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Preface | M. Kresken, J. Wallmann, W. Kern

Preface

GERMAP 2015 is the fourth issue of a report that provides a
summary of data on the consumption of antimicrobials and the
spread of antimicrobial resistance in human and veterinary medi-
cine in Germany. Last year, the significance of GERMAP within
the “One Health” approach in Germany was documented in a
special way by GERMAP having been listed as a “best practice”
example in the document entitled “Combating Antimicrobial
Resistance” of the meeting of the G7 countries in Germany.!

The information provided in the present report primarily covers
the period 2011-2013, including some data from 2014. Many

of the previously described trends have continued unbroken. In
human medicine, broad-spectrum antimicrobials, most nota-

bly cephalosporins and fluoroquinolones, still have a very large
share in total consumption. This applies to antimicrobials used in
both outpatient and inpatient care. As is known, cephalosporins
and fluoroquinolones strongly promote the selection of multi-
drug-resistant organisms. According to the findings of the PEG
resistance study, however, the percentage of 3SMRGN multi-
drug-resistant strains (as defined by the KRINKO [Commission for
Hospital Hygiene and Infection Prevention], 2012)? in all Esch-
erichia coli isolates has not increased further since the publica-
tion of GERMAP 2012, but stayed below the level found in the
2010 study, amounting to 11% in 2013. 4MRGN E. coli strains,
which show resistance to carbapenems, were not detected in the
last study either. The percentage of 3MRGN strains in Klebsiella
pneumoniae isolates has increased further, amounting to 13%

in 2013. However, the percentage of 4MRGN strains remained
at approx. 2%. Accounting for 5% in 2013, the percentage of
4MRGN strains among Pseudomonas aeruginosa isolates was
2% below the 2010 level. However, a trend reversal towards
stagnant or even decreasing carbapenem resistance rates cannot
be assumed on the basis of these figures. Rather, the goal must
remain to reduce the share of cephalosporins and fluoroquino-
lones in the treatment of infectious diseases in all care sectors.
This particularly applies to antimicrobials with a comparatively
low bioavailability, such as the orally administered cefuroxime
axetil. Moreover, it has so far not been possible to reduce the use
of antimicrobials in the treatment of acute respiratory tract infec-
tions in outpatient care to the desired extent.

In veterinary medicine, reliable data on total antimicrobial sales
was made available for the first time in 2011. To date, data from
four years has been available, showing that the total amount

of antimicrobials sold to veterinarians has so far continuously
dropped by 27%; however, the total sales volume of fluoroquino-
lones increased by 50% and the sales volume of newer cepha-
losporins remained constant over the same period. However,
the sales data reported by the pharmaceutical companies allows
no conclusion as to the actual use of the various antimicrobial
classes in various animal species, since veterinary drugs are often
approved for use in several animal species. The development of
antimicrobial resistance in veterinary pathogens is first and fore-
most characterised by increasing rates of ESBL and MRSA.

The detection of carbapenemase-producing bacteria in animals>*
proves that antimicrobial-resistant bacteria or resistance genes
can be transferred between humans and animals and vice versa.
The plasmid-mediated resistance to polymyxins (colistin) among
E. coliisolates, detected for the first time in 2015, is another
example of the negative trend in the efficacy of antimicrobials.®
Should the use of antimicrobials not finally be limited to the
extent required for treatment and metaphylaxis, further legal
interventions into the therapeutic freedom of veterinarians must
be expected.

Again, many colleagues from human and veterinary medicine
were involved in the creation of this report. We want to thank
all involved for their great work, especially those colleagues who
followed our invitation to take a closer look at specific aspects
in the field of antimicrobial consumption and resistance. You will
find these contributions in this issue under the heading “GER-
MAP spezial”.

On behalf of the editors:

b

Michael Kresken

J Wa2e

Jirgen Wallmann

On behalf of the adyjsory board:

Winfried Kern

1. G7 GERMANY 2015, Combating Antimicrobial Resistance, Examples of
Best-Practices of the G7 Countries. http://www.bundesgesundheitsmin-
isterium.de/fileadmin/dateien/Downloads/G/G7-Ges.Minister_2015/
Best-Practices-Broschuere_G7.pdf.

2. Empfehlung der Kommission fir Krankenhaushygiene und Infektionspra-
vention (KRINKO) beim Robert Koch-Institut (RKI). HygienemaBnahmen bei
Infektionen oder Besiedlung mit multiresistenten gramnegativen Stabchen.
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz
2012;55:1311-54.

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 I, 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.

5. LiuYY, Wang Y, Walsh TR, Yi LX, et al. Emergence of plasmid-mediated
colistin resistance mechanism MCR-1 in animals and human beings in Chi-
na: a microbiological and molecular biological study, 2015. Lancet Infect
Dis 2016;16:161-8.
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M. Kresken, J. Wallmann, W. Kern | Vorwort

Vorwort

Mit GERMAP 2015 steht jetzt bereits zum vierten Mal eine
Zusammenfassung von Daten Uber den Antibiotikaverbrauch und
die Verbreitung von Antibiotikaresistenzen in der Human- und
Veterinarmedizin in Deutschland zur Verfigung. Die Bedeutung
von GERMAP im Rahmen des ,One Health”-Ansatzes in Deutsch-
land wurde im letzten Jahr in besonderer Weise auch dadurch
dokumentiert, dass GERMAP als ein , Best Practice”-Beispiel im
Dokument ,Combating Antimicrobial Resistance” des Treffens
der G7-Staaten in Deutschland gelistet worden ist.’

Die Angaben in dem vorliegenden Bericht beziehen sich zumeist
auf den Zeitraum 2011 bis 2013 und teilweise auch auf das Jahr
2014. Viele der bereits zuvor beschriebenen Trends haben sich
fortgesetzt. In der Humanmedizin ist der Anteil der Antibiotika
mit einem breiten Wirkungsspektrum am Gesamtverbrauch — 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 Versorgungsbereich. Cepha-
losporine und Fluorchinolone tben bekanntlich einen besonders
hohen Druck zugunsten der Selektion multiresistenter Erreger
aus. Nach den Angaben der PEG-Resistenzstudie hat sich der
Anteil multiresistenter Stamme vom Typ 3MRGN (gemal Defini-
tion der KRINKO von 2012)? an allen Escherichia-coli-Isolaten

seit der Veroffentlichung von GERMAP 2012 aber nicht weiter
erhoht, sondern lag im Jahr 2013 mit 11% unter dem Niveau der
Studie des Jahres 2010. E.-coli-Stamme vom Typ 4MRGN, die
eine Resistenz gegen Carbapeneme zeigen, wurden auch in der
letzten Studie nicht entdeckt. Bei den Klebsiella-pneumoniae-
Isolaten nahm der Anteil von 3MRGN-Stammen weiter zu und
betrug 13% im Jahr 2013. Der Anteil von 4AMRGN-Stdammen lag
jedoch unverandert bei ca. 2%. Der Anteil von 4MRGN-Stam-
men unter den Pseudomonas-aeruginosa-Isolaten lag im Jahr
2013 mit 5% um 2%-Punkte unter dem Niveau von 2010. Eine
Trendumkehr zu stagnierenden oder gar sinkenden Carbapenem-
Resistenzraten kann aus diesen Zahlen aber nicht abgeleitet
werden. Vielmehr muss es weiterhin das Ziel sein, den Anteil von
Cephalosporinen und Fluorchinolonen fir die Therapie von Infek-
tionskrankheiten in allen Versorgungsbereichen zu senken. Dies
gilt vor allem fiir solche Antibiotika, die wie das oral applizierbare
Cefuroximaxetil eine vergleichsweise geringe Bioverfugbarkeit
besitzen. Zudem ist es in der ambulanten Versorgung bisher nicht
in dem gew(nschten Umfang gelungen, den Antibiotikaeinsatz
bei akuten Atemwegsinfektionen zu reduzieren.

