of both parameters on the level of governmental districts
appears to be plausible by indicating that high proportions of MRSA generate high MRSA-
incidences. Furthermore, it might be interpreted as a strengthening of the validity the data.
Nevertheless, comparisons of unadjusted regional incidence values and MRSA-proportions
should be considered with caution. Thus, different sampling policies might influence national

and regional MRSA-bacteraemia figures and might affect the magnitude of the proportions of



MRSA as well [21,24, 25].These and other potentially influencing factors such as varying
case-mix-characteristics in regional hospital populations and differences in surveillance
policies indicate that without adjustment for these variables interpretations are difficult to
make and that under the suspicion of constant external conditions longitudinal analyses
should be preferred [26].

The available data do not allow a differentiation of hospital-acquired, health-care-associated
and community acquired MRS A-bacteremia-cases according to internationally recognised
definitions. However, similar demographic characteristics of patients with MRS A-bacteremia
diagnosed in hospital and outpatient care might indicate that the majority of cases in the
outpatient-setting were healthcare-related, which is in accordance with the results of several
studies inquiring the characteristics of outpatients with MRSA-bacteremia [27,28,29,30].
Despite low sample size, further support might be provided by ARS-data, which show high
proportions of MRSA in blood cultures from community outpatients (25.0%), of which more
than two thirds attended nephrological practices providing hemodialysis, a well known risk
factor for the acquisition of invasive MRSA-infections [31]. In a recent study, assessing the
genetic background of invasive MRSA-isolates on a European level, only 0.5% of the isolates
could be classified as typical Community-acquired (CA)-MRSA [32].

Several limitations of MRS A-bacteremia incidence values should be considered. Thus, the
magnitude of MRS A-bacteremia-incidences might be underestimated, because an uncertain
number of patients with invasive infection under effective antibiotic therapy did not yield
positive blood cultures. Additionally, it can be assumed that diagnostic blood culture
sampling has not been performed in every case. Data from EARS-Net show, that in
comparison to many other countries the blood culture sampling rate in Germany lies below
the 50th percentile [8]. An overestimation is also possible, since merely contaminated blood
cultures cannot be excluded. This appears not to be of great concern, as blood cultures tetsted

positive for S. aureus are generally considered to be indicative of systemic infection [33].
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However, performing enhanced surveillance of MRS A-bacteremias Jeyaratnam et al. found

that 12% of the isolates were contaminants [34].

While MRSA-BSI-reporting is primarily a marker for the burden of hospital MRSA-
infections, ARS offers the opportunity to provide resistance-data in equal measure from
hospital and outpatient care and moreover allows a deeper insight into specific clinical
settings in which MRSA occurs.

Data from EARS-Net show a relatively stable course in the years 2008/2009, while the overall
proportions of MRSA from ARS increased, which was primarily due to a rise in general
wards of tertiary care hospitals. However in 2010 the proportions of MRSA returned to the
level of 2008. The reasons for the rise in 2009 are unclear. It cannot be excluded that samples
from outbreak investigations, which have not been declared as screening samples might have
biased the results. The proportions of MRSA on ICUs are higher than on general wards,
which is sufficiently explained by the high selective antibiotic pressure, extended device-
application and severity of patient disease, which are known risk factors for MRSA-
acquisition [35,36,37]. The overall constant course over time is consistent with the results of
two other German surveillance systems, KISS and SARI [38, 39].The fact that patients treated
in surgical ICUs are at higher risk to acquire MRSA-infections as compared to medical ICUs,
has already been confirmed by other studies [36,40]. On general wards the specialities
geriatrics, nephrology, urology and neurology present with particular high MRSA-rates,
which might be due to the presence of well known risk factors such as hemodialysis, surgical
interventions, urinary tract catheterisation and the application of other indwelling devices
[35].

While the majority of MRSA-isolates originate from wounds and other skin or soft tissue
samples, thus marking the body surface as the main reservoir, the proportion of MRSA in

relation to all S. aureus-isolates is highest in urine samples (>30%). This may be due to the
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fact that in hospitals most of the urinary tract infections or colonisations are associated with
urinary tract catheterisation and surgical interventions, known precursors of MRSA-
manifestation [41]. The decrease of the proportions of MRSA of urinary tract samples and on
urological wards in the recent 3 years might be due to an increased attention to this
problematic area inducing the introduction of specific surveillance-activities, the
improvement of the implementation of infection control measures and modification of
antibiotic policies [42]. Similar reasons may serve as explanation of the significant decrease
of the proportions of MRSA in skin and soft tissue samples of internal general wards in
tertiary care hospitals. However, as this category also includes unspecified swaps,
misclassification can not be excluded. Furthermore, the increase of the sample size (22.7%)

from 2008 to 2010 might also indicate a change of sampling policies.

