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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-
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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
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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

10 | GERMAP 2015 - Antimicrobial Resistance and Consumption

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



2.1 Outpatient antimicrobial consumption | W.V. Kern, J. Schaufler, C. Telschow

36 7

m 2011 m 2012 m 2013 m 2014

27

F---

DDD/1.000
©

NL EE LV SE AT S

DE

NO DK LT HU FI CZ IS PT GB SK BG HR ES PL I|E MT LU CY IT BE FR RO GR

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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Baden-Wirttemberg
Schleswig-Holstein
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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).

12 | GERMAP 2015 — Antimicrobial Resistance and Consumption

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
30
25

20

DDD/1.000

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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M Topical antimicrobials
M Extended-spectrum B-lactams
m Quinolones
M Erythromycin and other older macrolides
M Folic acid antagonists
Urinary tract antimicrobials
B Imidazoles
m Newer macrolides/ketolides/azalides
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m Oral cephalosporins, aminopenicillin/
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m Other antimicrobials
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Fig. 2.1.9: Prescribing rate of antimicrobial classes (in DDD) in dependence on age (age groups in years) in 2014 (Sources: WIdO, SHI Drug Index, systemic and topi-

cal antimicrobials)
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Fig. 2.1.10: Antimicrobial consumption in DDD per insured and year and share of second-line antimicrobials by DDD during the period 2005-2014 (Source: WIdO,

SHI Drug Index)
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Fig. 2.1.11: Antimicrobial consumption in DDD per insured and year and share of second-line antimicrobials by DDD in 2014 (Source: WIdO, SHI Drug Index)

Consumption of second-line antimicrobials

When defining extended-spectrum -lactams (incl. oral cephalo-
sporins), newer macrolides and fluoroquinolones as second-line
antimicrobials, the share of this group, based on daily doses of
systemic antimicrobials, had been increasing slowly but steadily
for many years until 2011 and has remained nearly constant since
2012, accounting for 41% in 2014 (Fig. 2.1.10).

It is interesting to see that this share, based on age groups, in-
creases with age, whereas it amounts to approx. 38% in the age
group of 15-19 years, it rises to above 46% in the age group of
> 90 years (Fig. 2.1.11).

There are also regional differences: the share of second-line

antimicrobials so defined is the lowest in Bremen (35%) and is
significantly higher in Mecklenburg-Western Pomerania (52%)

GERMAP 2015 — Antimicrobial Resistance and Consumption | 13
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=== Share of second-line antimicrobials by daily dose
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Fig. 2.1.12: Regional antimicrobial consumption in DDD per insured and year and share of second-line antimicrobials by DDD in 2014; excl. prescriptions by dentists

(Source: WIdO, SHI Drug Index)

(Fig. 2.1.12). These figures are not adjusted for various influence
factors, such as the age of the respective population.

Tab. 2.1.5 lists the ten most commonly prescribed systemic
second-line antimicrobials, as defined above (ATC group JO1).
Altogether, these make up nearly 40% of the total prescription
volume of all systemic antimicrobials by daily doses.

Conclusion

Showing an outpatient systemic antimicrobial consumption of
16 DDD per 1,000 insured and day, Germany remains in the
lower third compared to other European countries — on a similar
level with the Netherlands, Austria, the Scandinavian and Baltic
countries, Slovenia and Hungary. Western states, predominantly
those bordering France, Luxembourg and Belgium, remain the
high-consumption regions within Germany; however, Saarland
lost its leading position to North Rhine-Westphalia for the first
time. The eastern part of the country continues to be the low-
consumption region; however, this does not apply in this form to
the prescription prevalence in children and adolescents. General
practitioners are responsible for most prescriptions. The total
antimicrobial consumption has shown a slight upward trend for
many years, whereas the share of second-line antimicrobials has
increased considerably, with a slight decline being observed in
2014. The increase particularly applies to fluoroquinolones and
oral cephalosporins without a confirmed rational background.
Amoxicillin is still by far the most frequently prescribed sub-
stance. The use of fluoroquinolones increases with age. The age
structure of the population and region-specific factors, including
presumably socio-cultural variables on part of physicians and pa-
tients, may be potential reasons for the differences in use density
and prescription profile in Germany.

The overall consumption appears to be high, especially in view of
the fact that second-line antimicrobials should only be prescribed
for second-line therapy, i.e. once the first-line therapy has failed
or seems to be unsuitable''®. Newer macrolides, cephalosporins
and fluoroquinolones are frequently prescribed for diseases that
can be treated relatively easily with other antimicrobial classes,
and often even for diseases that can be treated without anti-
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Tab. 2.1.5: Prescriptions, sales and daily doses (DDD) of the ten
leading so-called second-line antimicrobials in 2014 (Sources:
WIdO, SHI Drug Index)

Antimicrobial Prescriptions ‘ Sales in ‘ Daily doses in
in ‘000 million EUR million DDD
Cefuroxime 4,695 92.0 55.1
Ciprofloxacin 3,947 60.2 201
Clarithromycin 1,597 24.4 15.9
Azithromycin 2,713 37.5 135
Cefaclor 1,651 31.7 12.4
Roxithromycin 1,380 21.3 1.8
Levofloxacin 1,212 18.6 8.1
Cefpodoxime 727 17.9 4.3
Moxifloxacin 439 20.2 3.1
Cefixime 366 8.7 2.6
Total 18,728 3325 146.8
Total of all
second-line 19,902 420.8 153.9
antimicrobials

microbials at all. The high outpatient prescribing rates of these
antimicrobials indicate the need to reconsider the prescription
patterns, because the unjustified use of antimicrobials accelerates
the development of resistance in bacteria, thereby contributing
to the selection of multidrug-resistant pathogens.

» W.V. Kern, J. Schaufler, C. Telschow
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2.2 Hospital antimicrobial consumption

The number of hospitals and hospital beds has been declining for
several years, whereas the number of inpatient admissions has
increased, i.e. the average length of stay has decreased consider-
ably. These changes must be taken into account while interpret-
ing changes in antimicrobial use density. They are likely to be
responsible for a considerable part of the increase in antimicro-
bial use density observed over the past years — merely due to the
fact that the number of cases has increased while the length of
stay has decreased.

The primary data sources used to describe hospital antimicro-
bial consumption in Germany include the data collected within
the ADKA-if-DGI (until 2015 ADKA-if-RKI) surveillance project
(www.antiinfektiva-surveillance.de), which evolved out of the
MABUSE network. The number of participants in this surveillance
project has increased considerably since 2011 — as a result of the
accelerated, quarterly data evaluation (individual antimicrobial
report) thanks to the RKI’s support in 2014/2015 and result of
the greater willingness to participate in the surveillance project
since the amendment of the Infection Protection Act in 2011
(Fig. 2.2.1). The participating hospitals often present the data for

problematic, since they often do not correspond to the daily
doses commonly used and prescribed at hospitals — especially
regarding the frequently used B-lactams, here, in turn, mainly
penicillins.!? The currently applicable DDD definitions of the
WHO as well as the RDD definitions used herein are provided in
chapter 7.3.

In the present report, the most recent 2013/2014 data is again
compared with the 2004 data (survey conducted by the MABUSE
network using IMS data of 184 acute-care hospitals). However,

it should be considered that the 2004 and 2013/2014 hospital
cohorts are not congruent.

According to the recent data, the median antimicrobial use
density at German acute-care hospitals in 2013/2014 amounted
to 40 RDD/100 patient days. Expressed in DDD/100 patient days,
the corresponding figure was 60 DDD/100 (Tab. 2.2.1). As ex-
pected and demonstrated in previous reports, university hospitals
show significantly higher use densities, whereas no difference is
observed between non-university hospitals with different bed
capacities (Tab. 2.2.1, Fig. 2.2.2).

90
the last calendar year (4 quarters) with a considerable delay. The
most recent comparative evaluation of data from 4 full quarters 20
in both 2013 or 2014 is available for 141 acute-care hospitals.
Paediatric and psychiatric departments were not included in this 3 o
) < University
evaluation. ) 70 hospitals
o 1R E
59
300 5| [ ]
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250 + 0 = 59 > 800 beds
-® Quarterly data provided 50
4 400
200 < 400-800
150 H
Fig. 2.2.2: Total antimicrobial use density in dependence on the hospital size
100 + (number of beds) (medians and interquartile ranges) in 2013/2014 (Source:
ADKA-if-DGI Surveillance)
50
A comparison with the 2004 data reveals an increase in virtually
e -~ ' '\,\ ' 2 'Q/' '<,) ' '»{5 ' '\v' '\v' '\%' ' all departments (Tab. 2.2.2), in particular on general wards and
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NN NN VR O VN O to a lesser extent in intensive care units. However, it should be

Fig. 2.2.1: Participating hospitals (contracts) and data provided (full quarterly
data) within the ADKA-if-DGI project (Source: Infectiology Freiburg)

As before, inpatient antimicrobial use density can be best
calculated as “recommended daily doses” (RDD) or — for the
purpose of international comparison — as defined daily doses
(DDD, according to ATC-WHO) per 100 patient days (RDD/100 or
DDD/100) or per hospital case. However, the use of DDD remains

noted that this is not a real longitudinal study, but two cross-
sectional studies in which the participating hospitals were not
identical.

A comparison with corresponding evaluations from other coun-
tries demonstrates that Germany is most likely to rank in the
midrange in terms of inpatient antimicrobial use density (Tab.
2.2.3). However, there are very few evaluations available in the
form of DDD/100.