Fur den Bereich der Veterindrmedizin wurden fur das Jahr 2011
erstmals verl3ssliche Daten Uber die Gesamtmengenabgabe von
Antibiotika zur Verfigung gestellt. Bis heute liegen Angaben

aus vier Jahren vor, die zeigen, dass die Gesamtabgabemengen
von Antibiotika an Tierdrzte kontinuierlich bis heute um 27%
zurlickgegangen sind; die Abgabemengen fur Fluorchinolone
sind allerdings im gleichen Zeitraum um 50% gestiegen und die
Abgabemengen fir die neueren Cephalosporine sind konstant
geblieben. Die von den pharmazeutischen Unternehmern mitge-
teilten Abgabemengen lassen jedoch keinen sicheren Ruckschluss
auf den tatsachlichen Einsatz der verschiedenen Antibiotikagrup-
pen bei den unterschiedlichen Tierarten zu, da Tierarzneimittel
haufig fur mehrere Tierarten zugelassen sind.
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Die Resistenzentwicklung bei tierpathogenen Bakterien wird u.a.
auch von steigenden ESBL- und MRSA-Raten gekennzeichnet.
Die Beobachtung, dass Carbapenemase bildende Bakterien ver-
einzelt auch bei Tieren isoliert wurden#, ist ein Beleg dafir, dass
der Transfer von antibiotikaresistenten Bakterien oder Resisten-
zgenen zwischen Menschen und Tieren wechselseitig mdglich
ist. Die 2015 zum ersten Mal diagnostizierte plasmidvermittelnde
Resistenz gegen Polymyxine (Colistin) bei E.-coli-Isolaten ist ein
weiteres Beispiel fur die Negativentwicklung bzgl. der Wirksam-
keit von Antibiotika. Sollte nicht endlich der Einsatz von Antibio-
tika auf das fur Therapie und Metaphylaxe notwendige Maf be-
schrankt werden, muss auch mit weiteren gesetzlichen Eingriffen
in die Therapiefreiheit des Tierarztes gerechnet werden.

An der Erstellung des vorliegenden Berichtes waren erneut
zahlreiche Kolleginnen und Kollegen aus der Human- und Veter-
indrmedizin 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 Antibiotikaverbrauch und
Resistenz naher zu beleuchten. Diese Beitrage finden sich in der
vorliegenden Ausgabe unter der Bezeichnung ,, GERMAP spezial”.

Fur die Herausgeber:

b

Michael Kresken

J - Wa2e

Jurgen Wallmann

Fur den Beirat:

Winfried Kern
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1 Summary

Human Medicine

The total amount of antimicrobials used in human medicine in
Germany is estimated to range between 700 and 800 tonnes per
year.

When extrapolated to the population, the outpatient prescrip-
tion volume accounts for approx. 85% of the total antimicrobial
consumption (500-600 tonnes) in human medicine. According to
the data reported by the Research Institute of the AOK (WIdo),
there were nearly 45 million antimicrobial prescriptions under
statutory health insurance in 2014, accounting for 448 million
DDD (defined daily doses) and a sales volume of € 920 million.
However, these figures cannot be compared with those stated in
previous GERMAP reports, because the consumption of locally
applied antimicrobials has now also been taken into account.
The use density in 2014 was 17.4 DDD per 1,000 insured and
day, showing a basically unchanged level since 2005. However,
the prescription volume of extended-spectrum B-lactams (oral
cephalosporins, aminopenicillin/B-lactamase inhibitor combina-
tions and flucloxacillin) has more than doubled over the last 10
years, which is attributed to the strong increase in cefuroxime
(axetil). Furthermore, significant regional differences are still be-
ing observed, with the consumption of B-lactam antimicrobials
being significantly higher in western Lander compared to eastern
ones. Based on daily doses, amoxicillin continues to be the most
commonly prescribed antimicrobial, followed by the second-line
antimicrobial cefuroxime (axetil), although none of the German
practice guidelines lists this substance as a drug of choice. Fluoro-
quinolones continue to be prescribed mainly to elderly patients.

The ADKA-if-DGI surveillance project is currently the most
important data source for quantifying hospital antimicrobial
consumption. Overall, the inpatient antimicrobial use density
seems to have increased in recent years, with non-university
acute-care hospitals, irrespective of their size, showing a median
consumption of 59 DDD/100 days of care and university hospitals
a consumption of 84 DDD/100 days of care in 2013/2014. In
2014, B-lactams and fluoroquinolones were the most frequently
prescribed antimicrobials at hospitals. The use density in intensive
care units was twice as high as on general wards.

The majority of the data used to assess the resistance situation

is obtained from studies conducted by the Paul Ehrlich Society
for Chemotherapy (PEG) as well as from the laboratory-based
surveillance systems ARS, SARI and EARS-Net. Furthermore, the
resistance data reported by the National Reference Centres (NRZ)
entrusted with the surveillance of important infectious agents
was included in the analysis.

Since the publication of the first GERMAP report containing
data on the resistance situation that dates back to 2006/2007,
the resistance situation of a number of pathogens has changed
substantially. The prevalence of macrolide resistance in pneu-
mococci isolated from patients with invasive infections dropped
from 16.2% (adults) and 20.8% (children) in 2007 to below
10% in both age groups in 2013 and 2014. For several years, the
percentage of penicillin-resistant isolates from children (3-4%)

has been ranking well above the rate in adults (approx. 1%).
Nearly all penicillin-resistant isolates concerned meningitis cases.
Compared to the situation in other European countries, how-
ever, penicillin-resistant pneumococci are still rare in Germany.
An average of 14% of meningococcal isolates obtained over the
period 2002-2011 showed intermediate susceptibility to penicil-
lin, whereas 0.7% of them were resistant. In 2012, these rates
increased to 25% and 2.2%, respectively. In 2013, the percent-
age of strains showing intermediate susceptibility to penicillin
increased further to 40%, but dropped again to 22% in 2014,
whereas the percentage of penicillin-resistant strains reached

a level similar to that of 2012 in both years. The variations over
time can be explained by the variable occurrence of meningo-
coccal clones or clonal complexes. For example, 23% of the
meningococci belonging to the so-called ST-11 complex, which
is responsible for the majority of the serogroup-C diseases in
Germany, are no longer susceptible to penicillin. By contrast,
this is the case with only 5% of the meningococci belonging to
the ST-41/44 complex. This clonal complex is responsible for the
majority of serogroup-B diseases in Germany.

The antimicrobial susceptibility of N. gonorrhoeae was systemati-
cally investigated in Germany for the first time as part of the PEG
resistance study in 2010. Since then, the continuous surveillance
of the antimicrobial susceptibility of N. gonorrhoeae has been
ensured by the Consultant Laboratory for Gonococci and the
GORENET Resistance Network. The WHO demands that empiric
therapy of gonorrhoea yields a therapeutic success of at least
95%. At present, third-generation cephalosporins and spectino-
mycin seem to be the only options to achieve this goal.

In 2013, the incidence of new tuberculosis diagnoses was

5.3 cases per 100,000 inhabitants. Amounting to 3.4%, the
percentage of multi-drug-resistant tuberculosis (MDR-TB) cases
has reached the highest level since the registration of resistant
tuberculosis in 2001. The resistance situation of the two most
common Salmonella serovars in Germany still varies greatly.
About 95% of serovar Enteritis isolates are susceptible to all
tested antimicrobials. By contrast, most serovar Typhimurium
strains have now become multi-drug resistant.

The percentage of MRSA in Staphylococcus aureus isolates
continues to show a downward trend in Germany. According

to the data reported by EARS-Net, the average percentage of
MRSA in S. aureus blood culture isolates was 11.8% in 2014.
With the exception of fluoroquinolones, co-resistance in MRSA
to antimicrobials other than B-lactams also shows a downward
trend. This decline can be explained by the recently increasing
emergence of new variants (isolates of the clonal lineage ST22
[“Barnim Epidemic Strain”] and ST225 [“Rhine-Hesse Epidemic
Strain”]) with a significantly narrower resistance spectrum than
previous epidemic MRSA. Up to 90% of MRSA isolates in hospi-
tal care and approx. 70% in outpatient care belong to the group
of HA-MRSA (in outpatient care referred to as HCA-MRSA). The
dynamic emergence and spread of CA-MRSA clones as well as
the upward trend in the prevalence of livestock-associated LA-
MRSA, in particular in regions with extensive livestock farming,
still require special attention. The zoonotic reservoir also plays a
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significant role in the introduction of new mec variants (mecC)
and new resistance genes such as cfr. Because of the possible
transfer to HA-MRSA, the emergence of cfr-mediated linezolid
resistance in Staphylococcus epidermidis at German hospitals
requires particular attention.

