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Preface

Preface

GERMAP 2012 is the third issue of a report that provides a
summary of data on the consumption of antimicrobials and
the extent of resistances against antimicrobials in human and
veterinary medicine. While we had hoped to be able to pub-
lish the report earlier, the considerable efforts in the prepara-
tion of the report delayed publication once again. Information
in this report mostly dates from the period 2009-2011, only
rarely from the year 2012.

Many trends already described in GERMAP 2010 continue
unbroken. In human medicine, broad spectrum antimicrobi-
als, especially cephalosporins and fluoroquinolones, still have
a large share of the overall consumption of antimicrobials.
This applies for ambulatory as well as in-patient treatments.
As it is known, both antibiotic classes select for multi-drug
resistant bacteria more than most other classes. As the PEG
resistance study shows, the percentage of multi-resistant
isolates of the type 3MRGN (according to the definition of
KRINKO, 2012)! of all Escherichia coli isolates increased from
< 1% in 1995 to 14% in 2010. Isolates of the type 4MRGN,
which are resistant against carbapenems, were not yet found
in this study; however their percentage was 2% of Klebsiella
pneumoniae isolates and 7% of Pseudomonas aeruginosa
isolates.

In our opinion, these trends will continue as long as adequate
measures like, for example, the appropriate use of antibiotics
are implemented only in an insufficient manner. A reduced
use of cephalosporins and fluoroquinolones for therapy in
both sectors therefore must be a goal with high priority. Fur-
thermore the use of antimicrobials can be reduced in prophy-
laxis, especially when peri-operative prophylaxis continues too
long after surgery. In the ambulatory sector the use of antimi-
crobials against acute respiratory diseases must be reduced.
The attitude to switch from parenteral to oral medication as
soon as possible has to be questioned critically, since due to
insufficient absorption the selection pressure can be higher
after oral application than after parenteral application.?

In the veterinary sector reliable data on the sales of antimi-
crobials in 2011 were available for the first time. The sales
data, which were provided by pharmaceutical companies and
wholesalers, do not allow conclusions about the actual use of
the different antimicrobial classes in various animal species.
The development of resistances in bacteria pathogenic for
animals is characterized by increasing rates of ESBL-producing
bacteria and MRSA. The recent isolation of carbapenemase-
producing bacteria from animals?# is proof that a transfer of
resistant bacteria or resistance genes between humans and
animals is possible in both directions.

On behalf of {
the editors: ’ .

Michael Kresken

Bl e

The appropriate use of antimicrobials is more essential than
ever, as in the near future the development of few (human
medicine) or no (veterinary medicine) new antimicrobial
compounds or even classes can be expected. This makes the
preservation of the effectiveness of current antimicrobials
even more important. Appropriate and intelligent use of an-
timicrobials means to be able to decide in a given situation if,
and if yes, which antimicrobial should be given in which dose
and by which route of application. In this context the low
therapeutic costs of antimicrobials in general and especially
of cephalosporins and fluoroquinolones are not helping an
appropriate use.

Increasing globalisation, which is caused by more long
distance travels and more international business, also means
increasing globalisation of the bacterial ecosystem. This has
major consequences like extensive interactions between am-
bulatory medicine and hospitals as well as between humans
and animals.

Measures to fight the spread of resistant bacteria cannot
solely be limited to more restrictive use of antimicrobials.
Good management, profound pre- and post gradual educa-
tion of all those who are involved as well as efficient hygiene
are just as necessary for success. In the veterinary sector strat-
egies for breeding and keeping food producing animals must
be questioned critically. In this context the aims set forward
in the German Antimicrobial Resistance Strategy (Deutsche
Antibiotika-Resistenzstrategie, DART) were not fully accom-
plished and further efforts are necessary. GERMAP wants to
continue to contribute to these efforts in the future.

Again many colleagues from human and veterinary medicine
participated in the preparation of the present report. We
want to thank all who were involved for their great work,
especially those colleagues who followed our invitation to
highlight selected specific aspects of the use of antibiotics
and resistance. You will find those contributions in this edition
under the heading , GERMAP spezial”.

1. Empfehlung der Kommission fur Krankenhaushygiene und Infektion-
spravention (KRINKO) beim Robert Koch-Institut (RKI). HygienemaBnah-
men bei Infektionen oder Besiedlung mit multiresistenten gramnegativen
Stabchen. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitss-
chutz 2012;55:1311-54.

2. Zhang L, Huang Y, Zhou Y, Buckley T, et al. Antibiotic administration routes
significantly influence the levels of antibiotic resistance in gut microbiota.
Antimicrob Agents Chemother 2013;57:3659-66.

3. Fischer J, Rodriguez I, Schmoger S, Friese A, et al. Escherichia coli produc-
ing VIM-1 carbapenemase isolated on a pig farm.J Antimicrob Chemother
2012;67:1793-5.

4. Fischer J, Rodriguez |, Schmoger S, Friese A, et al. Salmonella enterica
subsp. enterica producing VIM-1 carbapenemase isolated from livestock
farms. J Antimicrob Chemother 2013;68:478-80.

s £
Winfried Kern

Jargen Wallmann
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Vorwort

Vorwort

Mit GERMAP 2012 steht nunmehr zum dritten Mal eine
Zusammenfassung von Daten Uber den Antibiotikaverbrauch
und die Verbreitung von Antibiotikaresistenzen in der Human-
und Veterindrmedizin in Deutschland zur Verfligung. Wir
hatten gehofft, den Bericht bereits friher veroffentlichen zu
konnen, aber die umfangreichen Arbeiten im Zusammen-
hang mit der Erstellung des vorliegenden Berichtes haben die
Veroffentlichung auch dieses Mal verzogert. Die Angaben

in diesem Bericht beziehen sich zumeist auf den Zeitraum
2009-2011 und vereinzelt auch auf das Jahr 2012.

Viele der bereits in GERMAP 2010 beschriebenen Trends ha-
ben sich fortgesetzt. In der Humanmedizin ist der Anteil der
Antibiotika mit einem weiten Wirkungsspektrum am Gesamt-
verbrauch — mit den Cephalosporinen und Fluorchinolonen an
der Spitze — nach wie vor sehr hoch. Dies gilt sowohl fur den
Antibiotikaeinsatz im ambulanten als auch im stationaren Ver-
sorgungsbereich. Cephalosporine und Fluorchinolone tben
bekanntlich einen besonders hohen Druck zugunsten der
Selektion multiresistenter Erreger aus. So hat sich nach den
Angaben der PEG-Resistenzstudie der Anteil multiresistenter
Stamme vom Typ 3MRGN (gemaB Definition der KRINKO

von 2012)! an allen Escherichia-coli-Isolaten von < 1% im
Jahr 1995 auf 14% im Jahr 2010 erh&ht. Stdamme vom Typ
4MRGN, die eine Resistenz gegen Carbapeneme zeigen,
fanden sich in dieser Studie bisher nicht. Unter den Klebsiella-
pneumoniae-lsolaten betrug der Anteil jedoch bereits 2%,
unter den Pseudomonas-aeruginosa-lsolaten 7%.

Diese Trends werden sich nach unserer Meinung weiter
fortsetzen, wenn geeignete GegenmaBnahmen wie z.B. die
Forderung nach einem sachgerechten Einsatz von Antibiotika
nur unzureichend umgesetzt werden. Ein Ziel muss daher
sein, den Anteil von Cephalosporinen und Fluorchinolonen
fur die Therapie von Infektionskrankheiten in beiden Versor-
gungsbereichen zu senken. Zudem kdnnen Antibiotika in der
prophylaktischen Anwendung, vor allem in Bezug auf die zu
lange postoperative Fortfihrung der perioperativen Prophy-
laxe, eingespart werden. In der ambulanten Versorgung muss
es auBerdem gelingen, den Antibiotikaeinsatz bei akuten
Atemwegsinfektionen zu reduzieren. Die Ansicht, moglichst
rasch von der parenteralen auf eine orale Applikationsform zu
wechseln, ist dagegen aus resistenzepidemiologischer Sicht
eher kritisch zu hinterfragen, weil nach oraler Gabe bei unzu-
reichender Resorption des Antibiotikums der Selektionsdruck
hoher sein kann als nach parenteraler Anwendung.?

Fur den Bereich der Veterindrmedizin wurden fir das Jahr
2011 erstmals verlassliche Daten Uber die Gesamtmengen-
abgabe von Antibiotika zur Verfligung gestellt. Die von den
pharmazeutischen Unternehmern mitgeteilten Abgabemen-
gen lassen jedoch keinen Rickschluss auf den tatséachlichen
Einsatz der verschiedenen Antibiotikagruppen bei den unter-

I

Fir die
Herausgeber:
Michael Kresken
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schiedlichen Tierarten zu. Die Resistenzentwicklung bei tierpa-
thogenen Bakterien wird vor allem von steigenden ESBL- und
MRSA-Raten gekennzeichnet. Die kirzlich gemachte Beob-
achtung, dass Carbapenemase-bildende Bakterien auch bei
Tieren isoliert wurden3#, ist ein Beleg daftr, dass der Transfer
von antibiotikaresistenten Bakterien oder Resistenzgenen
zwischen Menschen und Tieren wechselseitig moglich ist.

Der sachgerechte Gebrauch von Antibiotika ist mehr denn je
erforderlich, da in naher Zukunft nur mit wenigen (Human-
medizin) bzw. nicht (Veterindrmedizin) mit neuen Wirkstoffen
oder gar Wirkstoffklassen zu rechnen ist. Umso wichtiger

ist der Erhalt der Wirksamkeit der derzeitig eingesetzten
Wirkstoffe. Sachgerechter und intelligenter Gebrauch von
Antibiotika bedeutet, in der konkreten Situation entscheiden
zu kénnen, ob - und wenn ja — welches Antibiotikum in wel-
cher Dosierung und mit welcher Applikationsform verwendet
werden soll. In diesem Zusammenhang sind die zum Teil sehr
niedrigen Tagestherapiekosten von Antibiotika, hier sind
durchaus auch Cephalosporine und Fluorchinolone zu nen-
nen, nicht eben forderlich fur den sachgerechten Gebrauch.

Mit der zunehmenden Globalisierung, die z.B. durch stetig
zunehmende Fernreisen oder landeribergreifende Geschafts-
verbindungen verursacht wird, ist auch eine ansteigende
Globalisierung des bakteriellen Okosystems verbunden.
Hieraus ergeben sich weitreichende Konsequenzen, wie z.B.
umfangreiche Interaktionen zwischen ambulanter Medizin
und Krankenhaus sowie zwischen Menschen und Tieren.

Die MaBnahmen zur Bekampfung der Ausbreitung resistenter
Bakterien kénnen sich nicht auf einen rein restriktiven Einsatz
von Antibiotika beschranken. Gutes Management, fundierte
Aus-, Weiter- und Fortbildung aller Beteiligten sowie wir-
kungsvolle HygienemaBnahmen sind ebenso unabdingbar fur
den Erfolg. Im Bereich der Veterindrmedizin mussen zudem
die Zucht- und Haltungsstrategien von Lebensmittel liefern-
den Tieren kritisch hinterfragt werden. In diesem Sinn wurden
die in der Deutschen Antibiotika-Resistenzstrategie (DART)
formulierten Ziele zur Vermeidung der Ausbreitung von
Antibiotikaresistenzen bisher nur teilweise erreicht. Weitere
Anstrengungen sind somit erforderlich. GERMAP will auch
zukUnftig seinen Beitrag hierzu leisten.

An der Erstellung des vorliegenden Berichtes waren erneut
zahlreiche Kolleginnen und Kollegen aus der Human- und
Veterindrmedizin beteiligt. Fir die geleistete Arbeit danken
wir allen Beteiligten sehr herzlich, insbesondere denjenigen
Kolleginnen und Kollegen, die unserer Einladung gefolgt sind,
ausgewahlte spezifische Aspekte im Umfeld von Antibiotika-
verbrauch und Resistenz naher zu beleuchten. Diese Beitrdge
finden sich in der vorliegenden Ausgabe unter der Bezeich-
nung ,, GERMAP spezial”.