Tab. 2.2.1: Use density of systemic antimicrobials at German acute-care hospitals in daily doses per 100 patient days in 2013/2014
(Source: ADKA-if-DGI Surveillance)

RDD/100 DDD/100

Hospital size/type Median Interquartile range Median Interquartile range
Non-university hospitals 128

< 400 beds 80 39.8 33.4-45.2 58.7 48.4-66.8

400-800 beds 33 37.9 29.6-43.7 58.8 46.1-65.1

> 800 beds 15 40.9 35.2-43.6 58.8 53.7-66.0
University hospitals 13 55.3 52.5-58.3 83.6 74.3-85.7
Total 141 40.4 34.1-45.9 60.3 49.1-69.0
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Tab. 2.2.2: Average antimicrobial use densities by type of
hospital, ward and department. The figures provided include
the median and interquartile ranges in RDD/100 for 2004 and
2013/2014 (Sources: MABUSE Network [2004 data] and ADKA-if-
DGI Surveillance)

| 2004 | 201314
General surgical ward
University hospitals 35 | (29-44) | 48 | (40-51)
Non-university hospitals 27 | (20-34) | 35 | (30-43)
General non-surgical ward
University hospitals
Haematology/Oncology 96 | (66-128) | 107 | (94-117)
General internal medicine 39 | (43-46) | 45 | (41-47)
Other non-surgical specialities 25 | (24-28) | 45 | (41-47)
Non-university hospitals
Haematology/Oncology 38 | (29-58) | 53 | (38-65)
General internal medicine 31 | (25-38) | 37 | (30-42)
Other non-surgical specialities 21 (13-26) | 37 | (30-42)
Intensive care unit
University hospitals 85 | (62-116) | 94 | (89-111)
Non-university hospitals 74 | (58-95) | 81 | (70-92)

Tab. 2.2.3: National surveys on antimicrobial use density at
hospitals (data in DDD/100 from 2012 or later)

Sweden 2013 (n=80) 60
Germany 2013 (n=141) 60
Netherlands 2012 (n=72) 71

Denmark 2014 (n=66) 104

Sources: SWEDRES-SVARM 2013, NETHMAP 2014, DANMAP 2014,
ADKA-if-DGI Surveillance

Hospital antimicrobial consumption at population
level

Hospital antimicrobial consumption can be extrapolated to the
population and can thus be compared with and added to outpa-
tient antimicrobial consumption to obtain the total use density at
population level. Such data has been presented within the ESAC
project and continues to be estimated as part of the ESAC-Net
project (http://ecdc.europa.eu/en/healthtopics/antimicrobial-re-
sistance-and-consumption/antimicrobial-consumption/ESAC-Net/
Pages/ESAC-Net.aspx). However, only a few, predominantly small
countries are able to provide comprehensive data for the hospital
sector, which is why the information available to date remains
incomplete.

Based on 2002 hospital consumption data for Baden-Wurttem-
berg (already presented in the 2008 GERMAP report), a previous
analysis estimated the hospital antimicrobial consumption at ~

2 DDD per 1,000 inhabitants and day — compared to an out-
patient use density of ~ 14 DDD/1,000 insured and day at that

time. This is equivalent to an estimated share of about 14% in
total antimicrobial consumption for the hospital sector. The share
varied between antimicrobial classes and amounted to 21% for
fluoroquinolones, 7% for co-trimoxazole, 5% for macrolides/
clindamycin and 1% for tetracyclines.

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

Use density by department/ward

As expected, the antimicrobial use density varied between
departments (Tab. 2.2.2). The use density was particularly high
in haematology/oncology departments of university hospitals
(median rate 107 RDD/100) as well as in intensive care units
(median rate 81 and 94 RDD/100 at non-university hospitals and
university hospitals, respectively). It was about twice as high in
intensive care units as on general wards (Tab. 2.2.2 and Tab.
2.2.4). However, the proportion of antibiotics used in intensive
care units per total hospital consumption was < 20% at both
university and non-university hospitals (Tab. 2.2.4).

Antimicrobial classes and agents

In 2013/2014, the most commonly used drug classes were
B-lactams and fluoroquinolones, followed by macrolides/
clindamycin. By contrast, aminoglycosides and tetracyclines were
used rarely (Tab. 2.2.5).

Cephalosporins number 1 at hospitals

Among B-lactams, first- and second-generation cephalosporins
(especially cefuroxime) had the largest share at both university
and non-university hospitals (Tab. 2.2.5). The prescribing rate of
third-generation cephalosporins varied greatly (Fig. 2.2.3), with
the median rate being 3.4 RDD/100 (non-university hospitals) and
4.3 RDD/100 (university hospitals). The use densities of the vari-
ous penicillin classes also vary greatly. Overall, combinations of
aminopenicillin/B-lactamase inhibitor are used more commonly
than piperacillin (z inhibitor).

The ratio of penicillins and cephalosporins at the 141 hospitals
altogether — expressed in RDD — was 50:50 (expressed in DDD,
this ratio was 54:46). Compared to the hospital sector in other
European countries, cephalosporins seem to be predominant at
German hospitals (Fig. 2.2.4).

Tab. 2.2.4: Use density of systemic antimicrobials expressed in recommended daily doses per 100 patient days (RDD/100) in various
departments/sections and their share in total consumption (% of RDD) in 2013/2014 (Source: ADKA-if-DGI Surveillance)

RDD/100 Share in total

consumption

Median

Interquartile range

Non-university hospitals

Non-surgical departments (general wards) 339 36.6 29.6-42.2 35%
Haematology/Oncology 41 52.6 37.9-64.6 5%
Surgical departments (general wards) 545 35.4 29.8-42.8 48%
Intensive care units 204 80.8 70.3-92.3 12%
University hospitals

Non-surgical departments (general wards) 96 45.3 41.3-46.8 23%
Haematology/Oncology 13 107.3 94.4-117.1 1%
Surgical departments (general wards) 147 47.6 39.6-51.4 48%
Intensive care units 82 94.0 88.9-111.4 19%

GERMAP 2015 — Antimicrobial Resistance and Consumption | 17



W.V. Kern, K. de With, M. Fellhauer, M. Steib-Bauert | 2.2 Hospital antimicrobial consumption

Tab. 2.2.5: Use density of certain antimicrobial classes expressed in recommended daily doses per 100 patient days (RDD/100) in
2013/2014 (Source: ADKA-if-DGI Surveillance)

Non-university hospitals University hospitals
Interquartile range i Interquartile range

Carbapenems 1.3 0.9-2.1 3.7 3.6-5.0
Broad-spectrum penicillins 3.2 1.8-4.3 5.9 4.5-6.7
Cephalosporins 3rd/4th generation 34 2.0-5.5 43 3.0-5.3
Cephalosporins 1st/2nd generation 6.9 45-8.8 8.0 5.6-10.4
Aminopenicillin/BLI combinations* 5.6 3.2-7.8 6.5 4.5-9.0
Narrow-spectrum penicillins# 1.4 0.9-1.8 1.9 1.6-2.1
Fluoroquinolones 5.1 3.8-6.4 8.0 6.6-8.5
Glycopeptides incl. daptomycin 0.7 0.5-0.9 2.4 1.9-2.7
Aminoglycosides 0.2 0.1-0.3 0.5 0.4-0.6
Macrolides and clindamycin 3.8 2.6-5.2 4.6 4.2-4.9
Tetracyclines 0.4 0.3-0.8 0.6 0.4-0.7
Folic acid antagonists/sulphonamides 1.1 0.8-1.6 2.3 2.1-3.1
Others 3.2 2.4-4.4 3.9 3.5-4.7
among them metronidazole 2.8 2.0-3.7 2.5 2.1-3.5

* BLI= B-lactamase inhibitor; # penicillin, ampicillin, amoxicillin, flucloxacillin
p p

40 —-_——
_—_ __ _=___

20

M 3rd generation cephalosporins B 1st/2nd generation cephalosporins Fluoroquinolones Macrolides and clindamycin ~ m Other
m Broad-spectrum penicillins = Aminopenicillins B Glycopeptides W Tetracyclines
Carbapenems m SSBL B Aminoglycosides Folic acid antagonists

Fig. 2.2.3: Distribution of total antimicrobial use density (in RDD/100) at 141 acute-care hospitals incl. statement of the consumption of various antimicrobial
classes in dependence on the hospital size (number of beds). Top row: > 800 beds, middle row: 400-800 beds, bottom row: < 400 beds (Source: ADKA-if-DGI
Surveillance)

In 2013/2014, the leader of the TOP-5 list and the most common- 100%
ly used antimicrobial agent was cefuroxime (oral and parenteral
taken together). Interestingly, this had already been the case in
2004, although most other antimicrobial agents on the TOP-5
list, except for ciprofloxacin, have changed over the course of
time (Tab. 2.2.6).

75%

50%

Several studies have demonstrated that the nosocomial CDI rate 257

can be reduced by specifically restricting the use of cephalo-

sporins and/or fluoroquinolones.3 Corresponding studies from 0% “ct " F Dk BE NL | N D P HR LU GR

Germany are not available and it will be of great interest to cor-

relate the CDI prevalence with certain antimicrobial consumption Fig. 2.2.4: Relative share of penicillins (in blue) and cephalosporins (in orange)

patterns at German hospitals as well as to plan and evaluate po- by DDD in hgspltal care in various European Countries (Sourges: ECDC Sgrvell-
. . o . . . lance of Antimicrobial Consumption in Europe 2012, ADKA-if-DGI Surveillance

tential changes in antimicrobial prescribing strategies. In Sweden, [2013/2014 data]

for example, the use of cephalosporins at hospitals was reduced
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Tab. 2.2.6: The TOP-5 antimicrobials (by RDD) prescribed at hos-
pitals and their respective shares in total consumption (in % of
RDD) in 2004 and 2013/2014 (Sources: MABUSE Network [2004
data] and ADKA-if-DGI Surveillance)

2004 | % [2013/14 | %

Cefuroxime 13.8% | Cefuroxime 15.3%
Co-trimoxazole 7.9% | Piperacillin/tazobactam 9.3%
Ampicillin/sulbactam 6.8% | Ciprofloxacin 8.2%
Amoxicillin/clavulanic acid | 5.9% | Ceftriaxone 7.8%
Ceftriaxone 5.5% | Metronidazole 6.5%

by > 50% between 2006 and 2013; the cephalosporin use den-
sity is now only about 6 DDD/100* — compared to well above 10
DDD/100 in our present survey. A similar significant reduction in
consumption, in particular of second-generation cephalosporins,
has also been achieved in Great Britain.”

