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INTRODUCTION

1. Introduction

1.1 About DANMAP The objectives of DANMAP are:
* to monitor the consumption of antimicrobial agents ir
Antimicrobial resistance is considered a major threat to food animals and humans;
human health. While antimicrobial agents are essenttal formonitor the occurrence of antimicrobial resistance ir
treating disease in humans and in animals, they are alsdakteria isolated from food animals, food of animal ori
main contributors to the selection and spread of antimidebianeat) and humans;
resistance. It is, therefore, essential to monitor trends irto study associations between antimicrobial consumpti
antimicrobial resistance and consumption of antimicrobind antimicrobial resistance; and
agents in order to identify the risk factors that contributkotislentify routes of transmission and areas for further
the dissemination of resistance and the interaction betweeeatied studies.
risk factors.
The monitoring of antimicrobial resistance is based on thr
Humans and animals constitute overlapping reservoiestegories of bacteria:
resistance and an integrated approach that takes this inftoraecoand animal pathogens that cause infections an:
is therefore needed. The Danish Integrated Antimicrobiaire thought to reflect resistance caused by the use of
Resistance Monitoring and Research Programme, DANMARtimicrobial agents in the respective reservoirs;
has implemented the One Health approach, comprising zhenotic bacteria that can develop resistance in the an
entire chain from farm to fork to sickbed since 1995. Theeservoir, which may subsequently compromise treatrr
organisation and collection of DANMAP data are presenteffiéat when causing infection in humans;
Figure 1.1. * indicator bacteria (enterococckand) due to their
ubiquitous nature in animals, food and humans, and th
DANMAP was established at the initiative of the Danish ability to readily develop or transfer antimicrobial resis
Ministry of Health and the Danish Ministry of Food, in response to selective pressure in both reservoirs.
Agriculture and Fisheries. The programme participants are the
National Food Institute and the National Veterinary Ifdtipatidiogens may be considered reservoirs of resistance
both at the Technical University of Denmark (DTU), adeteiminants - genes - that may be disseminated indeper
as Statens Serum Institut (SSI). The DANMAP prograrmahtbe bacterial hosts.
is funded jointly by the Ministry of Health, the Ministry of
Science, Innovation and Higher Education, and the Minigekyasfnex presenting minimum inhibitory concentratior
Food, Agriculture and Fisheries. (MIC) distributions, detailed tables of antimicrobial
consumption and other additional data are available for
download at www.danmap.org. Current and previous
DANMAP reports are also available at the website (PDF
versions).

Public health risks

Bacteria become resistant either by spontaneous mutation or by transfer of resistance genes from
strains are favoured when use of antimicrobial agents provide a selective pressure. This occurs in

animals undergoing antimicrobial treatment. Resistant bacteria can spread between humans in thé
centres and at hospitals. Furthermore, resistant bacteria from animals can be transmitted to huma
contact with animals and their environment or through ingestion of contaminated food or other co

Antimicrobial treatment failure may occur if the ingested resistant bacteria are a direct cause of di
determinants are transferred to pathogenic bacteria causing the disease. Bacteria may be resista
all - antimicrobial agents available for treatment, leading to life-threatening illness.

Currently, there is only a limited number of antimicrobial agents, with novel modes of actions, und
the pharmaceutical industry. Therefore, it is vital for public health organisations to ensure the cont
compounds considered critically important to human treatment by ensuring prudent use for both

Prudent use should include the restriction of critical antimicrobial agents for use in humans only, a
of overuse, i.e. only humans and animals suffering from an infection responsive to antimicrobial tr¢
exposed to antimicrobial agents.

DANMAP 2013
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1.3 DANRES

The Danish Study Group for Antimicrobial Resistance
Surveillance provides data from the Departments of Clinical

Microbiology (DCM) in Denmark.

DCM, Hvidovre Hospital:
Jenny Dahl Knudsen

Elly Kristensen

Pia Littauer

Kristian Schgnning

Henrik Westh

DCM, Rigshospitalet:
Maria Kristin Bjérnsdottir
Zhijun Song

Michael Tvede

DCM, Herlev Hospital:
Magnus Arpi

Hanne Wiese Hallberg
Dennis Schrgder Hansen
Ellen Larsen

Tina Profft Larsen
Lisbeth Nielsen

DCM, Slagelse Hospital:
Tine Besser

Ram Dessau

Ole Heltberg

Barbara Holzknecht

Bent Rgder

DCM, Odense University Hospital:

Bente Gahrn-Hansen
Anette Holm

Thgger Gorm Jensen
Ulrik Stenz Justesen

DCM, Esbjerg Hospital:
Esad Dzaijic

Jeanne Elin Storm

Ute Wolff S6nksen

DCM, Vejle Hospital:
Jens Kjglseth Mgller
Claus @stergaard

DCM Midt-Vest:

Ingrid Astrup

Berit Have Kallesge

Helga Schumacher

Marianne Hedegaard Sgndergaard

DCM, Skejby Hospital:
Svend Ellermann-Eriksen
Lars Erik Lemming
Marianne Bggild Pedersen
Marianne Kragh Thomsen
Mikala Wang

DCM, Aalborg Hospital:

Lena Mortensen
Henrik C. Schgnheyder
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SUMMARY

2. Summary

2.1 Sammendrag Fjerkrae: Antibiotikaforbruget til fjerkrae var cirka 1.270 k

DANMAP (Danish Antimicrobial Resistance Monitoringlgit stof i 2013, hvilket er 57 % hgjere end i 2012. Den
Research Program) har siden 1995 beskrevet det arliges@@rbifitenne stigning var en hgj forekomst af luftvejssyz
af antibiotika og forekomsten af antibiotikaresistens hisgligynfieike i starten af 2013, samt en gget forekomst af

mennesker i Danmark. Denne udgave beskriver udvigigigen slagtekyllingeflokke i 2013. Forbruget af fluorkinol
2013. i den danske fjerkraeproduktion, inklusiv avl og opdraet, he

vaeret meget lavt siden 2006, og der er ikke rapporteret b
cefalosporiner til fijerkrae i mere end 10 ar.

Antibiotikaforbrug til dyr
Siden 2001 er al anvendelse af receptordineret mediEiskil @t totale antibiotikaforbrug til fisk i akvakultur var |
registreret i det offentlige register VetStat. 3.582 kg aktivt stof i 2013, en generel stigning pa 23 % i f
til 2012. Antibiotikaforbruget til fisk er meget afhaengig af
1 2013 blev der brugt 116,3 tons antibiotika (aktivt st¢ffigiiemperaturen, og de ekstraordinzere hgje temperatul
dyr i Danmark. Fordelt p& dyrearter star svin for ca. 784,Qg august maned i 2013 medfgrte gget forekomst af
antibiotikaforbruget i 2013, kvaeg for 10%, akvakult F |%I’e mfektlooner i forhold til de foregaende ar. Indust
fierkrae for 1 %, pelsdyr for 4 % og keeledyr, heste od'@hiRE R} fokus pa brug af vaccine for at begraense bruge
for de resterende 3 %. ntibiotika.

De overordnede aendringer i antibiotikaforbruget til d§geledyr og heste: Oplysningerne i VetStat vedrarende
er primaert styret af @ndringer i forbrugsmenstret til ntlblotlkaforbrug til keeledyr og heste er mindre detaljere
svin. Svineproduktionen star for ca. 84 % af den danrg oplysningerne vedrarende produktionsdyr. Forbrug til

kedproduktion, men kun ca. 40 % af den totale leverftggledyr steg fra 1,449 kg aktivt stof i 2012 til 1,989 kg ak
biomasse. 1 2013. Stigninger forekom for adskillige grupper af antibic

aminoglycosider, makrolider, penicilliner (beta-laktamase
f mme), sulfonamider, trimethoprim og tetracykliner.
get af kritisk vigtige antibiotika som cefalosporiner:
inoloner faldt i 2013. Men, forbruget af kritisk vigtige
ika til behandling af alvorlige infektionssygdomme
nesker er stadig hgjt i keeledyr sammenlignet me
get i produktionsdyr og giver stadig anledning til gg
genhed.

Svin: Det totale antibiotikaforbrug til svini 2012 var
91 tons aktivt stof. | forhold til forbruget i 2012, er d
en stigning pa 5 % stigning nar forbruget udregnes i
og der justeres for eksport. Antibiotikaforbruget til s %
drastisk i perioden umiddelbart efter "Gult kort-ordni Fl,l
blev bekendtgjort den 1. juli 2010. Ordningen, som 28 Eg
hensigt at reducere forbruget, er rettet specifikt mo
svinebesaetninger, som har det hgjeste antibiotikaforbrug pr
svin. Selvom stigninger blev observeret ogsa i 2013 ¢
12 % lavere end i 2009 og pa niveau med forbruget

Antibiotikaforbruget til dyr fortsatte med at stig
Det totale forbrug til svin malt i kg aktivt stof st
6 % i 2013,svarende til en 5 % stigning i bereg

DAPD. Brugen af kritisk vigtige antibiotika i den
svineproduktion er fortsat lav. Derimod er brugg
kritisk vigtige antibiotika til keeledyr hgj samme
med forbruget til produktionsdyr, men forbruge
stoffer til keeledyr var lavere i 2013 end 2012.

Stigningen i antibiotikaforbrug (DAPD) skyldtes isaer
gget forbrug af pleuromutiliner og tetracykliner, me
stigninger i forbruget af sulfonamid/trimethroprim og
penicilliner. Pleuromutiliner og tetracykliner tilsaettes
til foder eller vand i forbindelse med mave-tarm lidel
typer antibiotika - iseer fluorkinoloner og 3. og 4. ge
cefalosporiner - er kritisk vigtige i behandling af syg
hos mennesker. | svin var forbruget af 3. og 4. genera
cefalosporiner meget lavt (3 kg), hvilket er et resultat af, at
svinebranchen i 2010 frivilligt indfgrte stop for brugen af disse

stoffer. Brugen af fluorkinoloner var pa det samme lakatikéotikaforbrug til mennesker

som det har veeret siden 2003, hvor lovgivning om bpgrigeigBt&F receptordineret medicin pd patientniveau er
af fluorkinolonforbruget tradte i kraft. blevet overvdget siden begyndelsen af 1990erne.

Kvaeg: Det totale antibiotikaforbrug til kveeg har ligdEstaditdikdrug: | 2013 steg det totale forbrug af antibiotike
stabilt pa ca. 14 tons aktivt stof om aret siden 2005, ttheyst@0isk brug (primaersektoren og hospitalssektoren
faldt forbruget til ca. 12 tons. Malt i standard doser (B#D®Eenlagt) til mennesker med 1,2 %. Forbruget i

steg forbruget til golddyrsbehandling med 7 %, hvorpniodeersektoren udgjorde 90 % af det totale forbrug. Forb
antallet af DADDer til behandling af klinisk mastitis fafdbrexdspektrede antibiotika var 5 % hgjere i 2013 samme
9 % i forhold til 2012. Forbruget af beta-laktamase faisedn?d 2. Fra 2004 til 2013 er det totale forbrug af antibi
penicilliner udgjorde som tidligere ar stgrstedelen afif®dmogek steget med 20 %. For bredspektrede antibiotika
| relation til antibiotika kritisk vigtige i human behandgtiggingen 72 %.

har forbruget af fluorkinoloner siden 2003 vaeret stort set nul.

Sammenlignet med 2012 faldt forbruget af 3. og 4. generations

cefalosporiner til systemisk behandling med 14 %.

DANMAP 2013



SUMMARY 2.

Primaersektor: Det totale antibiotikaforbrug i prima®2edeidoedyphimurium er en af de mest almindelig
steg med 1,2 % sammenlignet med 2012. De mest foitektestigende serotyper i danske svin, dansk svinekgd o
ninger blev observeret for tetracykliner, ’kombinatiohsiman&almoneliafektioner. Blan8tTyphimurium fra
penicilliner’, beta-laktamase resistente penicilliner ogyrewiar 61-70 % af isolaterne resistente overfor ampicillir
cilliner med udvidet spektrum. Forbruget af makroliddréplkdtmycin, sulfonamid, og tetracyklin, og forekomsten
med 12 % i forhold til 2012 og forsatte sdledes det faltiyebéstens overfor disse fire antibiotika (ASSuT resistens)
er blevet observeret siden 2011. Forbruget af bredspakstedet over de sidste fem ar. Dette kan primaert tilskriv
antibiotika steg 5,7 % fra 2012 til 2013. den stigende forekomst af monofasiske varianter, som oft
er multiresistente, og i 2013 var 52 % af de und&rsggte
| det seneste arti er forbruget af antibiotika i primeer3ggbomenrium isolater fra svin var monofasiske. Der blev
steget med 19 %. Denne stigning skyldes sandsynlige@s@riundet hgj forekomst af resisters iphithurium
stigning i dosis (DDD) per behandlet patient samt ensdatatdsis dansk svinekagd. Generelt var forekomsten af
per udskrevet medicinpakning. Arsagen til denne sendtitiyesistens blafidyphimurium isolater fra danske svin
kendes ikke. (64 %) og svinekad (71 %), hgjereSaichoneltgenerelt
(Salmonelipp.), hvor hhv. 37 % og 36 % var multiresistent
| Textbox 4 er forbruget af tetracykliner beskrevet Médmeseltaterne ffa/moneltavervagningsprogrammerne
Fra 2005 til 2013 er forbruget af tetracykliner (DDD parbrd@dholdes med disse forekomster, estimeres det at 9
indbygger-dage) steget med 54 %. Den starste stignafggiefoe og 0,5 % af slagtekroppene havde multiresister
de 10-14 arige (86 %) samt for de 15-19 arige (58 ¥Salbmttel/Som i de foregaende ar blev der ikke pavist resi
betgd, at 5.400 flere unge blev behandlet med tetraoydifor zefdosporiner (ceftiofur og cefotaxim) eller kinolo
sammenlignet med 2005 (justeret for populationseendipmgBoxacin og nalidixansyre) B&ntinelisolater fra
Stgrstedelen af udskrivningerne var sandsynligvis tildwhaflelimansk svinekad.
af akne. Det var oftere praktiserende laeger end dermatologer,
der udskrev tetracykliner. Ligesom for svin og svinekad, er der de seneste fem &r sk
. . _ _ en stigning i den relative forekomst af de monofasiske S.
Hospitaler: Pa somatiske hospitaler steg det totale Typhimurium varianter blandt isolater fra patienter, som
antibiotikaforbrug opgjort i DDD pr. 100 sengedage (Rt erhvervet infektionen i Danmark (bade sporadiske
med 1,4 % fra 2012 til 2013. og udbrudstilfaelde). | 2013 blev der pavist multiresistens
. o i 54 % af S. Typhimurium isolater fra sporadiske tilfaelde
Fra 2012 til 2013 steg forbruget af ‘kombinationspené¢ilieevet i Danmark, og resistens niveauet var generelt p
kombinationer af sulfonamid og trimethoprim, beta-laikt@sasred 2012. Resistensforekomsten var hgjere for fire
resistente penicilliner, penicilliner med udvidet spekiggrafee 16 testede stoffer, nar forekomsten i isolater fra
carbapenemer. Der blev observeret et fald for andenpgenrernationed rejse-relaterede infektioner sammenlignes
cefalosporiner, fluorkinoloner, makrolider og tetracykfr&tomsten i isolater fra sporadiske infektioner erhvervet
o Danmark. Det gaelder ogsa for fluorkinoloner, som bruges
Fra 2004-2013 steg det totale antibiotikaforbrug megdifabaling af patienter med alvorlige mave-tarm infektiot
Denne stigning skyldtes primaert en kombination af ﬁmﬁgm;i%t af b&moneltag Campylobactandelen af
DDD og et fald i antallet af sengedage. | Igbet af det srmgré€istidhte isolater faldt i 2013 blandt patienter med 1
er forbruget af bredspektret antibiotika pa somatiske-digseitalerinfektioner, og i 2013 var niveauet af multiresis
steget med 114 %. sammenligneligt med niveauet i isolater fra sporadiske
infektioner erhvervet i Danmark.

| 2013 steg det totale forbrug af antibiotika til
behandling af mennesker (primaer- og hospitals
sammenlagt) med 1,2 % sammenholdt med 20
Forbruget i primaersektoren udgjorde 90 % af d

toren
Forekomsten af monofasikehimurium, som oft
otelemultiresistent, er steget i svin, svinekgd og
dehumane infektioner de seneste fem ar. Blandt
L tiinfektioner, var resistensforekomsten i 2013 ge

forbrug, mens forbruget pa hospitalerne udgjo
resterende 10 %. Over en 10-arig periode fra 2
2013 steg det totale forbrug af antibiotika til
Danmark med 20 %.

edkejere, for 4 ud af 16 stoffer i testpanelet (her
fluorkinoloner), blandt de rejserelaterede huma
tilfeelde end blandt de hjemligt erhvervede infg
Selvom resistens var hyppigst forekommende
isolater fra patienter med rejserelaterede infek
. . . . faldt andelen af multiresistente isolater i 2013
Resistens i zoonotiske bakterier disse, og niveauet af multiresistens var samme
Zoonotiske bakterier sorialmoneltay Campylobacte et RV NI A R | E Tt B e L R AL e
er sygdomsfremkaldende bakterier, som kan overfor NV aV A Rb 12 s L1 2
dyr til mennesker. Udvikles der resistens i disse bakt
husdyrproduktionen, kan resistens overfgres til men
fgdevarer, og kan i visse tilfeelde medfgre behandlingssvigt ved
sygdom.

DANMAP 2013 11
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SUMMARY

| 2013 var resistensforekorGstepylobacter jejsaiater
fra kyllinger og kveeg pa samme niveau som i 2011, | _ _
anelse hgjere end i 2012. Selv om disse aendringer i HREIZAC MO SNy T 14y Y oIS oL SHAVACT g STl e[4S
statistisk signifikante, har det fulgt forbrugsmanstretigaIUcRnCIERchldl el ClielyolgVle[SIF NSl ple[=Telge)
tetracyklin i fjerkrae. og forekomsten af antibiotikaresisteatalisdansk

kyllingekgd. Denne kobling findes ikke mellem ¢
svin og dansk svinekgd. | dansk svinekgd er for
af resistens blafdtfaecaligenerelt lavere end bla
isolater fra svin. Foruden dette, er resistens forg
svinekgd faldende, en tendens som ikke obser

Set i en europaeisk sammenhaeng er resistensfofeko
Jjejunfra danske slagtekyllinger og kyllingekKgddémant
svin blandt Europas laveste.

Fluorkinolon resistefisjgjurwar ogsa hgjere blandt iso
fra importeret kyllingekgd (53 %) end fra dansk kylli
(20 %).