The trend towards increasing resistance in Escherichia coli isolates
from inpatient care to numerous antimicrobial classes commonly
used in empiric therapy (e.g. piperacillin/tazobactam, cephalo-
sporins, fluorogquinolones) has not continued. According to the
findings of the PEG resistance study, the percentage of strains
producing extended-spectrum (B-lactamase (ESBL) was 17.4% in
2010 and 14.9% in 2013. In both years, the predominant ESBL
was the enzyme CTX-M-15, accounting for more than 50%.

The spread of CTX-M-15 is closely associated with the pandemic
spread of strains of the clonal lineage 025b-ST131, the percent-
age of which is > 30% of all ESBL-positive E. coli in inpatient and
outpatient care as well as in nursing homes. CTX-M-1 is detected
among ESBL-positive E. coli as the second most common enzyme.
CTX-M-1-producing strains are also often isolated from veteri-
nary specimens and detected in food (e.g. poultry). Investigations
in the Netherlands suggest that CTX-M-1-producing E. coli can
be transmitted from poultry to humans. The resistance level of
fluoroquinolones is still high, which is why they are only recom-
mended to a limited extent for the empiric therapy of infections
with suspected involvement of E. coli. By contrast, carbapenems
continue to play a major role in the treatment of life-threatening
infections due to the still very favourable resistance situation

(< 1%). The prevalence of resistance to tigecycline and colis-

tin also continues to be below 1%. Following the emergence

of isolates with a plasmid-mediated resistance mechanism in
various regions (including Germany), however, the spread of
colistin resistance needs to be carefully monitored. In general,
the resistance level in outpatient care is significantly lower than in
inpatient care, but ESBL-producing and fluoroquinolone-resistant
E. coli have emerged in this sector, too. However, the “real”
extent of the spread of antimicrobial-resistant E. coli in outpa-

tient care is not reflected adequately by the existing resistance
surveillance systems, since a disproportionately large number of
specimens submitted to microbiology laboratories are obtained
from patients with risk factors for carriage of resistant organisms.
Up to 7% of the general population carry ESBL.

The treatment of Klebsiella pneumoniae infections is also being
increasingly limited by the emergence of ESBL-producing strains,
most of which show resistance not only to cephalosporins but
also to numerous other antimicrobials (e.g. piperacillin/tazobac-
tam, fluoroquinolones, gentamicin). CTX-M-15 is again the pre-
dominant ESBL. According to the findings of the PEG resistance
study, the ESBL rate has increased from 14.7% to 17.4% over
the period 2010-2013. By contrast, the resistance situation for
carbapenems was still favourable.

Among Pseudomonas aeruginosa, great differences continue

to be observed in resistance levels between isolates obtained
from patients in intensive care units and those from patients on
general wards. During recent years, the resistance situation of
antipseudomonal antimicrobials has either remained unchanged
or has even become more favourable than it was some years
ago. The steady decline in gentamicin resistance, which has been
observed for more than 10 years, is remarkable. By contrast,

the prevalence of carbapenem resistance among Acinetobacter
baumannii has now reached 30%.

All'in all, it can be stated that antimicrobial consumption has

not seen any significant change during the last few years. This
observation as well as the predominant use of broad-spectrum
antimicrobials, in particular cephalosporins and fluoroquinolones,
indicate the need to continue the activities in the field of rational
antimicrobial prescribing (Antibiotic Stewardship [ABS]). Never-
theless, it should be noted that the resistance situation of many
bacterial pathogens has by now stabilised, although at a signifi-
cantly higher level than prior to the beginning of the last wave of
globalisation in the 1990s.

Veterinary Medicine

The present resistance data relating to veterinary pathogens in
Germany is predominantly based on the results of the national
resistance monitoring of veterinary pathogens, GERM-Vet,
conducted by the Federal Office of Consumer Protection and
Food Safety (BVL) and the findings of some additional studies.
The GERM-Vet monitoring, an annual German wide programme,
has been investigating the resistance characteristics of bacteria
isolated from both food-producing and companion animals since
2001. Only resistance data of isolates from diseased animals is
included in these studies.

The assessment of susceptibility data from veterinary medicine
has clearly demonstrated how important it is to differentiate the
study results by host species, type of production, bacterial spe-
cies and organ systems.

Staphylococcus aureus strains isolated from dairy cattle were sus-
ceptible to most antimicrobials, in particular to all tested newer
cephalosporins. Since 2008, the MRSA rate has increased from
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1% to approx. 6%. By contrast, S. aureus isolates from poultry
showed resistance rates of up to 70% to penicillins, tetracycline
and erythromycin, whereas companion animals (dogs and cats)
were found to have resistance rates of approx. 66% only to
penicillins. The percentage of MRSA in S. aureus was approx.
6% in 2013, showing a clear downward trend compared to the
2012 study year (18%). This rate was 25% in companion animals.
The percentage of methicillin (oxacillin)-resistant Staphylococcus
pseudintermedius (MRSP) in S. pseudintermedius strains was still
10%.

Bovine Enterococcus spp. strains isolated from mastitis samples
showed good susceptibility to most antimicrobials, whereas
resistance rates of well above 10% were found to erythromycin
(26%) and gentamicin (61%). In addition, approx. 30% of the E.
faecalis isolates were found to show intermediate resistance to
gentamicin. The enrofloxacin MICqq values of E. faecium isolates
were 8 mg/l and those of E. faecalis isolates two dilutions lower.

Bordetella bronchiseptica strains isolated from swine as well as
from dogs and cats with respiratory tract infections showed high
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MIC values for most tested B-lactam antimicrobials. 88% of the
isolates from swine were found to show intermediate resistance
to florfenicol. Amounting to 16 mg/l, the MICgq value for mar-
bofloxacin, which was tested for the first time in the 2012/2013
study years, was quite high, whereas the MICq, value of 0.5 mg/I
for enrofloxacin suggests good efficacy of this antimicrobial.

Regardless of their host species, the most important bacterial
pathogens causing respiratory infections, namely Pasteurella mul-
tocida, Mannheimia haemolytica and Actinobacillus pleuropneu-
moniae, also showed good susceptibility to newer antimicrobials.
Florfenicol-resistant bovine and porcine P. multocida isolates
were not detected.

In 2013, the highest resistance rates among Escherichia coli
strains (indication enteritis) isolated from dogs and cats were
found to ampicillin (71% in total; dogs 100%, cats 38%), tetracy-
cline and trimethoprim/sulphamethoxazole (cotrimoxazole) (24%
each). These values were below those of food-producing animals
as regards the indication of both “enteritis” and “urogenital tract
infections”. The resistance rates to the combination of amoxicil-
lin/clavulanic acid varied greatly depending on the animal species
and/or the type of use. The lowest resistance rates were found

in dairy cattle (2%) as well as in turkeys and laying hens (approx.
5-10%). The highest resistance rates of E. coli to this combina-
tion were detected in broilers (35%), piglets and porkers (70%).
The E. coli isolates from small animals rarely showed resistance to
amoxicillin/clavulanic acid (10%) and the isolates from store pigs
were 100% susceptible. ESBL-producing E. coli from calves were
detected in 7% of the cases in 2006/2007 and in as many as
28% of the cases in 2013.

Nationwide data on the sales of veterinary antimicrobials has
been collected since 2011. Since then, pharmaceutical compa-
nies and wholesalers have been required under the Medicinal
Products Act (AMG)' and the DIMDI Regulation on Medicinal
Products? to report the annual sales of antimicrobials. In the
following year, the sales data is published itemised by region.

In 2011, 1,706 t of antimicrobials (primary antimicrobial agent)
were sold in total. The most commonly sold antimicrobials were
tetracyclines (564 t), aminopenicillins (528 t), sulphonamides (185
t) and macrolides (173 t).3 The evaluation of the 2012 data has
shown that the total sales of veterinary antimicrobials (primary
antimicrobial agent) amounted to 1,619 tin 2012.% In the two
following years, 2013 and 2014, the sales volumes once again

dropped, with the total sales volume amounting to 1,452 tin
2013 and 1,238 t in 2014. This means that the total sales volume
dropped by approx. 27% within a period of 4 years®. The sales
volume of fluoroquinolones rose from 8.2 t to 12.3 t during the
same period. In spite of the regionalised data, a correlation to
the corresponding resistance situation in various animal species
cannot be established, since veterinary drugs are often approved
for use in several animal species.