Low aminoglycoside, tetracycline and glycopeptide con-
sumption

The average use density of aminoglycosides and tetracyclines

in 2013/2014 was < 1 RDD/100. Glycopeptides were also used
sparingly at non-university hospitals (< 1 RDD/100) (Tab. 2.2.5),
whereas they were prescribed much more frequently in intensive
care units and in haematology/oncology departments of larger
hospitals.

Conclusion

Inpatient antimicrobial use density in Germany seems to have
increased over the past 10 years. In 2013/2014, non-university
hospitals showed a use density of < 60 DDD/100 patient days,
compared to a use density of > 80 DDD/100 patient days at
university hospitals. In 2013/2014, the most frequently prescribed

antimicrobials in the hospital sector were again intermediate-
spectrum B-lactams (mainly cefuroxime) and fluoroquinolones.
Cephalosporins are particularly predominant in surgical depart-
ments. In line with expectations, the antimicrobial use density in
intensive care units is about twice as high as on general wards.
However, the consumption in intensive care units only accounts
for < 20% of the total hospital antimicrobial consumption. The
data basis has improved significantly.

» W.V. Kern, K. de With, M. Fellhauer, M. Steib-Bauert
Reviewer: B. Sinha, E. Kramme, M. Kresken
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2.3 Antifungal consumption

Outpatient prescriptions

Among systemic antifungals prescribed in outpatient care,
terbinafine has been the most commonly prescribed drug for
many years (11.5, 13.1 and 16.5 million DDD in 2009, 2010 and
2011, respectively). This is also confirmed by the most recent
2014 figures (15.8 million DDD). Systemic azoles were prescribed
less commonly. In 2014, itraconazole was used less frequently
(1.7 million DDD) than fluconazole (2 million DDD)"2, and both
were prescribed much more frequently than voriconazole and
posaconazole (< 0.2 million DDD each) (Fig. 2.3.1).!

16 15.8

Mio. DDD
0

2.0 17

0.1 0.1
0 —r" -
Terbinafine Fluconazole Itraconazole Voriconazole Posaconazole

Fig. 2.3.1: Consumption of systemic antifungals in outpatient care in 2014
(Source: WIdO, SHI Drug Index)

An older European comparative study (2007 data) found that
terbinafine was again the most frequently prescribed systemic
antifungal; there were only a few countries where the list was
topped by itraconazole (Luxembourg, Croatia, Italy) or ketocon-
azole (Bulgaria).? Conversion into defined daily doses (DDD) per
1,000 inhabitants (or insured) and day yields a use density of
0.665 for terbinafine, 0.09 for itraconazole and fluconazole and
< 0.01 for voriconazole and posaconazole.

As was the case in previous years, oral non-absorbable (ny-
statin, natamycin and amphotericin B) or inadequately absorbed
antifungals (miconazole) as well as topical antifungals (ciclopirox,
clotrimazole, econazole) in the form of lozenges, suspensions

for oral use, ointments, skin creams, vaginal tablets or vaginal
creams were again prescribed much more frequently in 2014
than systemic antifungals.’

In 2014, the most commonly prescribed substance for the treat-
ment and prevention of oral candidiasis and other mucosal fungal
infections again appears to have been topical amphotericin B (2.4
million DDD).! However, there is no reliable consumption data
available for these groups. A whole range of these drugs are sold
over-the-counter and are not reimbursable, which is why they
are not listed in the statistics of drugs prescribed under statutory
health insurance. Accounting for 1.2 million DDD, clotrimazole
was used relatively often — mainly in gynaecology.

Inpatient use densities

Most previous surveys conducted at German acute-care hospitals
were limited to university hospitals or intensive care units.?
Subsequent surveys in 2004 confirmed that the highest con-
sumption rates at non-university hospitals were also observed in
haematology/oncology departments, followed by intensive care
units.# At that time, the median rates in intensive care units were
20 DDD/100 (university hospitals) and 5 DDD/100 (non-university
acute-care hospitals). A survey among 13 SARI intensive care
units (2004-2005) with an average use density of 9 DDD/100
across a broad range from 2 to 23 DDD/100 confirmed this order
of magnitude.®

The 2012 GERMAP report included 2011 data on a total of

66 hospitals. The median total use density amounted to 0.9
DDD/100 (interquartile range 0.5-1.5), being much higher in in-
tensive care units (median rate 6.1 in surgical intensive care units
and 4.5 in non-surgical intensive care units) and on haematology/
oncology wards (median rate 5.8) than in other departments.

For the 2013/2014 period, data from 4 full quarters is available
for 124 hospitals (excluding paediatric and psychiatric depart-
ments). As expected, the antifungal use density strongly depends
on the hospital size (Tab. 2.3.1), ranging between 0.3 (median
rate at hospitals with < 400 beds), 0.7 (hospitals with 400-800
beds) and 2.7 DDD/100 (hospitals with > 800 beds) across all
hospital departments.

Tab. 2.3.1: Antifungal consumption (RDD/100, median values and interquartile ranges) in total and in various specialities/sections at 124
German acute-care hospitals* of various sizes (number of beds) in 2013/2014 (Source: ADKA-if-DGI Surveillance)

Speciality/Section SDDAOO
<400 beds 400-800 beds >800 beds
Total* 0.3 (0.2-0.7) 0.7 (0.4-1) 2.7 (1.2-4.5)
Intensive care units*
Surgical/Anaesthesiological 2.8 (0-8.6) 6.4 (2.2-11.9) 7.6 (4.6-13)
Other surgical and interdisciplinary 3.7 (2-6.2) 4.6 (3.2-7.1) 8.5 (0.6-14.4)
Internal 1.3 (0.2-3.2) 2.6 (1.9-4.3) 8.4 (3.1-17.2)
Other non-surgical <0.1 - 0.7 (0-1.7) 0.9 (0.3-3.5)
General wards*
General surgery 0.1 (0-0.2) 0.2 (0.1-0.4) 0.7 (0.5-1.5)
Urology 0.1 (0-0.5) 0.4 (0.1-0.6) 0.7 (0.3-1.1)
Orthopaedics/Traumatology <01 - <01 - 0.4 (0.1-0.6)
Other general surgical wards 0.1 (0-0.4) 0.2 (0.1-0.3) 0.3 (0.2-0.5)
General internal medicine 0.2 (0.1-0.5) 0.4 (0.1-0.6) 1.1 (0.3-2.3)
Haematology/Oncology 2.1 (1.1-3) 2.6 (1.9-3) 23.6 (7.5-38.7)
Other non-surgical specialities 0.1 (0-0.2) 0.2 (0.1-0.3) 0.4 (0.1—0.9)

*Excl. paediatric and psychiatric wards
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Antifungal classes at hospitals

Fluconazole still number 1 at hospitals.

Azoles were by far most commonly used in all hospital de-
partments both in 2004 and during the period 2007-2011.

In 2013/2014, the situation was similar (Tab. 2.3.2) with two
exceptions: Caspofungin was used somewhat more often in
internal intensive care units of larger hospitals (> 800 beds) and
voriconazole and posaconazole were prescribed more frequently
in haematology/oncology departments of larger hospitals. In the
2008 and 2009 ESAC point prevalence surveys, fluconazole was
again identified as most frequently prescribed systemic antifungal
at hospitals.®

Tab. 2.3.2: Relative prescribing rate of various antifungals (in %
of all RDD and DDD of systemic antifungals) at German acute-
care hospitals* (general wards and intensive care units) in 2009,
2011 and 2013/2014 (Source: ADKA-if-DGI Surveillance)

P t f RDD (DDD
Antimicrobial ercentage o ( )

2009 2011 2013/14
Fluconazole 62 (70) 50 (66) 45 (61)
Voriconazole 22 (13) 22 (15) 14 (9)
Caspofungin 7 (4) 12 (8) 16 (11)
Posaconazole 6 (3) 7 (5) 12 (8)
L-AmB 5(3) 4(2) 5 (4)
Anidulafungin 4(2) 2 (2) 3(2)
Itraconazole 3(4) 1(2) 1(2)
cAmB 2(1) 1(1) <1(<1)
Flucytosin <11 <1k <11
Micafungin - 1(1) 3(2)

*Excl. paediatric and psychiatric wards

Overall, echinocandins were prescribed with increasing frequency
(Tab. 2.3.2); however, anidulafungin and micafungin continued
to be prescribed relatively rarely compared to caspofungin. Con-
ventional amphotericin B was barely used. Flucytosin, ketocon-
azole, itraconazole and terbinafine also play a very insignificant
role in the inpatient setting.

Intensive care units as high-consumption areas

The antifungal use density in intensive care units was much
higher than on general wards (Tab. 2.3.1). This disparity has also
been observed in a similar magnitude during the last 10 years. In
our recent 2013/2014 survey, the median rates ranged between
1 and 9 RDD/100, depending on the hospital size and the type
of intensive care unit. In individual cases, use densities of > 20
RDD/100 were observed. As mentioned above, fluconazole was
also the most commonly used substance in intensive care units,
except for internal intensive care units of larger hospitals. In non-
surgical intensive care units, voriconazole was also still used to
some extent (Tab. 2.3.3).