&/ e

Jargen Wallmann Winfried Kern
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1 Summary

Human Medicine

According to 2011 data of the Statutory Health Insurance
Research Institute (WIO) there were almost 38 mil. antibiotic
prescriptions in the ambulatory care setting, accounting for
358 mil. DDD (“defined daily doses”) and expenditures of 684
mil. €. The antibiotic use density was 14.1 DDD per 1,000
subjects covered by statutory health insurance and day. The
volume of prescriptions, expenditures and use density in 2011
were slightly lower than in 2008. However, the proportion of
second-line drugs has continued to increase - most prominent
here are the oral cephalosporins and the fluoroquinolones,
and there is no clear reason for this increase. As before sig-
nificant regional differences in antibiotic use persist, and use
density levels are higher in the western than in the eastern
federal states except for children. Based on DDD amoxicillin
remains the most frequently prescribed drug. We observed an
increasing use of fluoroquinolones with age. The estimated
total “tonnage” of antibiotics used in the outpatient setting
in Germany during the last years is in the range of 500-600

t per year, and this corresponds to approximately 85% of
antibiotic use in human medicine.

The most important data source for hospital antibiotic use
has become the so-called ADKA-if-RKI surveillance system
which has evolved out of the former MABUSE project. Based
on ADKA-if-RKI surveillance system data, hospital antibiotic
use levels depend on hospital size. In regional and county
hospitals, levels have recently been < 60 DDD per 100 patient
whereas higher levels were observed in university hospitals.
Cephalosporins and fluoroguinolones were the most exten-
sively prescribed antibiotics in the hospital setting. Intensive
care units showed twice as extensive antibiotic use overall as
normal wards.

Sources for resistance data have been primarily the systematic
studies of the Paul-Ehrlich-Society for Chemotherapy (Paul-
Ehrlich-Gesellschaft fir Chemotherapie, PEG) and, second,
routine data out of the resistance surveillance systems ARS
(including data from outpatient settings), SARI and EARS-Net.
Furthermore, some of the resistance data were obtained from
the national reference loboratories.

Taking into account the data published in GERMAP 2008
there have been clear trends over the past years: macrolide
resistance among pneumococci was relatively high in 2005
(18% and 33% for isolates from adults versus children,
respectively). Thereafter, there was a declining macrolide
resistance rate among invasive pneumococci (10% in the year
2011). There was some increase in the number of penicillin-
resistant pneumococci in particular among meningitis isolates
from children (3% in 2011). In general, however, and com-
pared with the situation in other countries, penicillin resis-
tance in pneumococci remained rare in Germany.

Reduced susceptibility to penicillin was also observed in me-
ningococci. Rates among isolates from the period 2002-2011
were ~14% overall, but only 0.7% were fully resistant. In the
year 2012 rates for reduced susceptibility to penicillin and for
full resistance were higher (25% and 2%, respectively), pos-
sibly in association with changes in the distribution of specific
clonal lineages. For example, 23% of meningococci belonging
to the ST11-complex, but only 5% of meningococci belonging
to ST-41/44-complex show reduced susceptibility to penicillin.

Reduced susceptibility to penicillin was also observed in
gonococci (80%) according to a landmark study in 2010/11 in
Germany. Many of the isolates (70% or more) were also non-
susceptible to ciprofloxacin and to tetracyclines. If empiric
therapy of gonorrhea is to yield a > 95% success (as recom-
mended by WHO), third-generation cephalosporins and spec-
tinomycin can be regarded as the only options in this country
for a sufficiently effective empirical treatment of gonorrhoea.

No major changes in resistance rates were observed for

Mycobacterium tuberculosis. The rate of MDR-M.-tuberculosis
strains remained stable (2%).
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Regarding antibacterial resistance in Salmonella one needs to
look at different serovars. Most serovar-Typhimurium strains
have now become MDR strains including emerging strains
with ciprofloxacin resistance whereas most serovar-Enteritidis
strains remain susceptible to commonly used antibiotics.
Fluoroquinolone resistance is frequently observed among
serovar-Kentucky strains, and there have been descriptions of
strains belonging to serovar Kentucky and serovar Paratyphi
B/Java that showed MDR phenotypes including resistance to
fluoroquinolones and third-generation cephalosporins.

There has been a trend of somewhat declining rates of
resistance to oxacillin among S. aureus. In the year 2011

the MRSA rate among bacteremia isolates was 16%. Resis-
tance among MRSA to non-B-lactam drug classes was also
declining. This can be explained by the (re-)emergence of
new variants such as clonal lineage ST22 [, Barnim Epidemic
Strain”] and ST225 [,,Rhein-Hessen Epidemic Strain”]) strains.
So-called hospital-acquired MRSA remain the most prominent
of the isolates in hospitals (~90%) as well as in the commu-
nity (~75%), and it will be important to closely monitor the
epidemiologic evolution and distribution of so-called commu-
nity-acquired and livestock-associated MRSA in the different
healthcare settings. It is known that the zoonotic reservoir is
also highly relevant for the emergence of new mec variants
(e.g. mecC) and new resistance genes (e.g. cfr) among MRSA
in human medicine. Of note is the recent demonstration of
cfr-associated resistance to linezolid among Staphylococcus
epidermidis in German hospitals which has the potential of
spread to S. aureus.

Human Escherichia coli isolates have continued to show in-
creased rates of resistance to many drugs commonly used for
empirical therapy of infections (i.e. piperacillin-tazobactam,
cephalosporins, and fluoroquinolones). According to data
from the PEG studies the rate of extended-spectrum-B-lac-
tamase (ESBL)-positive isolates increased to 17% in 2010.
Predominant ESBL enyzmes are those of the CTX-M-15 type
that is associated with the pandemic E. coli 025b-ST131
clonal group, and of the CTX-M-1 type that is frequently
found among veterinary and food E. coli isolates. Fluoro-
quinolone resistance among human E. coli isolates remains
very high (~30%), and this drug class can no longer be recom-
mended as empirical therapy in severe infections suspected
to be due to E. coli. The rates of resistance to carbapenems
and to tigecycline among E. coli continue to be very low

(< 1%). Looking at the outpatient setting it is obvious that
resistance rates are lower than in hospital settings. Resistance
to third-generation cephalosporins, however, and resistance
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to fluoroquinolones are also prevalent among community
isolates of E. coli, but detailed systematic data in this setting
is not available. Available data for healthy subjects show that
the rate of faecal carriage of ESBL-producing bacteria is up to
7%.

ESBL-related resistance to third-generation cephalosporins is
also prevalent among Klebsiella pneumoniae, and this trend
has been associated with increased resistance to piperacillin-
tazobactam, fluoroguinolones and gentamicin as well.
Although the activity of carbapenems in K. pneumoniae is still
high, there already have been outbreaks of carbapenem-resis-
tant K. pneumoniae in German hospitals which indicates an
extreme danger for the hospital system in Germany with its
limitations in relevant infrastructure and single-room isolation
capacity and its shortness of personnel trained in infectious
diseases and infection control.

Regarding Pseudomonas aeruginosa there are relevant and
significant differences in resistance rates between isolates
from intensive versus normal ward care. While the rate of
resistance to fluoroquinolones has remained rather stable,
resistance to piperacillin (+ tazobactam) and the carbapenems
seems to increase. Carbapenems are still active against most
Acinetobacter-baumannii-complex isolates (10%), with higher
rates among A. baumannii compared with Acinetobacter
pittii.

The fight against antibiotic resistance is now a top priority
task for health personnel and policy makers. Prudent use of
antibiotics and implementation of infection control measures
are the most important ways to go in this fight. The analysis
of the European point prevalence survey of antibiotic use and
hospital infection shows that Germany is still in an acceptable
range. An important observation was that surgical prophylaxis
was given postoperatively (which does not correspond to
standard recommendations) in too many instances which can
be regarded as a relevant quality gap offering great oppor-
tunities to reduce selection pressure and resistance develop-
ment/spread in hospitals. A second important observation
was the frequency of Clostridium difficile infection in German
hospitals which is likely to be associated with the predomi-
nant use of cephalosporins and fluoroquinolones. Rational
and prudent antibiotic use through more efforts in the field
of training, personnel and infrastructure in Antibiotic Stew-
ardship [ABS] will be key, and there is a need to make more
use of indicators to identify quality gaps and to measure
improvements in processes and outcomes in this area.



1 Summary

Veterinary Medicine

The present data on resistances in bacteria that are patho-
genic for animals are based on the results of GERM-Vet, the
national resistance monitoring of bacteria that are pathogenic
for animals by the Federal Office of Consumer Protection and
Food Safety (BVL) and on some regional studies. Since 2001
the GERM-Vet monitoring program has been investigating
annually the resistance of bacteria isolated from food produc-
ing animals as well as from companion animals. Only data on
isolates from diseased animals are included in this report.

The veterinary results show clearly, how important it is to
present the data differentiating between host species, type of
production, bacterial species and organ systems.

Staphylococcus aureus isolated from dairy cows were suscep-
tible against most tested antimicrobials; as in previous years
the percentage of MRSA in S. aureus isolates from dairy cows
was at about 3%. S. aureus isolated from poultry and com-
panion animals showed higher resistance rates (more than
70%) against penicillins, tetracycline and erythromycin com-
pared to previous years. The percentage of MRSA increased
and was 15% in poultry and 35% in companion animals.
Further, the percentage of methicillin (oxacillin)-resistant
Staphylococcus pseudintermedius (MRSP) in S. pseudinterme-
dius isolates showed an increase from 5% to 10%.

Bovine Streptococcus spp. isolated from mastitis cases
showed a good susceptibility against most antimicrobials.
Exceptions were reduced susceptibilities against tetracycline,
erythromycin and pirlimycin.

Bordetella bronchiseptica isolated from respiratory diseases of
pigs showed resistance against most 3-lactams except amoxi-
cillin/clavulanic acid. Compared to isolates from dogs and cats
resistance rates in pigs were slightly higher.

Regardless of their host species the most important bacterial
causative agents of respiratory infections, namely Pasteu-
rella multocida, Mannheimia haemolytica and Actinobacillus
pleuropneumoniae, showed good susceptibilities also against
newer antimicrobials. However, few P. multocida isolates from
cattle and pigs were resistant against florfenicole. This has
been reported repeatedly since 2006/2007.

Pseudomonas aeruginosa isolated from companion animals
showed consistently high resistance rates against most tested
antimicrobials; based on the in-vitro results only very few anti-
microbials can be regarded as therapeutically effective.

Escherichia coli isolated from dogs and cats with the indica-
tion ,enteritis” as well as , disease of the urogenital tract”
had lower rates of resistance than isolates from food produc-
ing animals. Isolates from pigs and poultry had high resistance
rates against tetracycline, ampicillin and doxycycline; the rates
of resistance differed between indications. An increase of
resistant isolates against the combination of amoxicillin/cla-
vulanic acid was observed in cattle (indication “enteritis”) as
well as in poultry (indication “sepsis”). As in recent years the
highest resistance rates of E. coli against a high number of
antimicrobials were consistently found in calves.

Most resistances found in Salmonella enterica ssp. enterica
were against ampicillin and tetracycline. Isolates from cattle as
well as from pigs increasingly showed intermediate resistance
against the combination amoxicilllin/clavulanic acid.

Nationwide data about the delivery of antimicrobials to vet-
erinarians is registered since 2011. Since then pharmaceutical
business and distributors are required to report the amount
of dispensed antimicrobials each year according to the law
on pharmaceutical products (AMG)' and the DIMDI regula-
tion on pharmaceutical products.? In the following year the
amount itemized according to regions is published. In 2011
1,706 t antimicrobials (pure substance) were dispensed. An-
timicrobials with the highest amount is tetracyclines (564 1),
aminopenicillins (528 1), sulfonamides (185 t) and macrolides
(173 t)3. A first analysis of preliminary data for 2012 showed,
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that approx. 1,619 t antimicrobials (pure substance) were
delivered to veterinarians. The largest share had tetracyclines
(566 1), penicillins (498 t), sulfonamides (162 t) and macrolides
(145 1).4 Only inclusion of the data of the following years will
allow an evaluation of the amounts of dispensed antimicro-
bials. In spite of the regionalized data a correlation to the
resistance situation cannot be established.

A pilot study® “VetCAb" was done by the University of Veteri-
nary Medicine Hannover (TiHo) to register the amount of an-
timicrobials given to food producing animals in Germany. The
.VetCAb-Pilot” study showed by conversion into single doses
that polypeptides, B-lactams and potentiated sulfonamides
were the most used antimicrobials in poultry, 3-lactams,
polypeptides and tetracycline in pigs and -lactams and tetra-
cyline and potentiated sulfonamides in cattle. Furthermore a
project in the private sector® by QS GmbH, Bonn, registers the
amount of antimicrobials used in affiliated farms.

The preservation of the efficacy of antimicrobials available for
veterinary medicine is one of our most important challenges
and will continue to be so in the future. This can only be
achieved by a responsible and intelligent use of the antimi-
crobials according to the current guidelines on the use of
antimicrobials.”