Som i de foregdende ar var forekomsten afﬂuorkinollnd-g!s!%(gﬁféESCher'Ch'a coti slagtekyllinger var ofte

erfor sulfonamid og ampicillin (begge 26 %),

uges til slagtekyllinger. Der blev pavist fluorkinolc
f{8kacin) resistens i 6 % af isolaterne, og resistens
overfor 3. generations cefalosporiner (ceftiofur) blev pavis
i to isolater fra slagtekyllinger. Resistensforelorostien i
fra slagtekyllinger og dansk kyllingekgd var sammenlignel
ST el oW = S ol [V ABiela 1Ml lNelE] Resistensforekomsten i isolater fra kveeg og dansk oksekg
isolater fra importeret kyllingekgd sammenlig som foregaede ar ganske lav. Re&igt@fraisvin var den
O ENN @ LTt T T Mo N = 0 la [ Mo E il hajeste blandt produktionsdyrene og forblev pa samme hg
rejse-relaterede infektioner i forhold til patient@EEI\ZEEIVEL el WIPA0N W
infektionen var erhvervet i Danmark og denne
mere udtalt i 2013 end i 2012. Blandt isolaterne fra kad havde isolaterne fra importeret
kyllingekgd generelt de hgjeste resistensforekomster - og:
nar det gjaldt de kritisk vigtige antibiotika. Sammenlignet
med dansk kyllingekad haudmliisolater fra importeret
Resistens i indikatorbakterier kyllingekad hgjere resistens overfor 14 af de 16 testede

Indikatorbakterier er inkluderet i DANMAP overvégnirgggwil%l}jka' Fprtsvir%ekalgl hExédeljsr?flatE_r frla dansk k”dﬂ
at kunne give et indblik i den generelle forekomst af @E’ g fesistensiorekomst overfor kinoloner (ciprofloxa

i
raske husdyr og i kad.

i C. jejunisolater fra patienter med rejse-relaterede in
(92 %) hgjere end i isolater fra patienter, hvor infekti
erhvervet i Danmark (24 %).

og nalidixin syre) end isolaterne fra importeret svinekad

| E. faecalisra danske slagtekyllinger var forekomsteF%PL'pmd'ﬁerende lglakterierFIer et af de htur(’;i_gstﬁv%kg
tetracyklin resistens starst (38 %) efterfulgt af resistéﬁ?&%ﬁwo emer veraen over. Flere nyere studier nnder
erythromycin og salinomycin. de samme ESBL gener, plasmider og kforetiablater

i bade dyr og i mennesker med infektioner, hvilket tyder

. . pa et zoonotisk link. Forekomsten af Enterobacteriaceae
Hojeste forekomster af resistens blev fundetfolralis | o\ erier, der er resistente overfor carbapenemer, er ogss
isoleret fra svin sammenlignet med isolater fra slagt
i

hvilket falger forbrugsmgnsteret i Danmark til disse 85 trussel, idet carbapenemer er sidste mulighed f

BlandE. faecalisoleret fra svin var forekomsten af tetr, g@gﬂﬁ,‘aﬁ;p:s?gtlénngt: Eg??nisggtn\gegaﬂfrﬁ?ner’ der

hgjest (91 %). Tetracykliner er og har veeret de mest anvendte

antimikrobielle stoffer til danske svin i en arraekke ogsg% procent af slagtesvinene havde ESBL-pidgdrende

primar vare it i befandingatoiriedoner L procer f sagemynene v SonL s
fra svin var 45 % og faldt i forhold til forekomsten i 2 Qggef?';(lr:?td%’gr?itgjgslge”l;)%(aee?/tz:)lergro?:EuSgBifpcgc?Lljocseeggg
E?ggt%rggtaszgﬁzlsézns var hojere i importeret end i co nﬁwdpmver blev fundet i importeret kyllingekad (52 %)
' hvilket er pa samme niveau som i 2012 og 2010. Forekom
. . . af ESBL-producerefdeoli prgver af dansk kyllingekad var
Blandt isolater fra kyllingekad, blev den hgjeste forelg ﬁkagt lavere i 2013 s?ammenlignet me¥j 2(?12. Desude
af resistens overfor flere stofgrupper fundet i Importefet o gelen af praver positive for ESBL producefende
kyllllpgelgztd. L'%?Ie%‘is. bllevt defr fu.ndetr?raje{ekf?l(eko% iP?ansk kyllingekead signifikant lavere end forekomsten
”;g O}res'sz‘zn; fanh '?‘0 ?d'se\;ﬁara ”;?P% ?re Ky mgek@ importerede kyllingeked. Dette skyldes sandsynligvis «
( ° ogl' o for dep ok fca'ngg ’ kaeCILéhVe tfri\/g'ﬁuigt top af brug af 3. generations cefalosporiner i top;
sammeniigning med Torekomster | dansk producere PSvI ﬁGramiden i udlandet, hvilket resulterer i der overfg
Zz é’ af de multlre.lecsEefEtecf_ﬂlfsa nphportere_t k{”'ngek?gerre ESBL producerefidelfra importerede forseldredyr
tav (te samme reilst ensrla(gp (erythromycin, kanamygifye ganske slagtekyllinger. | lighed med sidste &r er der
streptomycin og tetracyklin). ingen fund af carbapenemase prodécamnde

Generelt er forekomsten af resistens overfor kritisk vigtige

antibiotika lav, men et daBskaecalisolat var resistent
overfor fluorkinoloner (ciprofloxacin).

DANMAP 2013



SUMMARY 2.

(ciprofloxacin) resistens var 7 %, og mecillinam resistens \
10 %, hvilket 0gsa er pa samme niveau som i 2012. Sulfor

Det frivillige stop i brugen af cefalosporiner i resistens faldt fra 26 % i 2012 til 22 % i 2013.

svineproduktionen resulterer fortsat i en lav for
af ESBL producerertdeoli slagtesvin. Ligeledes 1

et signifikant fald i ESBL producefenatdi dansk Blandt Pseudomonas aerugisoisster fra blod var

niveauet af resistens for alle testede antibiotika ikke signif
forskelligt fra niveauet i 2012, men der sas en stigende te
for aminoglykosid (gentamicin) resistens i perioden 2007-
2013.

kyllingekad, hvilket sandsynligvis skyldes et fri
stop i brug af cefalosporiner i toppen af avispy
i udlandet.

Forekomsten af carbapenemase producerende bakter

. . . . . i Danmark er beskrevet i Textbox 7. 12013 blev der func
Resistens i bakterier fra diagnostiske 18 carbapenemase producerEntierobacteriactGRE)
indsendelser fra mennesker sammenlignet med 19 CPE i hele perioden 2008-2012. |
Rapporteringen af antibiotikaresistens i bakterier fra2013 var der spredning af NDM-1 producérgodacter
diagnostiske indsendelser fra mennesker er baseret fr@firiditigellem fire patienter pd en hospitalsafdeling i Reg
indsendelse af data fra DANRES-gruppen, som deaekk@ioddjylland. Ingen af patienterne havde veeret ude at rejse
Klinisk Mikrobiologiske Afdelinger (KMA) i Danmark. for nylig, og kilden til den NDM-1 producefefreendii
Undtagelser omfatter methicillin-resiste@hylococcugar ukendt. To af de fire patienté&r fimedndfiavde ogsa
aureu$MRSA) og invasivStreptococcus pneumaniae NDM-1 producerendé pneumoniaBer blev detekteret
er anmeldepligtige. Data vedr disse bakterier kommeyJWroXA-23 producereAdimetobacter baumésutlater i
referencelaboratorierne pa SSl. 2013.

BlandiEscherichia ésdlater fra blod var forekomst®eablev i to tilfeelde set spredning af OXA-23 producerenc
3. generations cefalosporin resistens 8 % i 2013, hvilkebeumhetnminellem to patienter. 1 2013 blev der fundet tre
samme niveau som i 2012, men hgjere end i de andrexalskie produceremdlebaumanniHer var der ogsa
lande i 2012. Ciprofloxacin resistensen faldt til 12 % sRéxlsnittespredning fra en patient til en anden. Derudove
sammenlignet med 14 % i 2012. Aminoglykosid residbenseer detekteret to NDM-1 producefenmimannii
(gentamicin) var 7 % i 2013, hvilket er samme niveauZz0n3 k&l der fundet tre VIM producePeadeuginosa
Resistensdata for piperacillin/tazobactam blev rappootgeat NDM og VIM produceremi@eruginoséor farste

for fgrste gang i denne DANMAP rapport. Data omfatteindeblev der detekteret en IMP produderdeginosa
sidste fem ar (2009-2013); i denne periode var forekoDstaras. Patienterne med de to sidstRzaentiginosa
resistens pa omkring 4 %. havde begge forinden vaeret indlagt pa udenlandske hosp

BlandE. colisolater fra urin fra patienter pa hospp@lenne forekomsten af resistens for penicillin og makro
var forekomsten af 3. generations cefalosporin resist@rytthférnycin) stadig lav bIStdéptococcus pneumoniae
2013, hvilket er det samme niveau som i 2012. Forekangkappé A, B, C og G streptokokker.
fluorkinolon (ciprofloxacin) resistens var 12 % i 2013, hvilket
er samme niveau som i 2012, men der har vaeret en Boigkodesten af ampicillin resistEmtérococcus faecium
forekomst fra 3 % i 2004. Aminoglykosid (gentamicirisedaitéerfra blod var 93 % i 2013. Vancomycin resistens
var 5 % i 2013 og sulfonamid resistens var 33 %, beggefaecdog 0,2 %Enterococcus fammdtiser fra blod. |
samme niveau som i 2012. 2013 modtog Reference laboratoriet for Antibiotikaresistel
gget antal vancomycin resistente enterokokker (VRE) (Tex
BlandE. colisolater fra urin fra patienter i almer8prad&isolater fra infektioner og 168 fra faekale screening
er forekomsten af fluorkinolon (ciprofloxacin) resistemNastegetalle VRE vanA E. faeciusolater. VRE isolaterne
stot fra 3 % i 2004 til 10 % i 2013. Forekomsten af 3.\@emaiatéonsfra hospitaler i Region Hovedstaden, men der
cefalosporin resisténtelivar 4 %, sulfonamid resistens/aapgsa isolater fra hospitaler i Region Sjeelland samt Rec
33 % og ampicillin resistens var 40 % i 2013, hvilket If,udawdmi Der blev tillige fundet VRE i de to andre regior
antibiotika var pa samme niveau som i 2012. men i meget lavere antal. Pulsfelt gelelektroforese typninc
at der var sket spredning af flere forskelligarnA\RE
BlandKlebsiella pneumisola¢er fra blod var forekdsidkeimden for hospitalerne samt imellem hospitalerne.
af resistens den samme i 2013 som i 2012. Forekomsten af
3. generations cefalosporin resistens var 9 %, aminogtyk&sithsten af fluorkinolon (ciprofloxacin) resistens i
(gentamicin) resistens var 4 %, og fluorkinolon (ciproleksséria gonorrbmeastat fra 30 % i 2003 til 75 % i 200¢
resistens var 9 %. efterfulgt af et fald til 56 % i 2013. Penicillinase produktior
blandt gonokok isolater svingede imellem 24 % i 2003 og
BlandtK. pneumoniselater fra urin fra patienteripd13. Der blev ikke rapporteret hverken ceftriaxon resist
hospitalerne faldt forekomsten af resistens for mecigiphairar eller tilfeelde af ceftriaxon behandlingssvigt i denn
(10 %), sulfonamid (20 %), gentamicin (4 %), 2. generatioths. | 2013 var forekomsten af makrolid (azithromycin
cefalosporiner (cefuroxim) (9 %) og 3. generations cetaligspnsincrY, cefixim resistens var 9 %, og der var inger
(7 %) fra 2012 til 2013. Fluorkinolon (ciprofloxacin) repistéimdmycin resistente isolater (Textbox 9).
var pa samme niveau i 2013 som i 2012.
| 2013 blev der indrapporteret 1.769 Sikaptybicoccus
BlandK. pneumoniselater fra urin fra patienter bawamkterizemier svarende til en incidens pa 32,9 tilfeel
praksis var forekomsten af 3. generations cefalospopisr rIEBGBG0G indbyggere. Antallet af methicillin-r&sistente
6 %, hvilket er samme niveau som i 2012. Fluorkinolaoreu$MRSA) fra bakteriaemier var 30 (1,7 %), hvilket er p
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SUMMARY

samme niveau som tidligere ar og blandt de laveste h@ddéngenmary

observeret i Europa. Den hgjeste forekomst af resistdd&NMAP (Danish Antimicrobial Resistance Monitoring and
over penicillin resistens var resistens for fusidinsyre Res&ay,ch Program) has monitored antimicrobial resistance
erythromycin (7 %), clindamycin (6 %) og norfloxacit¢bSsimption of antimicrobial agents in food animals and |
Niveauet af resistens for de testede antibiotika var detis@mmia Denmark since 1995. This report describes che
som i 2012. and trends in 2013.

Antallet af nye MRSA tilfeelde (bdde koloniserede og mfitémeierobial consumption in animals
personer) steg i 2013 til 2.094 sammenlignet med 1,53&iciP4R-medicines prescribed by veterinarians have be

Stigningen blev primzaert set for MRSA tilhgrende klorakistered at the farm and species level by the official Vet
kompleks CC398 (LA-MRSA), hvor der blev observer Bamme since 2001.

tilfeelde i 2013 sammenlignet med 232 tilfeelde i 2012. CC398

udgjorde 31 % af alle nye MRSA tilfaelde i 2013. En sigrdg)iaf consumption of antimicrobial agents in 2013
stigningen skyldes formentlig inklusionen af kontakt i Rted to 116.3 tonnes of active compounds, an incre:
som en risikofaktor medfgrende screening ved indleegpgtse Rdease co.mpared with 2013. Pigs accouﬁted for

hospitalerne. Stgrstedelen (87 %) af de personer, so AL ately 78% ttle f imatelv 10%. f i
CC398 (bade infektion og kolonisation), havde haft k S aUaCUItre for 3%, and poultry for 1% of the tota

med svin eller boede sammen med personer, der ha onsumption of antimicrobials measured in kg
med svin. Der var dog ingen tegn pa betydelig spred P, 0 i |
CC398 til byomrader, hvilket indikerer, at fadevarer i %ﬂfgg@,%”;pwnds- The remaining 3% was used in pets, h
en vaesentlig smittekilde. '

Blandt alle MRSA tilfeelde var forekomsten af infektio-glﬁ% §{Schanges in consumption in pig production. Pigs

h ?Iverall changes in veterinary consumption are gener:
i 2013 end i 2012 (45 % versus 57 %). Antallet af hospi a{;;;
&

for approximately 84% of the meat production in

erhvervede tilfaelde var fortsat lavt i 2013 og udgjor k, but only about 40% of the total live biomass.

%. 12013 er der ikke foretaget undersggelser for MR
og fadevarer.

V]
yr
Pigs: The total consumption of veterinary antimicrobial

1 2013 blev der fundet 18 carbapenemase prod

EnterobacteriadEB€) sammenlignet med 19 CPH
perioden 2008-2012. 1 2013 var der spredning a
producerends&trobacter freundigllem fire patient
pa en hospitalsafdeling i Region Nordjylland. Ing
patienterne havde veeret ude at rejse for nylig,

NDM-1 producerendefreundiiar ukendt.

Et stigende antal vancomycin resistente entero
modtaget pa SSI i 2013; 258 isolater fra infektio
fra faekale screeninger. Neesten alle VRE isodaia:
E. faeciunWRE isolaterne var primeert fra hospitg
i Region Hovedstaden, men der var ogsa isolate
hospitaler i Region Sjaelland samt Region Midtjy

Antallet af nye MRSA tilfselde (bade kolonisered
inficerede personer) steg i 2013 til 2.094 samm
med 1.556 i 2012 Stigningen blev primeert set f
tilhgrende klonal kompleks CC398 (LA-MRSA), h
blev observeret 643 tilfaelde i 2013 sammenlig

tilfeelde i 2012. CC398 udgjorde 31 % af alle nysg
tilfaelde i 2013. Antallet af hospitals-erhvervede
tilfaelde var fortsat lavt og udgjorde kun 2 % i 2(
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agents in Danish pig production was approximately 91 tor
Measured in DAPD, we observed a 5% increase from 2012
to 2013. This follows a decrease in 2010-2011, which was
probably the result of the introduction of legislation to red
overuse of antimicrobials in the pig production. Even thou
the antimicrobial consumption increased in 2013, it remai
approximately 12% lower than in 2009 and was at the sar
level as in 2008.

In 2013, the increase in consumption (measured in DAPD)
was attributed mainly to an increase in pleuromutilins anc
tetracyclines and to a lesser extent, to the use of penicilli
and sulfonamides/trimethroprim. Pleuromutilins and
tetracyclinesare mainly used in feed or water medication
gastrointestinal disease. Some types of antimicrobials inc
fluoroquinolones and 3rd and 4th generation cephalospor
are considered critically important for treatment of severe
infections in humans. The use of 3rd and 4th generation
cephalosporins in pigs remained very low (3 kg), as a rest
a voluntary ban on cephalosporins introduced by the Dan
pig industry in 2010. The use of fluoroquinolones remaine
the same low level as has been observed since legal restr
were enforced in 2003.

Cattle: Overall, the antimicrobial consumption in cattle h
remained stable at around 14 tonnes since 2005, but in 2
it declined to about 12 tonnes. Measured in standard dose¢
(DADD) the consumption for drying-off treatment increase
by 7% whereas, the number of DADDs for treatment of
clinical mastitis decreased by 9% compared to 2012. The
lactamase sensitive penicillins account for the majority of
consumption. For critically important antimicrobials, the u
of fluoroquinolones has been close to zero since 2003. Th
use of 3rd and 4th generation cephalosporins for systemic
treatment decreased by 14% compared with 2012.



SUMMARY 2.

Poultry: In 2013, the overall consumption of antimia@iétum. The consumption of macrolides was 12% lower

agents in poultry was approximately 1,270 kg activez®dpmmgared with 2012, continuing the decrease obser

which represents a 57% increase compared with 201siInT@@011. The consumption of broad-spectrum agents

main reason for this appears to be widespread problémseasgd by 5.7% from 2012 to 2013.

respiratory disease in turkey flocks produced in early 2013

and an increased occurrence of diarrhea in broiler fldoksinthehe past decade, the consumption of antimicrobial

reported use of fluoroquinolones in poultry has beendgensgizethe Danish primary sector has increased by 19%

2006, and they were not used in the poultry productssems2flBe caused by the fact that the dosage prescribe

Furthermore, use of cephalosporins has not been repsaitédoatient and in each package has increased significar

Danish poultry production for more than a decade. over the years, however, the underlying medical reasons f
this (if any) are unclear.

Aquaculture: The overall antimicrobial consumption in

aquaculture was 3,582 kg in 2013, an overall increasgnhefiddféased consumption of tetracyclines has been furtl

The relatively large increase in consumption in 2013desuitbaithéd Textbdxosn 2005 to 2013, the consumption

mainly by extraordinary high temperatures in July an@dBogusér 1,000 inhabitant-days) of tetracyclines for all a

2013, leading to higher water temperatures and an imuiesseéthby 54% with large increases observed for the 1(

the occurrence of bacteriological infections. There isybaweN®(86%) and 15-19 year olds (58%). When adjuste

in the aquaculture industry, still focus on vaccinatiomptptdslticr increases, approximately 5,400 more persons i

the risk of diseases that may require antibiotic treattende age groups were treated with tetracyclines in 2013
in 2005, eneral Practioners (GPs) rather than dermatologists

Pets and horses: The information available on antifi¢eggbgd [the majority of the prescriptions, presumably for

consumption in pet animals and horses is less detailéene.

as for production animals. The overall antimicrobial

consumption for pets increased from 1,449 kg in 20IJHdspitals: In 2013, the consumption of antimicrobial age

1,989 kg active compound in 2013. The increase wasrsseem&dic hospitals (expressed as DBDs, i.e. DDDs per 10

several antimicrobial classes; aminoglycosides, macksdidgsied bed-days) was 1.4% higher than in 2012.

and penicillin’s (b-lactamase sensitive), sulfonamides and

trimethoprim, as well as for tetracyclines. The consup@&eP012 to 2013, a higher consumption was observed f

of antimicrobials critical for human treatment such agompination penicillins’, combinations of sulfonamide anc

cephalosporins and flouroquinolones decreased in 2Qdigyethoprim, beta-lactamase resistant penicillins, penicill

Nonetheless, consumption of broad-spectrum antimigreRigi&ended spectrum and carbapenems, while decreas

in pet animals and the use of antimicrobial agents criiga| ifbtion was seen for 2nd generation cephalosporins

treatment of human infections remains high Comparﬂﬁd\‘t;&uinolones, macrolides and tetracyclines.
both production animals and is a matter of concern.

The consumption in hospitals has steadily increased by 6€
in the past decade, primarily caused by an increase in DD
and a decrease in the number of hospital bed-days. This h
especially been seen in the consumption of broad-spectru
antimicrobial agents which increased by 114%.