Tab. 2.3.3: Use density of selected azoles and echinocandins (in
RDD/100, weighted average) in intensive care units in 2013/2014
(Source: ADKA-if-DGI Surveillance)

RDD/100
Antimicrobial Surgical intensive Non-surgical
care units intensive care units
Fluconazole 35 2.5
Voriconazole 0.8 1.5
Caspofungin 2.4 2.5
Anidulafungin 0.6 0.6

Tab. 2.3.4: Use density of selected (systemic) antifungals (in
RDD/100, weighted average) on haematology/oncology wards in
2013/2014 (Source: ADKA-if-DGI Surveillance)

RDD/100
Antimicrobial Non-university University hospitals
hospitals

Total 4.9 401
Fluconazole 1.5 13.2
Voriconazole 0.9 7.3
Posaconazole 1.4 9.4
Itraconazole 0.2 <01
Caspofungin 0.8 3.6
Anidulafungin <01 0.1
Micafungin <01 2.3
L-AmB 0.1 4.0

Haematology/oncology as high-consumption areas

On haematology/oncology wards, more antifungals are used than
on other internal general wards (Tab. 2.3.1). The median rate in
2009 was 8 DDD/100 (equivalent to 6 RDD/100). In 2011, the
median rate was 5.8 DDD/100 (equivalent to 4.2 RDD/100). The
recent rates range between 4.9 RDD/100 and about 40 RDD/100,
depending on whether it is a university or non-university hospital
(Tab. 2.3.4).

The use pattern also appears to have changed slightly: Voricon-
azole, and most notably posaconazole, have been used far more
frequently in recent years, while both itraconazole and conven-
tional amphotericin B have largely been superseded by other
substances.

Conclusion

While antifungal consumption data is available for both out-
patient and inpatient care, the reliability of the figures for the
outpatient sector is limited by the great number of over-the-
counter topical substances, and the figures for the inpatient sec-
tor are based on the data reported by only 66 hospitals with 20
haematology/oncology departments. Overall, there is currently
no evidence to suggest any significant increase in consumption in
recent years.

Terbinafine has continued to be by far the most commonly pre-
scribed drug in outpatient care in recent times, with fluconazole
being most common in inpatient care, as was the case in 2004.
Intensive care units and haematology/oncology departments
remain the core area of prescriptions, but the use pattern of the
applied substances differs or has changed, while the use density
has remained constant.

» W.V. Kern
Reviewer: A. Ullmann, T. Hoppe-Tichy
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3 Antimicrobial consumption in veterinary medicine

3.1 Veterinary antimicrobial sales

Surveillance of antimicrobial sales

Resistance occurs in both human and veterinary medicine.
However, there is no clear sharp distinction between these two
sectors because resistance can be transferred both ways between
humans and animals through direct contact as well as via foods
of animal origin. Moreover, the rapid transport of humans, ani-
mals and foods between countries and continents can lead to a
rapid spread of resistance.

There is no simple answer to the question of the relation be-
tween antimicrobial consumption and resistance development
because the link is probably not linear. In order to better under-
stand any possible correlations and to take effective measures
in combating resistance, evidence-based data on antimicrobial
consumption is needed in addition to the data on the resistance
of the various bacteria.

Concerning goal 3 “Retaining and improving therapy options”,
the Federal Government states in the DART 2020 document
that the surveillance of veterinary antimicrobial sales should be
continued.!

The type and amount of antimicrobial agents sold to veterinar-
ians by pharmaceutical companies and wholesalers is to be
recorded in accordance with the regulation on the database-
supported information system for medicinal products (DIMDI
Regulation on Medicinal Products — DIMDI AMV) of 24 February
2010 to the German Institute of Medical Documentation and
Information. The recording of data is designed to help under-
stand the extent of the flow of goods in the general or regional
sale of veterinary medicinal products as well as any changes in
this flow of goods in the interest of “preventive consumer health
protection”. When reporting sales data, the first two digits of the
recipient’s postcode are also recorded with the aim to enable a
geographical classification of antimicrobial sales. It is important
to note that the development of this Veterinary Drug Index (TAR)
should be coordinated with the development of central indices
for the monitoring of antimicrobial resistance in veterinary drug
use.

The total amount of antimicrobials sold is calculated based on the
data reported by the pharmaceutical companies and wholesalers
as well as on the data available in the German Drug Information
System (AMIS). The data recorded and aggregated by the DIMDI
is forwarded to the Federal Office of Consumer Protection and
Food Safety (BVL) and to the Lander for further evaluation. The
BVL calculates the sales data for the various antimicrobial classes
and for the individual antimicrobial agents, while for those
available in the form of salt the amount of primary antimicrobial
agent sold is calculated, if possible.

In addition to the national recording and evaluation of antimicro-
bial sales data, the BVL also transmits the data to the European
Surveillance of Veterinary Antimicrobial Consumption [ESVAC]
project. Within the ESVAC project, antimicrobial sales data for 25

EU member states were published for the first time in 2011.2 By
now, two additional reports on antimicrobial sales data in Europe
have been published for 2012 and 2013.34

Results of the surveillance of antimicrobial sales in
Germany in 2011, 2013 and 2014 (TAR)

The total amount of primary antimicrobial agents (excluding
medicated premixes approved for the production of medicated
feed) sold to German-based veterinarians was 1,706 t in 2011
and 1,238 tin 2014. Among the 875 veterinary medicinal prod-
ucts approved and subject to reporting in Germany, sales data
was reported for 586 (67%) drugs in 2014. Similar figures were
reported for 2013 as follows: Of the 763 veterinary medicinal
products approved and subject to reporting in Germany, sales
data was reported for 583 (76.4%) drugs. The drugs for which
no sales data was reported were approved in Germany but were
not sold in the year under review.

Of the 586 veterinary medicinal products for which sales data
was reported in 2014, 418 drugs are approved for use in food-
producing animals (FPA) and 168 drugs exclusively for the treat-
ment of non-food-producing animals (N-FPA).

Antimicrobial agents and classes

In both years under review (2013 and 2014), the largest por-
tion of antimicrobial agents was made up of penicillins with

473 t and 450 t, respectively, and tetracyclines with 454 t and
342 t, respectively, with sulphonamides (2013 152 t; 2014 121
1), macrolides (2013 126 t; 2014 109 t) and polypeptide antimi-
crobials (2013 125 t; 2014 107 t) following far behind. Further
sales included 39 t (2013) and 38 t (2014) of aminoglycosides,
24 1(2013) and 19 t (2014) of trimethoprim, 17 t (2013) and 15 t
(2014) of lincosamides, 15 t (2013) and 13 t (2014) of pleuromu-
tilins, 12.1 1 (2013) and 12.3 t (2014) of fluoroquinolones as well
as approx. 5 t of fenicols in both years. 5.8 t of cephalosporins
were reported, 3.7 t of which were third- and fourth-generation
cephalosporins (2013, 2014). Nitroimidazoles, nitrofurans and
fusidic acid were sold in amounts of less than 1 t. A detailed
overview of the reported antimicrobials is provided in Tab. 3.1.1.
The amounts sold between 2011 and 2014 as well as the differ-
ences in sales between 2011 and 2014 are also shown to allow a
comparison.

Classification of antimicrobial sales according to
animal species

A clear classification of the reported drugs according to individual
animal species is not possible since the majority of these drugs
are approved for use in several animal species.

A distinction between drugs approved for use in food-producing
animals (FPA) and those approved for use in non-food-producing
animals (N-FPA) shows that drugs approved for use in FPA ac-
counted for approx. 99% of the total sales of primary antimicro-
bial agents during the period 2011-2014. It must be noted that a
veterinary drug is classified as approved for use in FPA if at least
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Tab. 3.1.1: Amount of primary antimicrobial agents per antimicrobial class [t] sold to Germany-based dispensing veterinarians,

2011-2014
Amount sold in

Amount sold in

Antimicrobial class

Amount sold in Amount sold in Difference between

2011 2012

2013 2014 2011 and 2014

Aminoglycosides 47 40 39 38 -9
Cephalosporins 1st gen. 2.0 2.0 2.0 2.1 +0.1
Cephalosporins 3rd gen. 2.1 2.5 2.3 2.3 +0.2
Cephalosporins 4th gen. 15 15 1.5 1.4 -0.1
Fluoroquinolones 8.2 10.4 12.1 12.3 +4.1
Folic acid antagonists 30 26 24 19 -1
Lincosamides 17 15 17 15 -2
Macrolides 173 145 126 109 -64
Penicillins 528 501 473 450 78
Phenicols 6.1 5.7 5.2 5.3 -0.8
Pleuromutilins 14 18 15 13 -1
Polypeptide antimicrobials 127 124 125 107 -20
Sulphonamides 185 162 152 121 -64
Tetracyclines 564 566 454 342 -222
Total* 1.706 1.619 1.452 1.238 -468
* any deviations are due to rounding

one of the animal species for which it is approved is a food- 14 5

producing animal species. " -

The number of approved drugs per animal species reported as 10

part of the surveillance of antimicrobial sales is listed in Tab.

3.1.2. The listing shown should not be understood to mean that 8 1

the indicated drugs are exclusively approved for and used in the =

respective animal species. This list provides an overview of how 6

many different drugs were each available for the treatment of Al

one animal species in 2013 and 2014.

24
Regionalised sales data
. . . 2011 2012 2013 2014
The DIMDI Regulation gn Medmmal Proglucts st|p.ulf3tes that the m Pradofloxacin STl — el
sales data reported be itemised by the first two digits of the B Enroflosacin W Difloxacin B Danofloxacin

postcode of the veterinarians’ addresses. This makes it possible to
classify the amounts sold according to postcode zones (first digit:
0-9) and postcode areas (first two digits: 01-99 [except for 05,

11, 43, 62 - since these do not exist]). It does not allow a clear
classification according to Lander because there are several over-

Tab. 3.1.2: Number of drugs per target animal species reported
within the surveillance of antimicrobial sales in 2013 and 2014

(multiple answers possible according to the marketing authori-
sation)

Number of drugs
reported in 2013

Number of drugs
reported in 2014

Animal species

Carrier pigeon " 10
Duck 2 4
Pheasant 1 1
Fish 1 1
Goose 1 1
Poultry 2 1
Chicken 78 76
Dog 202 204
Rabbit 8 7
Cat 95 95
Guinea pig 4 0
Horse 47 48
Turkey 35 37
Cattle 305 310
Sheep 48 50
Pig 286 287
Pigeon 13 12
Goat 14 14
24 | GERMAP 2015 - Antimicrobial Resistance and Consumption

Fig. 3.1.1: Comparison of sales of primary antimicrobial agents in fluoroquino-
lones [t] in Germany, 2011-2014

lapping postcode areas. Almost half of the total of antimicrobial
agents was supplied to veterinarians in the postcode areas 48
(northern North Rhine-Westphalia, 80 t) and 49 (western Lower
Saxony, 505 t). A regionalisation of sales data according to the
two-digit postcodes is provided in Fig. 3.1.2.

