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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).
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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,
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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 p