The antimicrobial consumption in animals cont
to increase in 2013. The total consumption (m¢
in kg active compound) in pigs increased by 6°
2013, corresponding to a 5% increase in DAPD

critically important antimicrobials in the pig prt
remains low. However, the use of critically imp
antimicrobials in pets remains high compared
other species, but decreased from 2012 to 20

In humans, the overall consumption of antimic
agents for systemic use increased slightly (1.2
from 2012 to 2013. Antimicrobial consumption
primary healthcare sector represented 90% of

consumption and the hospital sector accounted
remaining 10%. From 2004 to 2013, the total cc

L . ) of antimicrobial agents by humans in Denmark
Product Statistics at Statens Serum Institut register by 20}%.' I g yhd I

consumption of antimicrobial agents to humans.

Antimicrobial consumption in humans
In Denmark, the Department of Data Delivery and

Total consumption: In 2013, the total consumptio

o . . . ist
antimicrobial agents for systemic use (primary healt cé%é ﬁdﬁ ;
hospital care) was 1.2% higher than in 2012. The co %i% ‘-i’ﬁte”a suckasonelndCampylobactan

primary healthcare accounts for 90% of the total antfnY Bié?ﬂstance in the animal reservoir. The resistant b
consumption. The proportion of broad-spectrum ageHl8XJ3 transferred to humans via food and may subseque
5% higher in 2013 compared with 2012. Since 2004 $HERQLPLF treatment effect when causing infection in
consumption of antimicrobial agents in humans has THR&ESd
by 20%. For broad-spectrum blgemtisrease has been 72%. . . .

Resistance in zoonotic bacteria
Primary healthcare: In 2013, the total consumptioAagfnotic bacteria such &almonelend Campylobacter
antimicrobial agents for systemic use in the primary Gattdevelop resistance in the animal reservoir. The resista
was 1.2% higher than observed in 2012. Particular inzaebsria may be transferred to humans via food and may
were observed for tetracyclines, ‘combination peniciflifzssefeemntly compromise treatment effect when they cat
lactamase resistant penicillins and penicillins with extiseded in humans.

ce in zoonotic bacteria
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SUMMARY

Salmonellgphimurium is one of the most common geepEarepean context, Denmark reports the lowest levels
in Danish pigs and pork as well as in human infectionrftimicrobial resistance an@rigjunfrom broilers and

Amongs. Typhimurium from pigs, 61-70% of the isolagesiler meat andGocolisolates obtained from pigs.
were resistant to ampicillin, streptomycin, sulfonamide, and

tetracycline; and the occurrence of resistance to thegg fQuleral years, the level of fluoroquinolone reGistance i
antimicrobial agents have increased over the last fiv been higher among isolates from imported broile

This can mainly be attributed to an increasing preva 0 ith isolates f Danish il
monophask Typhimurium that has a strong tendency@@tﬁg 3%), compared with isolates from Danish broiler n

multi-resistant. In 2013, 52% SfTehimurium isolates

from pigs were of the monophasic variants. High leve|s g di . he C. ieiuni isol ¢
resistance $aTyphimurium were also found among isdl3t28Served in previous years, the C. jejuni isolates from t

from Danish pork. In general, we found higher levels fRGigEsociated cases continued to hoave a significantly f
resistance am@agyphimurium (including the monophiS(E JE_ﬂuoroqwgzL?ne resistance (92%) compared with
variants) isolates from Danish pigs (64%) and pork (71% estic cases (24%).

compared to otBatmoneltpp. isolates from pigs and pork

(37% and 36%, respectively). Based on the relative g
of resistance from DANMAP samples and Slaénonella
prevalence from the national control programmes, it
estimated that 9% of Danish pigs and 0.5% of the pi
were positive with multi-resiSemonellés in previous
years, resistance to cephalosporins (ceftiofur or cefo
quinolones (ciprofloxacin or nalidixic acid) was not d
amon@almonelfeom Danish pigs or pork.

The level of fluoroquinolone(ciprofloxacin) res
in C. jejuniremains higher among isolates fro
imported broiler meat compared with isolates
Danish broiler meat, and among C. jejuni fro
associated cases compared with domestic cas
this difference became more pronounced fro
to 2013.

As in isolates from pigs and pork, the occurrence of
variants 6fTyphimurium in humans increased in prevalence

among both domestic sporadic cases and outbreaks gyeid¥&ince in indicator bacteria

last five years. In 2013, multi-resistant isolates were [SGRRET . . L .
) ; acteria, enterococci dstherichia coére
from 54% of the domestic sporadic cases, however, ﬁ@%\é%%inihe DANMAP programme to provige informatic

the levels of resistance was comparable to 2012. Res : : :
of the 16 tested compounds was higher among travei%%ng% ﬁcheinne;iﬂe;etvels of resistance in healthy productic

cases than domestic human cases, including resistance to
fluoroquinolones, which are used for empiric treatmelnt f
adults with severe bacterial gastroenteritis caused b EIE{
Salmoneltnd Campylobactamong the travel-associat&® t€

erococcus faedadsh Danish broilers, resistance
racycline (38%) was the most dominant, followed by

cases, the occurrence of multi-resistance decreased it 28%s1ce to erythromycin and salinomycin.

to a level comparable to the occurrence among the Sﬁoradic
domestic cases.

igher prevalence of resistance to antimicrobials was obs
amon§. faecalsolated from pigs compared to poultry, whi
reflects the usage pattern of antimicrobials in these anim:
species. AmoBagfaecalfsom pigs, the highest occurrence
The occurrence of monophasic S. Typhimuriu of resistance was to tetracycline (91%). Tetracycline has t
RN AR R S S L M EER I H e BBl the most widely used antimicrobial agent in the Danish pi
EI e R E R i R PR =i R Ry  Production for more than a decade and has primary been
N R E RN U ER R e oG E=:  for treatmentofcolinfections. Erythromycin resistance in
VS I WE RIS e VR Nl Plale  E. faecalicom pigs was 45% a decline since 2012. Occurrel
(including fluoroquinolones) among the travel of resistance were higher in imported pork when compare
human cases compared to the domestically acjiisEIISaNelfelo[V[e:leN ool &
cases. Although resistance was most common
[ EIERI (IR CVEINEIEICO M ENCHAGERE] Among isolates from broiler meat, the highest level of
of multi-resistance isolates decreased in 2013 resistance to several compounds was observed in importe
(olpgl 1] SRR OIEIEIR el No [ S ue=1I\WASolel¢  broiler meat, similar to previous years. Moreover, higher
cases. prevalences of multi-resistance was observed in isolates f
imported broiler meat (39% and 348, fiaagcalasndE.
faeciunrgspectively) compared to broiler meat produced i
E)enmark. Among the multi-redist@atcalisolates from

In 2013Campylobacter jejsmlates from Danish broiler . : X .
and cattle were similar to the observed levels in 201" raed broiler meat, 72% had an identical resistance pr

: : : y in, kanamycin, streptomycin and tetracycline
slightly higher than in 2012. The observed changes i rythromycin, s . e
resistance to tetracycline were not statistically signiticg2eral. resistance to antimicrobial agents of critical

4 for human treatment was low, but fluoroquinc
nonetheless they correspond well to changes in con U]’R ﬁfﬁﬂce. ; L ;
of tetracycline in the broiler production. % |p§o oxacin) resistance was observed ifk.daecalis

isolate from a Danish pig.
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In a One Health perspective, there appears to |
link between the antimicrobial consumption in
broiler production and the level of redist@aca fiig
isolates from Danish broilers. A similar link bet

Danish pork and pigs has not been oltsdaezdlis
isolates from pork were generally more suscept
when compared with isolates from pigs. Furthe
resistance in Danish pork has been declining, a

SUMMARY

The voluntary stop in usage of cephalosporins

Danish pig production continuously results in a
occurrence of ESBL prodécicgn pigs at slaughte
Also a significant decrease in the occurrence of
producing. colin Danish produced broiler meat

observed, which is most likely due to a volunta
in usage in cephalosporins in the top of the bre

2.

pyramid abroad.

seen in Danish pigs.

IndicatoEscherichia ¢alin broilers were most oftenpasistance in human clinical bacteria

resistant to sulfonamide and ampicillin (both 26%), p5t5 on antimicrobial resistance in bacteria from dia
k X 4 gnhost
which can be explained by the usage pattern. Res'stﬁ%‘?\%%ions from human patients were gathered by volun
fluoroquinolones was observed in 6% of the isolates g grting from the DANRES group, which covers the
ceftiofur (3rd generation cephalosporin) resistance Wgs 3 tments of Clinical Microbiolc;gy (DCM) in Denmark.
observed in tvo colisolates from broilers. Resistancecify- Btions were methicillin-resiStapthylococcus aureus

isolates from Danish broiler meat was similar to the Sand invasiveStreptococcus pneumbnéere
in broilers. Resistance in isolates from cattle and be foWﬂﬁbIe

generally low. The highest occurrence among produg
animals was observed in pigs, and resistance was at
high level as in 2012.

. Data on these bacteria were obtained from the
'r]é?ence laboratories at SSI.
€ Same

In Escherichia bbdiod isolates, resistance to 3rd generat
. . cephalosporins was 8% in 2013, the same level as reporte
In isolates from meat, the highest occurrence of resi %% %ut above the 2012 level reported in the other Nord
including resistance to critically important antimicroQiglsyrias. The occurrence of ciprofloxacin resistance decre
was found in imported broiler meat. Compared with 1994 in 2012 to 12% in 2013 Aminoglycoside (genta
broiler meat, we found higher levels of resistance fo was 7% and at the same level as reported in 2
tested antimicrobial agents from imported broiler mgaL; §ah e data on piperacillin/tazobactam was reported f
E..colfrom p_ork of dor_ne.si_:lc origin, resistance to qUIRAIANESE in the present DANMAP report. Data were obtain
(ciprofloxacin and nalidixic acid) was significantly loygrg} Jears (2009-2013). For all five years, the resistanc
in imported pork. at the same level (around 4%).

Extended spectrum beta-lactamase (ESBL)-prodgCififlsrine isolates from hospitaBpatiemtsation
bacteria is one of the fastest emerging resistance porin resistance was 6% - the same level as in 20

worldwide. Lately, several studies have found the s rence of ciprofloxacin resistance (12%) was at tt

genes, plasmids and clofiesadibolates originating frorL y,q javel as in 2012, but a steady increase has been see
animals and isolates involved in human infections, sagg@ﬁ in resistance from 3% in 2004. Aminoglycoside

a zoonotic link. The occurrence of Enterobacteriaceqg dppl{Alin) resistance was 5% and sulfonamide resistan
to carbapenems is a growing threat in human med|c3 8, which are at the same levels as in 2012.

because carbapenems are the last resort for treatmeént df
infections caused by multidrug resistant Gram-nega

bacteria in humans. Fr'm\i':e colirine isolates from primary healthcare, ciprof

resistance has increased steadily from 3% in 2004 to 10%

. : The occurrence of 3rd generation cephalosporin resistanc
e et of igs ot Saugter o el oA llhnamice resistance was 335 and ampiciin it
meat samples, the highest prevalence of ESBL producing oin » all at same Ievels as reported in )
coliwas found among imported broiler meat (52%), simjlar__. . . ,
level as in 2010 to 2012. The occurrence of meat saﬁ}#Lﬁbs'e"a pneumblnodl isolatas resistance levels
positive for ESBL producitg colifrom Danish broiler were'the same as repgrted in 2012. Resistance to 3_rd gerll‘
meat was significantly lower (25%) than in 2012 (36‘5’% _hfd%sporlns_ was 9A),_am|npglyc05|de (geontamlcm) rest
occurrence of ESBL produngolin meat samples wadVds 4%, and ciprofloxacin resistance was 9%.
significantly higher in imported broiler meat when compared L. . .
to Danish broiler meat. This is most likely due to a vBluktdpeumoniakine isolatésom hospital patients
stop in the usage of 3rd generation cephalosporins ifegiséance to mecillinam (10%), sulfonamide (20%), genta
top of the breeding pyramid abroad resulting in a relft#edg2nd generation cephalosporins (cefuroxime) (9%) ar
transmission of ESBL prodfciraifrom imported paren8rd generation cephalosporins (7%) decreased from 2012
animals to the Danish broilers. As in 2012 no carbap gdmrofloxacin resistance was at the same level as re
producing. colivere found. in 2012.
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SUMMARY

In K. pneumoniaéne isolates from primary healthGares, 769 caseSbtaphylococcus duaEasiemia were
resistance to 3rd generation cephalosporins was 6% reyueteds corresponding to 32.9 cases per 100,000 inhabit
similar to the level reported in 2012. Resistance to cipeflaxadiar of methicitésistan. aureudRSA) from
was 7% and resistance to mecillinam was 10%, whichageseaemia was 30 (1.7%), a level similar to previous yex:
similar to the levels reported in 2012. Sulfonamide resisdéagcthe lowest incidences recorded in Europe. The hig!
decreased from 26% in 2012 to 22% in 2013. frequency of resistance in addition to penicillin was obsen
for fusidic acid (15%), erythromycin (7%), clindamycin (6%
In Pseudomonas aerudilomshisolates, resistance tanalinorfloxacin (5%). Susceptibility to the tested antimicr
the tested antimicrobial agents was not significantlyafiffatentas at the same level as in 2012.
from the levels reported in 2012, but an increasing trend has
been observed for gentamicin resistance during 200Th20ddmber of new cases of MRSA (both infected and colc
persons) increased in 2013 to 2,094 compared to 1,556 in
The occurrence of carbapenemase producing bactegimmdnease was primarily seen in livestock associated Ml
Denmark is described in Textbox 7. In 2013, 18 carlsspengimase clonal complex 398 (CC398), with 643 cases
producingnterobacteriad€fE) were detected compar@l3 vs 232 in 2012. In 2013, CC398 constituted 31% of ¢
to 19 during 2008-2012. In 2013, spread of NDM-1 presutRGA cases in Denmark. A significant part of the incr
Citrobacter freundlds detected between four patientsves associated with inclusion of contact to pigs as a risk f
a hospital ward in the North Denmark Region. None o€ghi&ing screening for MRSA when being admitted to hos
four patients had been travelling recently and the oridia ofajority (87%) of persons infected or colonized with
the NDM-1 producidy freundias unknown. Besides tf&398 had close contact to pigs or were household memt
NDM-1 producin@. freunditwo of the four patients hald persons who had pig contact. There were, however, no
NDM-1 producing pneumonidriring 2013, seven OXAef significant spread of CC398 to urban areas, which indic:
23 producing. baumanridolates were detected. Spreaidhaf food does not constitute an important transmission rc
OXA-23 produciy baumanniias detected twice betwAemong all MRSA cases, the proportion of cases presenting
patients. Furthermore, OXA-40-like produdiagmannii with infection was lower in 2013 compared to 2012 (45%
(n = 3) was detected, two of these isolates were parbadfsheespaggively). The number of hospital-acquired (HA)
transmission chain. Two NDM-1 produdindaumannii cases continued to be low and constituted only 2% of the
isolates were detected. In 2013, three VIM produeinghumber of MRSA cases in 2013. In 2013, no monitoring of
aeruginossolates were detected. Furthermore, an NDMRSA in animals and meat was performed.
and VIM producin® aeruginoses detected. For the first
time, an IMP produciRgeruginosolate was detected in
Denmark. Both patients had been hospitalized abroag
detection of these isolates.

In 2013, 1&arbapenemase prodkigtagobacteriaced
Resistance to penicillin and erythromyStrieptococcyl(®yS\EE RSN RN BNO ) eIl RV

pneumoniared in group A, B, C and G streptococ@iAR PRSI EELRSNIDIESRsIelieT ROy (¢=TVple)) VES
remained low in 2013 detected between four patients at a hospital ward in the

North Denmark Region. None of the four patients had
been travelling recentlynd the origin of the NDM-1

In 2013, resistance to ampicillin was 9 Efaterococc i I
producing C. freundhfas unknown.

faeciumsolates from blood. Vancomycin resistancg
inE. faeciueand 0.2%Enterococcus fabtmdid isolate
During 2013, an increasing number of vancomycin BRAURGIEEEN [aleRaVagl oI RVE (el ) Ta g R =S S =1gls
enterococci were referred to the Antimicrobial Resig=lgit=lgeoleoIelad RVI=IC=N{=Ie[=1\V/=To Re1SI N (V[glalo A0 N K
Reference Laboratory at SSI (Textbox 8). Of the VR Ialelf=loBeIVIcf=Ile| sl e} iRV SR (o] EY=IR =T =R (0]
248 were from clinical infections and 168 were faecaielilleEINTaiileidlolalR=Ta e M Kot RWIEI =R FT=Tot-| KTel (=1=10] 10!
isolates. Nearly all VRE isolatesandreé. faecitgolates. INCEIACURA NI CI=IR"S: 7 W= EI=Tal 10 7 (AT (=)
The VRE isolates were primarily from hospitals in theJglnEIgl\Ae [Eit=lat=le Rl (o1 oJie=1 ENTa Wi g =N O ol | k=] W a(c
Region, but also from the Zealand Region and the CqElEcRigeligRualsWA=L|Elalo Mat=le]lelgR=1ao Mg =N @Il { =1 N D
Denmark Region. VRE was detected in the two otherfilEe]lelsh
of Denmark too, but to a much lower extent. Pulsed-
gel electrophoresis typing showed spread ofaeddral IENatl1] ol Rel R AeE LRl Y W s RIali=Ta:
faeciurbypes both within hospitals and between hosEETsls Relo] [o1al74=\e Rol={gS s Rlslel = 1Tl RIa WA N EE R VeI X
compared to 1,556 in 2012. The increase was p
Ciprofloxacin resistanctl@isseria gonorrhioeaesed BEEEIRINIES oo Qe oId Elele RISV WR o]=] [e]gTolIalo Ml
steadily from 30% in 2003 to 75% in 2009, followed [eelpglell=X@eiclN(@(@cicls) BT id N S N [{=IN g WP 0 b ke i
decrease to 56% in 2013. Penicillinase production arjw4tiPaNeeciclsNee]a[Suidvid=le R L N6 M= N [=NTAVIRETAN
gonococcus isolates fluctuated between 24% in 200 BRIaNRE I AW 0k Re i B (=N 10Tqq oI @o) Mo Tel] o] | =1 ErTe
11% in 2013, and no ceftriaxone resistant isolates oSN S=N el alalgll=le Rl oT=H[o)A:Tg[o Nelola IS ui{l1d=
ceftriaxone treatment failure, were reported in this pEEPAZRI R ERTE]RalVlaglol=I o) B\ A SVAN =1 [ WPA 0 E
2013, azithromycin resistance was 45%, cefixime res
was 9%, and no spectinomycin resistant isolates werg
(Textbox 9).
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Bacteria that cause human disease may acquire resiGvcehgaoeasoters, which are no longer used for animals i

from bacteria of animal origin. Fluoroquinolones, 3rdRevwhddhk, are shown in parentheses in Table 3.2. Most of t

generation cephalosporins, macrolides and glycopepéa@nam®bial agents used for growth promotion in Denm:

among the antimicrobial agents considered criticallyhietpeffacis on Gram-positive bacteria. Since 1995, the inc

for humans [AGISAR, WHO 2009]. enterococci from animals and meat (and in some years fr
healthy humans) have been used as a measure of resistar
growth promoters.