ESVAC data

The European Surveillance of Veterinary Antimicrobial Consump-
tion project (ESVAC) published data for 19 EU member states for
the first time in 2010 (no data from Germany included).® By now,
data for 2012 from 25 member states and data for 2013 from 26
member states have been published.

When calculating the amount of antimicrobial agent (mg), ESVAC
uses a defined correction factor PCU (population correction

unit = number of FPAs multiplied by the estimated weight at

the time of treatment) to allow better comparability of the data
reported by the individual member states. The corresponding
data is shown in Tab. 3.1.3 to allow a European comparison. The
amounts sold in Germany, expressed in mg of amount sold per
PCU, were 211 mg/PCU in 2011, 205 mg/PCU in 2012 and 179
mg/PCU in 2013.
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Conclusion

The sales data shows that the vast majority of sales account

for what are called “old” agents, whereas fluoroquinolones
and third- and fourth-generation cephalosporins (antimicrobial
agents with special relevance for human medicine) play a rather
subordinate role in veterinary medicine, compared to the total
antimicrobial sales. About 94% of all antimicrobial agents were
sold for oral administration. Approx. 62.5 t (@approx. 5%) were
sold for parenteral administration.

The drop in sales by 27% over the period 2011-2014 should not
be interpreted as an indication of fewer antimicrobial therapies.
The drop in total antimicrobial sales during the period under
review may be a direct consequence of the public discussion
about antimicrobial resistance and the call for reduced antimi-
crobial use. In addition, livestock farms were required for the
first time in the second half of 2014 to report the frequency of
treatment to the competent state authorities in accordance with
the 16th amendment of the Medicinal Products Act (AMG). The
measure of treatment frequency reporting is intended to reduce
antimicrobial consumption in animal production. The reduction
in antimicrobial sales by 468 t (2011 1,706 t; 2014 1,238 t) over
the period 2011-2014 is accompanied by an increase in the sales
of fluoroquinolones by approx. 4 t, which is equivalent to an in-
crease of approx. 50%. This mainly concerns enrofloxacin, where
the sales were observed to increase from 5.9 tin 2011 t0 9.6 t

in 2014, equivalent to an increase of approx. 63% (Fig. 3.1.1). At
the same time, an increase in the sales of third-generation cepha-
losporins by nearly 10% (2.1 tin 2011, 2.3 t in 2014) is observed.

A comparison of the various doses of antimicrobial agents in

this connection, e.g. tetracyclines with a dose of up to 80 mg/kg
of BW, fluoroquinolones with approx. 2.5-10 mg/kg of BW and
third-generation cephalosporins with 1-2 mg/kg of BW, makes
clear the extent of the increase in the sales of these antimicrobial
agents calculated here. The reduction in total antimicrobial sales
may also have been compensated by the increased use of antimi-
crobial agents applied in a lower dose per kg of BW.

The main benefit of the surveillance of antimicrobial sales is that
it provides the first valid and reliable figures on the amount of
antimicrobials sold in Germany to dispensing veterinarians since
the beginning of 2011, while also providing information on the
distribution and significance of individual antimicrobial classes in
veterinary medicine.

However, this data cannot be correlated with the regional resis-
tance situation, since a region where antimicrobials are sold is
not necessarily identical to the region where these are used. The
actual consumption cannot be determined, nor is a classification
according to individual animal species possible, since the majority
of the drugs are approved for use in several animal species.

At first glance, a reduction in antimicrobial use appears desirable.
However, attributing the development and spread of bacterial
resistance solely to antimicrobial sales is not appropriate, because
the corresponding mechanisms are much more complex and
cannot be reduced solely to the amount of antimicrobials sold or
used. From a scientific point of view, the mere calling for reduced
antimicrobial use without taking any accompanying measures to

Tab. 3.1.3: Comparison of sales of antimicrobial agents used in food-producing animals in mg per correction factor (mg/PCU) and of the
population correction unit (PCU; estimated weight of all food-producing animals at the time of treatment) for 2011 in 25 and for 2012
and 2013 in 26 European member states (ESVAC)*

Member state

Austria 55 977 55 966 57 957
Belgium 175 1,695 161 1,658 157 1,657
Bulgaria 104 399 99 388 116 401
Cyprus 408 127 397 13 426 13
Czech Republic 83 732 80 673 82 697
Denmark 43 2,479 44 2,424 45 2,418
Estonia 66 114 56 131 62 137
Finland 24 520 24 511 24 514
France 117 7,643 103 7,419 95 7,165
Germany 212 8,600 205 8,338 179 8,526
Hungary 192 767 246 727 230 763
Iceland 6 114 6 116 5 115
Ireland 49 1,770 58 1,725 57 1,762
Italy 370 4,497 341 4,500 302 4,372
Latvia 35 171 41 162 37 167
Lithuania 42 337 40 339 37 339
Luxembourg - - 44 50 54 51
Netherlands 14 3,186 75 3,279 70 3,226
Norway 4 1,680 4 1,851 4 1,789
Poland 120 3,929 132 3,908 151 3,806
Portugal 161 1,016 157 996 187 958
Slovakia 44 247 43 235 63 248
Slovenia 43 182 37 183 22 180
Spain 249 7,135 242 6,996 317 6,944
Sweden 14 835 14 783 13 796
United Kingdom 51 6,724 66 6,749 62 6,799

* ©Furopean Surveillance of Veterinary Antimicrobial Consumption, 2013. Sales of veterinary antimicrobial agents in 25 EU/EEA countries in 2011
(EMA/236501/2013), European Surveillance of Veterinary Antimicrobial Consumption, 2014. Sales of veterinary antimicrobial agents in 26 EU/EEA countries in
2012 (EMA/333921/2014), European Surveillance of Veterinary Antimicrobial Consumption, 2015. Sales of veterinary antimicrobial agents in 26 EU/EEA countries

in 2013 — 5th ESVAC report (EMA/387934/2015)
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Fig. 3.1.2: Amount of primary antimicrobial agents sold [t] per postcode area in Germany, 2014

ensure their prudent and proper use is not expedient to con-
trol antimicrobial resistance. The evidence-based assessment

of antimicrobial use and the resulting consequences requires
comprehensive, detailed antimicrobial consumption data (includ-
ing designation of medicinal product, animal species, number of
animals treated, indication and dose).

The European Medicines Agency (EMA) has recently published
data on defined daily doses in veterinary medicine (defined daily
dose for animals, DDDvet and defined course dose for animals,
DCDvet) on its website.>® These parameters can help compare
the antimicrobial consumption data in a standardised manner.

At the same time, the surveillance of antimicrobial consumption
would also include drugs purchased by veterinarians from abroad
(e.g. via the Internet).
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1. DART2020 Antibiotika-Resistenzen bekampfen zum Wohl von Mensch und
Tier: http://www.bmg.bund.de/fileadmin/dateien/Publikationen/Ministe-
rium/Broschueren/BMG_DART_2020_Bericht_dt.pdf2.

2. European Medicines Agency, European Surveillance of Veterinary Antimi-
crobial Consumption, 2013. Sales of veterinary antimicrobial agents in 25
EU/EEA countries in 2011 (EMA/236501/2013): http://www.ema.europa.
eu/docs/en_GB/document_library/Report/2013/10/WC500152311.pdf.

3. European Medicines Agency, European Surveillance of Veterinary Antimi-
crobial Consumption, 2014. Sales of veterinary antimicrobial agents in 26
EU/EEA countries in 2012 (EMA/333921/2014): http://www.ema.europa.
eu/docs/en_GB/document_library/Report/2014/10/WC500175671.pdf.

4. European Medicines Agency, European Surveillance of Veterinary Antimi-
crobial Consumption, 2015. Sales of veterinary antimicrobial agents in 26
EU/EEA countries in 2013 — Fifth ESCAC report (EMA/387934/2015).
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5. European Medicines Agency, 2012. Sales of veterinary antimicrobial agents
in 19 EU/EEA countries in 2010 (EMA/88728/2012): http://www.ema.
europa.eu/docs/en_GB/document_library/Report/2012/10/WC500133532.
pdf.

6. Principles on assignment of defined daily dose for animals (DDDvet) and
defined course dose for animals (DCDvet), EMA/710019/2014, Veterinary
Medicines Division (2015). http://www.ema.europa.eu/docs/en_GB/docu-
ment_library/Scientific_guideline/2015/06/WC500188890.pdf.
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3.2 Animal Treatment Index (ATI) —
Surveillance of treatment frequency

There is a multitude of legal provisions as well as supplementary
guidelines and recommendations for the use and sale of antimi-
crobials in veterinary practice. The most important statutory basis
is the Medicinal Products Act (AMG). Further regulations are set
forth in the Veterinary House Dispensary Ordinance (TAHAV) and
the Ordinance on the Recording Obligations of Livestock Owners
for Medicinal Products Intended for Use in Animals (ANTHV).

With the 16th amendment of the Medicinal Products Act coming
into force on 1 April 2014, further veterinary-specific regulations
were added to the Medicinal Products Act (AMG, 2013).2 The
main goals are to reduce the use of antimicrobials in livestock
farming to limit the risk of the development and spread of
antimicrobial resistance, thereby contributing to maintaining the
efficacy of antimicrobials.