Before choosing an antimicrobial for therapy, especially
when choosing a compound against which the occurrence of
resistance is known, an in vitro test of suitable antimicrobials
is essential.
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Better husbandry conditions, good management and opti-
mized hygiene measures are the most important instruments
to implement a restrictive use of antimicrobials. Only calling
for a reduced amount of used antimicrobials is not adequate
for this complex problem.

1. Arzneimittelgesetz in der Fassung der Bekanntmachung vom 12. Dezem-
ber 2005 (BGBI. | S. 3394), das durch Artikel 2 G v. der Verordnung vom
19. Oktober 2012 gedndert worden ist (BGBI. I S. 2192).

2. Verordnung Uber das datenbankgestitzte Informationssystem tber
Arzneimittel des Deutschen Instituts fir Medizinische Dokumentation
und Information (DIMDI-Arzneimittelverordnung — DIMDI-AMV) vom 19.
November 2010, eBAnz AT122 2010 B1, 22.11.2010.

3. Wallmann J, Reimer |, Rémer A, Bender A, et al. Abgabemengenerfas-
sung antimikrobiell wirksamer Stoffe in Deutschland. Dtsch Tierartzebl
2013;9:1230-4.

4. Wallmann J, Reimer |, Bender A, Romer A, et al. Abgabemengenerfassung
antimikrobiell wirksamer Stoffe in Deutschland 2012. Dtsch Tierartzebl
2014;2:184-6.

5. van Rennings L, von Miunchhausen C, Honscha W, Ottilie H, et al. Kurz-
bericht Uber die Ergebnisse der Studie ,VetCAb-Pilot”. Dtsch Tierdrtzebl
2013;8:1080-3.

6. QS Qualitat und Sicherheit GmbH, http://www.qg-s.de/monitoringpro-
gramme_antibiotikamonitoring.html.

7. Anonymous. Leitlinien fir den sorgfaltigen Umgang mit antimikrobiell
wirksamen Tierarzneimitteln. Dtsch Tierarztebl, Beilage Okt. 2010.



2.1 Antibiotikaverbrauch im ambulanten Bereich | W.V. Kern, R. Zeidan, C. Telschow, H. Schréder

2 Antimicrobial consumption

in human medicine

2.1 Outpatient antimicrobial consumption

As was the case in previous years, antimicrobials were among
the top-selling active substance classes prescribed in outpa-
tient care under statutory health insurance in 2011. In terms
of prescribing rate by number of packages prescribed, they
have been taking a leading position among the first five most
frequently prescribed active substance classes for many years.
Since infectious diseases are usually acute conditions, their
treatment takes comparatively little time, and the prescription
volume (in defined daily doses, DDD, according to the WHO's
ATC index and the official German classification updated by
the WIdO — Research Institute of the AOK) is far lower than
that of other groups of medicinal substances, such as cardio-
vascular, antidiabetic and psychotropic drugs.!

The development of prescription volume in recent years is
shown in Fig. 2.1.1. Over the past few years, the DDD and
the number of prescriptions have remained largely constant,
whereas the sales generated by SHI with proprietary antimi-
crobials have dropped over the last few years. In 2011, 38
million prescriptions, accounting for 358 million DDD and a
sales volume of € 648 million (Fig. 2.1.1) were counted. These
figures, shown in Tab. 2.1.1, refer to antimicrobial classes that
are predominantly used in outpatient care.

Prescription volume in million DDD Sales in million €

400 1,000

200 500

100 250

-=-DDD  —-Salesin €

2006 2007 2008 2009 2010 201

Fig. 2.1.1: Development of prescription volume (in DDD) and
antibiotic sales (in €) over the last six years (Source: WIdO,
SHI Drug Index)

Penicillin derivatives take first place, followed by tetracy-
clines and macrolides. Tab. 2.1.1 shows the figures for 2011.
Accounting for 72.6 million DDD, amoxicillin (without the
therapeutic combinations for Helicobacter eradication) was
the antimicrobial agent with the highest prescription volume
in 2011, followed by doxycycline ranking second (55 million
DDD) and cefuroxime axetil holding third place (41.4 million
DDD). When translated into tonnes and taking account of

the additional consumption in the non-SHI area, these figures
yield a total antimicrobial consumption of approximately
500-600 tonnes per year in outpatient human medicine.

Tab. 2.1.1: Antimicrobials prescribed (by daily dose)
in 2011 under statutory health insurance
(Source: WIdO, SHI Drug Index)

Prescribed Average
daily doses | DDD costs

(million DDD) in€
Basic pemollllnjs (oral penicillins and/ 906 109
or aminopenicillins)
Oral cephalosporins, aminopenicillin
with B-lactamase inhibitor, 77.5 2.74
flucloxacillin
Tetracyclines 66.3 0.72
Newer macrolides/ketolides/azalides 46.6 2.25
Quinolones 37.5 3.34
Folic acid antagonists 15.5 1.81
Nltrqfurapt0|n and othe_r . _ 16 180
special urinary tract antimicrobials
L|ngqsam!des/streptogramlns/ 6.6 270
fusidic acid
Erythrqmycm and other older 59 215
macrolides
Parenteral B-lactams 0.3 59.16
Imidazoles <0.1 21.45

*Nitroxoline and fosfomycin-trometamol

Tetracyclines have been declining in significance for many
years. The share of tetracyclines in the total antimicrobial
prescription volume dropped from 38% in 1991 to 24% in
2006 and 18% in 2011, respectively. The share of second-
line antimicrobials has been increasing slowly but steadily
for many years, and has continued to do so in recent years
as well (Tab. 2.1.2). The increase in the prescription volume
of oral cephalosporins, the combination of aminopenicillin
and B-lactamase inhibitor as well as flucloxacillin by 95%,
nitrofurantoin and other special urinary tract antimicrobials
by 35% and quinolones by 17% between 2006 and 2011 is
particularly high. The prescription volume of basic penicillins
(aminopenicillins and penicillin V) and tetracyclines dropped
over the same period.

The figures relating to outpatient antimicrobial consumption
can be best described as DDD per 1,000 inhabitants (or in-
sured) per day (DDD/1,000), referred to as use density. These
figures are available for the approximately 70 million insured
covered by SHI (85% of the population living in Germany),
which allows for regional and international comparisons (see
below).

There are significant differences within the various antimicro-
bial classes, some of which are also observed at regional level
(regional prescribing preferences). Among fluoroquinolones,
especially the consumption of ciprofloxacin (where the daily
treatment costs in the generics market have quickly dropped)
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Tab. 2.1.2: Changes in the outpatient prescription
volume (by daily dose) of certain antibiotic classes
between 2006 and 2011 (Source: WIdO, SHI Drug

Index)

‘ Change
Basic perjlql]ms . o 8.6%
(oral penicillins and/or aminopenicillins)
Oral cephalosporins, aminopenicillin with +959%
B-lactamase inhibitor, flucloxacillin °
Tetracyclines -20.0%
Newer macrolides/ketolides/azalides +9.7%
Quinolones +16.9%
Folic acid antagonists -27.2%
Nltrloflurantlom and other special urinary tract +34.8%
antimicrobials
Lincosamides/streptogramins/fusidic acid +11.4%
Erythromycin and other older macrolides -32.0%
Parenteral B-lactams -4.2%
All antimicrobials +5.1%

has increased in all KV [Regional Association of Panel Physi-
cians] regions. The more affordable generic drug norfloxacin,
however, is subject to an entirely different trend, showing
declining rates. The increase in levofloxacin consumption var-
ies greatly between regions, whereas moxifloxacin is showing
variations, following a peak in 2005 and another increase in
2007 (Fig. 2.1.2).

The development of outpatient antimicrobial use density in
Germany is shown in Fig. 2.1.3. In terms of insured covered
by SHI, about 14.1 DDD per 1,000 insured and day were
prescribed in 2011 (Fig. 2.1.3). Compared to previous publica-
tions, it should be noted that these figures may be based on
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Fig. 2.1.3: Outpatient use density (in DDD per 1,000 insured and day) in
Germany since 2001 (Source: WIdO, SHI Drug Index)

previous DDD definitions that no longer apply today. When
applying the currently applicable dose definitions retrospec-
tively (Fig. 2.1.3), a slight increase over the last ten years
becomes apparent.

When extrapolating the number of inpatient prescriptions to
the population and comparing the results with the outpatient
use density, it becomes evident that antimicrobial prescrip-
tions in the hospital only account for about 15% of the total
prescription volume. In Germany, however, sufficiently reliable
extrapolations are only available for Baden-Wirttemberg
from 2002.2 A 80-90% share of outpatient antimicrobial
prescriptions in the total prescription volume has, however,
been observed in many countries. The total "tonnage" of
antimicrobials used in human medicine ranges between 700
and 800 tonnes per year, thus ranking below the amounts
used in veterinary medicine (approx. 1,700 tonnes).
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Fig. 2.1.2: Development of the prescription volume of selected fluoroquinolones (in DDD per 1,000 insured and day) in various regions of Germany (every line
stands for the data reported by a Regional Association of Panel Physicians (Source: WIdO, SHI Drug Index)
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Fig. 2.1.4: Outpatient antibiotic use density in Germany (DE) compared to other European countries at population level, expressed as DDD per 1,000 inhabitants
(or insured) and day (Source: WIdO as well as ESAC/ESAC-Net, 2006, 2008 and 2010 data)

Outpatient prescriptions in European comparison

Compared to other European countries, Germany is still rank-
ing in the lower third with an outpatient use density of < 15
DDD/1,000 — along with the Netherlands, Austria, Scandina-
via, Slovenia, Russia and Switzerland (Fig. 2.1.4). Greece and
Cyprus as well as France, Italy, Belgium and Luxembourg were
among the European top users in 2006, 2008 as well as in
2010.% In some cases, physicians in these countries prescribed
more than twice as many antimicrobials than German ones.
The orders of magnitude have only seen minor changes dur-
ing the last few years (Fig. 2.1.4). Many countries for which
more recent data for 2010 is available report an increase in
use density, for example Denmark (2008-2010: 16-16.5),
Finland (2008-2010: 18-18.5), Great Britain (2008-2010:
16.9-18.6) and Belgium (2008-2010: 27.7-28.4). However,
when comparing individual countries including Germany, the
general ratios have remained very similar.

The figures for the Netherlands and Switzerland (approx.
10-11 DDD/1,000) show the “lower" end of the use density in
modern societies without any recognisable detrimental effect
on quality, pointing to potential room for optimisation in the
German healthcare system. Similar use densities are observed
in the Baltic States and Russia. Numerous studies (also from
Germany) demonstrate that the immediate prescription of
antimicrobials for respiratory tract infections can and should
be reconsidered in many cases: In 90% of these cases, an
antimicrobial therapy, whether with doxycycline, amoxicillin
or moxifloxacin, is not indicated. According to one of these
studies, antimicrobial prescriptions for bronchitis by general
practitioners in North Rhine-Westphalia could be reduced by
40-60% — merely by improving the communication between
patients and physicians — without using biomarkers such as
C-reactive protein or procalcitonin.® A recent study has shown
that in elderly patients suffering from cough for several days

without suspected pneumonia amoxicillin is not more effec-
tive than a placebo.®

Use density by region

Significant regional differences in antimicrobial consumption
within Germany were evaluated specifically and described in
greater detail for the first time in 2001.7 Especially in western
regions (old Lander), physicians prescribed significantly more
antimicrobials than in the five new Lander. These regional
differences have since then seen no substantial change.®'2 In
2005, for example, the use density in the old Lander ranged
between 13.9 DDD/1,000 (Baden-Wirttemberg) and 18.3
DDD/1,000 (Saarland), thus significantly exceeding that in the
new Lander (9.8 to 11.7 DDD/1,000). The 2011 figures show
a fluctuation range from 10.6 DDD/1,000 in Saxony to 17.3
DDD/1,000 in North Rhine-Westphalia (Fig. 2.1.5 and 2.1.6),
which has superseded Saarland at the top of the list.

Notably, B-lactam consumption (basic penicillins and oral ceph-
alosporins) continues to be higher in western regions and peni-
cillin consumption, in particular, is very low in the new Lander,
while the consumption of tetracyclines, fluoroquinolones and
newer macrolides is at a similar level (Tab. 2.1.3) — a trend that
has already been observed previously in a similar fashion. A
certain regional prescribing preference within the antimicrobial
classes is also apparent. As briefly addressed above (Fig. 2.1.2),
there are distinct differences in the preference for certain anti-
microbials, e.g. fluoroguinolones, between the KV-regions: For
example, the three major high-consumption regions of moxi-
floxacin in 2011 were the Eastern German Lander of Mecklen-
burg-Western Pomerania, Brandenburg and Saxony-Anhalt,
with Saarland, Rhineland-Palatinate and Baden-Wirttemberg
being the leaders in levofloxacin consumption (Fig. 2.1.2).