Preserving the efficacy of antimicrobials currently available in vet-
erinary medicine is and will continue to be one of our top-priority
tasks. This can only be ensured by responsible and intelligent

use of antimicrobials in line with the applicable guidelines on
antimicrobial use®.

In vitro susceptibility testing is indispensible before selecting a
suitable antimicrobial for therapy, especially before applying anti-
microbials that have been observed to have limited efficacy.

Better husbandry conditions, good herd management and opti-
mised hygiene concepts are the most important instruments to
achieve a restrictive use of antimicrobials. Calling for a reduction
of antimicrobial use alone is not adequate to address this com-
plex problem of the development and spread of antimicrobial
resistance.

» J. Wallmann
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1 Zusammenfassung

Humanmedizin

Die Gesamtmenge der im humanmedizinischen Bereich in
Deutschland eingesetzten Antibiotika durfte ca. 700-800 Ton-
nen pro Jahr betragen.

Das Verordnungsvolumen im ambulanten Bereich macht,
hochgerechnet auf die Bevolkerung, ca. 85% des gesamten
Antibiotikaverbrauchs (500-600 Tonnen) in der Humanmed-
izin aus. Im Jahr 2014 wurden nach den Angaben des Wis-
senschaftlichen Instituts der AOK (WIdO) hier nahezu 45 Mio.
Antibiotikaverordnungen mit 448 Mio. definierten Tagesdosen
(defined daily doses, DDD) und einem Umsatz von 920 Mio. €
im Bereich der gesetzlichen Krankenversicherung getétigt. Diese
Zahlenwerte sind allerdings nicht mit den Angaben in friheren
GERMAP-Berichten vergleichbar, da aktuell auch der Verbrauch
von lokal angewendeten Antibiotika berlcksichtigt wurde. Die
Verordnungsdichte im Jahr 2014 betrug 17,4 DDD pro 1.000
Versicherte und Tag und zeigt seit 2005 ein im Wesentlichen
unverandertes Niveau. Jedoch hat sich das Verordnungsvolumen
bei den 3-Lactamen mit erweitertem Spektrum (Oralcephalospo-
rine, Aminopenicillin/B-Lactamase-Inhibitor-Kombinationen und
Flucloxacillin) in den letzten 10 Jahren mehr als verdoppelt, was
auf die sehr starke Zunahme von Cefuroxim(axetil) zurtickzuftih-
ren ist. Ferner sind nach wie vor groBe regionale Unterschiede,
mit einem deutlich héheren Verbrauch von 3-Lactamantibiotika
in den westlichen als in den &stlichen Bundeslandern, zu
beobachten. Nach Tagesdosen ist Amoxicillin weiterhin das
meistverordnete Antibiotikum. An zweiter Stelle folgt aber
bereits das , Reserveantibiotikum” Cefuroxim(axetil), obwohl

die Substanz in keiner deutschen Behandlungsleitlinie Mittel der
Wahl ist. Der Verordnungsschwerpunkt der Fluorchinolone liegt
weiterhin bei den dlteren Patienten.

Die wichtigste z.Zt. verfugbare Datenquelle fur die Darstellung
des Antibiotikaverbrauchs im Krankenhaus stellt das ADKA-if-
DGI-Surveillance-Projekt dar. Insgesamt scheint die Verbrauchs-
dichte im stationdren Sektor in den letzten Jahren angestiegen zu
sein. Dabei zeigten im Zeitraum 2013/14 nichtuniversitare Akut-
krankenh&user, unabhangig von der GroBe, im Median einen
Verbrauch von 59 DDD/100 Pflegetage und Universitatskliniken
von 84 DDD/100 Pflegetage. Die im Krankenhaus am haufigsten
verordneten Antibiotika im Jahr 2014 waren B-Lactame und
Fluorchinolone. Die Verbrauchsdichte auf Intensivstationen war
mindestens doppelt so hoch wie auf Normalstationen.

Das Datenmaterial zur Bestimmung der Resistenzsituation
stammt groBtenteils aus den Studien der Paul-Ehrlich-Gesell-
schaft fir Chemotherapie (PEG) sowie aus den laborgestutzten
Surveillance-Systemen ARS, SARI und EARS-Net. Darlber hinaus
wurden die Resistenzdaten der Nationalen Referenzzentren (NRZ)
zur Uberwachung wichtiger Infektionserreger analysiert.

Seit der Veroffentlichung des ersten GERMAP-Berichtes mit
Angaben zur Resistenzsituation bis zu den Jahren 2006/7 hat sich
die Resistenzsituation bei mehreren Erregern z.T. erheblich gean-
dert. Die Haufigkeit der Makrolid-Resistenz bei den Pneumokok-
ken von Patienten mit invasiven Erkrankungen sank von 16,2%
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(Erwachsene) bzw. 20,8% (Kinder) im Jahr 2007 auf jeweils unter
10% in den Jahren 2013 und 2014. Der Anteil der Penicillin-
resistenten Isolate von Kindern liegt seit einigen Jahren mit 3-4%
deutlich Uber der Rate bei Erwachsenen (ca. 1%). Bei nahezu
allen Penicillin-resistenten Isolaten handelte es sich um Meningi-
tis-Falle. Im europaischen Vergleich ist die Resistenzsituation bei
den Pneumokokken gegendber Penicillin in Deutschland aber
nach wie vor sehr giinstig. Von den Meningokokken aus dem
Zeitraum 2002-2011 zeigten durchschnittlich 14% intermediare
Empfindlichkeit gegentber Penicillin und 0,7% waren resistent.
Im Jahr 2012 gab es dann einen Anstieg auf 25% bzw. 2,2%.

In 2013 erhohte sich der Anteil Penicillin-intermediarer Stamme
weiter auf 40%, sank jedoch in 2014 wieder auf 22%, wahrend
der Anteil Penicillin-resistenter Stdmme in den beiden Jahren ein
ahnlich hohes Niveau erreichte wie 2012. Die Schwankungen
Uber die Zeit lassen sich mit dem variablen Auftreten von Me-
ningokokken-Klonen oder klonalen Komplexen erklaren. So sind
23% der Meningokokken, die zum sogenannten ST-11-Komplex
gehoren, der einen GrofBteil der Serogruppe-C-Erkrankungen in
Deutschland verursacht, nicht mehr sensibel gegentber Penicillin.
Im Gegensatz dazu ist dies nur bei 5% der Meningokokken der
Fall, die zum ST-41/44-Komplex gehoren. Dieser klonale Komplex
ist fir einen groBen Teil der Serogruppe-B-Erkrankungen in
Deutschland verantwortlich.

Die Antibiotikaempfindlichkeit von Neisseria gonorrhoeae wurde
in Deutschland erstmalig durch die PEG-Resistenzstudie im

Jahr 2010 systematisch erfasst. Seitdem ist eine kontinuierliche
Surveillance der Antibiotikaempfindlichkeit von N. gonorrhoeae
durch das Konsiliarlabor fir Gonokokken und das Resistenz-Netz-
werk GORENET gegeben. Die WHO fordert von einer kalkulierten
suffizienten Therapie der Gonorrhoe einen Heilungserfolg von
mindestens 95%. Dieses Ziel scheint z.Zt. nur mit Cephalospo-
rinen der Gruppe 3 und Spectinomycin sicher erreichbar.

Die Inzidenz neu diagnostizierter Erkrankungen an Tuberkulose
lag im Jahr 2013 bei 5,3 Erkrankungen je 100.000 Einwohner.
Dabei erreichte der Anteil der Falle von multiresistenter Tuberku-
lose (MDR-TB) mit 3,4% den hochsten Wert seit der Erfassung
der resistenten Tuberkulose im Jahr 2001. Die Resistenzlage bei
den beiden haufigsten Sa/monella-Serovaren in Deutschland stellt
sich nach wie vor sehr unterschiedlich dar. Serovar-Enteritis-Iso-
late sind zu etwa 95% sensibel gegen alle getesteten Antibiotika.
Dagegen sind heute die weitaus meisten Serovar-Typhimurium-
Stamme mehrfachresistent.