Table 3.1. P ti f f imal th ti f t ilk, D k
able 3 roduction of food animals and the production of meat and mi enmar DANMAP 2013

_ Cattle . . Farmed fish

Year Broilers Turkeys (slaughtered) Dairy cows Pigs Fresh Marine
water
1000 mit kg 050 mike  AO00 kg 950 MILKS 1099 5805 it kg il ki ko

1990 94560 116 571 2.5 789 219 753 4542 16425 - 1260 - -
1992 107188 137 761 5.4 862 236 712 4405 18442 - 1442 35 7
1994 116036 152 1091 8.6 813 210 700 4442 20651 - 1604 35 7
1996 107895 149 961 9.3 789 198 701 4494 20424 - 1592 32 8
1998 126063 168 1124 11.6 732 179 669 4468 22738 - 1770 32 7
2000 133987 181 1042 10.3 691 171 636 4520 22414 - 1748 32 7
2001 136603 192 1086 13.2 653 169 623 4418 23199 - 1836 31 8
2002 136350 190 1073 12.8 668 169 611 4455 24203 - 1892 32 8
2003 129861 197 777 11.2 625 161 596 4540 24434 - 1898 34 8
2004 130674 198 1086 19.6 632 165 569 4434 25141 1712 1967 34 9
2005 122179 183 1237 17.4 549 145 559 4449 25758 2720 1988 31 8
2006 106182 161 785 11.3 509 140 556 4492 25763 3204 1957 29 8
2007 107952 163 1009 14.4 512 141 545 4515 26311 3522 2046 31 10
2008 107595 163 1068 12.3 509 138 559 4585 27078 4943 1985 30 10
2009 108851 165 1175 11.1 507 137 569 4734 27603 6642 1898 29 11
2010 117653 178 1184 14 519 142 574 4830 28505 7074 1974 28 10
2011 115454 175 960 9.4 551 145 575 4801 29399 7632 2008 28 11
2012 111080 168 1103 124 539 138 580 4928 29047 8794 1902 28 13
2013 117315 177 692 8,3 551 139 574 5025 28996 9224 1896 30 13
Increaseé 6% 5% -37% -33% 2% 1% -1% 2% <l% 5% 0% 8% 1%

Source: Statistics Denmark (www.dst.dk) and The Danish AgriFish Agency. Production data for farmed fish was not availabl
exported prior to slaughter are included in number of animals and amount of meat produced. Export data for poultry from
(personal communication) and export of 15-50 kg live pigs from Danish Agriculture and Food

a) The numbers for 2013 are not final. The production of farmed fish includes fish transferred from one production facility
b) Assume a final slaughtered weight of 1.51 kg per broiler produced (Danish Agriculture and Food, 2013)

¢) Export of 15-50 kg live pigs. These are included in total number of heads, but antimicrobial use after export until slaugt
takes place outside of Denmark

d) Increase from 2012 to 2013

DANMAP 2013 21
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Table 3.2. Antimicrobial agents marketed for systemic and veterinary intramammary therapeutic use in animals and hum
Denmark 2013 DANMAP 2013

ATC / ATCvet codes Therapeutic group Antimicrobial agents within the therapeutic groups

Animals Humans

; . _Doxycycline, lymecycline,
, etracyclines ; ’ oxytetracycline, tetracycline,
JO1AA / QJO1AA,QJ51AA Tet I Chlortetracycline, doxycycline tet t tet li
oxytetracycline tigecycline

JO1BA / QJO1BA Amphenicols Florfenicol Chloramphenicol

Ampicillin, pivampicillin,
amoxicillin, bacampcillin,
pivmecillinam, piperacillin,
mecillinam

JO1CA / QJO1CA Penicillins with extended spectrumAmpicillin, amoxicillin

Benzylpenicillin,

Benzylpenicillin, -
JO1CE / QJO1CE Beta-lactamase sensitive penfikinexymethylpenicillin, proc%%?égxymethylpemcnlm,
0

IO thine benzynpenicillin,
penicillin, penethamate hydr ne penicillin

: e —nAllT - Dicloxacillin, flucloxacillin,
JO1CF / QJ51CF Beta-lactamase resistant peniCidkzillin, nafcillin cloxacillin, methicillin
JO1CR / QJO1CR Comb. of penicillins, incl. bet%moxicillin/clavulanate Amoxicillin/clavulanic acid,

lactamase inhibitors piperacillin/tazobactam

JO1DB / QJO1DB,QJ51DB First-generation cephalosporiefalexin, cefadroxil, cefapirinCefalexin, cefalotin
J01DC Second-generation cephalosporins Cefuroxime, cefoxitime

JO1DD / QJO1DD,QJ51DD Third-generation cephalosportefoperazone, ceftiofur, cefovi itg))(((i)rr?g’, ch%%ﬂg;wﬁé

JO1DE / QJ51DE Fourth-generation cephalospdtafguinome Cefepime
JO1DF Monobactams Aztreonam
Meropenem, ertapenem,

JO1DH Carbapenems imipenem/cilastatin, doripenem
JO1EA Trimethoprim and derivatives Trimethoprim
JO1EB / QJO1EQ Short-acting sulfonamides  Sulfadimidine Sulfamethizole

: Sulfadiazine/trimethoprim,
JO1EE / QJO1EW Comb.of sulfonamides and ulfadoxine/trimethoprim, Sulfamethoxazole/trimethoprim

trimethoprim, incl. derlVat'veéulfamethoxasol/trimethoprim

Spiramycin, tylosin, tilmicosinErythromycine, roxithromycine,
JO1FA / QJO1FA Macrolides tylvalosintartrat, tulathromycialarithromycine, azithromycine,
gamithromycin, tildiprocin ~ spiramycine

JO1FF / QJO1FF Lincosamides Clindamycin, lincomycin Clindamycin
JO1FG / QJO1XX Streptogramins (Virginiamycin)
J01G / QJO1RA,QAO7AA  Aminoglycosides Streptomycin, dihydrostreptorfofmiamycin, gentamicin, amikacin,

gentamicin, neomycin, apramyetiimicin

Ofloxacin, ciprofloxacin,
norfloxacin, fleroxacin,
grepafloxacin, trovafloxacin,
moxifloxacin

Enrofloxacin, marbofloxacin,
JOIMA / QJO1IMA Fluoroquinolones difloxacin, ibafloxacin,
pradofloxacin

QJO1MB Other quinolones Oxolinic acid Nalidixic acid
QJoimMQ® Quinoxalines (Carbadox, olaguindox)
J,\?(;thlﬁﬁ-lo-gééé Glycopeptides (Avoparcin) Vancomyecin, teicoplanin
JO1XB / QAO07AR Polypeptides (incl. polymyxin€olistin, bacitracin Colistin
JO1XC Steroid antibacterials Fusidic acid
JO1XD,PO1AB Imidazole derivatives Metronidazole
JO1XE Nitrofurane derivatives Nitrofurantoin
: ; : : Methenamine, linezolid,
JO1XX / QJO1FF Other antibacterials Spectinomycin daptomycin
QJ01XQ Pleuromutilins Tiamulin, valnemulin
QP51AG04 Antiprotozoals, sulfonamides Sulfaclozine
Not in ATCve® Oligosaccharides (Avilamycin)
Not in ATCveY Flavofosfolipols (Flavomycin)

a) ATCvet codes starts with a Q

b) Animal growth promoters used before 1999 are listed in parentheses

c) Although intestinal antiinfectives (A07AA) and imidazole derivatives for protozoal diseases (PO1AB) are used to treat hu
are not reported by DANMAP
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ANTIMICROBIAL CONSUMPTION IN ANIMALS

4. Antimicrobial consumption in animals

4.1 Introduction optimize antimicrobial use, and 3) enforcement of the so
called “cascade rule” [Order (DK) 142/1993], which limits

The use of antimicrobial agents in humans and animalbéas®eéfcheaper) extemporaneously produced medici
monitored by the DANMAP programme since 1995. Sin&bisHearticularly affected the use of tetracyclines from 1
early 199(here has been both political and public fochs@fer important intervention was the restriction on the
the use of antimicrobial agents in the Danish animal ptegigéfigeroquinolones in production animals through
This resulted in discontinued use of several antimicrolgiggatsimplemented in 2002 and 2003. Furthermore,
used for growth promotion from 1994-1999, and mordUW¥cépt. the pig industry imposed a voluntary ban on tf
a voluntary ban of use of cephalosporins in the pig préga@iggphalosporins, due to concerns regarding extend
as well as regulatory legislation regarding therapeutidgéa-lactamase resistance (ESBL).
[DANMAP 2010].

From 2010 to 2011, consumption decreased following
Overall, the antimicrobial consumption for both huma¥eadngroduction of threshold values for antimicrobial
animals has increased since the late 1990s. While thecepssimpsigpradopted within the “yellow card initiative”.
for humans has gradually increased throughout the pefAgdceisdegal actions on pig farmers with high antimicro
consumption in animals has fluctuated notably. The irR@e8saisie per pig [DANMAP 2010]. Effects from other par
veterinary consumption can partly be explained by thefiHtg@dggéslation may be less obvious, but are important
in pork production, which constitutes approximately 8&®gRofitieind, when interpreting the veterinary prescripti
meat production in Denmark (Table 3.1). Figure 4.1 shoattetine.
total antimicrobial consumption in animals and humans since
1994 and 1997, respectively. Official guidelines for the selection of antimicrobial agent

that veterinarians may choose from for pigs and cattle h:
The prescription pattern has been clearly influenced Bgen available since 1996. The guidelines provide specif;
implemented legislation. For example, the decrease ifecommendations for the selection of the appropriate
antimicrobial consumption after 1994 was likely the r@gifrderobial agents for treatment of all common indicat
1) limitation of veterinarians profit from sales of medidif@3jpr production animal species. Initially, guidelines w
implementation of preventive veterinary strategies wRRvY@eged by the National Veterinary Laboratory (presen
health contracts and regular monthly visit from the vétefigggib¥eterinary Institute, DTU). Since 2005, the

in order to promote preventive veterinary strategies ddelines have been updated by the Danish Veterinary ¢
Food Administration (DVFA) in collaboration with Nationa

Figure 4.1. Prescribed antimicrobial agents for humans, and for animals compared with the number of pigs produced, De
DANMAP 2013
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Sources: Human therapeutics: The Danish Medicines Agency. Veterinary consumption: Until 2001, data are based on repo
pharmaceutical industry of total annual sales from the Federation of Danish pig producers and slaughterhouses (1994-19¢
Medicines Agency and Danish Plant Directorate (1996-2000). Data' from 2001-2013 originate from VetStat
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ANTIMICROBIAL CONSUMPTION IN ANIM4L$.

Veterinary Institute DTU, National Food Institute DTUP#RD (DADD per 1,000 animals per day) - estimatec
Practicing Veterinarians Organization, university exp&reatment proportion

the Danish Association of the Veterinary Pharmaceutleands in veterinary consumption, both within and across
Industry and the Danish Agriculture and Food Counci$p€kies, are presented in DAPD, allowing for comparison
latest update was in 2010, when new dynamic evidehetwssgedectors and adjusting for changes in live biomass
treatment guidelines for pigs were launched [DANMA#SROTAIed live biomass is expressed as the number of star
www.fvst.dk]. In 2012, the Danish Veterinary Associagioimals with an estimated average weight on a given day.
published treatment guidelines to promote prudent usé@yhlso be referred to as the ‘standard-animals-at-risk’,
antimicrobials in dogs and cats, prepared by clinical sple@s$angtsaccount species differences in body-mass and li
and expert scientists from the Faculty of Health and Btical

Sciences at the University of Copenhagen and National Food

Institute, DTU DAPD or estimated treatment proportion is a statistical
measure, providing a rough estimate of the proportion of
4.1.1 Data sources animals treated daily with a particular antimicrobial agent

Data on antimicrobial use at the product the level hah@r lex@mple, 10 DAPDs indicate that an estimated 1% of
collected in Denmark since 1996, including historicatlataopad&tion (e.g. broiler population), on average, recei
to 1990. In Denmark, all therapeutic medicine is by gresttaitidneatment on a given day (Section 4.3 and Chapt
only, and since 2001, data on all medicine prescribe®fdfaisgials and Methods). Furthermore, presenting the
in animals, including vaccines, have been collected (#et@fithary consumption in DAPD allows comparisons with
users) in a national database (VetStat). Data on consamtipaierobial consumption in the human sector as expres:
coccidiostatic agents (non-prescription) and antimicrisbiigifined daily dose per 1,000 inhabitants per day (DID),
growth promoters (no longer used), are also collecte§gpterO]l Terminology, for a description of DID.
VetStat.

At the European level, the ESVAC (European Surveillance ¢
Consumption data for 2013 - for use in DANMAP - weYeterinary Antimicrobial Consumption) project monitors
extracted from VetStat by the Danish Veterinary and&@ginary usage in a number of countries. ESVAC monitor
Administration (DVFA) on 11 June 2014. The Nationali¥®aged on the quantity by weight of antimicrobials, using
Institute, DTU has carried out no further validation of geg@ulation correction unit” (PCU) as denominator to adju

received data for changes in size of the production animal population
within the respective countries over time. A description of
4.1.2 Methods methodology used by ESVAC is contained in the first repot

ds in the sales of veterinary antimicrobial agentsinr

Metrics of antimicrobial consumption are numerous, ﬁ-ér gggncountrles 2005-2009" [www.ema.europa.eul.

with its own advantages and limitations. Therefore, t

measures must depend on the purpose and the ava| able
information. P purp n the context of DANMAP, we base our comparison on do:

|n order to keep in focus the newer, potent antimicrobials

or qumolones and cephalosporins that are critically

the treatment of human infections. Furtherm

of the live population is used as denominator

omparlsons of selection pressure between anim
ions.

The overall amount of antimicrobial agents is measu

active compound and is used in Section 4.2 for the p,
overall crude comparison of antimicrobial use in the
and human sectors and to enable international com
(Figure 4.1).

In DANMAP 2012, we introduced two new metrics to
trends in antimicrobial consumption to ensure the ro
of the analyses over time and to facilitate comparisogeéﬁt ti bial ti

animal species, as well as comparisons between the ﬁ\%ﬂe’ antimicrobial consumption

and human sectors. The new metrics are defined below, and for

more information on methodology, please refer to CHapt@t3), the total veterinary consumption of antimicrobial

text below, unless otherwise stated, DAPD will be u:
% %c&be patterns in veterinary antimicrobial consumpti

and the web annex [www.Danmap.org]l. agents, including agents used for companion animals,
amounted to 11Htonnes active compound (Table 4.1),
DADD (Defined animal daily dose) representing a 4% increase compared with 2012. The incr

DADD is the average maintenance dose per day for avéeupaisey attributed to a 6% increase in the amount use
for its main indication in the appropriate animal spedigs. The two major species, cattle and pigs, comprise eq
The DADD is not defined at product level but for eacproportions of live biomass. However, the vast proportion
antimicrobial agent, administration route and animalcastleibsomass consists of dairy cows, which have a very |
and when appropriate, also age group. DADD has beeansumption of antimicrobial agents compared with growi
specifically defined for use in DANMAP and does not aiwagds. In 2013, the antimicrobial consumption in pigs,
completely match the prescribed daily dose or the recaiierandieoultry comprised P88pard ~1% of the total
dosage in the Summaries of Product Characteristics (8f€pioaiy consumption, respectively (Figure 4.2).

the VetStat database

Since 2012, the DADD has replaced the ADD (as defined in
VetStat), which had been used since DANMAP 2003. For more
details, see Chapter 9, Materials and Methods. The DADDs
used in DANMAP 2013 are presented in the web annex.
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ANTIMICROBIAL CONSUMPTION IN ANIMALS

Figure 4.2. Live biomass (mill kg) and antimicrobial consumption (kg) in main animal species, Denmark

DANMAP 2013
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Fur Animals, A%\‘
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Note: The live biomass is estimated from census (pigs, cattle and pet animals) and production data (poultry, fur animals, ¢

estimation procedures are described in Chapter 9. For poultry: the figures comprise only the biomass for the main product
and broiler production)

Fur Animals, 1%

Aquaculture , 2%

Live biomass Kg active compound

Table 4.1. Antimicrobial agents sold (kg active compound) by animal species and age group, DenmankaNMAP 2013
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Pigs, total 263 4606 3 11 2173 11118 8958 16631 7740 8908 29797 398 90606
-Sows and piglets 229 1818 2 11 - 475 565 845 8935 3584 6181 2330 58 25033
-Weaners 26 2516 1 - - 787 7166 3303 1639 2938 2296 16807 338 37817
-Finishers 8 272 0 0 - 911 3387 4810 6057 1218 431 10660 2 27756
Cattle, total 503 534 116 0 0 6 195 1 7090 923 1105 1617 17 12106
-Intramammaries - 19 7 - - 2 - - 192 162 5 - 2 458
-Calves < 12 mdr 484 233 2 o - 3 65 - 365 191 183 425 15 1967
-Cows and bulls 13 286 113 0 - 3 127 1 6636 719 910 1147 2 9957
-Heifers and steers 5 15 1 - -0 3 - 89 12 12 45 0 182
Poultry, total 9 36 - 0 0 18 280 3 152 190 60 519 1 1270
Poultry incl. broilers, layerk 1 - 0O 0 O 37 3 110 168 59 110 1 491
and other poultry
Turkeys 8 35 - - - 17 244 - 42 22 1 409 O 779
‘Sjptggre 2 oduction animal g5 357 o o 881187 632 2 1947 3653 578 1 8447
Aquaculture 185 - - - 881 - - - - 9 2506 2 - 3582
Fur animals 0 381 0 0 - 187 632 - 2 1938 1147 576 1 4866
Companion aninfals 0 150 234 17 0 72 50 11 850 833 1459 192 43 3911
Horses 0 6 5 6 0 O 1 0 813 151 913 27 0 1922
Pets 0 144 229 11 0 72 49 11 37 682 546 165 43 1989
Total 959 5707 353 28 8812456 12275 8973 2472511633 15186 32703 461 116339

Note: Only the ATCvet group contributing mostly to the antimicrobial group is mentioned. Combination drugs are divided i
a) Penicillins with extended spectrum, cloxacillin and amoxicillin/clavulanic acid

b) Sulfaclozin (a prescription coccidiostat) is included in the sulfonamide/trimethoprim group

¢) Fluoroquinolones reported for use in pigs were used in a clinical trial approved by the Danish Medicine Agency [Source:
d) Antimicrobials used for companion animals: DVFA has allocated kg active compound to the appropriate target species (
on knowlegde of which products are used for the particular species
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ANTIMICROBIAL CONSUMPTION IN ANIM4L$.

Historically, the overall consumption - measured as Kigarei4.8. Antimicrobial consuntphiothe pig production,
compound - was 43% lower in 2013 compared with P@#g4he distribution on age groups, Denmark

while the total meat production increased by 13% during this
period (Table 3.1 and Figure 4.1). A major part of the decregge
in consumption can be explained the by discontinued use of
growth promoters (1994-1999). 2

day’

100 -

However, from 2001 to 2009, the antimicrobial consumgtion
in production animals increased by 36% (Figure 4.1). THis
increase was driven mainly by an increase in consumpt#on
in pigs and should be seen in the context that the numpBer of
pigs produced increased by 19% (Table 3.1). At the same tigge
the proportion of live pigs (approx. 30 kg) being export&d has
increased and thus resulted in a decrease in the overalEgiome Ss
of the pig population. 82 40 |-

4.3 Antimicrobial consumption by animal 20 ¢ W

species

DAPD (

0
4.3.1 Antimicrobhiehsumption in pigs 04'05'06:07,08, 609 10 11 12 13

In 2013, the total antimicrobial consumption in pigs was 90.T “e Sowsandpiglets  —o—Weaners "]

tonnes active compound (Table 4.1), an incbelaseet 5

(6%) compared with 2012. The treatment proportions (DAPD})

in the pig population overall and by age group are pigs@ntegetnadjusted total” is adjusted for the increasing export

Figure 4.4 and in the web annex (Table A4.1). at 30 kg (see text). “Sows” includes treatment in piglets pre-wez
a) The DAPD is calculated as the number of standard doses for ©

The treatment proportion (DAPD) is much higher in tﬁ%lg?;%%mgﬁgnb%mgnensélsr;wated live biomass in the age group a

weaning pigs, compared with finishers and sows (Figure

However, the biomass of the weaning pigs is very smaljl (7.5-30

: L ) i orally, and particularly used for treatment of
l;?],déltr\]/veesg\?v)s,.compared with the finishers (31-107 k%gg?rg\%%%%s%?nal disease in weaning pigs and finishers. The

overall treatment proportion (DAPD) of pleuromutilins
incrgsa%r(]ed by 18%, while the use of tetracyclines increasec

—ae— Finishers —@— Total, adjusted

The DAPD of the total population should reflect the tyep
selection pressure in the population. Due to the differences in

treatment proportion between age groups, the DAPD_of Ene total v i tant antimicrobial ts th
population is affected by changes in population stru %8'% Itically important antimicrobial agents, the use

increased export of live pigs at 30 kg. The increase iRtHaWPGYpolones increased for the second year running,
would in itself cause an increase in DAPD for the re Wg}?e réemains at a very low level and constitutes less t
population, because the DAPD for finishers is relativel§/IGJ|€ Of the total consumptionTinepigsrease in 2013
Thus, a true impression of the antimicrobial consum i@rqgely explained by a clinical trial approved by the DVF,
pattern and selection pressure in the pig production | gdi'rstfsc’f cephalosporins in pigs was low (3 kg), however
that changes in export and productivity are taken intBQEEs&HLOM 1 kg in 2012 (Figure 4.5).