GERMAP 2012 - Antimicrobial Resistance and Consumption | 9
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2.1 Outpatient antimicrobial consumption

Fig. 2.1.5: Regional antibiotic use density in 2003, 2008 and 2011 (in DDD/1,000) (Source: WIdO, SHI Drug Index)
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Fig. 2.1.6: Antibiotic use density (in DDD per 1,000 insured and day) in 2011 by
KV regions (Source: WIdO, SHI Drug Index)

Tab. 2.1.3: Regional differences in the prescribing of
certain antibiotic classes in 2011 in DDD/1,000 insured
and day (Source: WIdO)

‘ East ‘South‘ West
Basic penicillins 1.95 3.00 4.55

Tetracyclines 2.52 2.26 2.85

Oral cephalosporins, aminopenicillin
with B-lactamase inhibitor, flucloxacillin

2.53 2.99 3.32

Newer macrolides/ketolides/azalides 1.72 1.66 1.99
Quinolones 1.37 1.45 1.54
Folic acid antagonists 0.49 0.56 0.69

Nitrofurantoin and other*

special urinary tract antimicrobials
Erythromycin and other

older macrolides

0.40 0.37 0.53

0.24 0.15 0.27

Lincosamides/streptogramins/

fusidic acid 0.26 | 0.20 | 0.29

East: new Lander and Berlin; South: Baden-Wurttemberg and Bavaria;
West: all other old Lander

Use density by specialist group

Prescriptions by general practitioners in Germany accounted
for approx. 53% of all antimicrobial prescriptions (in DDD) in
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2011 (compared to 58% in 2003, 57% in 2005 and 54% in
2008; Fig 2.1.7). They were responsible for 53% of the total
B-lactam consumption, 63% of all macrolide prescriptions
and 54% of all quinolone prescriptions.

They were followed by internists working as general practitio-
ners, paediatricians and ENT specialists ranking second, third
and fourth, respectively.

Gynaecologists 2%
Other 4%

Dermatologists 3%
Urologists 4%
Other 5%

ENT
specialists
7%
Paediatricians
7%

Internists working
as GPs
14%

Fig. 2.1.7: Share of individual specialist groups in total antimicrobial consump-
tion in Germany in 2011 (Source: WIdO, SHI Drug Index)

The various specialist groups set different priorities in
selecting antimicrobials: Basic penicillins and tetracyclines
accounted for 44% of all daily doses prescribed by general
practitioners. ENT specialists also preferred -lactams and
tetracyclines, accounting for 81% of the prescribed daily
doses of antimicrobials. By contrast, the prescribing behaviour
of urologists was entirely different: Folic acid antagonists
(incl. co-trimoxazole) and tetracyclines accounted for 24% of
the prescribed DDD of antimicrobials, quinolones for 29%
and other urinary tract antimicrobials for 31%. Paediatricians
preferably prescribed B-lactams and macrolides, with 37%
accounting for basic penicillins and 38% for oral cephalospo-
rins and antistaphylococcal penicillins. The prescribing rate of
newer macrolides and older macrolides was similar (9-10%
each).

The highest antimicrobial prescription volume (by daily dose)
per physician was demonstrated by ENT specialists and
urologists, followed by general practitioners, paediatricians,



2.1 Outpatient antimicrobial consumption |

W.V. Kern, R. Zeidan, C. Telschow, H. Schroder

internists working as general practitioners and dermatologists
(Tab. 2.1.4).

Tab. 2.1.4: Antibiotic prescription volume per
physician of certain specialist groups in 2011

(Source: WIdO, SHI Drug Index)

DDD of antimicrobials

EESSElEHEIEEE prescribed per specialist

ENT specialists 5,538
Urologists 5,211
GPs 4,579
Paediatricians 3,764
Internists working as GPs 3,656
Dermatologists 2,766

Use density by age group

In childhood (< 10 years), between the age of 16 and 19 and
in old age (> 90 years), antimicrobials in outpatient care are
prescribed more often than in other age groups (Fig. 2.1.8).

It should be considered that the frequency of hospitalisation
increases with age and a relatively large number of antimicro-
bial prescriptions in this age group are likely to occur as part
of inpatient care.

20

15

Fig. 2.1.8: Antibiotic use density (in DDD per 1,000 insured and day) in depen-
dence on age (age groups in years) in 2011 (Source: WIdO, SHI Drug Index)

The prescribing rate (in %) in childhood is considerable: In the
course of 2010, antimicrobials were prescribed to nearly 70%
of all children aged below 5 years (Fig. 2.1.9)'>. This rate is ap-
proximately twice as high as in other age groups. By contrast,
the number of days of antimicrobial therapy increases until
adulthood, and only declines slightly when retirement age is
reached — in this respect, however, the simultaneous rise in
the number of inpatient treatments with age should be taken
into account.

Antimicrobials prescribed preferably in childhood include
basic penicillins and oral cephalosporins. Above the age of

5, the consumption of oral cephalosporins drops signifi-
cantly in favour of newer macrolides. The prescribing rate

of tetracyclines increases with age, representing the most
commonly prescribed antimicrobial class above the age of 45,
followed by basic penicillins, oral cephalosporins and newer
macrolides. On reaching the age of 60, fluoroquinolones are
prescribed more often than newer macrolides, taking fourth
place behind tetracyclines, oral cephalosporins and pencillins.
In old age, fluoroquinolones increasingly gain significance,
representing the second most frequently prescribed antimi-
crobial class behind oral cephalosporins above the age of 80.
The prescription volume of urinary tract antimicrobials also
increases significantly above the age of 70.

Unlike in adults and total consumption, the regional prescrip-
tion prevalence rates in children show no gradient from east
to west. This has already been observed in a previous study."
According to a recent study among GEK members, the high-
est prescription prevalence in children and adolescents in
2009 was observed in Saxony-Anhalt, Saarland/Rhineland-
Palatinate, Thuringia and Mecklenburg-Western Pomerania
and the lowest prevalence in Schleswig-Holstein/Hamburg/
Bremen and Baden-Wirttemberg."!
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Fig. 2.1.9: Percentage of insured on antibiotic therapy (bars) and days of antibiotic therapy (line) in dependence on age (age groups in years) in 2010

(Source: WIdO, database: AOK prescribing data, 2010)
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Seasonal prescription patterns

Due to the clustering of respiratory tract infections during

the winter months, the antimicrobial use density during these
months is much higher than in summer. These variations can
be taken as a basis to identify antimicrobials that are used —
appropriately or inappropriately — for the treatment of respira-
tory tract infections.

National data collected over the period 2007-2011 shows
that not only B-lactams and macrolides but also fluoroqui-
nolones are being increasingly used for treatment during the
winter months. As expected, amoxicillin and macrolides, but
also doxycycline and minocycline, are used much more com-
monly during the cold season than norfloxacin and ofloxa-
cin (urinary tract infections) (Fig. 2.1.10). The use of newer
fluoroquinolones, such as levofloxacin and moxifloxacin as
well as cefuroxime axetil and amoxicillin/clavulanic acid, is
also subject to strong seasonal variations, with the indications
of respiratory tract infection and pneumonia also playing a
significant role in this regard. Among fluoroquinolones, cipro-
floxacin — in addition to moxifloxacin and levofloxacin — is also
subject to seasonal variations; this might be an indication of
this substance being used inappropriately for the treatment of
respiratory tract infections (Fig. 2.1.10).

The significant increase in the consumption of cefuroxime
axetil in dependence on the season is particularly remarkable

(Fig. 2.1.10). This increase is assumed to be only partly attrib-

160

120 A
— Amoxicillin
80 - Doxycycline
! \ \ \

— Penicillin V

40 A

—— Cefuroximeaxetil

—— Clarithromycin

— Roxithromycin
Cefaclor
Azithromycin
Amoxicillin/BLI
Cefixime

—— Erythromycin

—— Cefpodoxime
Cefadroxil

— Co-trimoxazole

— Ciprofloxacin
Levofloxacin

— Clindamycin

—— Minocyclin

— Moxifloxacin

—— Norfloxacin

Ofloxacin

Fig. 2.1.10: Seasonal use of certain antimicrobials in DDD per 1,000 insured
and month (Source: WIO, SHI Drug Index, 1/2007-6/2011 data)
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utable to the application of cefuroxime in a higher dosage
(2 x 500 mg instead of 2 x 250 mg per day) in recent years.
The time of this increased consumption is unusual: Unlike
the first edition (2005), the second edition (2009) of the S3
guideline on community-acquired pneumonia/deep respira-
tory tract infections no longer recommended oral cephalo-
sporins as a therapeutic alternative.'4

Conclusion

Showing an outpatient antimicrobial consumption of 14
DDD/1,000 insured and day, Germany remains in the lower
third compared to other European countries — on a similar lev-
el with the neighbouring countries Switzerland, Austria, the
Netherlands and Denmark. Western regions, predominantly
those bordering on France, Luxembourg and Belgium, remain
the high-consumption regions within Germany; however, Saa-
rland has lost its leading position to North Rhine-Westphalia
for the first time. The eastern part of the country continues

to be the low-consumption region; however, this does not ap-
ply in this form to the prescription prevalence in children and
adolescents. General practitioners are responsible for most
prescriptions. The total antimicrobial consumption has shown
a slight upward trend for many years, whereas the share of
second-line antimicrobials has increased considerably. This
particularly applies to fluoroquinolones and oral cephalospo-
rins used without a confirmed rational background. Amoxicil-
lin is still by far the most frequently prescribed substance. The
use of fluoroquinolones increases with age. The age struc
ture of the population and region-specific factors, including
presumably socio-cultural variables on part of physicians and
patients, seem to be crucial for use density and prescription
profile in Germany.
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GERMAP special

Antimicrobial prescribing in the
outpatient setting — what quality indicators

are suitable?

There is plenty of data available on outpatient antimicrobial
prescribing in Germany. The Drug Prescription Report has
been published annually on behalf of the health insurance
funds for many years (www.wido.de/arzneiverordnungs-rep.
html). The national data presented therein by the Research In-
stitute of the AOK (WIdO) has become the basis for reporting
to European authorities (European Centre for Disease Control
and Prevention, ECDCQ).

In addition to the nationwide analysis of prescriptions, region-
ally differentiated analyses are increasingly gaining signifi-
cance. Special analyses of antimicrobial prescribing in the SHI
area including regional differentiation of data have already
been issued earlier’? by the WIdO — in cooperation with the
University Hospital Freiburg — and have become the data

basis for the GERMAP series. The Central Research Institute
of Ambulatory Health Care in Germany (ZI, i.e. an institute

of medical self-administration in statutory health insurance)
has recently established a special service for the regional care
situation (www.versorgungsatlas.de), which has most recently
also offered interesting analyses in the field of influenza vac-
cination and antimicrobials.3 The Pharmaceutical Atlas (www.
arzneimittel-atlas.de), issued by the IGES Institute in Berlin on
behalf of the Association of Research-Based Pharmaceutical
Companies, also offers regionalised analyses. In addition, re-
gional analyses of antimicrobial prescribing by Barmer-GEK*>
and AOK Hessen® are worth mentioning.

In view of this fairly good data availability, it is interesting

to see that more than 80% of clinicians — both registered
physicians in private practices and hospital-based physicians,
in both Eastern and Western Germany — would like to have
more information and advice on this subject — according to

a survey among about 3,000 physicians conducted in 2007
(EVA study conducted by RKI/BMG [Federal Ministry of
Health]).” Does this indicate that the "right" or "appropriate"
and relevant information has not yet reached the physicians
and/or that a fact-based interpretation of the corresponding
data has not taken place? Quality indicators could be help-
ful in this respect. What quality indicators for antimicrobial
prescribing are available in private practices? What influence
will the application of such indicators have on the situation in
Germany?

What indicators have been available so far?

There are extensive lists of indicators for panel physicians in
Germany, namely the more than 130 so-called "QISA indica-
tors" (created by the AQUA Institute on behalf of the Federal
Association of the AOK, www.qisa.de) and the so-called
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"AQUIK indicators" (created on behalf of the Federal Associa-
tion of Panel Physicians, KBV, www.aquik.de). These do not
include any quality indicators that are relevant to outpatient
antimicrobial use. There are AQUIK indicators in place for HIV/
AIDS, hepatitis C and vaccinations. In addition, the AQUA
Institute applies what are referred to as practice-specific
prescription analyses with a peer review group in their qual-
ity circles (on the subject of "pharmacotherapy”, amongst
others) — however, this data is not generally accessible and its
selection and preparation cannot be assessed, which is why it
is not suitable for the purpose of external quality assessment.