Der Anteil von MRSA an den Staphylococcus-aureus-lsolaten
lasst fur Deutschland einen weiter rickldufigen Trend erkennen.
Im Jahr 2014 lag, nach den Angaben des EARS-Net, der Anteil
von MRSA an den S.-aureus-Blutkulturisolaten im Mittel bei
11,8%. Die Koresistenzen bei MRSA gegen andere Antibiotika
als B-Lactame zeigen mit Ausnahme der Fluorchinolone ebenfalls
rucklaufige Tendenz. Dieser Riickgang ist darauf zurlckzufthren,
dass die in den letzten Jahren verstarkt auftretenden Varianten
(Isolate der klonalen Linie ST22 [, Barnimer Epidemiestamm®] und
ST225 [, Rhein-Hessen-Epidemiestamm®”]) ein deutlich schmaleres
Resistenzspektrum zeigen als altere epidemische MRSA. Im Kran-
kenhausbereich gehdren bis zu 90% der MRSA-Isolate zur Grup-



J. Wallmann | 1Zusammenfassung

pe der HA-MRSA und im ambulanten Versorgungsbereich sind es
ca. 70%, die hier als HCA-MRSA bezeichnet werden. Besonderer
Aufmerksamkeit bedarf nach wie vor die Dynamik im Auftreten
und der Verbreitung von CA-MRSA-Klonen sowie von tieras-
soziierten LA-MRSA, insbesondere in Regionen mit intensiver
Nutztierhaltung. Das zoonotische Reservoir ist aber auch fur das
Einbringen neuer mec-Varianten (mecC) und neuer Resistenzgene
wie cfr bedeutend. Insbesondere das Auftreten der cfr-kodierten
Linezolid-Resistenz bei Staphylococcus epidermidis in deutschen
Krankenh&dusern bedarf wegen der méglichen Ubertragung auf
HA-MRSA besonderer Aufmerksamkeit.

Bei den Escherichia-coli-Isolaten aus dem stationdren Bereich
hat sich der Trend zur Zunahme der Resistenz gegen die haufig
zur kalkulierten Therapie verwendeten Antibiotikagruppen (z.B.
Piperacillin/Tazobactam, Cephalosporine, Fluorchinolone) nicht
weiter fortgesetzt. Nach den Angaben der PEG-Resistenzstudie
lag der Anteil der Stdamme, die eine Extended-Spektrum-@3-
Lactamase (ESBL) bilden, im Jahr 2010 bei 17,4% und im Jahr
2013 bei 14,9%. In beiden Jahren war die dominierende ESBL das
Enzym CTX-M-15, mit einem Anteil von jeweils Gber 50%. Die
Ausbreitung von CTX-M-15 steht in engem Zusammenhang mit
der pandemischen Verbreitung von Stammen der klonalen Linie
025b-ST131, deren Anteil im stationdren und ambulanten Be-
reich sowie in Pflegeheimen bei > 30% aller ESBL-positiven E. coli
liegt. CTX-M-1 wird als zweithaufigstes Enzym bei ESBL-positiven
E. coli nachgewiesen. CTX-M-1-bildende Stdmme werden haufig
auch aus veterinarmedizinischem Material angeztichtet und in
Nahrungsmitteln (z.B. Geflugelfleisch) gefunden. Untersuchun-
gen aus den Niederlanden deuten darauf hin, dass CTX-M-1-bil-
dende E. coli Uber Geflugelfleisch auf den Menschen Ubergehen
kénnen. Das Resistenzniveau bei den Fluorchinolonen liegt

nach wie vor in einem solchen Bereich, dass sie nur bedingt zur
kalkulierten Therapie von Infektionen bei Verdacht einer Beteili-
gung von E. coli in Betracht kommen. Demgegeniber besitzen
die Carbapeneme aufgrund der unverandert sehr gtinstigen
Resistenzsituation (< 1%) weiterhin einen hohen Stellenwert in
der Therapie lebensbedrohlicher Infektionen. Die Resistenzhau-
figkeit gegen Tigecyclin und Colistin liegt ebenfalls weiterhin
unter 1%. Allerdings muss die Verbreitung der Colistin-Resistenz
nach dem Auftreten von Isolaten mit einem Plasmid-kodierten
Resistenzmechanismus in verschiedenen Regionen (einschlieBlich
Deutschland) sorgfaltig beobachtet werden. Das Resistenzniveau
im ambulanten Bereich ist im Allgemeinen deutlich niedriger

als im stationaren Bereich, aber auch dort sind ESBL bildende
und Fluorchinolon-resistente E. coli verbreitet. Gleichwohl wird
das ,wahre” AusmaB der Ausbreitung Antibiotika-resistenter

E. coliim ambulanten Bereich durch die verfligbaren Resistenz-
Surveillance-Systeme aber nur unzureichend abgebildet, da ein
Uberproportional hoher Anteil der an das mikrobiologische Labor
gesendeten Proben von Patienten mit Risikofaktoren fur resis-
tente Erreger stammt. In der Normalbevolkerung sind bis zu 7%
der Personen mit ESBL besiedelt.

Die Therapie von Klebsiella-pneumoniae-Infektionen wird eben-
falls durch das Auftreten ESBL bildender Stdmme eingeschrankt,
die zumeist nicht nur gegen Cephalosporine, sondern haufig
auch gegen zahlreiche andere Antibiotika (z.B. Piperacillin/
Tazobactam, Fluorchinolone, Gentamicin) resistent sind. CTX-
M-15 ist auch hier die dominierende ESBL. Nach den Angaben
der PEG-Resistenzstudie hat sich die ESBL-Rate in dem Zeitraum
2010-2013 von 14,7% auf 17,4% erhoht. Demgegeniber zeigte
sich eine unverdndert ginstige Resistenzsituation fir die Car-
bapeneme.

Bei Pseudomonas aeruginosa wurden weiterhin groBe Unter-
schiede im Resistenzniveau zwischen den Isolaten von Patienten
aus dem Intensivpflegebereich und solchen von Patienten von
Allgemeinstationen beobachtet. Die Resistenzsituation bei den
Pseudomonas-wirksamen Antibiotika war in den letzten Jahren
entweder unverandert oder stellt sich sogar glinstiger dar als vor
einigen Jahren. Auffallig ist vor allem der seit mehr als 10 Jahren
zu beobachtende stetige Rickgang der Gentamicin-Resistenz.
Demgegentber hat die Resistenzhaufigkeit bei Acinetobacter
baumannii gegentber Carbapenemen inzwischen eine Niveau-
hoéhe von 30% erreicht.

Insgesamt ist festzustellen, dass sich der Antibiotikaverbrauch

in den letzten Jahren nicht wesentlich verandert hat. Diese
Beobachtung sowie der weiterhin hohe Anteil von Breitspe-
ktrum-Antibiotika, insbesondere von Cephalosporinen und
Fluorchinolonen, geben Anlass, die Aktivitaten im Bereich
rationale Verschreibung (Antibiotic Stewardship [ABS]) fortzuset-
zen. Gleichwohl ist zu konstatieren, dass bei vielen bakteriellen
Infektionserregern inzwischen eine Stabilisierung der Resisten-
zlage, gleichwohl auf einem deutlich hoheren Niveau als vor dem
Beginn der letzten Globalisierungswelle in den 1990er-Jahren,
erreicht worden ist.

Veterindrmedizin

Die vorliegenden Resistenzdaten tierpathogener Bakterien in
Deutschland basieren vor allem auf den Resultaten des nation-
alen Resistenzmonitorings fur tierpathogene Bakterien GERM-
Vet, durchgefiihrt vom Bundesamt fur Verbraucherschutz und
Lebensmittelsicherheit (BVL), sowie auf einigen zusatzlichen
Studienergebnissen. Das GERM-Vet-Monitoringprogramm unter-
sucht seit dem Jahr 2001 in jahrlichen Studien deutschlandweit
das Empfindlichkeitsverhalten von Bakterien gegentiber Antibio-
tika, die sowohl von Lebensmittel liefernden Tieren stammen als
auch von Heimtieren. Es gehen ausschlieBlich Resistenzdaten von
Bakterienisolaten erkrankter Tiere in die Untersuchungen ein.

Bei der Bewertung der Empfindlichkeitsdaten aus der Veterinar-
medizin zeigt sich sehr deutlich, wie wichtig die differenzierte
Darstellung der Untersuchungsergebnisse getrennt nach Tierar-
ten, Produktionsrichtung, Bakterienspezies und Organsystemen
ist.