Overallthe antimicrobial consumption in pigs increased by )

5% to approximately 30 DAPD (Figure 4.3) when adj$2¥&4 ffae last decade, the treatment proportion (DAPD)
changes in export. Overall the number of pigs produtidgased from 2004 to 2009. However, in 2010 and 2011

2013 was similar to 2012; however the number of pig$i8%fRRe€dn DAPD compared with 2009 was observed,
increased by 5% (Table 3.1). probably as a response to the DFVA's implementation of tl

“yellow card initiative” - a special provision for reduction ¢

s . . imicrabial consumption in pig production (See DANMAF
Within the different age groups, the DAPD mcreasedgﬁﬁl1 % : " . Y :
groups: 9% in sow hends5% in both finishers and we é}; urther details). The reductions in antimicrobial u

The increase in consumption was associated primari Hst?%c'(?ted with mcregsmtg ytse_ of vacaﬂesdang atsdI!g
use of pleuromutilins and tetracyclines, and to a les y GeCrease in proauctivity in some neras, but dis

to the use of penicillins and sulfonamides/trimethro reaks did not increase [Danish Veterinary Bulletin no.

. : o With the increase in antimicrobial consumption in
(Figure 4.4). Tetracyclines and pleuromutilins have b TR / _
most commonly used antimicrobial agents in the Dali] % igégt?ﬁ ng%%nrpt'cirzlz's still iZ;)A) lower than in 2009, ¢
production for a decade (Figure 4.4). They are almost'8Htiely t"€ evel trigure 4.3).
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Figure 4.4. Antimicrobial consumgtidhe total pig produd¢tiand in finishers, weaners, sows and piglets, Denmark

DANMAP 2013
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'
1 1 , . I ' 1 . ,
—|A—Macrolides et Tetracyclines e A Pleuromutilins
—a— Lincosamides .- Penicillins, b-lact. sen. (c) --@-- Penicillins, other
—— Cephalosporins —m&— Aminoglycosides @~ Sulfonam./trimeth.
—o— Penicillin/streptomycin

Note: Amphenicols, colistin, fluoroquinolones, intramammaries, gynecologicals and topical drugs are not included in the fi
veterinary practice are not included (<1% of the consumption in pigs)

a) The DAPD is calculated as the number of standard doses for one kg animal divided by the estimated live biomass in the
population (in tonnes)

b) Total pigs produced includes pigs exported at 30 kg, which has increased in numbers from 1.7 million in 2004 to 9.2 mil
Consumption in these pigs is included only from birth to 30 kg body weight. See discussion in the DANMAP 2011.

c) Beta-lactamase sensitive penicillins
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ANTIMICROBIAL CONSUMPTION IN ANIM4L$.

4.3.2 Antimicrobial consumption in poultr¢.3.3 Antimicrobial consumption in cattle
In Denmark, poultry production comprises mainly thénbb&iNMWAP 2012 we expressed reservations about data or
production (Gallus gallus), followed by egg layers (Galdignicrobial consumption in cattle. However, analyses of
gallus) and turkey production. In addition, there is a thisyissnelin collaboration with representatives from the ce
production of ducks, geese, and game birds. industry and the veterinary authorities has shown that the
quality of reporting of use in cattle has increased marked|
In Denmark, the antimicrobial consumption in the brliggcent years and is now as high as that for other major
production is generally low compared with other speRl@§ldaHON animal species.
a few disease outbreaks in some farms can seriously affect the
national consumption, causing considerable fluctuationg ¢iata shows that use of antimicrobials in cattle has de
annual consumption data. to a total of about 12 tonnes active compound in 2013. Dt
this period, the veal and beef production has remained at
In 2013, the total antimicrobial consumption in poultggilevel, although with minor fluctuation from year to y
poultry) was270 kg active compound, an increase ofésbghe milk production has increased slightly.
compared with 2012. In poultry (other than turkeys), the
increase was mainly in the use of simple penicillins (fropen@ral, the majority of the parenteral use in cattle is fc
kg in 2012 to 110 kg in 2013), but also in the use of tewadyelhe4.1), and is mainly prescribed for mastitis. The
(36 kg in 2012 and 110 kg in 2013). In turkeys theresysateano ase of fluoroquinolones in cattle was close to zer
increase in the use of simple penicillins, but the mostns&fhificamd has been at a low level since 2003. In 2013,
increase was seen in the use of tetracyclines, which #ysteasiduse of cephalosporins in cattle declined to 40 kg
from 127 kg to 409 kg in 2013. The main reason appkams #/kg in 2012 (Figure 4.5). Use of 3rd and 4th geners
widespread problems with respiratory disease in turkegpfiatdsporins in intramammaries has declined steadily fi
produced early in 2013. Furthermore, an increased oaqueaknae27 kg in 2007 to 7 kg in 2013 (Table 4.2). This is
of diarrhea in broiler flocks in 2013 may be the reasonrksulhef increased focus by the Danish Cattle Associatio
increased consumption of penicillins. and veterinary practitioners, on the public health aspects
antimicrobial resistance caused by high consumption of tt

For broilers, amoxicillin has been the most commonl|@iggjof compounds.

antimicrobial agent for at least a decade. Fluoroquinolones

were the second most commonly used antimicrobial@genon intramammary use show a slight reduction in ove

until 2007 (when new medicines were approved for peudirg§,intramammary treatment from 2005 to 2013 (Tabl

but has not been used in broilers in 2010-2013 4.2). However, drying-off treatment has increased steadily
during the same period, while therapeutic treatment has
decreased (Table 4.3). A “milk quality campaign” conducte
the Danish Cattle Association (Agriculture and Food Counc

Table 4.2. Use of antimicrobial agents for intramammary application in cattle, Denmark DANMAP 2013
2005 2006 2007 2008 2009 2010 2011 2012 2013

Doses per antimicrobial class DADDs (1000's)

Penicillind 201 211 211 236 282 314 318 324 311

é‘g::}?)‘i’g;{fg;;de'benzy'pe”'c'”'” 130 104 101 101 110 93 48 47 58

fsetpgzr'fesrg‘ggrr‘f' 103 98 8 8 8 89 99 105 111

gredpgf]'é’iﬁﬁrg‘esr;eration 110 124 127 112 76 51 34 30 24

Othere¢ 21 20 16 15 14 12 9 8 0

Total 566 558 544 549 570 559 508 514 504

Total DADD per cow per year 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9

Note: For intramammary treatment, 1 DADD is defined as the dose to treat two teats for 24 hours

a) Includes benzylpenicillin, cloxacillin, and cloxacillin-ampicillin combinations (QJ51CE, QJ51CF, QJ51RC)

b) Mainly dihydrostreptomycin-benzyl benicillin combinations; includes also combinations of penicillin/faminoglycoside witt
nafcillin (QJ51RC)

¢) Lincosamides, neomycin-lincomycin combinations and trimethoprim-sulfonamide combinations

Table 4.3. Number of treatments with antimicrobial agents for intramammary application in cattle, DepmpaRis 2013

2005 2006 2007 2008 2009 2010 2011 2012 2013
Total doses per indicdtion DADDs (1000's)
Drying off treatment (4 teats) 73 75 71 76 82 99 97 117 125
Therapeutic treatment (2 teats) 420 408 388 377 378 350 307 279 253

Note: For intramammary therapeutic treatment, 1 DADD is defined as the dose to treat two teats for 24 hours. For drying
is defined as the dose to treat 4 teats. One product used for both indications is included as half drying off and half therape
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Figure 4.5. consumption of 3rd and 4th generation

Al The information available on antimicrobial consumption
cephalosporins in pigs and cattle, Denmark

in companion animals is not as detailed as for production
140 - DANMAP 2013 animals. In 2013 the overall antimicrobial consumption in

pets amounted to 1,989 kg active compound (1,449 kg in
2012). The increase was seen for several antimicrobial cla:
aminoglycosides, macrolides and penicillin’s (b-lactamase
sensitive), sulfonamides and trimethoprim, as well as for
tetracyclines (Table 4.1).

120 -
100 -

80

60 |- The use of fluoroquinolones for use in pets was 11 kg in 2(
This means that the total use of fluoroquinolones constitut
40 |- nearly 40% the total veterinary use (kg) of fluoroquinolone
Similarly, they account for a significant proportion of the
20 | use of cephalosporins. In a One Health perspective, this is
a cause for concern, because the close contact with their
0 . owners poses a risk for transmission of extended spectrun
04 05'06:07,08, 09 10 11 12 13 beta lactamase resistance to humans. Presently, however,
— there is no information available concerning the prevalenc
antimicrobial resistance in pet animals.

Kg active compound

—a— Systemic treatment of pigs

—e— Systemic treatment of cattle

—O— Intramammary treatment of cattle A large proportion of antimicrobials used for pet animals a
prescribed for treatment chronic or recurrent disease, mail

since 2010, most likely has contributed to this trendgﬁhmatltl . Particularly the consumption of critically impor

of the campaign are to reduce treatment of clinical | S al agents In pet animals could pose an importa
50%, mainly through a reduction of treatment of subc%mca%) ers of diseased dogs that are frequently treatec

mastitis, but also by increased monitoring of cell COWEﬁ%wledgement

determine the need for treatment. The methodology for calculating veterinary consumption i
) DAPD, as first applied in DANMAP 2012, was developed an

Furthermore, Order (DK) 785/2010 provides legal reqda¢ighsPby Vibeke Frakjeer Jensen.

use of antimicrobial agents for mastitis in cattle (recommending

using simple penicillins) and the industry has also enpgbasiFdd de Knegt, Birgitte Borck Heg and Flemmin

that farmers should use narrow spectrum penicillins to treat

mastitis caused by Gram-positive bacteria, unless sensitivity

testing reveals resistance towards these antimicrobials.

4.3.4 Antimicrobial consumption in aquaculture,
fur animals and companion animals

The antimicrobial consumption in aquaculture increased

by 23% to382 kg in 2013 compared with 2012 (Table 4.1).
Measured in kg active compound sulfonamide/trimethoprim
comprised 70%, quinolones 25% and amphenicols 5%.The
antimicrobial consumption in both 2012 and 2011 was very
low compared to previous years, probably due to cold summers
in 2011-2012, and the relatively large increase in consumption
in 2013 is explained mainly by extraordinary high temperatures
in July and August 2013, leading to higher water temperatures
and an increase in the occurrence of bacteriological infections
[personal communication: N.H. Henriksen, Danish
Aquaculture]. There is, however, in the aquaculture industry,
increased focus on vaccination to reduce the risk of diseases
that may require antibiotic treatment.

In 2013, the production of mink increased slightly to 17.5
million mink from 17 million in 2012 (Source: Kopenhagen

Fur). Antimicrobial consumption in fur animals decreased

by approximately 10% to 4.9 tonnes, kg active compound
compared with 2012 (Table 4.1). This reverses the continuous
increase in consumption for fur animals seen over the past five
years (from 2008-2009 consumption increased by 60%). Use of
fluoroquinolones and cephalosporins in fur animal production
is close to zero.
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5. Antimicrobial consumptions in humans

5.1 Introduction Table 5.1. classification of antimicrobial agents for systemic use
in humans into narrow-spectrum and broad-spectrum agents,
In Denmark, the use of antimicrobial agents for hunfgpmark DANMAP 2013

has been monitored since 1995 and presently all dalaATC group’ Therapeutic group
consumption in both the primary healthcare and hosprrarcare
is registered by the Department of Data Delivery and MedicinaNarrow-spectrum

Product Statistics at Statens Serum Institut. JO1CE Beta-lactamase sensitive penicillins
JO1CF Beta-lactamase resistant penicillins

In this section, the term ‘antimicrobial agents’ cove First-generation cephalosporins (included in data

antibacterial agents for systemic use in humans, agg01DB from primary healthcare as a broad-spectrum agent

for treatment of infections caused by virus or fungi the group J01D)

included. Currently available antimicrobial agents foJ01DF Monobactams

treatment in humans (and in animals) are listed in Tgo1EA Trimethoprim and derivatives

Antimicrobial agents have been classified as either rjg1ep Short-acting sulfonamides

g?ﬁér:rcr]c_o_rtbr(gr:gizpsec_it)rum agents according to th‘JOlFA Macrolides

Ity e JO1FF Lincosamides

5.2 Total consumption (primary healthcar®**A Clianeifdes , , o

and hospital care) JO1XC Steroid antibacterials (fusidic acid)
JO1XD Imidazol derivatives

. . . . JO1XE Nitrofuran derivatives (nitrofurantoin)
The overall consumption of antimicrobial agents in [J01XX Other antibacterials

is calculated as a combined measure of the consumpeorrrrer~
primary healthcare and hospital care. This measure is presenteBroad-spectrum

in DID and is intended for comparison between sectgiaa Tetracyclines
illustration of the consumption in hospital care W|thcJOlCA

account of hospital activity (discharges) (Figure 5.1):

first publication of DANMAP, the consumption in prinJ01CR
healthcare has accounted for 90% of the total antim

Penicillins with extended spectrum
Combinations of penicillins, incl. beta-lactamase
inhibitors
Cephalosporins and related substances (primary

consumption in Denmark. JO1D healthcare only)

. L ) JO1DC Second-generation cephalosporins
In 2013, the total consumption of antimicrobial ager;n1pp Third-generation cephalosporins
systemic use (primary healthcare and hospital care)JOlDH e ——

higher than the previous year (Figure 5.1). Since 20¢

overall consumption of antimicrobial agents has incrjo1EE Combinations of sulfonamides and trimethoprim,
20% incl. derivatives

JO1GB Aminoglycosides

The proportion of broad-spectrum agents was 5% hilC*MA Fluoroguinolones

than in 2012 (Figure 5.2). This continues the trend fd01XB Polymyxins

past decade where broad-spectrum agents increase%{%ﬂ?%ﬁ 2013 edition of the Anatomical Therapeutic Chemic:
comprising 32% of the total consumption in 2004 an Jqprification system

2013.

The distribution of DIDs between primary healthcare and
hospital care differed between antimicrobial agents (Figure
5.3). For most of the antimicrobial agents, the consumption
was higher in primary healthcare, with exception of
cephalosporins and other B-lactams, aminoglycosides and
imidazole derivatives.

In 2013, 5D0 kg of antimicrobial agents for systemic use were
used in humans in Denmark. This is the highest level observed
since 1995, representing an increadH(14%) since

2004 (Table A5.1 in web annex).
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Figure 5.1. Total consumption of antimicrobial agents (JO01) in humans in primary healthcare vs hospital care, Denmark
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Figure 5.2. Total consumption of antimicrobial agents (J01) in humans by narrow-spectrum and broad-spectrum agents, L
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Note: “Narrow-spectrum” includes: beta-lactamase sensitive penicillins, beta-lactamase resistant penicillins, trimethoprim
macrolides, lincosamides, glycopeptides, fusidic acid, imidazol derivatives, nitrofuran derivatives, and ‘other antibiotics’

“Broad-spectrum” includes: tetracyclines, penicillins with extended spectrum, combinations of penicillins incl. beta-lactam
cephalosporins and related substances, combinations of sulfonamides and trimethoprim, aminoglycosides, fluoroquinolont
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Figure 5.3. Distribution of DIDs between primary healthcare and hospital care, Denmark
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Textbox 1 ANTIMICROBIAL CONSUMPTION IN HUMAN# 5.

consumption of antimicrobial agents and incidence of multi-resistant bacteria in Gree

Background: Greenland has a population of 56.370 inhabitants (January 2013) and Nuuk is the capital witl
inhabitants. Greenland has its own Ministry of Health and the country is divided into five health regions: Qe
former health districts Sisimiut and Maniitsoq), Disko (the former health districts Aasiaat, Kangaatsiaq, Qeq
Qasigiannguit), Avannaa (the former health districts llulissat, Uummannaq, Upernavik and Qaanaaq), Serme
former health districts Nuuk, Paamiut/lvittuut, Tasiilaq and lllogqgortoormiut), and Kujataa (the former health
Qaqortoq, Nanortalik and Narsaq).

The largest hospital, Dronning Ingrids Hospital, is situated in Nuuk (185 beds). There are several smaller ho
healthcare centers in the five health regions. Around 15-16.000 persons are admitted to hospital once or se
year. The primary healthcare is organized different from that in Denmark; there are no general practitioner:
practice, and the hospital clinics are used for patients from the primary healthcare. In Nuuk, a large healthc
combined function as medical clinic, emergency room and primary healthcare with doctors and nurses. The
have nursing stations (supervised by doctors via phone or telemedicine and doctors visiting three to four til
Medication on prescription is free of charge. Patients with specific/serious diseases are transferred to Denm
for further treatment (e.g. hemodialysis, cancer treatment, brain surgery etc.).

Resistant bacteria: Frotn 2003, 12 patients have been diagnosed with MRSA, 33 patients with ESBL-prodt
Enterobacteriacaad 29 out of 85 patient€hasithidium diffiantection had the 027 type. Most of these resistant
bacteria were imported from Denmark or abroad, but in some cases, especially in patients with an ESBL-prc
Enterobacteriactaatment with broad-spectrum antimicrobial agents in Greenland has probably selected fou
bacteria. Since 2011 there has been an increasing pEobliéficii@tiections (mainly type 027) in the hospitals
and transmission within the country has occurred. A project focusing on identification of risk fa€tors for acq
difficilinfections, mappin@. aifficitsypes and prevention strategies is planned for the near future.

Consumption of antimicrobial agents: All antimicrobial agents in Greenland are purchased and dissemi
the National Pharmacy. The total purchase of selected antimicrobial agents from 2007 to 2013 are shown ir
From 2002013, an increase of narrow-spectrum (18%) and broad-spectrum penicillins (12%) has been seer
2012 to 2013, an increase in piperacillin-tazobactam (37%) and a decrease in broad-spectrum antimicrobia
as tetracyclines (26%), macrolides (7%), and fluoroquinolones (6%) have been seen. Meropenem has increc
whereas cephalosporins (mainly ceftriaxone) have been at the same level from 2012 to 2013.

Conclusion: Frequent change in workforce and hospitalization abroad are challenges for maintaining a res
policy and of these reasons continued focus on the use of broad-spectrum antimicrobial agents - both in ho
primary healthcare - and the incidence of multi-resistant bacteria in Greenland is very important in the futt

Anne Kjerulf, Jette Holt, Anne Birgitte Jensen, Turid B. Skifte, Peter Poulsen, In
For further information: Anne Kjerulf (alf@ssi.dk)
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Figure 1. consumption of selected antimicrobial agents in humans in Greenland (DDD/1,000 inhabitants/day) 2007-
2013: (a) consumption of narrow- and broad-spectrum penicillins, macrolides and tetracyclines; and (b) consumpti
of cephalosporins, meropenem, fluoroquinolones, piperacillin/tazobactam and gentamicin. (Note: Narrow-spectrum
penicillins include benzylpenicillin, phenoxymethylpenicillin and dicloxacillin, and broad-spectrum penicillins incluc
ampicillin, pivampicillin, amoxicillin and amoxicillin with enzyme inhibitor).
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Textbox 2 ANTIMICROBIAL CONSUMPTION IN HUMAN# 5.