The proportions of MRSA in outpatient care account for more than half the estimates found in
hospital care. A similar relation was found in a Spanish study, which, in contrast to ARS,
considered solely S. aureus- infections [23]. Keeping in mind that the MRSA-proportion in
the German general population is estimated around 1%, this relatively high percentage of
MRSA indicates that besides pure community acquired infections a considerable portion of
MRSA-isolates stem from patients with recent health care contact [43]. Furthermore, it can be
assumed that a portion of the medical practices serves nursing homes. Nevertheless,
epidemiological data about place and time of MRSA acquisition in community outpatient care
are not available. Indeed, the fact that the high proportions of MRSA on urological wards and
in urinary tract samples in hospital care were reflected in the outpatient setting on a lower
level, where urological practices and urine samples stand out with particular high proportions
of MRSA as well, might indicate that at least part of the infections were hospital-related.
However, these results are also an expression of routine diagnostic strategies in the outpatient

setting, where it is standard practice to initiate microbiological investigations of urine samples
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only in complicated urinary tract infections, but not in simple cystitis of young women [44].
In turn, this is surely also true for other clinical entities such as respiratory tract infections,
Proportions of MRSA from samples of nephrological practices sank between 2008 and 2010.
From the United Kingdom, Fluck et al. also reported a decline in MRS A-bacteraemias in
centers providing renal replacement therapy [31]. This might be due to increased awareness of
high risk constellations (old persons, hemodialysis, frequent health care contact) prompting
the improvement of infection control measures in ambulatory and hospital care as well.
Furthermore, changing diagnostic procedures or -strategies might have played a role. In
contrast, gynaecological practices show an increase of the proportions of MRSA over time.
Comparable data from gynaecology and obstetrics in outpatient care are rare as the available
point prevalence studies focussed quite specific settings (45). One reason for the observed
increase might be the transmission of treatment options from hospital to community care, on
the other hand a rising prevalence of MRSA in the general population can not be excluded.
These considerations remain speculative as information about potential underlying factors
was not available.

Currently, detailed data about the occurrence of antibiotic resistant pathogens and avoidable
infections in outpatient settings in Germany are scarce [43, 46, 47]. With respect to current
developments in medical delivery with the transfer of medical interventions from hospital
care into the ambulatory sector, further investigations in this field are urgently needed. This is
underscored by the fact that on the other hand the amount of hospital-acquired MRSA-
infections is significantly triggered by the burden of MRSA in the institution, which in turn is
mainly determined by MRSA imported from outside the hospital [48].

Besides infection control purposes, resistance data should support correct antibiotic
prescriptions on an individual basis and serve as a guide for empirical therapy as well. The
pooled ARS-Data, despite being a precious source for the estimation of the occurrence of

MRSA in outpatient samples, do not allow an appreciation of the role of MRSA in strictly
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community-acquired infections and consequently cannot be used to guide recommendations
for empirical therapy in community-acquired infections.

The presented ARS-data suffer from several additional limitations. The voluntary character of
ARS causes an unequal distribution of the participating laboratories resulting in a clustering
in certain regions and in the missing of data particularly from eastern regions in Germany.
Thus, the generalisability of the results can not be assumed. A differentiation of colonisation
and infection is not possible. Though, from an infection control perspective the inclusion of
colonising strains in surveillance efforts is crucial. Molecular-epidemiological data are not
available, which would be desirable in order to allocate specific genotypes to different clinical
settings and to monitor their geographical spread. Despite the restriction of analysis on
laboratories and hospitals continuously participating in ARS for the last three years, we
cannot exclude that changes in hospital structure and case mix and a varying composition of
medical practitioners might have biased the results of longitudinal observations.

Conclusion: Surgical ICUs, geriatric, neurological, nephrological, and urological general
wards and nephrological, urological and gynaecological practices have been pointed out as
problematic areas requiring further in depth investigations in order to identify the most
vulnerable points concerning MRSA-transmission in these setting and to focus infection

control measures more efficiently.
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Figure caption:

Figure 1 Regional incidences (federal states) of MRSA-bacteraemia in 2010 in Germany.
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Northrhine-Westphalia
Hessen

Rhineland Palatinate
Baden-Wirttemberg
Bavaria

Berlin

Brandenburg

unknown

16102
452
787

2267
740
6527
291
329

11.8
15.0
175
7.8
15.1
8.9
7.9
11.6

10.9
12.3
17.6
9.1
16.1
9.1
94,
16.1

12.7
20.0
17.0
8.6
14.3
8.8
6.0
12.8

11.9
12.0
18.0
5.6
14.8
8.7
8.0
6.9

“chi squared-test, Fisher's exact test, respectively for estimating the difference of the MRSA-proportions

between 2008 and 2010

Pas in the individual years the sample size was < 50 no calculations have been performed

‘n.d., not done
4xp=0.02; **p=0.03



Table 1 Overall MRSA-proportions from 2008-2010 and MRSA-proportions per year in
hospital care (100 hospitals) stratified by hospital level, ward type, medical department and
speciality, sample type, age, gender and region

Hospital care 2008-2010 2008 2009 2010
S. aureus MRSA MRSA MRSA MRSA \.'a'l:,l,tea
n % % % %