Staphylococcus-aureus-Stamme vom Milchrind waren emp-
findlich gegentiber den meisten Wirkstoffen, insbesondere

auch gegenuber allen gepruften neueren Cephalosporinen. Die
MRSA-Rate stieg seit 2008 von 1% auf ca. 6%. S.-aureus-Isolate
vom Geflugel hingegen zeigten Resistenzraten bis zu knapp
70% gegenlber den Penicillinen, Tetracyclin und Erythromycin,
wahrend bei den Heimtieren (Hund und Katze) nur gegentber
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Penicillinen Resistenzraten von ca. 66% ermittelt wurden. Der
Anteil von MRSA bei S. aureus lag beim Gefligel 2013 bei ca.
6% und zeigte damit einen deutlichen Riickgang zum Studienjahr
2012 mit 18%. Beim Heimtier lag die Rate bei 25%. Der Anteil
von Methicillin (Oxacillin)-resistentem Staphylococcus pseudinter-
medius (MRSP) bei den S.-pseudintermedius-Stammen lag beim
Heimtier weiterhin bei 10%.

Die bovinen Enterococcus-spp.-Stamme, isoliert aus Mastitiden,
wiesen gegenuber den meisten Wirkstoffen eine gute Empfind-
lichkeit auf. Resistenzraten von deutlich tber 10% wurden hinge-
gen fur Erythromycin (26%) und Gentamicin (61%) ermittelt.
Gegenuber Gentamicin wurden bei E. faecalis zudem ca. 30%
intermediar-resistente Isolate diagnostiziert. Die MHKqo-Werte
fur Enrofloxacin lagen fur E.-faecium-Isolate bei 8 mg/I, bei Iso-
laten von E.-faecalis zwei Tierstufen darunter.

Bordetella-bronchiseptica-Stamme, isoliert von Schweinen bzw.
von Hunden und Katzen mit einer respiratorischen Erkrankung,
zeigten hohe MHK-Werte gegentiber den meisten getesteten
B-Lactamantibiotika. Bei den Isolaten vom Schwein wurde fur
Florfenicol ein Anteil von 88% intermediar-resistenten Isolaten
festgestellt. Der MHKq-Wert fur das erstmals in den Studien-
jahren 2012/2013 untersuchte Marbofloxacin mit 16 mg/l war
recht hoch, wéhrend von einer guten Wirksamkeit von Enrofloxa-
cin mit einem MHKgo-Wert von 0,5 mg/l auszugehen war.

Die wichtigsten bakteriellen Erreger von Atemwegsinfektionen
Pasteurella multocida, Mannheimia haemolytica und Actinoba-
cillus pleuropneumoniae zeigten unabhéangig von der tierartli-
chen Herkunft eine gute Empfindlichkeit auch fur die neueren
Wirkstoffe. Florfenicol-resistente P.-multocida-Isolate wurden von
Rindern und Schweinen nicht diagnostiziert.

Die hochsten Resistenzraten bei den Escherichia-coli-Stéammen
(Indikation Enteritis) von Hund und Katze wurden 2013 fur
Ampicillin (insgesamt 71%: Hund 100%, Katze 38%), Tetracy-
clin und Trimethoprim/Sulfamethoxazol (Cotrimoxazol) (jeweils
24%) ermittelt. Diese Werte lagen unter denen der Lebensmittel
liefernden Tiere, sowohl bei der Indikation , Enteritis” als auch bei
.Erkrankungen des Urogenitaltraktes”. Gegenlber der Kombina-
tion Amoxicillin/Clavulansaure wurden in Abhangigkeit von der
Tierart bzw. Nutzungsrichtung sehr unterschiedliche Werte diag-
nostiziert. Die niedrigsten Resistenzraten wurden sowohl beim
Milchrind (2%) als auch bei der Pute und Legehenne (ca. 5-10%)
protokolliert. Die héchsten Resistenzraten bei E. coli gegenlber
dieser Kombination wurden bei Broiler (35%), Ferkel und Mast-
schwein (70%) verzeichnet. Die E.-coli-Isolate vom Kleintier zeig-
ten gegentiber Amoxicillin/Clavulansaure selten Resistenz (10%)
und die Isolate vom Laufer waren zu 100% empfindlich. ESBL
bildende E. coli vom Kalb wurden 2006/2007 in 7% der Falle und
2013 bereits in 28% der Falle detektiert.

Bundesweite Daten zu den Abgabemengen von Antibiotika an
Tierarzte werden seit dem Jahr 2011 erfasst. Seit diesem Zeit-
punkt missen die pharmazeutischen Unternehmer und GroBhan-
dler gemaB AMG' und der DIMDI-Arzneimittelverordnung?
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die abgegebenen Mengen an Antibiotika pro Jahr melden. Im
Folgejahr werden die regional aufgegliederten Abgabemengen
veroffentlicht. Insgesamt wurden im Jahr 2011 1.706 t Antibiotika
(Grundsubstanz) abgegeben. Die am haufigsten abgegebenen
Wirkstoffe waren: Tetracycline (564 t), Aminopenicilline (528 1),
Sulfonamide (185 t) und Makrolide (173 1).3 Die Auswertung der
Daten flr 2012 ergab, dass in 2012 insgesamt 1.619 t Antibiotika
(Grundsubstanz) an Tierarzte abgegeben wurden?. In den beiden
folgenden Jahren 2013 und 2014 sanken die Abgabemengen
erneut, sodass fur 2013 eine Gesamtabgabemenge von 1.452 t
und ftr 2014 von 1.238 t errechnet wurde. Damit sank die
Gesamtabgabemenge im Zeitraum von 4 Jahren um ca. 27%.°
Im gleichen Zeitraum stieg die Abgabemenge an Fluorchinolonen
von 8,2 t auf 12,3 t an. Eine Korrelation zu den entsprechenden
Resistenzdaten aus dem Tierbereich kann trotz regionalisierter
Abgabemengendaten nicht hergestellt werden, da die Praparate
haufig fur mehrere Tierarten zugelassen sind.

Eine unserer Aufgaben mit hochster Prioritat wird auch in Zuku-
nft der Erhalt der Wirksamkeit der derzeit fur die Veterindrmed-
izin verfigbaren antibakteriellen Wirkstoffe sein. Sichergestellt
werden kann dies nur durch einen verantwortungsbewussten
und intelligenten Einsatz der Wirkstoffe gemaB den gultigen
Antibiotika-Leitlinien.®

Vor der Auswahl eines geeigneten Antibiotikums zur Therapie,
insbesondere vor Anwendung von Wirkstoffen, von denen
bekannt ist, dass eine eingeschrankte Wirksamkeit vorhanden
sein konnte, ist eine Testung der in vitro-Empfindlichkeit unver-
zichtbar.

Verbesserte Haltungsbedingungen, ein gutes Herdenmanage-
ment und optimierte HygienemaBnahmen sind die wichtigsten
Instrumente, um einen restriktiven Einsatz von Antibiotika zu
erreichen. Die alleinige Forderung nach Verringerung der Menge
an eingesetzten Wirkstoffen wird der komplexen Problematik der
Antibiotikaresistenzentwicklung und -ausbreitung nicht gerecht.

» J. Wallmann
Reviewer: H. Kaspar
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2 Antimicrobial consumption in human medicine

2.1 Outpatient antimicrobial consumption

As in previous years, antimicrobials were among the top-selling
drugs prescribed in outpatient care under statutory health insur-
ance (SHI) in 2014. In terms of prescribing rate by number of
packages prescribed, they have been taking a leading position
among the five most frequently prescribed active drug classes for
many years. Since infectious diseases are usually acute condi-
tions, their treatment takes comparatively little time, and the pre-
scription 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 cardiovas-
cular, antidiabetic and psychotropic drugs.!

Prescription volume

The development of the 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 antimicrobials had
initially dropped since 2005 before significantly increasing again
from 2012 onwards. In 2014, 45 million prescriptions, account-
ing for 448 million DDD and a sales volume of € 920 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. Compared to previous reports, the classification system
has been changed in the present issue; for example, the group
of topical antimicrobials has been added. The current data thus
cannot directly be compared with the evaluations published in
previous GERMAP issues.