Maintained focus on the use of antimicrobial agents in the Faroe Islands

Background: The Faroe Islands (Fl) consists of 18 islands, inhabited by approx. 48,000 inhabitants, 19,00(
in the capital Térshavn. The main hospital (Landssjukrahisid, LS, with 170 beds) is located in Térshavn, anc
two smaller hospitals in Klaksvik (36 beds) and Suduroy (26 beds). The healthcare system is comparable tc
healthcare system with general practitioners responsible for primary care and secondary care provided by
has a local as well as a centralized function. In the case of specified diseases, patients are referred to hosp
or other foreign hospitals. The healthcare staff constitutes a stable workforce but consultants, mainly from
perform specialized treatment where the number of patients is too small to support full-time specialist em|

Data and data sources: Data for antimicrobial consumption for FI and for LS were supplied by the Chief |
Office, beginning from 2007. Bed-days and data on MRSA and ESBL-producing bacteria were obtained frorn

Antimicrobial consumption in primary healthcare: Total antimicrobial consumption outside the hospit
14.23 DDD/1000 inhabitants/day; this is unchanged since 2010, but represents a 16.6% decrease compare
The use of tetracyclines has increased by 32.8% compared to 2007 whereas the consumption of macrolide
with 31.1% from 2007 to 2013. The reason for this shift remains to be elucidated. Regarding antimicrobial
used for urinary tract infections, marked changes have been seen mainly reflecting identification of a pote
fatal carnitine transporter gene defect in 1/3.600 inhabitants of the/RId{&ensgeskr Laeg 168: 667-670]

which led to an almost total stop in the use of pivampicillin and pivmecillinam in 2012. In 2013, pivampicill
still not used, whereas pivmecillinam use outside hospitals increased to 13.3% of the 2007 level compared
in 2012 (Figure 1). Data from hospitals show the same trend. This increase in consumption, although still a
level, is probably due to increased screening for the gene defect. The decreased use of pivmecillinam has |
increase in the use of sulfamethizole (43.0%), trimethoprim (40.2%), and ciprofloxacin (46.7%) compared t

Antimicrobial consumption in hospital care: The consumption of antimicrobial agents in 2013 was 39.
(DDD/100 bed-days). This is a decline from 2012 (41.45 DBD) and the consumption is now back at the san
in 2007 (Table 1). However, whereas the total consumption of antimicrobial agents at LS is at the 2007 lev:
three antimicrobials, which are well known for their effect on selection of virulent bin&ryeifkaneositive

cefuroxime, ciprofloxacin, and meropenem - has increased to 137.4%, 424.5%, and 175.0% of the 2007 le\

The consumption of cefuroxime, ciprofloxacin, and meropenem and piperacillin with enzyme inhibitor, in a
between LS and Danish hospitals for 2007 to 2013 are shown in Figure 2. It is thus evident that LS has bee
curve of increase as Danish hospitals in general, only with some 7-8 years’ delay. This is also illustrated by
the consumption of the three above antimicrobials together increased from 8.99 DBD in 2007 to 14.54 in 2
39.8 to 58.8% of the use in Danish hospitals. However, it seems that the use in LS is now at least stabilizin

Resistant microorganisms. Since the first case of MRSA in 2004, a total of 36 cases of MRSA have been
(22 with infection and 14 carriers). From 2006-2013, 15 ESBIEpcbdnicimg caid four ESBL-producing
Klebsiella pneumohéas been detected, furthermore one patient had both an E&BtegpaodiuaimBSBL-
producing. pneumoniae

Conclusion: Increased focus on the use of broad-spectrum antimicrobial agents and resistant bacteria is r
the current strategy of the Faroe Islands.

Elsebeth Tvenstrup Jensen, Anne Kjerulf, William Smith, Niels Joensen, Hjordis Reinert an
For further information: Elsebeth Tvenstrup Jensen (etj@ssi.dk)
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Figure 1. consumption of antimicrobial agents used prophylaxis and treatment of urinary tract infections in primary
healthcare (2007-2013)
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Table 1. Total consumption of antimicrobials and consumption of cefuroxime, ciprofloxacin, meropenem, and
piperacillin w. enzyme inhibitor at LS 2007-2013, shown as DBD (DDD/100 bed-days) and as %)gf Q0% tauel

2007 2008 2009 2010 2011 2012 2013
Cefuroxime 7.65 8.36 7.87 8.66 10.52 10.86 10.51
(100.0) (109.2) (102.8) (113.2) (137.5) (141.9) (137.4)
Ciprofloxacin 0.68 2.68 2.30 1.83 3.54 3.54 2.87
(100.0) (396.4) (339.3) (271.0) (523.6) (522.8) (424.5)
Meropenem 0.66 0.55 0.67 0.85 0.89 1.35 1.15
(100.0) (83.7) (101.0) (128.4) (135.2) (204.9) (175.0)
Piperacillin + inhibitor 0.14 0.34 0.26 0.29 0.20 0.26 0.23
(100.0) (237.0) (182.4) (199.5) (141.0) (180.1) (159.0)
Total 39.20 40.52 40.56 40.79 46.37 41.45 39.70

(100.0) (103.4) (103.5) (104.0) (118.3) (105.7) (101.3)

Figure 2. consumption of cefuroxime, ciprofloxacin, meropenem, and piperacillin with enzyme inhibitor at the
LS hospital and in Danish hospitals (2007-2013)
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Textbox 3 ANTIMICROBIAL CONSUMPTION IN HUMAN% 5.

The Danish council of Ethics’ statement on the use of antibiotics

Background: In January 2014, The Danish Council of Ethics published a set of recommendations on the et
antibiotics in a Danish context.

The recommendations set out to prescribe action as a response to two specific ethical dilemmas. These ar
below.

Despite many years of efforts to the contrary, antibiotics use and antimicrobial resistance (AMR) problems
in a steady increase in Denmark and elsewhere. In the view of the Danish Council of Ethics, the presence
dilemmas associated with combating AMR is likely to be an important factor behind the challenges encoun

Ethical dilemmas

Dilemma 1: Rationing antibiotics

The need to prescribe human antibiotics reflects the general living condition of a population, including hyg
conditions in homes, in public spaces and at workplaces, day-care facilities and hospitals. The consumptiol
in farming is largely a result of the production methods chosen.

Owing to the great mobility of people, animals and foodstuffs, the effect of a cautious approach to using at
the local resistance situation is uncertain.

However, the extent of resistance is inextricably bound up with the consumption of antibiotics. Even well- |
promotes resistance development. Within a fairly short span of years, increasing resistance to antibiotics v
patients’ access to potent and effective antibiotics.

It is crucial, therefore, to exercise reticence regarding the use of antibiotics, in spite of the fact that greatel
involve a greater risk for patients, animals and livestock. Examples of obviously unjustifiable use - that is t
antibiotics are prescribed even though the treatment is known to be ineffective, and where reticence is the
to have no impact - are probably rare.

How should the doctor, veterinarian and farmer balance consideration for the patient, animal or herd with
future patients?

Dilemma 2: Preventing infection
Being a carrier of antibiotic-resistant bacteria entails a risk of infection. Infection can entail medical risks a
strains and stresses.

Those not infected should be protected against infection. That may call for the use of isolation, restraining
Those not infected should also have the option of deciding which infection risks they want to expose them:
advocates openness around infection sources, e.g. by informing the public about infected animal herds or
to report knowledge of infected individuals.

For carriers of resistant bacteria, however, such initiatives can be stigmatizing, offensive and involve interf
individual’'s freedom. Furthermore, experience has shown that carrier status, as a consequence of stigma, |
concealed to a greater extent, thus causing the risk of infection to rise.

Recommendations

¢ In guidelines the authorities should acknowledge the ethical dilemmas in which doctors, veterinarians,
and ordinary citizens are placed as a result of endeavours to ration antibiotics and prevent the spread c
resistant bacteria

* The authorities’ efforts to combat antibiotic resistance should be intensified in the health sector with a

reducing the problem both nationally and internationally. Particular heed should be paid to specialist gu
for the use of antibiotics and their implementation
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¢ The authorities should minimize the stigmatization, isolation and discrimination that may attach to being
antibiotic-resistant bacteria. First and foremost, the risk of infection should be limited by improving gene

¢ Use of antibiotics “to be on the safe side” or to reduce discomfort should be avoided in interaction betwe
and patients

¢ The authorities should redouble their efforts to combat antibiotic consumption in farming. This can be dc
example, by promoting and demanding stricter criteria for healthier forms of production and by limiting
herd medication

* Nationally and internationally, the authorities should work to promote consumers’ scope for choosing prt
made with limited consumption of antibiotics

e Statement, working papers, an interview and more (in Danish): http://www.dketik.dk/Projekter/Antibiotik:

On behalf of the Danish Council of Ethics, professor Gorm Gi
chairman of the antibiotics working grouj

5

COLIG
ETHICS

The Danish Council of Ethics'
statement on the use
of antibiotics
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ANTIMICROBIAL CONSUMPTION IN HUMAN% 5.

5.3 Primary healthcare 5.3.2 Measures at treated patient level

In 2013, each treated patient received 21.3 DDDs (Table 5
5.3.1 Total consumption in primary healthamainerease of 3.4% compared to 2012. The number of pa
In 2013, the consumption of antimicrobial agents in pi¢a&g was, however, 2.3% less (Table A5.2 and A5.3 in w
healthcare was 1.2% higher than that observed in 2@IM¢Fdbkhich means that in 2013, more DDDs were presc
5.2) and thus reversed a large part of the positive dd@lirRasBgragkage. During the past decade, the number of
2012. During the past decade, the consumption of aRBFR@@EIEE has increased by 22%, reaching the highest |

agents in Danish primary healthcare has increased by 2@li3pfmilarly, the number of DDDs per patient has als
(19%). increased significantly since 2004 while the number of pa

per patient has remained relatively constant (Table 5.3).

The proportion of broad-spectrum agents in 20B3®Pwa . . - .
DID (5.7%) higher than in 2012 (Figure 5.4). Since 2 ‘%ﬁigrlng the leading antimicrobial groups, each treate

; ) ; received 11.8 - 22.6 DDDs in 1.4 - 1.7 packages w
proportion of broad-spectrum agents has increased tﬁ?e exception of tetracyclines (Table 5.3). For tetracycline:

As ob di . beta-lact .Eoth the number of DDDs per patient and DDDs per pack:
S Observed In previous years, beta-lactamase Sensiy significantly higher than any other antimicrobial groug
penicillins represented the largest therapeutic group marily due to the fact that tetracyclines are commonly

antimicrobial agents consumed (28%) - and penigilli%rl treatment; there higher dosages are given for lor
general accounted for 64% of the total consumptlonaq ’

(Figure 5.5). For the other therapeutic groups, sever Iéchangjes

in consumption were observed between 2012 and 2 Table

i o i i ining three different indicators at the treated
5.2). Especially noteworthy are an 11% increase in t %%ﬁﬂlﬁ‘?\ézgl (Flgure 5.7), a marked increase is observed fi

(
(see Textbox 4) and a 16% increase in ‘combination i $ ;
The consumption of macrolides was 12% lower in 2028°5 Whie the number of packages and treated patients

compared to 2012, upholding the decrease observed $iHg9g 1¢latively constant sincén2iibéer words, the
: dosage prescribed for each patient and in each package h
(Figure 5.6) . o .
increased significantly during the past years. The reasons
these changes are as yet.unclear

Table 5.2. consumption of antimicrobial agents for systemic use in primary healthcare (DDD/1000 inhabitant-days), Denm.
DANMAP 2013

ATC Therapeutic grou vear

group’ P group 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
JO1AA Tetracyclines 1.17 1.28 1.38 148 154 161 1.69 1.64 1.76 1.96
JO1CA Penicillins with extended specBr6dh 2.79 2.95 3.25 3.26 3.29 347 3.41 3.40 3.48
JO1CE Beta-lactamase sensitive peniBilkids 5.28 5.40 5.67 5.30 5.12 5.25 5.31 4.68 4.65
JO1CF Beta-lactamase resistant peni6ild@ds 0.97 1.05 1.09 1.12 1.13 1.17 1.14 1.21 1.30
joicr ‘Combinations of penicillins, including betay, o0 98 012 019 027 045 0.68 0.89 1.05 1.22

lactamase inhibitors
JO1D Cephalosporins and other B-lacfad2 arttidoti6s03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
JO1EA Trimethoprim and derivatives 0.41 0.44 0.47 0.49 0.49 0.48 0.51 0.50 0.52 0.53
JO1EB Short-acting sulfonamides 0.36 0.35 0.35 0.31 0.28 0.27 0.26 0.24 0.22 0.22
(o e CCMDINEIONE GF ELIIDETE2E 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01
trimethoprim, including derivatives

JO1FA Macrolides 2.23 241 2.31 2.42 2.28 2.21 2.44 2.47 2.19 1.93
JO1FF Lincosamides 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.04 0.05
JO1GB Aminoglycosides 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 o0.01
JO1IMA Fluoroquinolones 0.28 0.33 0.37 0.44 0.51 0.52 0.57 0.57 0.55 0.52
JO1XA Glycopeptides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
JO1XB Polymyxins 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02
JO1XC Steroid antibacterials (fusidic 8cdd) 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01
JO1XD Imidazole derivatives 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
JO1XE Nitrofuran derivatives (nitrofurantoin) 0.43 045 0.46 0.47 0.47 0.49 0.51 0.50 0.49 0.49
JO1XX Other antibacterials (methenati3@ >®92%) 0.27 0.26 0.27 0.26 0.27 0.26 0.25 0.24

JO1 Antibacterial agents for systemic use (totdl$#.06 14.75 15.23 16.17 15.91 15.95 16.93 17.06 16.47 16.67
a) From the 2013 edition of the Anatomical Therapeutic Chemical (ATC) classification system
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Table 5.3. Number of DDDs and packages per treated patient among leading groups of antimicrobial agents in primary he

Denmark DANMAP 2013
ATC . . Year

grouy nerapeutic group  Indicator 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

DDDs / patient 36.9 39.0 40.9 43.0 44.4 452 459 44.0 47.6 51.6

JO1AA Tetracyclines Packages / patient 19 20 19 20 20 20 20 19 21 21

DDDs/ package  19.0 19.6 21.0 22.0 22.7 22.7 22.7 22.6 23.1 25.5

JO1CA e DDs / patient 13.6 13.9 142 144 147 148 149 148 16.1 16.7

ESQ'CCt'r'l'J'”mSW'th extenged | oges /patient 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 17 1.7

DDDs / package 84 85 89 90 92 92 90 92 9.7 100

_DDDs / patient 11.1 11.3 11.5 11.7 11.8 11.8 11.8 11.8 11.8 12.0

JO1CE Ezrt]?é'iﬁicrfgmasesens'tﬁ‘é%kages/patient 15 15 1.4 14 14 14 14 14 14 14

DDDs / package 75 7.7 80 82 82 84 84 84 84 85

__DDDs / patient 12.4 12.7 13.0 13.4 13.7 139 142 13.8 155 16.4

JO1CF ﬁga?éliﬁﬁfzmasereS'StagEkages/patient 16 16 15 15 15 15 15 1.4 16 1.7

DDDs / package 78 80 86 87 90 91 93 96 9.7 94

Combinations of  DDDs / patient 17.2 16.8 19.3 19.1 19.9 20.4 21.1 21.9 22.3 22.6

JOICR penicillins, incl. beta- Packages / patient 2.0 20 18 16 16 15 15 16 1.6 1.6

lactamase inhibitors DDDs / package 9.1 9.3 10.7 11.7 12.4 13.3 13.7 14.1 143 143

DDDs / patient 12.4 12.4 12.6 12.4 125 125 122 11.5 12.4 12.6

JO1IFA  Macrolides Packages / patient 16 16 15 15 15 15 15 15 15 1.6

DDDs / package 79 80 83 81 81 81 81 79 80 8.0

DDDs / patient 9.5 96 103 10.6 11.0 11.2 11.2 11.5 11.7 11.8

JOIMA Fluoroquinolones Packages / patient 15 15 15 15 15 15 15 15 15 1.5

DDDs / package 64 65 69 7.0 75 7.6 7.6 77 718 7.8

_ , DDDs / patient 17.0 175 17.9 17.3 189 19.2 19.6 19.4 20.6 21.3

jo1 ?;‘Stt'gffltce;'saé ?tgoetglt)s f¥ockages /patient 21 21 20 1.9 21 21 21 21 21 21

DDDs / package 81 83 87 89 91 93 93 93 9.7 9.9

a) From the 2013 edition of the Anatomical Therapeutic Chemical (ATC) classification system

Figure 5.4. consumption of antimicrobial agents (JO1) in primary healthcare by narrow-spectrum and broad-spectrum age

DANMAP 2013
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Note: “Narrow-spectrum” includes: beta-lactamase sensitive penicillins, beta-lactamase resistant penicillins, trimethoprim
macrolides, lincosamides, glycopeptides, fusidic acid, imidazol derivatives, nitrofuran derivatives, and ‘other antibiotics’

“Broad-spectrum” includes: tetracyclines, penicillins with extended spectrum, combinations of penicillins incl. beta-lactam
cephalosporins and related substances, combinations of sulfonamides and trimethoprim, aminoglycosides, fluoroquinolon:
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Figure 5.5. Distribution of the total consumption of antimicrobial agents in primary healthcare, Denmark
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Figure 5.6. consumption of leading antimicrobial groups for systemic use in primary healthcare, Denmark
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5.3.3 Tetracyclines ‘Combination penicillins’ (primarily amoxicillin/clavulanic
From 2012 to 2013, the overall consumption of tetraagiinae currently advocated for broad treatment of
increased by 11.4%, primarily due to increase in useragpiratory infections, including patients with exacerbatio
doxycycline which is now the most used substance (Thibbmi. Dpstructive pulmonary disease (COPD). The highe
Since 2004, the consumption of tetracyclines has ina®asechption of these drugs is observed in people aged 6:
by 68%, primarily driven by significant increases in bmtler, suggesting that the increase may be related to an i
doxycycline and lymecycline and a more conservativatieatdsgnosis and treatment of respiratory infections a
in tetracycline consumption (Figure 5.8). See also Text®BR 4n this age group. Further, the increase may also pa
about tetracycline prescription patterns in Denmark.be explained by an increasing tendency of GPs to prescrib
sweet-tasting amoxicillin mixture for respiratory infections
5.3.4 Penicillins children rather than benzylpenicillin (beta-lactamase sens

The overall consumption of penicillins in 2013 was 39SRIGHES)-

than that observed in 2012 (Table 5.2), continuing the generally .

increasing trend observed during the past decade wi5h%-r5 Macrolides

increased consumption of 21% from 2004-2013. From 2012-2013, the consumption of macrolides decrease
by 12% (Table 5.2), and this decrease was apparent for all

For individual penicillin groups, the consumption of ripsi@nces (Figur€)5The high consumption of macrolides
spectrum penicillins (i.e. phenoxymethylpenicillin) cont2@dédand 2011 may be explained by two epidemic wav
to decrease whereas increases in consumption were/dpgéepj@gma pneumanfaetion (DANMAP 2010 & 2011)
for ‘combination penicillins’ (16%), beta-lactamase rasidtdif return to a generally lower consumption in 2012 ¢
penicillins (7.4%) and penicillins with extended spec&iifprds is most likely related to the absence of significan
(2.4%). The consumption of these three groups in patts€ase outbreaks (DANMAP 2012).
has also increased significantly over the past decade replacing
the use of narrow spectrum penicillins (Table 5.2). From 2004-2013, the consumption of roxithromycin,
clarithromycin and azithromycin increased (Figure 5.10). T
At the substance-level in 2013, phenoxymethylpeniciiRsumption of erythromycin decreased substantially, m
continues to be the most commonly consumed penidik@y in response to changes in national guidelines which
despite decreasing usage. The consumption of flucloxBedigibstituted the first-choice macrolide in primary car
amoxicillin and enzyme inhibitor, and pivmecillinam friregsghromycin to roxithromycin and subsequently alsc
(Figure 5.9). The consumption of ampicillin decrease@l®ijthgomycin in 2007.