The regulations for calculating the Animal Treatment Index (ATI)
are primarily directed at livestock owners, who are responsible
for the recording and reporting as well as the performance of
the measures (Fig. 3.2.1). Veterinarians mainly act in an advisory
function, but livestock owners can also transfer the responsibility
to report the antimicrobial use to them. The data to be recorded
is pooled in an extensive database of the Origin and Informa-
tion System for Livestock (HI Tier) (https://www.hi-tier.de/). All
cattle, pig, chicken and turkey farms exceeding a certain size (20
beef cattle, 250 fattening pigs, 1,000 meat turkeys and 10,000
broilers) are subject to the reporting obligation (Ordinance on the
Submission of Notifications pursuant to Sec. 58a and 58b of the
Medicinal Products Act, TAMMIitDurchfV).3 As regards cattle, a
distinction is additionally made between veal calves aged up to
8 months and beef cattle aged above 8 months, and as regards
swine, between piglets with a weight of up to and including 30
kg and fattening pigs with a weight of more than 30 kg (AMG,
2013).2

As regards the duration of treatment with antimicrobials with

a therapeutic drug level of longer than 24 hours, 7 treatment
days must be documented, unless the veterinarian determines a
deviating number of treatment days based on the duration of the

Individual Animal
Treatment Index = ATI

Livestock owner

<
>

@ Half-yearly number of animals
Type of use
Days of antimicrobial treatment

Fig. 3.2.1: System of recording the Animal Treatment Index
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Competent authority

therapeutic drug level in accordance with Sec. 58b (3) AMG.

Based on the information provided on the use of antimicrobials
in relation to the average number of animals kept in a half-yearly
period, the competent state authority calculates the half-yearly
Animal Treatment Index (ATI) per farm and carries out a bench-
marking between comparable farms (animal species/age group).
HI-Tier transmits the individual ATl in anonymised form to the
Federal Office of Consumer Protection and Food Safety (BVL),
which ascertains nationwide parameters and promulgates them
in the Federal Gazette. By comparing the ATl calculated for their
farms, livestock owners are then able to determine whether
their farms are below or above the median (parameter 1: value
below which 50% of all farms fall) or below or above the third
quartile (parameter 2: value below which 75% of all farms fall). If
parameter 1 is exceeded, the livestock owner has to identify the
reasons for the excessive use of antimicrobials in collaboration
with a veterinarian and check whether the antimicrobial use can
be reduced. If parameter 2 is exceeded, a written action plan for
minimising the antimicrobial use must be drawn up within two
months, which also has to be presented to the competent state
authority (AMG, 2013).2

Conclusion

The first surveillance period extended from 1 July 2014 to 31
December 2014 and the second one from 1 January 2015 to 30
June 2015, which is why results from two surveillance periods
were available for the first time in 2015. The results were pub-
lished in the Federal Gazette (Tab. 3.2.1, Tab. 3.2.2).45

The parameters do not allow a statement on the average number
of treatment days per animal and half-year, nor are they suitable
to compare the frequency of antimicrobial use between indi-
vidual animal species and types of use. A correlation of this data
or the data from the individual farms with the regional resistance
situation is not possible, because information required for a cor-
responding classification is not available.

» J. Wallmann
Reviewer: |. Reimer
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Animal species/Type of use ‘ Median ‘ Third quartile

Tab. 3.2.1: Median and third quartile of the nationwide treat-
ment frequencies of beef cattle, fattening pigs, broilers and
meat turkeys recorded from 1 July 2014 to 31 December 2014
in accordance with Sec. 58c (4) of the Medicinal Products Act
(AMG)

Tab. 3.2.2: Median and third quartile of the nationwide treat-
ment frequencies of beef cattle, fattening pigs, broilers and
meat turkeys recorded from 1 January 2015 to 30 June 2015
in accordance with Sec. 58c (4) of the Medicinal Products Act
(AMG)

Animal species/Type of use ‘ Median ‘ Third quartile

Veal calves aged up to 8 months 0.000 5.058 Veal calves aged up to 8 months 0.000 2.676
Beef cattle aged above 8 months 0.000 0.015 Beef cattle aged above 8 months 0.000 0.000
Piglets weighing up to 30 kg 4.793 26.191 Piglets weighing up to 30 kg 5.930 20.611
Fattening pigs weighing more than 30 kg 1.199 9.491 Fattening pigs weighing more than 30 kg 0.757 6.474
Broilers 19.558 35.032 Broilers 16.712 27.114
Meat turkeys 23.030 47.486 Meat turkeys 21.791 40.225

1.

Sigge C, Richter A, Wallmann J, Klein G. Rechtliche Grundlagen und Leitli-
nien. In: Der Praktische Tierarzt 95, 2014;Suppl. 5:4-6.

Arzneimittelgesetz (AMG): 16. Gesetz zur Anderung des Arzneimittelge-
setzes vom 10. Oktober 2013 (16. AMG-Novelle), BGBI. I. Seite 3813; zu-
letzt geandert durch Berichtigung der 16. AMG-Novelle vom 24.03.2014,
BGBI. I. 272.

Verordnung Uber die Durchfiihrung von Mitteilungen nach §§ 58a und
58b des Arzneimittelgesetzes vom 18. Juni 2014, BGBI. I. S. 797.

Tierarzneimittel-Mitteilungendurchfihrungsverordnung (TAMMitDurchfV):

4. Bundesanzeiger (BAnz): Bekanntmachung des BVL zur ersten Erfassung
der Therapiehaufigkeit vom 31. Mdrz 2015. BAnz AT 31.03.2015 B11.
http://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/
bekanntmachungen/2015_03_31_Bekanntmachung_BAnz.pdf?__
blob=publicationFile&v=2.

5. Bundesanzeiger (BAnz): Bekanntmachung des BVL zur zweiten Er-
fassung der Therapiehaufigkeit vom 30. September 2015. BAnz AT
30.09.2015 B4 http://www.bvl.bund.de/DE/O5_Tierarzneimittel/05_Fach-

meldungen/2015/2015_09_30_Fa_Antibiotikaabgabemenge_1HJ2015.
html.
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4 Antimicrobial resistance in human medicine

4.1 Extraintestinal infections
4.1.1 Streptococcus spp.
4.1.1.1 Streptococcus pyogenes

Streptococcus pyogenes is one of the most common causative
agents of infectious diseases, especially in childhood. The natural
reservoir of the pathogen is limited to humans, spanning a wide
range of possible diseases. Besides infections of the respiratory
tract (tonsillopharyngitis, scarlet fever) and the skin (impetigo
contagiosa, erysipelas), it is particularly associated with infections
of deeper tissues (phlegmons, necrotising fasciitis, myonecrosis),
bloodstream infections and streptococcal toxic shock syndrome.
Non-purulent secondary disease caused by S. pyogenes infection
(acute rheumatic fever, Sydenham’s chorea and post-strepto-
coccal glomerular nephritis) has become rare in western
industrialised countries.

This report is based on the data reported by the National Refer-
ence Centre for Streptococci at the Institute of Medical Microbi-

ology of the University Hospital RWTH Aachen.

Trends in resistance development

The susceptibility of S. pyogenes isolates to penicillin G, macro-
lides and clindamycin was analysed during the period from 1999
through December 2014 (Tab. 4.1.1.1.1). Until 2003, the isolates
were almost exclusively obtained from non-invasive infections;
subsequently, they came predominantly from invasive infections.

Tab. 4.1.1.1.1: Resistance rates of Streptococcus pyogenes (%)

The minimum inhibitory concentrations (MIC) were measured
using the microdilution method based on the criteria and break-
points defined by the Clinical and Laboratory Standards Institute
(CLSI). The results may differ slightly from those obtained based
on the guidelines of the European Committee on Antimicrobial
Susceptibility Testing (EUCAST).

The percentage of penicillin-G-susceptible strains was 100%
throughout the entire period. To date, no penicillin-resistant S.
pyogenes isolates have been reported anywhere in the world.
The prevalence of macrolide resistance was determined using the
data of clarithromycin or erythromycin. The rate of macrolide re-
sistance ranged between 1.3% and 13.6% throughout the entire
period. The percentage of isolates that showed intermediate sus-
ceptibility to macrolides was comparatively low. Fortunately, the
slight drop in the resistance rate observed in recent years largely
stabilised by 2014. The clindamycin resistance rate was very low
throughout the entire period.

Conclusion

All S. pyogenes strains detected between 1999 and 2014 were
susceptible to penicillin G. The rate of macrolide resistance during
the study period ranged between 1.3% and 13.6%; the slight
drop in the resistance rate observed in recent years has largely
stabilised. The rate of resistance to clindamycin was even lower
than to macrolides.