Prescription volume in million DDD Sales in € million

480 1,100
Ym
360 825

240 550
120 = DDD < Salesin € 275
0 0
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Fig. 2.1.1: Development of prescription volume (in DDD) and antimicrobial
sales (in €) over the last ten years (Sources: WIdO, SHI Drug Index)

In 2014, basic penicillins again took first place, followed by
topical antimicrobials, tetracyclines and macrolides (Tab. 2.1.1).
Accounting for 85 million DDD, amoxicillin (without the marketed
combination therapies for Helicobacter eradication that include
this drug) was the antimicrobial agent with the highest prescrip-
tion volume in 2014. Accounting for 55.1 million DDD, cefurox-
ime replaced doxycycline (48.4 million DDD) to rank second.

As regards antimicrobial classes, the increase in the prescription
volume of extended-spectrum B-lactams (oral cephalosporins
aminopenicillin/B-lactamase inhibitor and flucloxacillin) over the

Tab. 2.1.1: Antimicrobials prescribed (by daily dose) in 2014
under statutory health insurance (Source: WidO)
Prescribed
daily doses

Average
DDD costs
in€

(million
DDD)

Basic penicillins

(oral ppenicillins and/or aminopenicillins) 1058 114
Oral cephalo;poArips, aminopen?qllin/ 89.0 27
B-lactamase inhibitor, flucloxacillin

Topical antimicrobials 70.0 1.4
Tetracyclines 54.2 0.8
Newer macrolides/ketolides/azalides 42.0 2.3
Quinolones 34.5 3.1

Erythromycin and other older macrolides 22.4 2.6
Special urinary tract antimicrobials 13.6 2.6
Folic acid antagonists

(incl. co—trimoxgazole) 12.9 20

last 10 years is particularly high (+111.3%), whereas the pre-
scription volume of basic penicillins remained nearly constant,
and that of tetracyclines and folic acid antagonists (incl. co-
trimoxazole) dropped over the same period. The most significant
increase in prescription volume over the last 10 years has been
observed for cefuroxime axetil (Fig 2.1.2), although this substance
is not recommended for first-line therapy in any of the German
practice guidelines.’

60

m DDD 2005
m DDD 2014

45-

30

15

0

Amoxicillin/ | Cefadroxil [Cefpodoxime| Cefuroxime
Clavulanic acid

Ceftibuten  Sultamicillin

Cefixime

Cefaclor

Fig. 2.1.2: Development of prescription volume (in million DDD) of selected
B-lactam antimicrobials 2005-2014 (Sources: WIdO, SHI Drug Index)

The share of tetracyclines in the total antimicrobial prescription
volume has long since been declining, accounting for 28% (all
DDD) in 1991 before dropping to 19% and 12% in 2005 and
2014, respectively.

During the last 3 years, the overall changes have been less dra-
matic. However, the consumption of oral cephalosporins and spe-
cial urinary tract antimicrobials (@mong them nitrofurantoin and
fosfomycin-trometamol) has continued to increase (Tab. 2.1.2).

When looking at the prescription volume of systemic antimicrobi-
als, i.e. without taking the DDD into account, oral cephalosporins
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Tab. 2.1.2: Changes in the outpatient prescription volume (by
daily dose) of certain antimicrobial classes between 2012 and
2014 (Sources: WIdO, SHI Drug Index)

\ Change in %

Basic penicillins (oral penicillins and/oraminopenicillins) +1.8%
Oral cephalosporins, aminopenicillin/ o

B-lactamase inhibitor, flucloxacillin ek
Tetracyclines -9.1%
Newer macrolides/ketolides/azalides -5.3%
Quinolones -6.5%
Erythromycin and other older macrolides -9.4%
Special urinary tract antimicrobials +6.1%
Folic acid antagonists (incl. co-trimoxazole) -8.5%

accounted for nearly 22% and basic penicillins only for about
18%. This “predominance” in the prescription volume of oral
cephalosporins over penicillins has been observed for many years
and is very remarkable in international comparison.

Use density

The figures relating to outpatient antimicrobial consumption can
be described as use density expressed in DDD per insured per-
sons and year or DDD per 1,000 insured persons and day, which
allows for comparing both the longitudinal and cross-sectional
data on a both regional and international scale. These figures are
available for the approximately 70 million insured covered by SHI
(87% of the population living in Germany). Data for such evalua-
tions is not available from private health insurers.

The development of outpatient antimicrobial use density in
Germany over the last 10 years is shown in Fig. 2.1.3. In terms

of insured covered by SHI, about 17.4 DDD per 1,000 insured
and day were prescribed in 2014 (Fig. 2.1.3). When evaluating
the data from previous publications for a comparison with more
recent data, it should be noted that these figures may be based
on previous DDD definitions which no longer apply today and
that topical antimicrobials have now been included as well. When
applying the current dose definitions retrospectively (Fig. 2.1.3), a
slight increase in use density (all antimicrobials incl. topical forms
of application) over the last ten years and up to 2013 becomes
apparent.
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Fig. 2.1.3: Outpatient antimicrobial use density (in DDD per 1,000 insured and
day) in Germany since 2005 (Sources: WIdO, SHI Drug Index, systemic and
topical antimicrobials)

When extrapolating the number of inpatient prescriptions to the
population and comparing the results with the outpatient use
density, it becomes evident that antimicrobial prescriptions at
hospitals only account for about 15% of the total prescription
volume. In Germany, however, sufficiently reliable extrapola-
tions are only available for Baden-Wirttemberg from 2002.2 A
80-90% share of outpatient antimicrobial prescriptions in the
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total prescription volume has, however, been observed in many
countries.3

The total “tonnage” of antimicrobials used in human medicine in
Germany is estimated to range between 700 and 800 tonnes per
year. However, the reliability of consumption data expressed in
tonnes is limited. The daily doses vary greatly between substanc-
es and substance classes and may therefore have a considerable
influence on the “tonnage”, even if the changes in daily doses
are minor.

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 < 16
DDD/1,000 insured/day (exclusively systemic antimicrobials, i.e.
excluding topical substances) — along with the Netherlands, Aus-
tria, the Scandinavian and Baltic countries, Slovenia and Hungary
(Fig. 2.1.4). Greece and Romania as well as France, Italy, Belgium
and Luxembourg were among the European top users in 2011,
2012 as well as in 2013.4 This is also likely to be the case in 2014.
Physicians in these countries prescribed more than twice as many
antimicrobials as German ones. The orders of magnitude have
only seen minor changes during the last few years (Fig. 2.1.4).

The figures for the Netherlands (approx. 10-11 DDD/1,000) and
Switzerland® show the possible “lower” end of the use density in
a modern society without any recognisable detrimental effects
on quality. They may point to potential room for optimisation in
the German healthcare system — however, it cannot be ruled out
that this seemingly very low consumption could at least to some
extent be compensated for by the inpatient use density. Similarly
low use densities are observed in the Baltic States.

Numerous studies (also from Germany) demonstrate that the im-
mediate prescription of antimicrobials for respiratory tract infec-
tions can and should be reconsidered in many cases: In 90% of
the cases, an antimicrobial therapy is not indicated. The “Choos-
ing wisely” campaign (www.choosingwisely.org) as well as other
guidelines and recommendations also call for avoiding the unnec-
essary use of antimicrobials, especially in this indication. Studies
have provided sufficient evidence that the use of antimicrobials in
upper respiratory tract infections is only indicated and beneficial
in exceptional cases. A good example is a relatively recent study
which impressively demonstrates that in elderly patients suffer-
ing from cough for several days without suspected pneumonia
amoxicillin is not more effective than a placebo.®

When comparing the antimicrobial consumption in the Nether-
lands and Germany, the special organisation of medical care in the
Netherlands should be taken into account. Moreover, there are
significant differences between the two countries as regards quali-
fied staff incl. specialists. In the Netherlands, measures to prevent
antimicrobial resistance are implemented in a uniform manner on
the basis of current guidelines. Recommendations/guidelines for
antimicrobial therapy are issued and regularly updated by a com-
mission (Stichting Werkgroep Antibiotikabeleid; www.swab.nl).