Figure 5.8. consumption of tetracyclines in primary healthcare, Denmark
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Figure 5.9. consumption of leading penicillins in primary healthcare, Denmark
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Figure 5.10. consumption of macrolides in primary healthcare, Denmark
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Temporal and geographical variation in tetracycline prescription patterns in Denmark

Background: In Denmark, tetracyclines are used as treatment for acne vulgaris in young adults. In DANMAF
shown that a large increase in the consumption of antimicrobial agents in primary healthcare was driven by
with particular increases for tetracyclines. In this age group, tetracyclines are prescribed almost as often as |
the level of consumption is steadily increasing [DANMAP 2012].

In the present study, Danish tetracycline prescriptions were investigated more closely with particular focus o
through time (2005-2013) and at the geographical level for different age groups.

Methods: Data on consumption of tetracyclines (DID, number of persons treated and number of prescriptiol
to 2013, the type (GP versus dermatologist) and geographical location of the prescriber were obtained from |
and Medicinal Product Statistics at Statens Serum Institut. Data were analysed by descriptive statistics and t
using the STATA™ software 11.0 (Statacorp., Lakeway, TX, USA).

Results: From 2005 to 2013, the consumption (DID) of tetracyclines for all ages increased by 54% with large
observed for 10-14 year olds (86%) and 15-19 year olds (58%). When adjusted for population increases, apr
more persons in these age groups were treated with tetracyclines in 2013 than in 2005.

A large difference at the municipality level (kommuner) in tetracycline consumption was seen for 10 - 19 ye:x
in six Danish municipalities had a consumption which was 170 to 200% higher than the national average (Fic
lowest consuming municipalities were 70 to 40% below average.

Discussion: The current results show that that the observed increases in tetracycline consumption are mair
Danish adolescents. In the two age groups 10-14 and 15-19 years, an extra 5.400 persons were treated with
2005 to 2013. We further show that the majority of prescriptions, presumably for acne [DANMAP 2012], are y
GPs rather than dermatologists, highlighting the ease of access to GPs in comparison to dermatologists wher
needed.

The geographical pattern of tetracycline consumption is highly varied with some municipalities showing a co
consumption in the adolescent age groups and other municipalities having a below-average consumption th
Resistance to broad-spectrum antimicrobial agents is an important problem in Denmark. There is currently a
to firstly investigate the extent of tetracycline resistance in bacteria from young adults and secondly to estal
treatment guidelines for adolescents presenting to a GP with acne problems.

Katrin G. Kuhn
For further information: Katrin G. Kuhn (kuh@ssi.dk)

Figure 1. The consumption of (DDD/1000 inhabitants) of tetracyclines in 13-19 year olds in Danish municipalities
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5.4 Hospital care The observed increases in ‘combination penicillins’ is
most likely attributable to a change in empiric treatment
5.4.1 Introduction from cephalosporins to piperacillin-tazobactam for severe

Hospital care includes all hospitals (i.e. rehabilitationi?t8siegs and an increasing usage of amoxycillin-clavular
hospices, private-, psychiatric-, specialized-, and son3§tft for treatment of acute exacerbation of chronic obstru
hospitals). Somatic hospitals account for approximateljpeary diseases (COPD).

of the antimicrobial consumption within hospital care. As

specialized hospitals (psychiatric hospitals, hospices®r$.3 Other measures of somatic hospital
rehabilitation centres) contribute a large proportion Qfdiggfiastion

and admi;sions but only a small proportio'n of antimig er 100 admissions (DAD)
consumption, the antimicrobial consumption for hosgg Eof the observed changes in the number of hospit

in Denlmz;\]rk is rellated only to bed-days and admissiopgdiyays over time, the consumption of antimicrobial age
somatic hospitals. in Danish hospitals may also be measured in relation to

admissions (i.e. DDD per 100 admissions, DAD).
The consumption of antimicrobial agents in hospital care
is presented as DDD per 100 occupied bed-daysWPBR)expressed as DAD, the total consumption of antimic
and as DDD per 100 admissions (DAD) to account fopgeppéti somatic hospitals was 1.6% higher in 2013 com|
activity. Further, data are also presented as DID purety b@englile 5.5). During the past decade, DAD increase
comparison with primary healthcare. by 19.3%; an increase primarily driven by a higher numbe
DDDs but counterbalanced by an increase in the number
During the past decade, the hospitalization pattern ih@pitralaamissions.
has changed notably: more people are admitted to somatic
hospitals but the average length of stay has been shet@ne@pect to individual antimicrobial groups, increases
(Figure 5.11, Table A5.4 in web annex) and outpatienfyere observed for: ‘combination penicillins’, combinations
treatment has increased significantly. Selection presgfreufesritigide and trimethoprim, beta-lactamase resistar
emergence of antimicrobial resistance increases withpEiieg@igi® @nd carbapenems. As observed in 2012, the
hospital activity (admissions) and thus the selection gsassifdtion of 2nd generation cephalosporins and
has increased considerably from 2004 to 2013. fluoroquinolones also decreased in 2013 by 13% and 2.2%
. . respectively (Table 5.5). The same trends were seen when
5.4.2 Somatic hospitals - DDD per 100 occugi®mihption was expressed as DBD (Table 5.4).
bed-days (DBD)
In 2013, the consumption of antimicrobial agents in 2R per 1,000 inhabitants per day (DID)
hospitals was 1.4% higher than in 2012 (Table 5.4). Inlteepastmption of antimicrobial agents in somatic hospi
decade the consumption has increased by 66%. Thiswesslcalsddgher in 2013 compared to 2012. In the past d¢
by a combination of an increase in DDDs and a decreaseDiDs consumed in hospitals have increased by 31% (T
the number of hospital bed-days. This was particularAbseém ferb annex). During the same time, broad-spectrul
broad spectrum agents which increased by 114%. agents have increasedOBly, Zomprising 68% of the total
consumption in 2013 compared to 52% in 2004 (Figure 5.

Extended spectrum penicillins represented the largest group

of antimicrobial agents consumed and penicillins in general Katrin Gaardbo Kuhn and Maja Laurse
accounted for 51% of the total consumption (Figure 5.12).

Cephalosporins (14%) and fluoroquinolones (10%) were also

among the most commonly consumed antimicrobial agents in

hospital care.

From 2012 to 2013, a higher consumption was observed

for combinations of sulfonamide and trimethoprim (26%),
‘combination penicillins’ (14%), beta-lactamase resistant
penicillins (8.4%), carbapenems (4.1%) and penicillins with
extended spectrum (1.1%). A lower consumption was observed
for 2nd generation cephalosporins (13%), macrolides (4.8%),
tetracyclines (3.8%) and fluoroquinolones (2.5%) (Table 5.4).

The changes in leading groups of antimicrobial agents used in
somatic hospitals during 2004-2013 are shown in Figure 5.13.
Large increases were observed for ‘combinations of penicillins’
(1520%), carbapenems (370%) and fluoroquinolones (100%).
The consumption of beta-lactamase sensitive penicillins,
however, decreased 16% during the past decade.
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Figure 5.11. Number of bed-days and admissions in somatic hospitals, Denmark
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Figure 5.12. Distribution of the total consumption of antimicrobial agents in somatic hospitals, Denmark
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Figure 5.13. Total somatic hospital consumption (DBD) by leading groups of antimicrobial agents (J01), Denmark
DANMAP 2013
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Figure 5.14. consumption of antimicrobial agents (JO1) in hospital care by narrow-spectrum and broad-spectrum agents, |
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Note: “Narrow-spectrum” antibiotics includes: beta-lactamase sensitive penicillins, first-generation cephalosporins, beta-lz
penicillins, monobactams, trimethoprim, sulfonamides, macrolides, lincosamides, glycopeptides, fusidic acid, imidazol der
derivatives, and ‘other antibiotics’

“Broad-spectrum” includes: tetracyclines, penicillins with extended spectrum, combinations of penicillins incl. beta-lactam
second-generation cephalosporins, third-generation cephalosporins, carbapenems, combinations of sulfonamides and trin
aminoglycosides, fluoroquinolones, and polymyxins
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Table 5.4. consumption of antimicrobial agents for systemic use in somatic hospitals (DDD/100 occupied bed-days), Denm
DANMAP 2013

. Year
ATC group'Therapeutic group 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
JO1AA Tetracyclines 0.32 033 039 0.63 0.78 1.04 1.09 1.18 1.58 1.52
JO1CA Penicillins with extended $gdcti?n®0 13.00 13.42 13.96 15.37 14.61 14.41 14.90 15.06
JO1CE Beta-lactamase sensitivé@Riclliris7 10.67 10.79 9.98 9.90 9.49 9.32 10.13 10.13
JO1CF Beta-lactamase resistant@@sicilénsl 6.51 6.70 6.81 7.40 7.71 7.30 8.37 9.07
Combinations of penicillins. incl. betas
joicr e inhibit‘(’)rs 0%4 116 1.83 2.95 4.00 565 7.13 851 12.00 13.64
JO1DB First-generation cephalosporin¥7 0.15 0.14 0.13 0.18 0.13 0.13 0.13 0.12 0.11

JO1DC Second-generation cephalosporins 6.91 8.39 9.38 12.31 13.32 15.76 16.21 16.14 14.15 12.32
J01DD Third-generation cephalosporins 0.67 0.83 0.83 1.03 1.25 1.42 1.26 1.39 1.07 1.08

JO1DF Monobactams 0.00 0.00 0.00 0.04 0.07 0.06 0.09 0.19 0.15 0.14
JO1DH Carbapenems 0.85 1.16 1.38 2.13 2.70 3.15 4.02 4.16 3.86 4.02
JO1EA Trimethoprim and derivativés 0.41 0.42 044 044 044 0.36 0.36 0.38 0.41
JO1EB Short-acting sulfonamides.06 0.99 0.75 0.34 0.35 0.35 0.33 0.25 0.20 0.20

Combinations of sulfonamides and

JO1EE : L . 1.86 2.11 2.12 1.52 195 2.28 3.04 4.11 3.33 4.21
trimethoprim. incl. derivatives
JO1FA Macrolides 2.85 2.89 2.83 3.08 3.06 342 352 3.69 3.56 3.39
JO1FF Lincosamides 0.23 0.24 031 035 0.41 050 0.47 0.53 0.62 0.64
JO1GB Aminoglycosides 200 195 181 1.79 164 156 1.71 191 214 2.13
JO1IMA Fluoroquinolones 493 6.14 6.74 8.16 9.53 10.71 10.44 10.70 10.02 9.77
JO1XA Glycopeptides 0.47 0.52 056 0.63 0.68 099 1.07 1.24 1.29 1.29
JO1XB Polymyxins 0.06 0.12 0.12 0.05 0.05 0.07 0.10 0.09 0.09 O0.16
JO1XC Steroid antibacterials (fuid2 addid?5 0.28 0.28 0.26 0.31 0.34 0.27 0.23 0.22
JO1XD Imidazole derivatives 243 2.62 278 2.62 3.27 3.84 3.93 419 4.16 4.08
JO1XE Nitrofuran derivatives (nitrofurantoth8 0.29 0.29 0.28 0.29 0.36 0.31 0.33 0.34 0.38
JO1XX05 Methenamine 0.10 0.08 0.11 0.09 0.10 0.09 0.08 0.10 0.09 0.09
JO1XX08 Linezolid 0.07 0.15 0.20 0.16 0.21 0.22 0.22 0.32 0.32 0.35
JO1XX09 Daptomycin 0.00 0.00 0.00 0.01 0.02 0.02 0.02 0.02 0.02 0.02
jo1 Antibacterial agents for systemic Use,, 65 55 6347 69.94 75.28 85.03 87.72 90.84 93.12 94.41

(total)
a) From the 2013 edition of the Anatomical Therapeutic Chemical (ATC) classification system
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Table 5.5. consumption of antimicrobial agents for systemic use in somatic hospitals (DDD/100 admitted patients), Denmz:
DANMAP 2013

. Year
ATC group’ Therapeutic group 2004 2005 2006 20072008 2009 2010 2011 2012 2013
JO1AA Tetracyclines 145 145 1.67 259 3.19 3.63 3.55 3.66 5.15 4.97
JO1CA Penicillins with extended%h@atrifa3 55.13 55.39 57.18 53.76 47.46 44.77 48.60 47.90
JO1CE Beta-lactamase sensitiveSgebiciBB20 45.26 44.55 40.90 34.61 30.83 28.98 33.04 33.13
JO1CF Beta-lactamase resistant3eAkikasS3 27.60 27.64 27.89 25.86 25.04 22.71 27.30 29.64
JO1CR lcomb' of penicillins. incl. beta- 3 55 509 777 12.17 16.37 19.74 23.15 26.47 39.14 44.60
actamase inhibitors
JO1DB First-generation cephalosporiis7/6 0.67 0.60 0.55 0.72 0.46 0.43 0.41 0.40 0.37

JO1DC Second-generation cephalosporins31.36 36.70 39.76 50.81 54.55 55.12 52.65 50.19 46.17 40.27
JO1DD Third-generation cephalosporins 3.06 3.62 3.53 4.24 5.10 4.98 4.10 4.33 3.50 3.53

JO1DF Monobactams 0.02 0.02 0.00 0.18 0.27 0.21 0.29 0.60 0.48 0.45
JO1DH Carbapenems 3.85 5.05 586 8.78 11.08 11.01 13.07 12.55 12.60 13.14
JO1EA Trimethoprim and derivativé® 1.78 1.78 1.81 1.80 156 1.17 1.11 1.23 1.33
JO1EB Short-acting sulfonamide#.82 4.32 3.18 141 1.43 1.21 1.09 0.78 0.63 0.62

Comb. of sulfonamides and

JO1EE . Co L 8.44 9.21 898 6.28 7.98 7.96 9.88 12.79 10.87 13.76
trimethoprim. incl. derivatives
JO1FA Macrolides 12.92 12.64 12.01 12.70 12.53 11.97 11.45 11.47 11.61 11.08
JO1FF Lincosamides 1.04 105 131 146 1.69 1.74 152 1.63 2.01 2.09
JO1GB Aminoglycosides 9.07 855 7.68 7.39 6.71 545 556 595 6.99 6.97
JOIMA Fluoroquinolones 22.38 26.87 28.58 33.66 39.04 37.45 33.92 33.30 32.67 31.96
JO1XA Glycopeptides 212 2.28 2.38 2.61 2.77 3.48 3.47 3.87 4.20 4.22
JO1XB Polymyxins 0.27 0.54 053 0.22 0.21 0.24 0.32 0.28 0.30 0.54
JO1XC Steroid antibacterials (fusid@@laci#)11 1.19 1.17 1.05 1.09 1.12 0.85 0.76 0.71
JO1XD Imidazole derivatives 11.02 11.47 11.81 10.83 13.39 13.43 12.76 13.03 13.55 13.33
JO1XE Nitrofuran derivatives (nitrofurantoihp6 1.28 1.24 1.17 1.19 1.27 1.01 1.02 1.12 1.25
JO1XX05 Methenamine 0.45 0.36 046 0.38 0.43 0.31 0.27 0.32 0.28 0.30
JO1XX08 Linezolid 0.34 064 0.86 0.68 0.84 0.76 0.72 0.99 1.04 1.14
JO1XX09 Daptomycin 0.00 0.00 0.00 0.03 0.06 0.06 0.07 0.05 0.06 0.07
jo1 Antibacterial agents for systemic 4isg 51573 67269.18288.70308.39297.36284.89282.53303.71308.70

(total)

a) From the 2013 edition of the Anatomical Therapeutic Chemical (ATC) classification system
b) The number of admissions was affectedly low in 2008 due to a major hospital strike
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RESISTANCE IN ZOONOTIC BACTERIA

6. Resistance in zoonotic bacteria

Zoonoses are infectious diseases that can be transmiittBe¢nmark and the rest of European Usii@nteritidis
between animals and humans, either through direct @od$atgphimurium are the serovars most frequently founc
with animals or indirectly by contaminated food. Zodwndbiz associated with human iliness. Human cases caused
bacteria, suchSamoneliEndCampylobactean develop byS. Enteritidis are most commonly associated with the
resistance towards antimicrobial agents as a result ofansatnmin of contaminated eggs or poultry méat, wher
of both animals and humans, which subsequently maypkédurium cases are mostly associated with the consun
to limited treatment possibilities or even treatment fafilaeataminated pork, beef or poultry meat.
of human infectious diseases. Especially successful multi-
resistarfla/moneltdones have spread extensively durirgr8mone//®ANMAP 2013 includes isolates from broiler,
last years, resulting in a very complex relationship beiyeaesnd cattle farms infected during 2013 as well as isol
antimicrobial use and levels of resistance. from Danish and imported broiler meat, turkey meat, beef
and pork collected as part of national surveillance and cor
A more detailed description of the trends and sourcegrofframmes. From pi§gs/monelisolates recovered from
zoonoses in Denmark and of national surveillance arswomerds as well as multiplier and breeding herds as part
programmes can be found in the Annual Report on Zd@sedemneltntrol programme are included. In addition,
in Denmark 2013 [www.food.dtu.dk]. caecum samples from healthy pigs were collected at the
slaughterhouses and culture§démonellgolates from
all reported human cases are included. Only one isolate p«
farm, meat sample or human case was included, and data

. . resented in the report where a sufficient number of isolal
Salmonells the second most important zoonotic baci\%g obtained (>15) from a given source. For details on

pathogen in Denmark and can have a severe impactQaiRgHd0ogy see Chapter 9, Materials and Methods.
animal production and human health.

6.1 Salmonella

In DANMAP 2013, we primarily present resistanc§.among
Typhimurium. During the last ten years, the numbers of pc
flocks and meat infected or contaminated with S. Enteritic
has decreased, and therefore resiStEmiaitidis will not

be presented in this report. The occurrence of resistance ¢

Table 6.1. Resistance (%) among Sa/monella Spp. from pigssa/monelﬂ)p' from pigs and Danish pork is presented (Tab

and pork, Denmark DANMAP 2013

Pigs Pork In DANMAP, S. Typhimurium includes the monophasic
Antimicrobial agent % Danish % variants with antigenic forbl85],12:i:, as recommended
Tetracycline 47 44 by the European Food Safety Authority [EFSA journal 201C

8(10): 1826]. In the text, geSefyphimurium indicates

Chloramphenicol 4 3 o - .

Florfenicol 3 5 results only covering isolates of the non-monophasic varic
orftenico Since 2012, routine analysedygfhimurium phage types

Ampicillin 33 30 are no longer performed in Denmark.

Cefotaxime 0 0

Ceftiofur 0 0 MIC distributions f&: Typhimurium from pigs, pork and

Trimethoprim 12 9 humans, as well asSatmonelpp. from pigs and Danish

Sulfonamide 38 38 pork in 2013 are presented in the web annex (Tables A6.1

Streptomycin 41 41 AG.5).

Gentamicin 2 1 An isolate is considered fully sensitive if susceptible to all

Neomycin 3 0 antimicrobial agents included in the test panel, and multi-

Apramycin 2 1 resistant if resistant to three or more of the ten antimicrok

Ciprofloxacin 0 0 classes (see Table 10.3).

Nalidixic acid 0 0 . . .

Colistin 0 0 6.1.1 Salmonella spp. in pigs and domestic

Spectinomycin 12 9 produced pork

Fully sensitive 42 a1 In 20135.Typhimurium (including the monophasic variants
Multi-resistant 37 36 andS.Derby were the most common serotypes isolated fro

: Danish pigs (44% and 43%, respectively) and pork (46% a
Number of isolates 512 148 41%, respectively). In general, the serotype distribution in
Note: An isolate is considered fully sensitive if susceptible td&@fPanish pork has been similar to the distribution amon
antimicrobial agents included in the test panel and multi-ris$&das ifrom pigs.

resi)stant to three or more of the ten antimicrobial classes (see Table
9.3

Note that the isolates from pigs in Table 6.1 and 6.2 incluc
isolates from pen faecal samplings from the national conti
programme as well as isolates from the sampling of healtt

DANMAP 2013



RESISTANCE IN ZOONOTIC BACTERI% 6.

at slaughter. Thus the serotype distributions differ sligistfgefnénthe prevalence of pig herds with multi§esistant
the ones presented for the slaughter pig herds.in Texpixi\urium amounts to approximately 7% compared to .
in 2011.