Total 39655 19.2 18.7 20.2 18.6
Hospital level

Tertiary care 13938 22.0 20.6 23.6 219
General acute care 21427 18.9 18.9 20.0 17.9
Single speciality 3837 11.6 12.1 12.5 9.6
Not classified 453 8.2 11.2 6.5 6.1
Ward type

Intensive care unit 4714 21.7 20.6 22.6 21.9
General ward 34941 18.8 18.4 19.9 18.1
Medical department

Intensive Care Unit

Surgical 730 27.0 25.0 30.0 25.8
Medical 1632 19.0 19.0 18.9 19.1
Interdisciplinary 2352 22.0 20.5 22.8 22.7
General ward
Surgical 10914 16.4 15.9 17.1 16.1
Medical 16679 21.0 204 221 20.3
Other 7348 17.7 17.5 19.2 16.2
Single Specialities”

Nephrology 176 49.4 42.9 55.1 47.7
Geriatrics 354 45.8 48.2 46.6 41.2
Neurology 351 34.2 37.7 341 32.6
Urology 1190 28.6 33.0 31.6 22.8 i
Internal medicine 11460 254 25.1 26.3 24.7
Surgery other 3104 19.4 18.5 21.2 18.5
General surgery 7752 15.3 15 15.7 15.2
Gynaecology and
obstetrics 1294 6.2 6.4 54 6.7
Dermatology 879 5.9 4.6 7.8 5.4
Pediatrics 3191 3.8 3.2 5.0 3.1
Other 3174 . 16.6 15.4 17.7 16.6

Unknown 2016 19.8 204 21.2 17.6



Sample type
Urinary tract
Respiratory samples
Blood

Surgical site

Skin and Soft tissue
Invasive punctures

Other
Unknown

Age
<15
16-59
>=60

Sex

Male
Female
Unknown

Region
Schleswig Holstein

Northrhine-Westphalia

Hessen

Rhineland Palatinate
Baden-Wiirttemberg
Bavaria

Berlin

4919

7252

2430
12255
16178
1121

3529
16

4381
10654
24620

16832
12741
10082

3893
15413
2097
7437
7837
2037
941

32.9
25.0
22.7
21.3
20.2
15.6
36.6
313

3.8
11.6
25.2

17.0
15.1
27.9

14.6
24.8
16.7
15.2
16.3
8.9
26.8

34.9
25.4
22.6
20.9
21.0
14.2

311
n.d.

3.7
11.2
24.9

16.6
14.9
26.1

14.7
23.2
16.8
15.6
16.8
10.1
20.1

32.9
26.3
20.7
214
213
16.6

39.2
n.d.

4.9
12.2
264

17.8
15.8
30.4

14.2
26.6
18.9
15.6
171
9.4
25.2

31.0
23.2
24.6
21.7
18.7
15.8
39.7
31.3

2.6
11.4
24.2

16.6
16.6
27.3

14.8
24.2
14.6
14.5
15.1
10.2
26.2

**kC

?chi squared-test, Fisher's exact test, respectively for estimating the difference of the MRSA-proportions

between 2008 and 2010
bgeneral wards only
“*p=0.02, **p=0.01



Table 2 Overall MRSA-proportions from 2008-2010 and MRSA-proportions per year in
community outpatient care (2003, 1913, 1763 medical practices, respectively) stratified by
medical speciality, sample type, age, gender and region

Community outpatient

care 2008-2010 2008 2009 2010
g p-
aureus  MRSA MRSA MRSA MRSA  value®
n % % % %
total 31280 10.6 10.3 11.0 10.3
Medical speciality
Urology 559 29.2 274 311 29.3
Nephrology 2174 14.9 17.5 14.9 12.5 #d
Internal /general medicine 13807 14.2 13.9 14.6 14.1
General surgery 2885 114 11.9 11.6 10.7
Surgery, other 249 6.8 6.6 9.0 4.6
Throat neck ear 3570 5.1 3.8 6.4 5.0
Dermatology 3218 43 45 4.1 4.2
Gynecology and obstetrics 2102 4.2 3.3 3.9 5.7 sk
Pediatrics 2319 3.4 3.1 3.9 3.3
other 397 5.0 3.0 4.8 7.2
Sample type
Blood® 84 25.0 n.d.c n.d. n.d.
Urinary tract 2930 20.5 20.5 22.4 18.8
Surgical site 8534 15.0 151 15.4 14.6
Respiratory samples 1175 13.2 12.0 13.2 14.4
Skin and soft tissue 19285 89 9.1 8.9 8.5
Invasive punctures 278 7.2 7.4 8.0 6.0
Other 193 15.0 17.1 121 154
Unknown 12 n.d. n.d. n.d. n.d.
Age
<15 4749 2.7 2.3 2.9 2.8
16-59 13404 55 5.7 5.3 54
>=60 13127 18.6 18.2 19.7 17.8
Sex
Male 13566 11.6 11.7 12.1 11.1
Female 12278 9.6 9.1 9.6 9.9
Unknown 5436 10.0 9.5 11.5 9.2
Region
Schleswig Halstein 3785 6.9 6.6 6.7 7.5
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