» M. Imohl, R.R. Reinert, M. van der Linden
Reviewer: M. Pletz, T. Welte

Penicillin G Macrolide Clindamycin
Isolates (n) | Susceptible | Intermediate | Resistant | Susceptible | Intermediate | Resistant | Susceptible | Intermediate | Resistant
1999 380 100 0 0 85.8 1.3 12.9 99.2 0.0 0.8
2000 240 100 0 0 92.9 0.4 6.7 98.3 0.0 1.7
2001 137 100 0 0 90.5 0.0 9.5 100.0 0.0 0.0
2002 243 100 0 0 86.4 0.0 13.6 99.6 0.0 0.4
2003 310 100 0 0 92.6 0.0 7.4 98.7 0.6 0.6
2004 358 100 0 0 93.9 0.0 6.1 98.0 0.0 2.0
2005 196 100 0 0 89.8 1.0 9.2 96.9 0.5 2.6
2006 140 100 0 0 92.9 0.0 71 971 0.0 2.9
2007 156 100 0 0 95.5 0.0 4.5 98.7 0.6 0.6
2008 146 100 0 0 96.6 0.7 2.7 99.3 0.0 0.7
2009 246 100 0 0 97.6 0.0 2.4 99.6 0.0 0.4
2010 262 100 0 0 95.4 0.0 4.6 98.5 0.0 1.5
2011 226 100 0 0 96.5 0.0 3.5 99.6 0.0 0.4
2012 320 100 0 0 98.1 0.6 13 99.7 0.0 0.3
2013 359 100 0 0 97.2 0.0 2.8 98.6 0.0 1.4
2014 245 100 0 0 94.7 0.0 5.3 98.8 0.0 1.2
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4.1.1.2. Streptococcus agalactiae

Streptococcus agalactiae (group B streptococci, GBS) infec-

tions can generally be subdivided into neonatal infections and
infections beyond the newborn period. In Germany and all

other industrialised countries, GBS is by far the most common
pathogen causing neonatal bloodstream infections. According to
the most recent results of a national study conducted in Germany
from 2008 to 2010, the incidence of blood or cerebrospinal fluid
culture-positive GBS infections appears to be in decline, currently
accounting for 0.34 per 1,000 live births, whereas it was still 0.47
during the period 2001-2003." By contrast, the neonatal GBS cas-
es have been observed to increase in recent years from 0.2/1,000
(1987) to 0.32/1,000 (2011) in the Netherlands.? Interestingly, a
significantly larger number of isolates from 2011 belonged to a
clonal lineage, referred to as clonal complex (CC)17, which is clas-
sified as particularly virulent.

About half of all invasive GBS infections manifest themselves as
early-onset bloodstream infections (early-onset disease, EOD)
within the first 24 to 48 hours of life, in some cases with a fulmi-
nant progression. Whereas EOD is formally defined as manifesta-
tion between the 1st and 6th day after birth, infections occurring
after the 6th day of life are referred to as late-onset bloodstream
infections (late-onset disease, LOD, between the 7th and 90th
day after birth). In the majority of cases, LOD is associated with
the occurrence of meningitis. The manifestation of LOD is often
non-specific and insidious. In EOD, the pathogens are acquired
by the mother during childbirth; this can be effectively prevented
by intrapartum antimicrobial prophylaxis (IAP). National and
international guidelines recommend a rectovaginal swab in the
35th -37th week of pregnancy to diagnose GBS colonisation,
and IAP in the event of a positive diagnosis. However, IAP is not
capable of preventing LOD infections, since such pathogens are
not acquired before the postpartum period. The decrease in

the incidence of invasive GBS infections in Germany is therefore
mainly attributable to a decline in EOD cases, while the preva-
lence of LOD has remained largely unchanged. At least 14% of
all newborns in Germany who are affected by an invasive GBS
infection show residual impairment at the time of discharge, with
up to 5% of the cases being fatal." According to most recent U.S.
data, neonatal GBS meningitis is associated with long-term ef-
fects in more than 40% of all affected patients.?

The above-mentioned national study, which was conducted from
2008 to 2010 in collaboration with the Robert Koch Institute
(RKI) and included all microbiology laboratories in Germany,
found that invasive infections are much more common in pa-
tients beyond the newborn period. Adult, predominantly older

patients accounted for three-quarters of the 1,085 invasive
isolates submitted to the central study laboratory: Nearly 90%
of the patients were aged 50 years or older, 55% were aged 70
years or older and 25% were at least 80 years old. Most of the
isolates were obtained from blood cultures; joint aspirates or
joint-associated intraoperative isolates were in second place, ac-
counting for nearly 10%.

Trends in resistance development

The first nationwide study, which was conducted from 2001

to 2003 in collaboration with the RKI, collected close to 300
invasive GBS isolates (exclusively from newborns) and performed
antimicrobial susceptibility tests.* All tested isolates were highly
susceptible to penicillin, ampicillin and cefotaxime. About 10% of
the isolates were resistant to erythromycin and nearly 6% were
resistant to clindamycin. Given that these antibiotics are used as
alternatives for IAP in pregnant women who are allergic to peni-
cillin, this observation is of clinical relevance. Analyses of the find-
ings of several smaller studies conducted in and across various
regions in Germany at that time yielded very similar results. The
second nationwide study conducted from 2008 to 2010, which
investigated pathogens causing invasive infections in all age
groups, additionally showed full susceptibility of all isolates to
penicillin, ampicillin and cefotaxime, indicating MIC values in line
with those found in the study conducted from 2001 to 2003 (see
Tab. 4.1.1.2.1). However, a significant increase in macrolide and
lincosamide resistance was observed: 22% of the isolates were
now resistant to erythromycin and nearly 15% were resistant

to clindamycin; this is largely consistent with the erythromycin
resistance rate (23%) found at a single center study in Germany
performed in 2011.5 The inducible clindamycin resistance rate
was 6.1%.° Interestingly, the erythromycin resistance rate in
isolates from newborns was 32%, while the rate in isolates from
pregnant women was only 21%.° In the nationwide RKI study
(2008-2010), only 16% of the neonatal isolates, but 23% of the
adult isolates were found to be resistant to erythromycin.

The results of a 2013 resistance study conducted by the Paul
Ehrich Society revealed a macrolide resistance rate of 32%; the
inducible clindamycin resistance rate remained nearly unchanged
(6.5%). The doxycycline resistance rate was 78% in this study.®

In the U.S. and Asia, GBS strains with reduced susceptibility to
penicillin have been observed in the past and confirmed by the
corresponding reference laboratories. In addition, isolated cases
of vancomycin-resistant GBS isolates have been reported in the
U.S. Fortunately, such isolates have so far not been detected in
Germany.

Tab.4.1.1.2.1: Antimicrobial susceptibility of 976 invasive GBS isolates (2008-2010)

. MIC [mg/I]
Resistant [%
[%] Range MICs, MIC,, Breakpoint

Cefotaxime 0 0.016-0.25 0.032 0.047 <0.5
Clindamycin* 13.8

Erythromycin* 219

Gentamicin 100 1.5-128 16 32 <1.0
Linezolid* 0

Penicillin 0 0.008-0.25 0.032 0.064 <0.25
Vancomycin* 0

* These antimicrobials were tested for susceptibility by means of the agar diffusion method and the MIC value was only determined to confirm the resistance of

non-susceptible isolates.
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Conclusion

Since GBS are still very susceptible to penicillin and/or ampicillin
in German clinical practice, these antimicrobials continue to be
used for the first-line treatment and prevention of GBS infec-
tions. The increase in macrolide and lincosamide resistance is
alarming and has practical relevance not so much for treatment
as for prevention of neonatal GBS infections in pregnant women
with a penicillin allergy; the high rate of resistance to erythro-
mycin and clindamycin in adults must be addressed, including
development of therapeutic strategies (e.g. for GBS infections of
the skin and soft tissues), if necessary.

» R. Berner, F. Lander, B. Spellerberg
Review: N. Schnitzler
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4.1.1.3 Streptococcus pneumoniae

Streptococcus pneumoniae is an inhabitant of the mucous mem-
branes of the upper respiratory tract. The carrier rate in healthy
adults ranges up to 10%. Young children can be asymptomatic
carriers in up to 50% of the cases, depending on their age. A
major virulence factor of S. pneumoniae is its polysaccharide
capsule, with significant differences in virulence being caused

by the various possible capsular types (also known as serotypes).
Non-encapsulated strains are avirulent. Some pneumococcal in-
fections are associated with a clustering of specific serotypes. In
children, for example, about 10-15 serotypes have been respon-
sible for 80-90% of all invasive infections before the pneumococ
cal conjugate vaccine was introduced. S. pneumoniae infections
are usually endogenous. Pneumococcal disease is subdivided into
invasive infections (detectable in blood cultures, cerebrospinal
fluid and other “sterile” specimens, i.e. meningitis and primary
bacteraemia) and non-invasive infections (acute otitis media,
sinusitis, non-bacteraemic pneumonia). Community-acquired
(pneumococcal) pneumonia, which is invasive (involving the pres-
ence of bacteria in the blood) in 10-15% of the cases, causes the
greatest burden of disease. Pneumococci primarily infect people
who have a weakened immune system. Besides the conventional
forms of immunosuppression, this particularly includes young
children (immature immune system) and the elderly (immunose-
nescence). Further risk factors for severe progression include
anatomical and functional splenectomy, young age (infants and
young children) and old age, underlying cardiopulmonary disease
and alcohol abuse.

The pneumococcal conjugate vaccine for children was added to
the General Vaccination Recommendations of the German Stand-
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ing Committee on Vaccination (STIKO) in 2006. The pneumococ-
cal conjugate vaccines provide protection against 7, 10 and 13
serotypes, respectively (7v PnC, 10v PnC, 13v PnC). For persons
aged 60 years or older, one-time vaccination against pneumococ-
ci with a pneumococcal polysaccharide vaccine is recommended
by the STIKO as a standard vaccination.

In very young children, older patients with a weakened immune
system and immunocompromised individuals, the effect of poly-
saccharide vaccines is weaker than in the rest of the population.
By conjugating the polysaccharide antigens to a carrier protein, a
T cell-dependent immune response is induced, resulting in higher
antibody concentrations, not only in young children. Memory B
cells are also produced, leading to a stronger immune response
on repeated contact with the antigens. The great number of
serotypes, of which only a limited number can be introduced into
the conjugate vaccine, constitutes a challenge in the production
of conjugate vaccines.

This report is based on the data reported by the National Refer-
ence Centre for Streptococci at the Institute of Medical Microbi-

ology of the University Hospital RWTH Aachen.