Following extensive preliminary work as well as a scoring of
originally 22 potential indicators for various relevance areas
and discussion rounds with international experts, the ESAC
study group, which had been funded by the EU from 2001
to 2011, thereafter by the ECDC, has developed a list of 12
potential quality indicators that are based on indication-inde-
pendent consumption data. The evaluation of these indica-
tors, including consumption data from European countries
between 2004 and 2009, has been completed. This allows
for identifying potential "areas of concern” in outpatient
antimicrobial prescribing quality in certain countries.® Tab.

1 compiles the scores of the originally 22 indicators given
after a number of Delphi rounds as well as the results for the
selected indicators for Germany. Tab. 2 shows the distribu-
tion of the figures across Europe. As shown in Tab. 1, figures
within the 75-100 percent range are highlighted in red, mark-
ing strong outliers that can be interpreted to mean an "area
of concern in urgent need of optimisation”. Figures within
the 50-75 percent range are highlighted in yellow (“some
optimisation required").®° For Germany, this would yield the
following primary need for optimisation:

= Reduction of cephalosporin consumption, in particular
broad-spectrum cephalosporins

= Reduction of antimicrobial, in particular quinolone, con-
sumption for the indication of respiratory tract infections

Proposal of a pilot project for regional
indication-specific indicators.

In an effort to advance the above-mentioned efforts, col-
leagues have attempted to define indication-specific indica-
tors at European level that allow for planning more specific
and targeted interventions to improve the quality of outpa-
tient antimicrobial prescribing. Initially, two expert groups
joined forces and developed a list of indicators, classified
them according to diagnoses (according to the index of the
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Tab. 1: Indication-independent quality indicators for outpatient antibiotic prescribing quality that have been
selected by the ESAC group as useful after several Delphi rounds®:?

Label/
Abbreviation

JO1_DID

Indicator description

Total consumption*

Scores (1-9) regarding relevance to

Resistance
develop-
ment

Benefit
for patients
(clinical rel.)

6.5

Cost effec-
tiveness

Health policy

Ultimate
selection

Figures for
Germany in

13.01 14.90

JO1A_DID

Tetracycline consumption

JO1C_DID

Penicillin consumption

4.01 4.27

JO1D_DID

Cephalosporin
consumption

o (O |u |

6.5

1.25 2.39

JO1E_DID

Sulphonamide/
Trimethoprim consumption

6.5

[&))

55

JO1F_DID

Macrolide consumption

7.5

212 2.51

JOTIM_DID

Quinolone consumption

7.5

1.15 1.48

JO1A_%

Share of tetracyclines
in total consumption

55

no

JO1C_%

Share of penicillins
in total consumption

55

5.5

6.5

no

JO1D_%

Share of cephalosporins
in total consumption

55

6.5

no

JOTE_%

Share of sulphonamides/
trimethoprims in total
consumption

no

JOTF_%

Share of macrolides
in total consumption

no

JOTIM_%

Share of quinolones
in total consumption

6.5

no

JO1CE_%

Share of basic penicillins
in total consumption

JO1CR_%

Share of penicillin
combination drugs
(incl. those with
B-lactamase inhibitor)
in total consumption

JO1DD+DE_%

Share of third-/
fourth-generation
cephalosporins

in total consumption

7.5

JOIMA_%

Share of
fluoroquinolones
in total consumption

7.5

JO1_B/N

Ratio between

drugs of the groups
CR+DC+DD+(F minus
FAO01) and the groups
CE+DB+FA01
(“broad-spectrum” vs.
“narrow-spectrum”)

JO1_SV

Seasonal variations
in total consumption
(winter months vs.
summer months)

7.5

JOTM_SV

Seasonal variations in
quinolone consumption
(winter months vs.
summer months)

JOTM_SVDID

Seasonal variations in
quinolone consumption
(winter months vs. summer
months) multiplied by
quinolone consumption

6.5

no

JO1_TT

Trend in total consumption
over time

no

Figures printed in bold refer to the 12 ultimately selected indicators for which data from European countries and its distribution have been ascertained; figures for
Germany are provided in the last two columns — figures within the 75-100 percent range are highlighted in red; figures within the 50-75 percent range are high-

lighted in yellow. See Tab. 2 for the distribution of figures in other European countries. *All antibiotic consumption data is provided in DDD per 1,000 inhabitants
(or insured) and day
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Tab. 2: Results of a selection of indication-independent quality indicators for outpatient antibiotic prescribing
quality in European comparison

2004 [o1_ ‘ [Jo1C_ | [Jo1D_ ‘ [JO1F_ ‘[JO1M_ ‘ [JO1CE_‘[JO1CR_ [J01DD [JO1MA_‘ po1_ ‘ [o1_ ‘[JO1M_

Country DID] DID] DID] DID] DID] %] %] +DE_%] %] B/N] SV] SV]
Portugal

23.8

Luxembourg
France .
Belgium . . 30.9 13.1
Spain
Greece

Hungary

Croatia

Austria 12.5

Slovakia 22.5

Germany 13

Slovenia 16.7

Israel 19.6

Estonia 10.4

Russia 9.3 2.2 0.2 1 1.3 1.8 2.7 0.6 2.1 - -

Iceland 214 [ o4 1.7 0.7 13.6 12.8 0.3 3 1 17.8 8.6
Ireland 20.2 9.8 1.9 2.9 0.8 4.1 23 0.7 3.6 4.6 9.6 3.3
Poland 19.1 7.2 2.5 3 1 1.5 3.2 <0.1 5.2 8.1 - -

Czech Rep. 15.9 6.8 1 2.7 1.3 12.1 16.4 <0.1 8 2.9 25.1 2.9
Bulgaria 16.4 7.7 1.7 1 1.6 5.2 8.5 0.9 9.8 1.4 - -

Latvia 11.8 5.4 0.3 0.9 0.9 1.6 10.1 0.1 7.1 3 - -

Netherlands 9.8 3.8 0.1 1.4 0.8 4.3 14.1 0.1 8.4 5.1 15.3 1.1
UK 15 6.8 0.8 2.2 0.5 4.7 6.5 <0.1 3.2 0.8 16 8

Finland 17.2 5.1 2.1 1.9 0.8 9.1 4.8 <0.1 4.8 0.8 12 4.3
Denmark 14.1 8.8 <0.1 2.2 0.3 37 0.4 <0.1 2 0.2 17.3 8

Norway 15.7 6.5 0.3 1.8 0.4 24.8 <01 <0.1 2.8 0.2 - -

Sweden 14.5 6.5 0.4 0.8 1 26.8 1.3 0.1 6.8 0.2 9.6 5.4

[Jo1_ | JO1IM_
SV] SV]

| 269 | - |-

[J1_
B/N]

[JOTIMA_
%]

2009 [Jjo1_ | [Jo1C_ | [Jo1D_ | [JO1F_ | [JOIM_ | [JO1CE_ | [JO1CR_ | [JO1DD
Country DID] DID] DID] DID] DID] %] %] +DE_%]

<0.1
< 0.1

10
9.5

Luxembourg
Belgium

France - -
25.7 17.3

Greece

Slovakia

Portugal

Hungary

Poland

Austria

Germany 14.9 2.5

Croatia 21.2 9.7 3.2 1.3 . .

Israel 22.4 11.8 1.9 1.4 9.6 15.4 -6.9

Bulgaria 18.6 8.4 . 3.2 2 . 6.2 - -

Romania 10.2 4.3 2.5 1.8 1.3 1.6 23.6 1 6.1 - -

Russia 12.2 4.2 0.5 1.7 2 0.5 7.8 2 7.4 18.5

Latvia 10.5 4.8 0.4 0.9 0.9 1.5 12.5 0.5 7.7 6.2 33.4

Ireland 20.8 10.7 1.3 3.8 0.9 4.1 26.5 0.5 4.5 5.4 18.9

Slovenia 14.4 9.5 0.4 2.3 1.1 13.5 28.2 0.8 7.5 3.5 26

Estonia 1.1 4.4 0.8 2.1 0.8 2.2 10.8 <01 7.1 7.9 31.2

Czech Rep. 18.4 7.7 1.6 3.7 1.3 11.2 21.1 0.4 6.9 4.1 19.1

Lithuania 19.7 10.1 1.3 1.9 1.2 4.7 8.7 0.4 57 2.5 21.1

Iceland 19.4 10.4 0.3 1.2 0.6 121 18.3 <01 2.9 1.7 13.5

Netherlands 1.4 4.5 <0.01 1.5 0.9 3.4 16 <0.1 7.7 6.4 18

Denmark 16 10 <0.01 2.3 0.5 32.2 2.6 <0.1 3.3 0.4 17.9

Finland 18 6.1 2.3 1.5 0.9 8.1 6.9 <0.1 49 0.7 12.3

UK 17.3 8 0.6 2.5 0.5 4.3 6.4 <01 2.8 0.8 171

Sweden 14 7 0.2 0.6 0.8 27.8 1.7 0.2 57 0.2 1.7

Norway 15.2 6.6 0.1 1.7 0.5 23.9 <01 <0.1 3.3 0.2 - -

Figures for 2004 and 2009; figures within the 75-100 percent range (particularly critical areas) are highlighted in red; figures within the 50-75 percent range
(critical areas) are highlighted in yellow®. See Tab. 1 for a description of indicators
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Tab. 3: Indication-specific quality indicators for outpatient antibiotic prescribing quality that have been selected
by the ESAC group and others as useful after several Delphi rounds10,11 as well as proposals regarding selection

and adaptations and/or additions for application (pilot project) in Germany

Indication

Label/
Abbreviation

Indicator description

Percentage of female patients (> 18 years) with acute

Target range
(%)

Notes/Changed proposals
regarding application in
Germany

receiving penicillins (JO1C)

0,
U71.J01_% cystitis prescribed antimicrobials (JO1) >80
U71 - Percentage of female patients (> 18 years) with
Cystitis U71_RECOM_% | acute cystitis prescribed antimicrobials receiving the > 80
y recommended antimicrobials (JO1XE or JOTEA or JO1XX)
oo s |Pecege uomen - e wisale st s <0t forwomen > 16
R76 101 % Percentage of patients (> 1 year) with acute tonsillitis <20 v for GPs, internists working
-0 prescribed antimicrobials (JO1) as GPs, paediatricians
R76 - Percentage of patients (> 1 year) with acute tonsillitis
Tonsilltis R76_RECOM_% | prescribed antimicrobials receiving the recommended >80
antimicrobials (JO1CE)
R76 J0TM % Percentage of patients (> 1 year) with acute tonsillitis <5
- =" I receiving quinolones (JOTM)
R78 JO1 % Percentage of patients (18-75 years) with acute bronchitis <30 v for GPs, internists working
== prescribed antimicrobials (JO1) as GPs
R78 — Percentage of patients (18—75 years) with acute bronchitis
Acute R78_RECOM_% | prescribed antimicrobials receiving the recommended >80
bronchitis antimicrobials JOTCA or JOTAA)
R78 JOIM % Percentage of patients (18—75 years) with acute bronchitis <5
- =" |receiving quinolones (JO1M)
R74 101 % Percentage of patients (> 1 year) with acute respiratory <20
R74 — =" tract infection prescribed antimicrobials (JO1)
Upper Percentage of patients (> 1 year) with acute respiratory
respiratory | R74_RECOM_% | tract infection prescribed antimicrobials receiving the >80
tract recommended antimicrobials (JO1CE)
infection Percentage of patients (> 1 year) with acute respiratory
0,
i I tract infection receiving quinolones (JOTM) S
R75 JO1 % Percentage of patients (> 18 years) with sinusitis prescribed <20 v for GPs, internists working
- antimicrobials (JO1) as GPs
R75 _ Percentage of patients (> 18 years) with sinusitis prescribed
Sinusitis 75_RECOM_% | antimicrobials receiving the recommended antimicrobials > 80
(JO1CE)
Percentage of patients (> 18 years) with sinusitis receiving
0,
R75_J0TM_% quinolones (JO1M) <3
H71 J01 % Percentage of patients (> 2 years) with otitis media <20
== prescribed antimicrobials (JO1)
H71 - Percentage of patients (> 2 years) with otitis media
Otitis media H71_RECOM_% | prescribed antimicrobials receiving the recommended > 80
antimicrobials (JO1CA or JO1CE)
H71 J01M % Percentage of patients (> 2 years) with otitis media <5
- =" | receiving quinolones (JO1M)
Percentage of patients (18—65 years) with pneumonia
0,
R81_J01_% prescribed antimicrobials (JO1) >0
Percentage of patients (18-65 years) with pneumonia
R81 — R81_RECOM_% | prescribed antimicrobials receiving the recommended >80
Pneumonia antimicrobials JOTCA or JOTAA)
. ) . v < 20% for patients
Percentage of patients (18-65 years) with pneumonia . .
0,
R81_JOTM_% receiving quinolones (JOTM) <5 > 16 years (GPs, internists
working as GPs)
NEW:
R8I R81 JO1D Percentage of patients (18-65 years) with pneumonia < 20% for patients > 16 years
- =7 prescribed cephalosporins (JO1D) (GPs, internists working as GPs)
RS R81 JOIF % Percentage of patients (18-65 years) with pneumonia < 20% for patients > 16 years
- prescribed macrolides (JO1F) (GPs, internists working as GPs)
HNO HNO J01C % Percentage of patients with prescribed antimicrobials > 50% (ENT specialists and
. _/0

dentists)
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International Classification of Primary Care, ICPC-2-R) and
listed 3 indicators for each of the 7 selected diagnoses (Tab.
3).2-" This list provides an excellent basis for adding and
selecting indicators specifically for Germany — our proposed
additions and comments are also listed in Tab. 3. Antimicro-
bial prescriptions by ENT specialists in private practices are
assumed to be "indication-specific" (upper respiratory tract
infections/infections in the ENT area).