Use density by region

Significant regional differences in antimicrobial consumption
within Germany were evaluated specifically and described in
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Fig. 2.1.4: Use density of systemic antimicrobials used in outpatient care in Germany (DE, edged) compared to other European countries at population level, ex-
pressed as DDD per 1,000 insured or inhabitants and day (Source: ESAC-Net, 2011-2014 data)

greater detail for the first time in 2011.7 Especially in the western
federal states, physicians prescribed significantly more antimicro-

bials than in the five “new” (after reunification) states in the east.

Brandenburg
Berlin W 2005

Saxony w2014

Thuringia
Mecklenburg-Western Pom.
Saxony-Anhalt
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North Rhine-Westphalia
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Fig. 2.1.5: Regional antimicrobial use density in 2005 and 2014 (DDD/1,000
insured/day) (Sources: WIdO, SHI Drug Index, systemic and topical antimicro-
bials)

These regional differences have since then seen no substantial
change.®3 In 2005, for example, the use density in the “old”
states ranged between 17.2 DDD/1,000/day (Bavaria) and 22.2
DDD/1,000/day (Saarland), thus significantly exceeding that in the
“new” states (between 12.5 and 14.8 DDD/1,000/day).

The 2014 figures show a range from 12.2 DDD/1,000/day in
Brandenburg to 19.2 DDD/1,000/day in North Rhine-Westphalia
(Fig. 2.1.5 and 2.1.6), which has superseded Saarland at the top
of the list. In all regions, especially in the western states, fewer
antimicrobials were prescribed in 2014 than in 2005.

Notably, B-lactam consumption (basic penicillins and oral cephalo-
sporins) continues to be higher in the western region, and penicil-
lin consumption, in particular, is comparatively low in the eastern
states, 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. There are distinct differences in the pref-
erence for certain antimicrobials, e.g. fluoroguinolones, between
the regions: for example, the three major high-consumption
regions of moxifloxacin in 2011 were the eastern federal states

of Mecklenburg-Western Pomerania, Brandenburg and Saxony-
Anhalt, with Saarland, Rhineland-Palatinate and Baden-Wirttem-
berg being the leaders in levofloxacin consumption (Fig. 2.1.6).

Brandenburg W Topical antimicrobials
Berlin ® Quinolones
Saxony
Thuringia e B Erythromycin and other older macrolides
Mecklenburg-Western Pom. | Folic acid antagonists
Saxony-Anhalt : . - .
B Special urinary tract antimicrobials
Bremen
Hamburg Imidazoles
Bavaria B Newer macrolides/ketolides/azalides
Baden-Wurttemberg
Schleswig-Holstein M Basic penicillins
Hesse m Oral cephalosporins, aminopenicillin/
Lower Saxony B-lactamase inhibitor, flucloxacillin
. Saarland m Tetracyclines
Rhineland-Palatinate
North Rhine Westphalia W Other antimicrobials
0 5 10 15 20

Fig. 2.1.6: Antimicrobial use density (in DDD per 1,000 insured and day) in 2014 by KV regions; excl. prescriptions by dentists (Source: WIdO)
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Tab. 2.1.3: Regional differences in the prescribing of certain anti-
microbial classes in 2014 in DDD/1,000 insured and day (Source:
WwidO)

Basic penicillins
(oral ppenicillins and/oraminopenicillins) 19 29 43
ral hal rins, amin nicillin

g—lzc(t:z&ai:?r?ﬁibitsc;r?ﬂuclczjzzciﬁin ' 20 = =
Topical antimicrobials 2.5 2.9 2.9
Tetracyclines 2.0 1.8 2.2
Newer macrolides/ketolides/azalides 1.4 1.5 1.8
Quinolones 1.2 1.3 1.4
Special urinary tract antimicrobials 0.5 0.4 0.6
Folic acid antagonists (incl. co-trimoxazole) 0.4 0.5 0.6
Erythromycin and other older macrolides 0.4 0.3 0.5

East: Berlin, Brandenburg, Saxony, Saxony-Anhalt, Mecklenburg-Western
Pomerania, Thuringia; South: Bavaria, Baden-Wurttemberg; West: North
Rhine-Westphalia, Lower Saxony, Bremen, Hamburg, Schleswig-Holstein,
Hesse, Rhineland-Palatinate, Saarland

Use density by specialist group

Prescriptions by general practitioners in Germany accounted for
approx. 46% of all antimicrobial prescriptions (in DDD) in 2014

(Fig. 2.1.7). They were responsible for 45% of the total penicillin
consumption, 49% of all macrolide prescriptions and 54% of all
quinolone prescriptions. They were followed by internists work-
ing as general practitioners, paediatricians and dentists ranking

second, third and fourth, respectively.

B GPs 46%

m GPs working as
internists 13%

B Paediatricians 9%

m Dentists 7%

M ENT specialists 6%
Dermatologists 5%

m Urologists 4%

B Gynaecologists 2%

m Other 9%

Fig. 2.1.7: Share of individual specialist groups in total antimicrobial consump-
tion in Germany in 2014 (Sources: WIdO, SHI Drug Index, systemic and topical
antimicrobials)

The various specialist groups set different priorities in selecting
antimicrobials: penicillins and oral cephalosporins accounted

for 45% of all daily doses prescribed by general practitioners.
ENT specialists also focussed on these antimicrobial classes,
accounting for 62% of the prescribed daily doses of antimicrobi-
als. Paediatricians also preferably prescribed these antimicrobial
classes (47%), with topical antimicrobials, mainly gentamicin and
kanamycin (as eye drops), having been prescribed particularly
often (40%). By contrast, the prescribing behaviour of urologists
was expectedly entirely different: quinolones accounted for 25%
and other urinary tract antimicrobials for 31% of the prescribed
DDD of antimicrobials. Dermatologists prescribe tetracyclines

by far the most frequently (47%); this is explained by the use of
doxycycline and other tetracyclines in the treatment of acne.

The highest antimicrobial prescription volume (by daily dose)
per physician was demonstrated by ENT specialists and pae-
diatricians, followed by urologists, dermatologists and general
practitioners (Tab. 2.1.4).
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Tab. 2.1.4: Antimicrobial prescription volume per physician of
certain specialist groups in 2014 (Source: WIdO)

Specialist group | DDD of antimicrobials prescribed per specialist

ENT specialists 5,563
Paediatricians 5,533
Urologists 5,309
Dermatologists 5,243
GPs 5,003
All physicians 2,186

Use density by age group

Based on daily doses, antimicrobials are prescribed more often

in childhood (< 5 years) and in old age (> 80 years) than in other
age groups (Fig. 2.1.8). It should be considered that the fre-
quency of hospitalisation increases with age and a relatively large
number of antimicrobial prescriptions in this age group are likely
to occur as part of inpatient care.

35
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80-84
70-74 90+

0-4 20-24
10-14

40-44 60-64
30-34 50-54

Fig. 2.1.8: Antimicrobial use density (in DDD per 1,000 insured and day) in
dependence on age (age groups in years) in 2014 (Sources: WIdO, SHI Drug
Index, systemic and topical antimicrobials)

The prescribing rate (in %) in childhood is considerable: In 2010,
antimicrobials were prescribed to nearly 70% of all children aged
< 5 years. This rate is approximately twice as high as in other age
groups.™ In 2010, the prescribing rate in the age group of < 15
years was 39%, compared to a rate of < 30% in the age group
of 40-74 years."

In addition to topical antimicrobials, basic penicillins and oral
cephalosporins were used predominantly in childhood. Up to the
age of 15 years, the consumption of topical antimicrobials drops
significantly in favour of penicillins, which represent the most
commonly prescribed antimicrobial class in the age group of
5-44 years, accounting for more than 30%. Not until the age of
60 years does its rate drop to below 20%. Accounting for more
than 20%, oral cephalosporins play a significant role in all age
groups. Above the age of 15 years, tetracyclines are prescribed
at a constant rate of approx. 15%, which does not decrease until
the age of 75 years. Fluoroquinolones increasingly gain signifi-
cance with age, reaching a rate of more than 10% in patients
aged < 50 years. By contrast, macrolides lose significance with
increasing age (Fig. 2.1.9).

Especially as regards the prescribing rates in children, relatively
high rates (2010 data) — unlike in adults — are observed in some of
the new states in the east, namely Thuringia, Saxony-Anhalt and
Mecklenburg-Western Pomerania.'? The reasons for this are not
quite clear. This observation has also been made for Saxony-An-
halt and Mecklenburg-Western Pomerania in previous studies."
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