Trends in resistance development

S. pneumoniae isolates obtained from children and adults with
invasive infections were analysed for susceptibility to penicillin

G and macrolides; the prevalence of macrolide resistance was
determined using the data of clarithromycin or erythromycin
based on the breakpoints defined by the Clinical and Laboratory
Standards Institute (CLSI) for the respective year, especially since
the EUCAST breakpoints were not available before 2009.
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Adults

The available data on adults cover the period from 1992 through
December 2014. During the period 1992-2007, the rate of resis-
tance to penicillin G ranged between 0% and 2.5%, with a trend
towards higher resistance rates becoming apparent in recent
years, as evidenced by the high rate in 2007. The rate of penicillin
G-intermediate S. pneumoniae strains ranged between 3.4%
and 7.8% from 1992 to 2007, with no upward tendency being
observed in this case. The introduction of new CLSI guidelines in
2008 changed that picture. Since penicillin concentrations in ce-
rebrospinal fluid are lower than in blood, these guidelines specify
different breakpoints for meningitis and non-meningitis cases.
The use of different breakpoints produced a significant drop

in the average resistance rate (Tab. 4.1.1.3.1, Fig. 4.1.1.3.1). As
shown in Tab. 4.1.1.3.2, during the period 2008-2014, 4.6-16.2%

Tab. 4.1.1.3.1: Resistance rates of S. pneumoniae in adults (%)

of all meningitis cases were penicillin G-resistant, whereas most
of the isolates found in non-meningitis cases were intermediate
(0.3-0.7%), with resistant isolates being detected only sporadi-
cally (0.0-0.1%). In terms of macrolide resistance, a continuous
increase in the resistance rate was observed over the period
1992-1999. Since 2005, the resistance rate has been in decline,
most recently accounting for 7.6% resistant isolates in 2014 (Tab.
4.1.1.3.1, Fig. 4.1.1.3.2).

Children

The evaluated data on children were collected from 1997
through December 2014. The rate of resistance to penicillin G
during the period 1997-2007 ranged between 0 % and 3.5%,
slightly exceeding that of adults. Again, there appears to have
been a trend in recent years towards an increase in resistant

Isolates Penicillin G Makrolide
(n) Susceptible Intermediate Resistant Susceptible Intermediate Resistant
1992 551 96.4 3.4 0.2 96.4 0.2 3.4
1993 468 95.1 49 0.0 94.7 0.2 5.1
1994 350 95.4 4.0 0.6 951 0.0 5.7
1995 338 95.6 4.4 0.0 90.2 0.3 9.5
1996 293 92.2 7.8 0.0 90.1 0.3 9.6
1997 167 93.4 6.6 0.0 88.0 0.6 1.4
1998 208 92.8 6.7 0.5 84.6 1.0 14.4
1999 226 93.8 5.8 0.4 82.7 0.0 17.3
2000 216 92.1 7.4 0.5 83.8 0.0 16.2
2001 458 93.9 59 0.2 84.9 0.0 15.1
2002 447 96.4 3.4 0.2 86.1 0.2 13.6
2003 566 93.5 6.0 0.5 83.7 0.2 16.1
2004 395 93.9 4.8 13 81.8 1.0 17.2
2005 612 941 3.9 2.0 81.7 0.0 18.3
2006 635 93.5 5.0 1.4 82.2 0.0 17.8
2007 1,676 93.6 3.9 2.5 83.0 0.8 16.2
2008 1,803 98.9 0.4 0.6 86.9 0.1 13.0
2009 1,948 99.3 0.3 0.4 88.9 0.2 10.9
2010 2,157 98.6 0.6 0.7 91.3 0.1 8.5
2011 2,330 99.2 0.4 0.4 90.4 0.2 9.4
2012 1,925 98.1 0.7 1.2 89.2 0.0 10.8
2013 2,251 98.8 0.4 0.8 92.5 0.0 7.5
2014 2,151 98.3 0.6 1.1 92.4 0.0 7.6
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Fig. 4.1.1.3.1: Isolates from adults with reduced susceptibility to penicillin

Pen 1%, % of penicillin-intermediate isolates; Pen R%, % of penicillin-resistant isolates
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Tab. 4.1.1.3.2: Resistance rates of S. pneumoniae in adults (%), differentiated by meningitis and non-meningitis cases

Isolates Meningitis — Penicilli Isolates Non-Meningiti
(n) Susceptible | Intermediate Resistant (n) Susceptible | Intermediate Resistant
2008 178 93.8 0.0 6.2 1,625 99.5 0.5 0.0
2009 174 95.4 0.0 4.6 1,774 99.7 0.3 0.0
2010 176 90.9 0.0 9.1 1,981 99.3 0.7 0.0
2011 153 93.5 0.0 6.5 2,177 99.6 0.4 0.0
2012 142 83.8 0.0 16.2 1,783 99.3 0.7 0.0
2013 140 89.3 0.0 10.7 2,111 99.4 0.5 0.1
2014 146 84.2 0.0 15.8 2,005 99.4 0.6 0.0
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Fig. 4.1.1.3.2: Isolates from adults with reduced susceptibility to macrolides
Macro 1%, % of macrolide-intermediate isolates; Macro R%, % of macrolide-resistant isolates

Tab. 4.1.1.3.3: Resistance rates of S. pneumoniae in children (%)

Isolates Penicillin G Macrolide
(n) Susceptible Intermediate Resistant Susceptible Intermediate Resistant
1997 160 98.8 1.3 0.0 89.4 0.0 10.6
1998 163 95.7 4.3 0.0 87.7 0.0 12.3
1999 189 95.8 3.2 1.1 77.8 0.0 22.2
2000 212 88.7 10.4 0.9 72.2 0.5 27.4
2001 250 92.0 7.2 0.8 72.8 0.0 27.2
2002 275 93.5 5.8 0.7 71.8 0.4 27.8
2003 246 94.7 4.1 1.2 68.3 0.0 31.7
2004 256 88.7 7.8 35 70.3 0.4 29.3
2005 320 94.1 4.7 1.3 66.3 0.3 33.4
2006 294 91.2 5.4 3.4 70.2 0.0 29.8
2007 284 92.6 5.6 1.8 78.9 0.4 20.8
2008 224 97.3 1.3 1.3 84.8 0.0 15.2
2009 262 97.3 1.1 1.5 87.0 0.0 13.0
2010 247 96.0 1.2 2.8 90.7 0.0 9.3
2011 203 96.6 0.0 3.4 89.7 0.0 10.3
2012 173 93.6 0.6 5.8 91.9 0.0 8.1
2013 189 96.3 0.0 37 93.1 0.0 6.9
2014 153 95.4 1.3 3.3 91.5 0.0 8.5
strains; however, the number of penicillin-intermediate isolates The prevalence of macrolide resistance in children increased
hardly differs from that in adults. Unlike in adults, the introduc- significantly between 1997 (10.6%) and 2005 (33.4%), but
tion of the new CLSI guidelines in 2008 with a classification fortunately it gradually decreased again between 2006 (29.8%)
into meningitis and non-meningitis cases including the use of and 2014 (8.5%). The number of macrolide-intermediate isolates
different breakpoints only led to a temporary drop in the average was almost negligible, accounting for < 0.5% (Tab. 4.1.1.3.3, Fig.
resistance rate (Tab. 4.1.1.3.3, Fig. 4.1.1.3.3). During the period 4.1.1.3.4).
2008-2014, 3.3-16.1% of all meningitis cases in children were
penicillin G-resistant, whereas most of the isolates found in non- Resistance and serotype distribution
meningitis cases were intermediate (0.0-2.2%), with one resistant
isolate (0.7%) being detected in 2011 (Tab. 4.1.1.3.4). The serotype distribution, shown based on the 2008 and 2014

data, respectively, confirms that a few years after the recom-
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Isolates Meningitis — Penicillin G

Tab. 4.1.1.3.4: Resistance rates of S. pneumoniae in children (%), differentiated by meningitis and non-meningitis cases

Isolates Non-Meningitis - Penicillin G

(n) Susceptible | Intermediate Resistant (n) Susceptible | Intermediate Resistant
2008 90 96.7 0.0 3.3 134 97.8 2.2 0.0
2009 77 94.8 0.0 52 185 98.4 1.6 0.0
2010 73 90.4 0.0 9.6 174 98.3 1.7 0.0
2011 63 90.5 0.0 9.5 140 99.3 0.0 0.7
2012 62 83.9 0.0 16.1 1M 99.1 0.9 0.0
2013 65 89.2 0.0 10.8 124 100.0 0.0 0.0
2014 55 90.9 0.0 9.1 98 98.0 2.0 0.0
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Fig. 4.1.1.3.4: Isolates from children with reduced susceptibility to macrolides

Macro 1%, % of macrolide-intermediate isolates; Macro R%, % of macrolide-resistant isolates

mendation for vaccination the serotype distribution has changed
significantly in both children and adults (herd protection).

At present, only 5.2% of the isolates in children are covered by
the 7-valent conjugate vaccine (7v PnC), 11.8% by the 10-valent
conjugate vaccine (10v PnC) and 27.5% by the 13-valent con-
jugate vaccine (13v PnC). The most common serotypes in 2014
were 24F (11.1%), 12F (8.5%), 3 (7.8%) and 19A (7.2%) (Tab.
4.1.1.3.5).

In adults, 5.6% of the isolates are currently covered by the 7v
PnC, 11.2% by the 10v PnC and 71.6% by the 23-valent polysac-
charide vaccine (23v PnP). The most common serotypes in 2014

were 3 (16.2%), 12F (8.4%), 22F (8.0%), 19A (5.9%), 8 (5.8%)
and 9N (5.3%) (Tab 4.1.1.3.6).

When the pneumococcal conjugate vaccine was introduced,
most of the penicillin-resistant and macrolide-resistant strains
had serotypes that were included in the 7v vaccine. The reduced
prevalence of serotypes included in the pneumococcal conjugate
vaccines (7-valent serotypes in particular) led to a noticeable
decrease in macrolide resistance (Tab. 4.1.1.3.7, Tab 4.1.1.3.8).

By contrast, the prevalence of penicillin resistance in children
slightly increased from 1.3% in 2008 to 3.3% in 2014, with 1.3%
intermediate isolates being detected in both years (Tab. 4.1.1.3.9)
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