We take the view that a pilot project including regional
calculation of these indicators in the German outpatient
setting would be very useful. Areas that are assumed to have
inappropriately high prescribing rates of quinolones and ceph-
alosporins could be identified more clearly and other relevant
region-specific factors of antimicrobial use in Germany could
be delimited more accurately. This would allow for a much
"more informed" discussion as to whether and in what areas
there is a need for monitoring compliance with guidelines
and controlling antimicrobial use (both substance selection
and quantity control) and how urgent this need is. This could
provide the basis for the further development and adapta-
tion of such indicators, e.g. the separate analysis of selected
groups of specialists (such as paediatricians and general
practitioners).

» W.V. Kern, M. Schulz, S. Mangiapane
Reviewer: R. Berner
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2.2 Hospital antimicrobial consumption

Of the slightly more than 2,000 German hospitals in 2011, ap-
proximately 1,800 were general hospitals with about 450,000
installed beds, nearly 18 million admissions (cases) and > 100
million days of care (patient days). The number of hospi-

tals and hospital beds has been declining for several years,
whereas the number of inpatient admissions has increased,
i.e. the average length of stay has decreased considerably
(Fig. 2.2.1). These changes, which have also been observed

in recent years, must be taken into account while interpret-
ing changes in antimicrobial use density. They are likely to be
responsible for a considerable part of the increase in antimi-
crobial use density over the past years — merely due to the
fact that the number of cases has increased while the length
of stay has decreased.
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Fig. 2.2.1: Development of number of cases (inpatient admissions) and average
length of stay at all German hospitals (incl. specialist hospitals) between 1991
and 2011 (Source: Federal Statistical Office)

Inpatient antimicrobial use density can be best calculated as
defined (defined daily doses according to ATC-WHO, DDD) or
recommended (recommended daily doses, RDD) daily doses
per 100 patient days (DDD/100 or RDD/100) or per hospital
case. However, DDD also involve problems, since they often
do not correspond to the daily doses commonly used at hos-
pitals — especially as regards the frequently used B-lactams.’-2
The currently applicable DDD definitions of the WHO as well
as the RDD definitions used herein are provided in chapter 7.3.

The data sources used to describe hospital antimicrobial con-
sumption include the data collected within the ADKA-if-RKI
surveillance project (www.antiinfektiva-surveillance.de), which
evolved out of the MABUSE network (see also Chapter 7.3).
The number of participants in the ADKA-if-RKI surveillance
project has increased considerably since 2011 — as a result of
the accelerated, quarterly data evaluation thanks to the RKl's
support as well as the greater willingness to participate in

the surveillance project since the amendment of the Infection
Protection Act in 2011 (Fig. 2.2.2).

The 2011 data (comprehensive data for 2011 available for 75
acute-care hospitals) can be compared with the 2004 data
(survey conducted by the MABUSE network using IMS data
on 184 acute-care hospitals). While comparing the data, how-
ever, it should be considered that the 2004 and 2011 hospital
cohorts are not congruent. The regional analysis (east-west-
south) is also limited because the number of cases at the
reporting hospitals is still too small.
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Fig. 2.2.2: Participating hospitals (contracts) and data provided (comprehensive
quarterly data) within the ADKA-if-RKI project (Source: Infectiology Freiburg)

According to recent data for 2011, the median antimicrobial
use density at German acute-care hospitals amounted to 57
DDD/100 patient days and the weighted average was also 57
DDD/100 patient days. Expressed as number of hospital cases
(instead of 100 patient days), the consumption in 2011 was 3
DDD/case (median); the (weighted) average amounted to 3.12
DDD/case. Expressed in RDD, the corresponding figures were
2.1 RDD/100 patient days and 2.15 RDD/case (median and
weighted average, respectively).

A comparison with the 2004 data reveals an increase from
50 to 57 DDD/100 patient days. A comparison with corre-
sponding evaluations from other countries demonstrates that
Germany is most likely to rank in the midrange in terms of
inpatient antimicrobial use density (Tab. 2.2.1). An increase

in use density in the hospital sector is also widely observed

in other countries, which can be at least partly explained by
the increase in the number of cases. However, the sample
size at German hospitals is still relatively small — for example,
compared to France. Reliable statements require a sample size
of > 10% of all acute-care hospitals — differentiated by size
(number of beds), region (east-west-south) and level of care
(primary, secondary or tertiary care) — including continuous
data reporting by all specialities (equivalent to approx. 200

Tab. 2.2.1: European studies on antibiotic use density
at hospitals (data provided in DDD/100 days of care)
and comparison with the US

DDD/100
days of Source
care

Europe 2004 (n=139) 50 MacKenzie, et al 3
Sweden 2006-2001 (n=80) 53-59 SWEDRES* 4
Denmark 2006-2011 (n=66) 64-91 DANMAP* >
Netherlands 2004-2009 (n=86) 54-71 NETHMAP* 6
air1n;2?zzzt)oo()14(n=75) 50-57 | GERMAP*7
France 2007 (n=360%) 38-59® | Dumartin, et al ®
France 2000-2010 42-439 | Cavalié®
France 2010 (n=1,115) 379 Dumartin, et al 1
USA 2002-2003 (n=130) 79 Polk, et al

* The samples in the various periods were not identical

@ Excl. rehabilitation centres and psychiatric clinics

® The higher use density (59 DDD/100) was observed at teaching hospitals
(incl. university hospitals)

9The 2010 data also includes psychiatric clinics and inpatient rehabilitation
centres
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2.2 Hospital antimicrobial consumption

hospitals in Germany). The now consolidated ADKA-if-RKI
project is likely to make this happen, while also allowing for
the definition of reference figures and benchmarking.

Hospital antimicrobial consumption
at population level

Hospital antimicrobial consumption can be extrapolated to
the population and can thus be compared with and added

to outpatient antimicrobial consumption to obtain the total
use density at population level. Such data has been presented
within the ESAC project and continues to be estimated as
part of the ESAC-Net project. However, only a few, predomi-
nantly small, countries are able to provide comprehensive
data for the hospital sector.

Based on 2002 hospital consumption data for Baden-
Wirttemberg (already presented in the 2008 GERMAP
report), a previous analysis estimated the hospital antimicro-
bial consumption at ~ 2 DDD per 1,000 inhabitants and day
— compared to an outpatient use density of ~ 14 DDD/1,000
insured patients and day at that time. This is equivalent to an
estimated share of about 14% in total antimicrobial consump-
tion for the hospital sector. The share varied between antimi-
crobial classes and amounted to 21% for fluoroquinolones,
7% for co-trimoxazole, 5% for macrolides/clindamycin and
1% for tetracyclines.

More recent data is not available for Germany. Recent data
reported from some other European countries demonstrates
an 85-90% share in total antimicrobial consumption for the
outpatient sector, which has remained relatively constant over
the years.

Use density by hospital size

A hospital's average antimicrobial use density depends on the
hospital's level of care and size (number of beds and univer-
sity hospital vs. non-university hospital) as well as on the type
of speciality or ward (intensive care unit vs. general ward).

According to the results of the surveys conducted in 2004
and 2011, antimicrobial consumption at university hospitals is,
as expected, significantly higher than at non-university hos-
pitals. The increase in use density with hospital size (number
of beds) at non-university hospitals observed in 2004 was not
that pronounced in 2011 (Fig. 2.2.3). In 2011, the antimicro-
bial use density at hospitals with < 400 beds was 57 DDD/100
patient days (equivalent to 40 RDD/100), at hospitals with
400-800 beds also 57 DDD/100 patient days (36 RDD/100)

and at hospitals with > 800 beds (excl. university hospitals)
52 DDD/100 patient days (36 RDD/100). By contrast, the
use density at university hospitals was significantly higher,
amounting to 66 DDD/100 patient days (47 RDD/100) (Fig.
2.2.3).
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Fig. 2.2.3: Total antibiotic use density in 2011 in dependence on hospital size
(number of beds) (medians and interquartile ranges) (Source: ADKA-if-RKI
surveillance)

Use density by type of speciality/ward

When comparing use densities by type of ward, a signifi-
cantly higher use density in intensive care units (Tab. 2.2.2) is
observed in 2011 (as in 2004). Amounting to 106 DDD/100
patient days (79 RDD/100) in 2011, the use density in inten-
sive care units was approximately twice as high as on general
wards (53 and 59 DDD/100 patient days on general surgical
and general non-surgical wards, respectively). These figures
are slightly below those reported within the SARI project for
2011 (http://sari.eu-burden.info/auswertung/pages/alle.php).

Despite this extremely high use density, the share of antimi-
crobials prescribed in intensive care units in all antimicrobial
prescriptions is only about 9-13% during the various survey
periods (in line with the significantly smaller number of beds
and patient days in intensive care units compared to general
wards) (Tab. 2.2.3). The above-reported increase in total
consumption in 2011 compared to 2004 is thus most likely
attributable to increased consumption on general wards.

When also taking into account the type of speciality and the
special status of university hospitals, a significantly higher
consumption is observed in intensive care units and haematol-
ogy/oncology departments of university hospitals. The use
density in haematology/oncology departments of university
hospitals is on a similar level with that in intensive care units.
An increased use density is also found in the same specialities

Tab. 2.2.2: Antibiotic use density by type of ward. The figures provided include the median and (in brackets)
interquartile ranges in DDD as well as RDD per 100 days of care (Source: MABUSE network, 2004 [IMS Health]
and 2011 [ADKA-if-RKI surveillance] data)

Type of ward

General surgical ward 340 40 (33-49) 7 (22-33) 338 53 (35-72) 35 (22-51)
General non-surgical ward 285 45 (36-56) 32 (26-39) 221 9 (39-81) 39 (29-56)
Intensive care unit 218 110 (87-141) 6 (58-98) 146 106 (83-142) 79 (62-104)
20 | GERMAP 2012 - Antimicrobial Resistance and Consumption
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of non-university hospitals; however, it does not reach the
prescription volume of internal, surgical or interdisciplinary
intensive care units (Tab. 2.2.4 and 2.2.5).

Tab. 2.2.3: Share of DDD (RDD) prescribed per type of
ward/specialist department in all DDD (RDD) at hospi-
tals (Source: MABUSE network, 2004 and 2008 data;

ADKA-if-RKI Surveillance, 2011 data)
| 2004 | 2008 |

The type of the intensive care unit also seems to have an
influence on antimicrobial use density. Surgical intensive care

2011

General
surgical ward 48% (46%) 46% (45%) 48% (46%) units of non-university hospitals prescribed more antimicrobi-
General als than internal and other non-surgical intensive care units

42% (43%) 41% (43%) 40% (41%)

non-surgical ward
Intensive care unit

(Tab. 2.2.5). This difference was not observed at university
hospitals in 2011, where the highest use densities were found
on internal medicine and other non-surgical wards (predomi-
nantly in neurological intensive care units).

10% (9%) 13% (12%) 12% (13%)

Tab. 2.2.4: Antibiotic use density on general wards by medical speciality at university and non-university hospi-
tals. The figures provided include the median and (in brackets) interquartile ranges in DDD as well as RDD per
100 days of care (Source: MABUSE network, 2004 [IMS Health] and 2011 [ADKA-if-RKI surveillance] data)

Type of ward

General surgical ward 340 338
— University hospitals
Surgery 46 (40-62) 34 (27-42) 56 (52-81) 38 (36-58)
Other surgical specialities 63 (52-76) 42 (33-45) 82 (41-129) 57 (26-75)
— Other hospitals
Surgery 40 (32-49) 27 (21-32) 53 (39-69) 36 (27-47)
Other surgical specialities 41 (28-58) 27 (17-36) 47 (31-70) 29 (19-48)
General non-surgical ward 285 221
— University hospitals
Haematology/Oncology 114 (86-149) 96 (66-128) 128 (115-152) 111 (97-120)
General internal medicine 54 (47-62) 39 (34-46) 71 (49-105) 56 (36-77)
Other non-surgical specialities 40 (37-46) 25 (24-28) 52 (31-79) 30 (23-49)
— Other hospitals
Haematology/Oncology 54 (39-75) 38 (29-58) 81 (70-90) 64 (45-68)
General internal medicine 45 (36-55) 31 (25-38) 61 (45-75) 41 (32-53)
Other non-surgical specialities 27 (19-40) 21 (13-26) 34 (25-42) 22 (17-30)

Tab. 2.2.5: Antibiotic use density in intensive care units at university and non-university hospitals. The figures
provided include the median and (in brackets) interquartile ranges in DDD as well as RDD per 100 days of care
(Source: MABUSE network, 2004 [IMS Health] and 2011 [ADKA-if-RKI surveillance] data)

Type of ward

Intensive care unit 218 146

— University hospitals
Internal medicine 108 (66-116) 80 (52-91) 169 (162-192) 139 (127-157)
Other non-surgical 104 (80-133) 3 (55-94) 148 (98-156) 105 (72-112)
Surgical/Anaesthesiological 143 (104-181) 104 (71-143) 120 (95-142) 87 (75-100)
Other surgical/interdisciplinary 140 (100-185) | 103 (64-120) 125 (69-134) 81 (43-94)

— Other hospitals
Internal medicine 102 (79-122) 70 (54-90) 101 (82-137) 72 (59-101)
Other non-surgical 69 (15-117) 52 (12-84) 8 (15-45) 27 (8-37)
Surgical/Anaesthesiological 122 (95-182) 82 (61-91) 106 (87-137) 77 (65-107)
Other surgical/interdisciplinary 112 (86-135) 72 (58-95) 114 (95-137) 86 (70-105)
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2.2 Hospital antimicrobial consumption

Use density by region

The 2004 data (presented in the 2008 GERMAP report) only
revealed minor regional differences — hospitals in Eastern
Germany typically had a lower use density. The 2011 data
confirms this tendency (Tab. 2.2.6). In both 2004 and 2011,
the use density in Eastern Germany was lower than in West-
ern and Southern Germany.

Tab. 2.2.6: Use density (medians) by region in 2011 in
DDD as well as RDD (in brackets) per 100 days of care
and 2004 reference figures (Source: ADKA-if-RKI

surveillance, 2011 data; MABUSE network, 2004 data)

of B-lactams was, and still is, held by intermediate-spectrum
B-lactams (with cefuroxime as well as combinations of
ampicillin/amoxicillin and B-lactamase-inhibitors taking first
place), followed by broad-spectrum B-lactams, with their
share in intensive care units mostly being higher than on
general wards (Tab. 2.2.7). However, the ratio of the shares of
intermediate-spectrum and broad-spectrum {-lactams in the
total consumption can vary greatly between wards.

Cephalosporins number 1 at hospitals

Overall, the group of cephalosporins had, and still has in
2011, the largest share (28%) in the RDD of antimicrobials
(Fig. 2.2.4); they are prescribed somewhat more often than

| East | West | south penicillins (25% share in all RDD of antimicrobials). Compared
2011 5139 57 (39) 60 (41) to penicillins, the share of cephalosporins on general surgical
2004 48 33) 58 (39) 54(38) wards was, and still is, particularly high (2008, median 35%

Antimicrobial classes

In 2011, B-lactams (35 DDD/100 patient days) and fluoro-
quinolones (7 DDD/100 patient days) were again used most
commonly for the treatment of infectious diseases. All other
antimicrobial classes only accounted for a smaller portion

(< 50%).

This use pattern was already apparent in 2004 and
2007/2008, and the use densities of the two antimicrobial
classes have not changed. The largest share within the group

vs. 19%; 2011, median 37% vs. 16%).

The median ratio of cephalosporins and penicillins (in RDD)
was 22% 1o 26% (2008: 23% to 28%) on general non-
surgical wards and 24% to 22% (2008: 26% to 23%) in
intensive care units. In 2011, ceftriaxone was again (as in
2007/2008/2009) the most frequently prescribed antimicro-
bial across all hospitals and specialities, followed by cefurox-
ime, which headed the TOP-15 list of parenteral antimicrobials
in 2004 (Tab. 2.2.8). Among oral antimicrobials, the list of the
TOP-15 antimicrobials is also led by a cephalosporin (cefurox-
ime axetil), as was already the case in 2004 and 2008 (Tab.
2.2.8).

Tab. 2.2.7: Use density of selected groups of antimicrobials in DDD as well as RDD (in brackets) per 100 days of
care in 2011 (median figures; source: ADKA-if-RKI surveillance)

Macrolides +
Clindamycin

Narrow-
spectrum
B-lactams

Intermediate-
spectrum
B-lactams

Broad-
spectrum
B-lactams

Fluoro-
quinolones

Type of ward Glycopeptides

General surgical ward 5.1(3.9) 3.8(3.8) 23.7 (13.1) 2.4(1) 2.4(01.7) 0.3(0.3)
szrr";ra' nemauEiel 7.6 (6.2) 9.9 (10) 16.7 (8.6) 3.9(1.5) 7.2 (4.9) 0.5 (0.5)
Intensive care unit 13.3(10.1) 32.3(31.1) 26.1 (11.3) 4.7(1.3) 8.8(6.2) 22Q2.2)

Tab. 2.2.8: The TOP-15 antimicrobials (by RDD) prescribed at hospitals and their respective shares in total
consumption (in % of RDD) in 2011 (Source: ADKA-if-RKI surveillance) as well as their rankings in previous years
(2008 and 2004 reference figures provided by the MABUSE network)

Oral anti

Parenteral antimicrobials

b v 2th | Ceftriaxone 10.1 fJin i 1t | Cefuroxime axetil 6.8
2th 2t 1th | Cefuroxime 6.0 2th 3th 3t | Ciprofloxacin 5.4
g 78 6" | Piperacillin/Tazobactam 5.9 g 280 5t | Levofloxacin 43
4th 3th 3" | Metronidazole 4.4 4th gth 7t | Amoxicillin/Clavulanic acid 37
G 4th 5th | Ampicillin/Sulbactam 3.6 G 4th 2t | Co-trimoxazole 3.6
6th 6th - | Meropenem 25 6th 7t 10t | Clarithromycin 3.2
7 10th 4th | Cefazolin 25 74 8th - | Metronidazole 3.0
gth 11th 11t | Ciprofloxacin 2.1 gth 5th 6" | Sultamicillin 2.8
gth 20 10t | Imipenem 2.0 gth 10t 4t | Amoxicillin 26
10t gth 7t | Vancomycin 1.9 10t 12th 9th | Clindamycin 2.1
s gth 8t | Clindamycin 1.7 {1t il 11t | Roxithromycin 1.7
12th - - | Amoxicillin/Clavulanic acid 1.3 12th 6th 12t | Moxifloxacin 1.6
13th 5h 13t | Piperacillin + Sulbactam 1.1 13th 13th - | Cefpodoxime proxetil 1.6
14th 14th - | Levofloxacin 1.1 14th 14t 15t | Doxycycline 1.1
154 (Bl - | Penicillin G 0.8 154 - - | Cefaclor 0.5
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Fig. 2.2.4: Share of B-lactams (cephalosporins, penicillins and carbapenems) in total consumption (in % of RDD) in 2011 (Source: ADKA-if-RKI project)

Fluoroquinolones number 2 behind B-lactams

In 2011, fluoroquinolones represented the second most
commonly prescribed antimicrobial class. By now, they take
second (ciprofloxacin) and third (levofloxacin) place among
orally available antimicrobials. Moxifloxacin (both oral and
parenteral) is used far less commonly. The share of oral dos-
age forms of ciprofloxacin and levofloxacin was 70-80%.

Low glycopeptide and aminoglycoside consumption

As in 2004, the average use density of aminoglycosides and
glycopeptides in 2011 was < 0.5 DDD/100 patient days on
general surgical wards, < 2 DDD/100 patient days on general
non-surgical wards and < 5 DDD/100 patient days in intensive
care units (Tab. 2.2.7). Measured by total consumption (in
RDD), the shares of these two antimicrobial classes were very
small (glycopeptides < 2%, aminoglycosides < 1%).

Conclusion

Inpatient antimicrobial use density seems to have further
increased over the past years. In 2011, non-university hos-
pitals showed a use density of < 60 DDD/100 patient days,
compared to a use density of > 60 DDD/100 patient days at
university hospitals. In 2011, the most frequently prescribed
antimicrobials in the hospital sector were again intermediate-
spectrum B-lactams (mainly cefuroxime), broad-spectrum
B-lactams (mainly ceftriaxone) and fluoroquinolones (pre-
dominantly in oral dosage forms). Cephalosporins predomi-
nate over penicillins, especially on surgical wards. In line with
expectations, the antimicrobial use density in intensive care
units is approximately twice as high as on general wards.
However, the consumption in intensive care units only ac-
counts for about 10-12% of the total hospital antimicrobial
consumption. When extrapolated to the population and
taking previous data from Southwestern Germany as a basis,
inpatient antimicrobial consumption accounts for < 15% of

the total consumption in human medicine. The participation
of a greater number of hospitals, including all specialities, in
continuous surveillance would be very useful and desirable for
further analyses.

» W.V. Kern, K. de With, M. Steib-Bauert
Reviewers: M. Fellhauer, B. Schweickert
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Quality indicators and antimicrobial
prescribing at acute-care hospitals

Tab. 1: Selected structure indicators for hospital antimicrobial stewardship with median scores (1-9 Likert scale)
after a survey among 75 physicians and pharmacists. Suboptimal scores in grey. ABS=Antimicrobial Stewardship

Thematic area/scope Indicator description

Multidisciplinary ABS team is appointed and authorized by the hospital management and is
headed by an infectious disease physician (or physician trained in ABS) plus pharmacist

ABS team is represented in the pharmacy & therapeutics committee

ABS structural prerequisistes:

S At least 2 official and minuted ABS team meetings per year
personnel, mandate, objectives, support

ABS strategic report includes quantitative objectives with selected indicators

In-house preanalytical requirements for microbiologic samples, including rejection criteria,
have been defined

Antimicrobial drug use data (in the form of defined daily doses per occupied bed days or per
ABS structural prerequisistes: admission) available at least once per year for several clinical services

antimicrobial drug use surveillance Rate of oral versus parenteral dispensed or prescribed daily doses of the most important and
relevant drugs or drug classes available at least once per year for several clinical services

Selected resistance rates and corresponding incidence figures (for clinical isolates) available at
ABS structural prerequisistes: least once per year for at least one clinical service

pathogen and antimicrobial
drug resistance surveillance

Incidence figures for C. difficile-associated diarrhea available at least once per year

for several clinical services and/or for general wards vs. intensive care units

In-house list of antiinfectives is available and up to date (not older than 2 years)

Prescription of restricted/alert antiinfectives from a defined list is individualized
(specific patients) and must be approved

Written, locally consented practice guidelines for empiric therapy, detailing the most important

ABS core activities: indications and infectious diseases are available and up to date (not older than 2 years)

drug formulary and practice guidelines

Written, locally consented practice guidelines for surgical prophylaxis are available
and up to date (not older than 2 years)

Written, locally consented practice guidelines for parenteral-to-oral switch antimicrobial
therapy are available and up to date (not older than 2 years)

ABS core activities: Regular ward rounds by ABS-team members with attending physicians in at least
audits 3 clinical services, at least 3 times each per year

Educational sessions about local practice guidelines (tailored to clinical services needs and/or
ward type) organized by ABS team members or ABS representatives from clinical services at
least every other year

ABS core activities: In-house and/or extramural ABS-relevant continuing professional education offered for at
education least 10% of medical staff who are not ABS representatives with at least 4 ABS-relevant CME
credits per year

ABS-relevant continuing professional education offered for ABS team members and ABS
representatives from clinical services with at least 8 ABS-relevant CME credits per year

Use of selected antibiograms (communication of reduced findings,
adapted according to local guidelines)

ABS supportive activities - : : : — - -
Electronically available guidance and/or assisted decision analysis (adapted to or representing

locally consented practice guidelines) via personal computer, PDA or smartphone

* After discussion, classified/consented as suitable despite a score of 5
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Quality indicators and antimicrobial prescribing ...

GERMAP special

Quality measurements are the prerequisite for continuously
improving the quality of medical care. For the German hospi-
tal system, reasonable and practicable quality measurements
and indicators in the field infection medicine and Antimicro-
bial Stewardship (ABS) have so far not been discussed and
defined to a sufficient extent. Lists of quality indicators do
exist, for example for the Helios Group (Initiative of Qual-

ity Medicine), the hospital groups Rhon, Sana and Asklepios
(Quality Clinics) or for mandatory external quality assessment,
the development and implementation of which was entrusted
to BQS and, since 2009, to the AQUA Institute by the Federal
Joint Committee (G-BA). However, these lists only define

few indicators for antimicrobial prescribing (for community-
acquired pneumonia, antimicrobial prophylaxis for obstetric
and gynaecological indications, antimicrobial prophylaxis for
surgery of femoral fractures as well as hip and knee replace-
ment surgeries), some of which are already within the target
range. Only few more or less plausible and consented lists of
structure indicators are available from other countries. Lists
of process indicators (primarily for pneumonia and surgical
prophylaxis) are available from a number of countries (see e.g.
www.qualitymeasures.ahrg.gov, www.jointcommission.org or
www.ic.nhs.uk).

The lack of consented quality indicators for antimicrobial pre-
scribing at German acute-care hospitals constitutes a prob-
lem. In the absence of evidence-based indicators that are de-
rived from guidelines and backed by formal consensus-finding
processes, a wide-scale quality campaign with documented
optimisation of antimicrobial prescribing quality seems hardly
feasible. In collaboration with the ABS expert network (www.
antimicrobial-stewardship.de) and the University Hospital
Freiburg, the German-Austrian set of guidelines "Strategies to
assure rational antimicrobial prescribing at hospitals" (in short
"Hospital Antimicrobial Stewardship”, HABS) has therefore
set itself the goal of creating a list of quality indicators using
a multi-stage process including a Delphi survey, to be referred
to in the guideline.

Methodology

To this end, a preliminary list of potentially suitable structure
and process indicators was initially created in line with the so-
called QUALIFY method*® — based on the draft guideline itself
and recent literature®2°, incl. the documents and experiences
of the former ESAC group (www.esac.ua.ac.be)?® and the for-
mer ABS International group (www.abs-international.eu)?’-28.
Subsequently, the validity and wording of the contents were
discussed as part of a workshop (15 participants) at the ABS
expert network meeting in 11/2011, followed by a question-
naire-based scoring (Delphi method, n=75 ABS experts and/
or participants of the ABS advanced further training with dif-
ferent professional backgrounds incl. pharmacy and microbiol-
ogy) of 99 selected indicators regarding their relevance (three
categories: clinical, ecological/"resistance”, economic) and
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practicability (six categories: barriers to implementation, effort
to collect data, clarity of definition, verifiability, suitability for
external quality assessment as well as the ability to influence
indicator expression/optimisation potential ["quality gap"]),
with due regard to the individual situation (e.g. hospital).

The scores were given using a 9-point Likert scale (1= low//
not applicable, 9= high/fully applicable) and the results were
evaluated according to the recommendations of the "RAND/
UCLA appropriateness method"?° (the original list incl. scores
can be found at www.antimicrobial-stewardship.de).

Only indicators where the median clinical relevance score
ranged between 7 and 9 and where no more than one of
the two relevance categories "ecological" or "economic" had
been given a score of 6 were processed further. Those of the
remaining indicators that had been given a very high score
regarding barriers to implementation or effort to collect data
(7-9) were sorted out. Those of the remaining indicators that
had been given very high scores in the other four practicabil-
ity categories (7-9) were preliminarily classified as suitable.
Those that had been given a score of 6 (instead of 7-9) in one
or two of the four practicability categories were classified as
uncertain and requiring further discussion.

As part of another ABS expert workshop in 11/2012, the
remaining 67 uncertain and potentially suitable indicators
were discussed a new including their definitions and scores
and were checked for overlapping contents, while uncertain
indicators were reviewed regarding consensus.

Results and conclusions

Based on the results of the Delphi survey, 67 of the 99 initially
presented potential quality indicators were subjected to an-
other discussion round, in which 21 structure and 21 process
indicators were ultimately selected. Tab. 1 and 2 show these
indicators including their relevance and practicability scores.
It is interesting to see that only 10 of the original 99 indica-
tors were sorted out on account of their relevance score. It

is also remarkable that the participants of the Delphi survey
estimated (as expected) that all process indicators involve
greater effort to collect data and barriers to implementation
than structure indicators. The scores regarding the ability to
influence indicator expression/optimisation potential ("quality
gap") were rather moderate.

This is the first time that experts who are or will be involved
in programmes aimed at improving antimicrobial prescribing
quality at hospitals created a list of indicators classified as
relevant and practicable, which can now be tested as part of
a pilot project — especially regarding their actual (rather than
supposed) practicability and optimisation potential on site.

» J. Thern, K. de With, R. StrauB3, W.V. Kern
Reviewer: S. Reuter
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Tab. 2: Selected process of care indicators for hospital antimicrobial stewardship with median scores
(1-9 Likert scale) after a survey among 75 physicians and pharmacists. Suboptimal scores in grey.
ABS=Antimicrobial Stewardship

Thematic area/scope

Indicator description
Initial therapy (drugs and dosing) according to

Relevance

Clinical/health benefit and

patient outcomes

Ecological/resistance

Practicability
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Economical/cost

Effort to collect data

Barriers to implemenation
Clarity of definition/
understandability

Data verifiability/reliability
Suitability for external quality
assessments

Indicator expression can be

} N 9 8 8 6 4 9 7 8 6
practice guideline
. . Two sets of b_I(_)oq cultures obtained on the day 9 75 7 5 5 9 7 8 7
Community-acquired of therapy initiation
neumonia inati
pneumoni Comb|nat|on therapy not longer than three days 7 7 7 5 5 9 7 6 6
(patients on normal wards only)
Therapy duration not longer than seven days 3 3 3 6 6 9 4 7 4
(patients on normal wards only)
Inltlalltheralpy (drugs and dosing) according to 9 3 7 |65 5 9 4 4 6
practice guideline
Hospital-acquired pneumonia | Two sets of plpoq cultures obtained on the day 9 3 7 6 4 9 8 8 7
of therapy initiation
Therapy duration not longer than ten days 8 | 85 8 6 5 9 7.5 7 7
Heart ultrasound (TEE) within ten days after first
blood culture positivity (bloodstream |nfecfc|on 9 7 7 5 5 9 7 3 7
due to Staphylococcus aureus, streptococci,
Bloodstream infection non-nosocomial enterococci, HACEK organisms)
Follow-up blood cultures four to seven days after
initial blood culture positivity (bloodstream infec- 8 7 7 6 5 | 85| 7 7 7
tion due to Staphylococcus aureus and fungi)
Docurr_werjted significant single-organism 9 8 7 55 5 3 7 7 6
bacteriuria
Inmal' thera‘py (drugs and dosing) according to 8 8 7 6 5 9 7 4 7
practice guideline
Therapy duration not longer than ten days
Urinary tract infection (pyelonephritis, patients on normal wards only) 8 ? 8 g J 9 / / g
Oral antimicrobial drugs initiated not later than
day five (pyelonephritis, patients on normal 8 7 8 6 5 9 7 7 7
wards only)
No ar?tlmlcroblals.fo_r asymptomatic catheter- 8 9 9 |s5| 5 | 85| 7 7 7
associated bacteriuria
Oral administration of antimicrobial drugs with
Parenteral-to-oral switch excellent oral bioavailability (fluoroquinolones,
clindamycin, cotrimoxazole, doxycycline/mino- 8 6 9 | 55| 5 9 7 7 7
therapy . ) - ; : .
cycline, linezolid, metronidazole, rifampicin,
fluconazole, voriconazole)
Empiric therapy for indications . . .
other than pneumonia and Imtlallthera‘py (Fjrugs and dosing) according to 9 3 3 6 5 9 7 7 7
) ) ; practice guideline
urinary tract infection
Dosing Dgsg adaptation according to renal function 9 | 55| 7 6 5 3 7 7 4
within 2 days
Prophylaxis (drugs and dosing) according to
Surgical prophylaxis (colorectal practice guideline 9 8 8 5 ) 9 7 8 7
surgery, cardiac surgery, hys- — T Y
terectomy, knee and hip joint Tlmlng.l prpphylaxs initiation within one hour 9 3 7 5 4 9 7 8 7
e before incision
prosthesis implant surgery) — — : —
Timing: prophylaxis discontinued within one day 9 8 8 6 6 9 8 8 7
Management of multidrug MDRO infection and/or colonization explicitly 3 3 7 5 4 9 7 7 6

resistant organisms (MDRO)

listed in discharge summary

* After discussion, classified/consented as suitable despite a score of 5.5
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German results of the first European
prevalence study on the prevalence of
nosocomial infections and antimicrobial use

Introduction and methodology

The ECDC has now also published the EU-wide data for 947
included hospitals from 33 countries: (http:/www.ecdc.
europa.eu/en/publications/Publications/healthcare-associated-
infections-antimicrobial-use-PPS.pdf). The results indicate
that Germany performs slightly better in terms of nosocomial
infections than most other European countries (prevalence
5.1% vs. 5.7%), with its antimicrobial consumption being
comparatively low (prevalence 24.2% vs. 35.0%).

The ECDC defined a standardised methodology on how to
conduct the survey.

A standardised European PPS protocol was developed
(http://www.ecdc.europa.eu/en/activities/surveillance/HAI/
about_HAI-Net/Pages/PPS.aspx). A German translation of
the PPS protocol can be found on the NRZ website (www.
nrz-hygiene.de).

The ECDC asked the various European countries to analyse

a representative random sample of patients. In Germany, 46
hospitals selected according to representative size were to be
included. A corresponding random sample was ascertained
and the selected hospitals were asked to participate. Ad-
ditionally, other interested acute-care hospitals were invited
to participate in the study. Patients were only included in the
study if they were present on the ward at 8 a.m. on the PPS
day. Outpatients were excluded.

The PPS had three major endpoints to be determined:

Total NI prevalence: All NIs were counted, regardless of
whether they occurred at the surveyed hospital or were
already present in the patient at the time of admission. This
was done with the aim to record the overall NI prevalence
within one country.

Current NI prevalence: The NI prevalence in relation to the
hospital stay at the time of the PPS was also determined. This
information is relevant for a comparison between hospitals or
hospital groups.

Prevalence of antimicrobial treatments: Patients receiv-
ing antimicrobials on the day of the survey in relation to all
patients.

The Nis were diagnosed using the European definitions
(where available) as well as those of the Centers for Disease

Control and Prevention (CDC). In short, infections were
considered to be nosocomial if the corresponding symptoms
were present on the PPS day or if the patient was still receiv-
ing antimicrobials for the infection. Only those survey results
that were available on the day of the prevalence survey were
taken into account in the study. The antimicrobial treatments
were documented using the WHO's Anatomical Therapeutic
Chemical (ATC) Classification System?, including the following
ATC groups:

ATC2: J01 — Antimicrobials for systemic use, J02 —
Antimycotics for systemic use

= ATC4: AO7AA — Antimicrobials, POTAB — Nitroimidazole
derivatives, DO1BA — Antifungals for systemic use

= ATC5: JO4ABO2 — Rifampicin (except for treatment of
mycobacterial infections)

Antiviral and antitubercular drugs were not included.

The data was collected over the period from September to
October 2011 by previously trained staff members of the
participating hospitals. The hygiene team or other trained
hospital staff members successively visited the hospital's indi-
vidual wards (at least one entire ward per day), collecting the
required data by viewing files and, where necessary, query-
ing ward staff members. Machine-readable questionnaires
were created according to the ECDC's guidelines to collect
the data. Starting in November 2009, the original documents
were sent to the NRZ to be scanned, validated and anal-
ysed. The confidence intervals (CI95) were ca