Among all tis@/monelisolates from Danish pigs (n = 512),

we observed high levels (range: 33% - 47%) of resistimidanish pork (n = 68), 53% of the isolates were of the
ampicillin, streptomycin, sulfonamide, and tetracycline(faplh@sic variants and high levels (41%) of ASSuT resis
6.1). Co-resistance of these four antimicrobial agentsvigrefodiserved. ASidyphimurium isolates from pigs, the
called the ASSuT resistance-profile, also when resistaxgictgrence of monophasic variants as well as multi-resiste
additional antimicrobial agents. Resistance to tetracyetim@ned at the same level as in 2012, but has generally
increased from 2012 to 2013, whereas resistance to ithareabed since 2009, accompanied with a reduced occurr
tested antimicrobial agents was similar to levels repoftedlates fully sensitive to all the antimicrobial agents inc
2012 (Figure 6.1). in the test panel (Figure 6.3).

The occurrence of resistansal/inoneltpp. from DanishFor the isolates from pigs and Danish pork, resistance to t

pork resembles the occurrences in the isolates from pt§er tested antimicrobial agents was similar to levels rep

((Figure 6.1) in 2012, except for an increase in resistance to trimethopr
amond. Typhimurium in pigs (from 6% to 13%). Levels of

The majority of thderby isolates were fully sensitivel§Figtance were comparable @nibyphimurium isolates

the overall occurrences of resistance Safroogelipp. oM pigs and Danish pork (Table 6.2).

in pigs and Danish pork were lower than observed among the

S.Typhimurium isolates only. Even th@ugrby is very None of thé. Typhimurium isolates from Danish pigs and

common among pigs, only few Suberby cases (N=1Qork were resistant to cephalosporins (ceftiofur, cefotaxin

were reported in Denmark in 2013 [www.SSI.dk] quinolones (ciprofloxacin, nalidixic acid) or colistin (Table
6.2). Only in 2010, a few DANMAP isolates from pigs were

Overall, it was estimated that in 2013 mStifnesizbdatesistant to ciprofloxacin, resulting in a decreasing trend o
was present in 9% of the tested pi§a/t2dfielfmsitive the last five years (Figure 6.2). Among the ten EU Member

pigs) and on 0.5% of the tested pig carcaSaés¢bats States reporting resistan§eTyphimurium from porkin
positive carcasses, Textbox 5 and Table 6.1). 2012, most Member States reported no resistance to third

generation cephalosporins (cefotaxime), whereas quinolot
K resistance was more common ranging up to 19% of the is

None of the Salmoneltpp. isolates from pigs or por ,ﬁ@yosrummary report on AMR 2012].

were resistant to cephalosporins (ceftiofur, cefotaxi

quinolones (ciprofloxacin, nalidixic acid). ) ) ) )
It is also important to note that the o&yphimoeaéim

. . . . isolates fully sensitive to all included antimicrobial agents
6.1.2 5. Typhlrr!urlum in,pigmestic been decreasing since 2009, this is the case for isolates b
produced and imported pork from pigs and Danish pork (Figure 6.3). Among tse generi
S. Typhimurium isolated from pigs (n = 148) had veryypéibmurium isolates from pigs, 41% of the isolates were
levels of resistance to ampicillin (61%), streptomycinsgbfitile isolates, a level comparable to previous years, w
sulfonamide (66%), and tetracycline (70%, Table 6.2h@of the monophasic isolates from pigs were fully sens
the occurrence of resistance for all four antimicrobialagents,

increased over the last five years (Figure 6.2). The occurrence

of ASSuUT resistance as well as multi-resistance in gepgratiVas fesv Tvphimurium isolates from imported pork
comparable with the levels in 2012; however ASSuT ﬁsfs &re avéﬁable (Table 6.2), however hpigher Igvels 0
among.Typhimurium in pigs has been increasing sin¢g ce to tetracycline, chloramphenicol, flourfenicol ar

partly due to an increase in the prevalence of the m Aagmvci to isolates f D
variants o6. Typhimurium often carrying the ASSuT %I%%E Bfnycin was observed compared to isolates from

resistance-profile (Figure 6.3).

6.1.3 Salmonella in humans
- ; 0135almoneltantinued to be the second most frequent
not an isolated Danish phenomenon, but related to Ac%vgse of bacterial intestinal infections in Denmark. A total
pandemic strains Sa/monelia Europe [Hopkins et al. uman laboratory-confirmed cases of salmonellosis
2010, Eurosurveillance 3;1]. As the changes in occ:ur?’g-rl%gg1 Yy ; .
of antimicrobial resistance amdsajmoneltzre highly <P ed (20.3 cases per 100,000 inhabitants) [Annual reg
; 2L . Zoonoses in Denmark 2013]. The most common serotype
influenced by the spread of such successfutesigtiant teritidis and a total of 346 conSiEmédritidis cases
clones, the relationship between antimicrobial use ar?d":lgv%lls,tgf o . .
resistance becomes very complex were reported (6.2 cases per 100,000 inhabitants), of whi
Y ' 79% were associated with travel outside Denmark especic

. . . .. JurkeyThis yeaonlyS. Typhimurium isolates from humans
In 2013, the monophadyphimurium variants constltu\;\%fe svstematicallv susceptibility tested
52% of the total numberSoflyphimurium isolates from y cally susceptibiity '

E:)grrsmbgﬂrg:)elzet%tltr%ge 7olcc/ou(r)rfetnhce(zerir;]ulzt(|)1r35|stant ISOIatesAsTlhﬂsp'rsevious years, SSI collected information on travel

history through phone interviews. Patients were asked abc

. . . . the date of disease onset and whether they had travelled
The prevalenc&dyphimurium infected slaughter pig EW(HE% a seven-day period prior to the onset of the disease
was 11.6% in 2013 [Annual report on Zoonoses in Dex

, FEPOTt O MAEFmore, patients who had been abroad were asked a
2013], and as 64% o Hyphimurium isolates were mUlfai- destinations. Cases were categorised as “domestical

The increased occurrence of monopBadig5],12:i:- is
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acquired” if the patients had not travelled within thellastemeeke reported several domestic foodborne outbreak
prior to the onset of the disease. Patients were categuitis€dygshimurium, and compared with 2012 the proportic
of ‘unknown origin’ if no telephone interview was confloatédeak related cases (n = 69) increased from 13% to
and travel information had not been reported to thelgen@t3d] only 13% of isolates from the outbreak related ca
practitioners. In 2013, travel information was obtained$orf@8% multi-resistant monophasic variants compared
of all report&d/moneltaases [Annual report on Zoonose2%nin 2012.
Denmark 2013].

Among thé&. Typhimurium isolates from domestic as well
All human cases associated with a detected outbreakséporbbdssociated cases, we observed very high levels o
in the Annual Report on Zoonoses in Denmark in 20X8siséamce to ampicillin, streptomycin, sulfonamide, and
considered ‘outbreak-related’ and all other domestidebseyalare. High levels of ASSuT resistance occurred amc
considered ‘sporadic domestic’ in this report. isolates from sporadic domestic cases (43%, n = 106) as v

and travel-associated cases (47%, n = 51)

6.1.4 Salmonella Typhimurium in humans
Occurrences of the resistance to the other antimicrobial ac
S. Typhimurium was for the first time since 2008 onlyvgf& similar to most levels reported in 2012 for the domes
second most common serotype among the human caBesq@gxases and similar for all antimicrobial agents for
cases), and isolates with vaiid results from susceptibify&easrfiated cases
of all antimicrobial agents included in the test panel (n = 319)
were included. There were no significant changes in levels of resistance fi
2012 to 2013 for either domestic sporadic or travel-associ

Among the reported huSiBmphimurium isolates includ@$es. The increasing trend in resistance to ampicillin,

in DANMAP, 16% of the cases were categorised as tréifgRtomycin, sulfonamide and tetracycline, observed pre:
associated whereas 33% and 22% most likely had adf@rediscontinued, and for both domestic sporadic cases
their infection in Denmark as sporadic incidences orW€lpastamong the travel associated cases (Figure 6.2). Ar
of detected outbreaks, respectively (Table 6.2). AmoHtgteemestic sporadic cases, fluoroquinolone (ciprofloxaci
cases where the origin of infection was unknown (29%j3istance has decreased over the last five years. In gener

the occurrence of resistance falls within the ranges ¢hBdgyels of resistance for the domestic cases were simila
domestic cases and travel-associated cases to those of Danish pork, except for the low occurrence of

fluoroquinolone resistance, a resistance not observed amc
the isolates from Danish pork.

Table 6.2. Resistance (%) among Sa/monella Typhimfroiompigs, Danish pork and humarficBseemark DANMAP 2013
Pigs Pork Human

. . Danish Imported Domest.ic Domestic Travel abroad Unk.nc_>wn
Antimicrobial agent % o o sporadic outbreak % origin
° ? % % %
Tetracycline 70 63 95 53 23 57 61
Chloramphenicol 6 6 33 8 0 20 15
Florfenicol 3 4 33 6 0 16 11
Ampicillin 61 59 81 56 30 55 63
Cefotaxime 0 0 0 1 0 4 2
Ceftiofur 0 0 0 1 0 2 2
Trimethoprim 13 9 14 8 7 8 8
Sulfonamide 66 72 81 54 36 59 66
Streptomycin 66 68 81 56 36 61 57
Gentamicin 3 1 0 2 0 6 2
Neomycin 4 0 5 1 0 4 3
Apramycin 3 1 0 1 0 2 1
Ciprofloxacin 0 0 0 3 1 20 8
Nalidixic acid 0 0 0 1 0 10 5
Colistin 0 0 0 7 6 0 5
Spectinomycin 12 12 43 10 4 16 18
Fully sensitive 20 19 0 28 58 27 27
Multi-resistant 64 71 76 54 36 59 63
Number of isolates 148 68 21 106 69 51 93

Note: An isolate is considered fully sensitive if susceptible to all antimicrobial agents included in the test panel and multi-r
three or more of the ten antimicrobial classes (see Table 9.3)

a) Include isolates verified as monophasic §akiphtsmaofium with antigenic formulas S. 4,[5],12:i:-

b) An isolate was categorised as ‘domestic sporadic’ if the patient did not travel outside Denmark one week prior to the or
was not reported as being part of an outbreak
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RESISTANCE IN ZOONOTIC BACTERI% 6.

Since 2009, the proportion of multi-resistant isolatesFfgone 6.1. Resistance (%) in Salmonella Spp. in pigs and Danish
sporadic domestic cases has increased (no significarotkadPrjunark DANMAP 2013
from 2012 to 2013), probably as a consequence of an increasing pori

or

occurrence of multi-resistant monophasic variasts of 50 _ Pigs

Typhimurium (Figure 6.3). In 2013, the monophasic variants
represented 44% of all domestic sporadic isolates and 70%%
all multi-resistant isolates. Also in line with this, the proporgio
of fully sensiti&é’yphimurium isolates of domestic sporadic
origin (28% in 2013) has decreased over the last five ye@rsﬁ(r

significant change from 2012 to 2013). 30

tant isolat

Among the. Typhimurium from travel-associated cases,§ 25
resistance to chloramphenicol, ciprofloxacin, florfenicol g 2 20
and nalidixic acid was more frequent than among isolates of
domestic sporadic or|g|n whereas the level of resistance test
other agents included in the panel as well as the proportlo?oc
multi-resistant isolates were comparable

5

In most of the Member States reporting data on monophasig |
variants 6f Typhimurium from human to the European Food
Safety Authority, the number of reported cases was higher in

Danish

2012 compared with 2011. Overall, the monophasic variants
represented 7.2% of all htafraoneltaases in EU in 2012
[EU Summary Report on Zoonoses 2012, EFSA, 2013]

g Tetracycline
—o— Ampicillin

—e&— Ciprofloxacin

— Chloramphenicol

...... m--- Sulfonamide

Note: The number of isolates varies between years (pigs: n = 3¢

512, Danish pork: n = 81-148).

susceptibility tested

Figure 6.2. Resistance (%) in Salmonella Typhim¢apigsjipork and human cisBenmark

Before 2011, not all serotypes v
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b) An isolate is categorised as ‘domestic sporadic’ if the patient did not travel outside Denmark one week prior to the ons

not reported as being part of an outbreak
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Regarding resistance to antimicrobial agents critical fbe travel-associgdgphimurium infections may reflect a
treatment of human infections, resistance to 3rd gerfgdtesrprescription of fluoroquinolones in production anim
cephalosporins (ceftiofur) was low and only found in iBdfag¢ezountries of destination. In Denmark, fluoroquinolor

from one travel-associated case, one sporadic domesitie tarsdy used in animal husbandry (except for pet anima
and two cases of unknown origin. since the implementation of legal restrictions in 2002-200

[DANMAP 2010].

As also observed in previous years, a marked difference in _ _
fluoroquinolone (ciprofloxacin) resistance was found Akhwegh the MIC of the observed fluoroquinolone resistan
domestically acquired infections (3%) and travel-assisckteas was below the clinical breakpoint, it should be not

infections (20%). The higher level of ciprofloxacin resizédigderofloxacin or other fluoroquinolones are often used
empiric treatment of adults with severe bacterial gastroer

Helle Korsgaard, Lars Stehr Larsen and Mia Tor

Figure 6.3. Occurrence (%) of multi-re$sisamtenonophasic varianbs Sa/monella Typhimurium in pigs, pork and human

case$’), Denmark
DANMAP 2013
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Note: The number of isolates varies between years (pigs: n = ¥44-434, Danish pork: n = 26-70, domestic sporadic huma
and travel related human cases: n= 51-95)
a) An isolate is considered fully sensitive if susceptible to all gntimicrobial agents included in the test panel and multi-resi
three or more of the ten antimicrobial classes (see Table 10.3). Data on resistance to colistin and trimethoprim are not av
the proportions of multi-resistant or fully sensitive are not cglculated

b) ‘ASSuT’ isolates are resistant to ampicillin, streptomycin, /sulfonamide and tetracycline, but can include resistant to oth
such as chloramphenicol
c) Recording of the mono ic vasidpphofiurium with antigenic formulas S. 4,[5],12:i:- in the database was not fully impl
2007 and 2008, thus data are not presented

d) An isolate is categorised as ‘domestic sporadic’ if the patient did not travel outside Denmark one week prior to the ons

not reported as being part of an outbreak
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Surveillance of Salmonella and Campylobacter in Denmark

Background: In Denmark, all flocks of laying hens, broilers and turkeys, including breeder flocks, are mor
forSalmonelkccording to the EU requirements and the Danish |le§&latoe/RAirveillance and control
programme is also running in the Danish pig production, & Mdliasraonitoring programme in cattle.

Since January 2010, a mandatory survellampg/ fbactarbroiler flocks at the farm has also been in place.
SalmonelendCampylobactaerfresh meat are surveyed at the slaughterhouses and at the retail level, and fin:
intensified contra$afmonelEndCampylobactarfresh meat, based on a case-by-case risk assessment, has be
in place for Danish and imported meat ready for retail since 2007. Human salmonellosis and campylobact:
are notifiable illnesses in Denmark, and all cases are reported to SSI and recorded in a national database.
information regarding trends and sources of zoonotic infections in humans and animals in 2013 is availabl
Annual Report on Zoonoses in Denmark at www.food.dtu.dk.

Salmonedlm layer and broiler flocksSafraonellarevalence has been low for more than a decade and only
1.1% and 1.0%, respectively, of flocks were positive in 2013. From 2008, all Danish flocks that test positive
farm are heat treated at slaughter, and as it was in 2011 and 2012, none of the slaughter batches tested :
weresalmonelfositive in 2013.

The prevalenceSafmonelia cattle is low, and in 2013 only 0.3% of the cattle carcasses tested at slaughter \
positive. Furthermore, 95.5% of the non-milk producing herds and 92.1% of the milk-producing herds were
as “probab$yDublin free”. Among pigs sampled prior to slaughter, 24.2% alarerfellagnditive, while

1.3% of the pig carcasses tested at slaughter were positive. As in previous years, the most common seroty
and pork in 2013 Sva&=rby (60% and 39%, respectively) fdldweldlifoyrium (30% and 44%, respectively)
when including the monophasic variants with antigericA¢bhlias (Figure 1).

Only 1,136 cases of human salmonellosis were reported in 2013 with an incidence on 20.3 cases per 100,(
inhabitants. This is the lowest number for several decades and a reSalnufribdedmiteokpregrammes

in animal production. In total, six d&alesbice/@utbreaks were reported, and five of these wefe caused by
Typhimurium of which two of the outbreaks were caused by Danish pork.

As in previous years, tha/monelBurce account estimated that approximately half of the human cases of
salmonellosis were acquired during international travel. Similar to previous years, Mérdd&hiinig5% of the
cases were acquired abroad whereas the majofitghofrithieum cases was acquired in Denmark. The model
could not attribute around a quarter of the humane cases to the included food sources, and as previous ye
pork was estimated to be the most important domestic food source, followed by different types of importe
(Figure 2).

CampylobactBre proportionCaimpylobactessitive broiler flocks has decreased since 2010, however in 201:
the decrease leveled out and 13.1% of all broiler fltarkpidsbad fEsitive. At retéigmpylobacteas

detected in 17.8% of the chilled broiler meat of Danish origin, compared with 9.7% in 2012 (Figure 3). The
commoKampylobactgrecies in broiler€afejuni91.7% in 2013). Broilers were also tested at slaughter, where
28.2% of the conventional and 90.3% of the organic-free-range bird§amepy lobsititezmlso found in

cattle and pigs, wiiegejunis dominant in the cattl€aodlis dominant in pigs.

Campylobacterthe most frequently reported foodborne pathogen in Denmark; however, the number of hur
campylobacteriosis cases in 2013 (67.1 cases per 100,000 inhabitants) at a a level comparable to 2012. ¢
approximately one-third of the cases have been related to international travel. Consumption and handling
meat is assumed to be the most important source of human campylobacteriosis (estimated more than 50°¢
domestic sporadic cases), however other sources such as contaminated water, vegetables and direct cont
animals cattle exist.

Helle Korsgaard, Birgitte Helwigh and Anna Vedel Sgrens

For further information: Birgitte Helwigh (bhel@food.dtu.dk)
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Figure 1. Occurrence (%) of Salmonella serovars in pigsatdannDanish pork, Denmark
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Figure 3. Occurrence of Campylobacter in broilefadkfresh chilled broiler theRénmark
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6.2 Campylobacter The consumption of antimicrobial agents in broilers is gen
low, but tetracycline has been one of the most commonly

ThermotoleraGempylobactare the most commonly antimicrobial agents in Danish broilers over the last five y
reported causes of gastrointestinal bacterial infectioh§§nconsumption of tetracycline increased considerably fr
humans in Denmark as well as in the European Unioﬁ@%%rg,zom_' decreased from 2011 to 2012, but increase
2014]. The species most commonly associated with Hu . F&@. jejunisolates from broilers, the resistance and
infections @ jejunbut other species may also cause "q%ée%r ; tion patterns for tetracycline appear to follow ea

In Denmark, 85%-95% of the lkampglobacteriosis ca%é igure 6.4). We did not observe a similar agreement
are caused Gyjejuni etween the consumption and resistance patterns for

fluoroquinolones (ciprofloxaci@) jejunibroiler isolates.

%E _éJgh fluoroquinolones have not been used in the t
i

Campylobactae widespread in nature and the most i . ; ; |
. ; . . n since 2009, the resistance level has increased
reservoirs are the alimentary tract of wild and domesti te level (26%) during the last five years (Figure 6.4

birds and mammals. Among sporadic human cases,

have been identified as the primary source of infection, thou

h . ,
other sources also exist, e.g. water from untreated vJSbtgr/ﬁJS’d gglates from Danish broiler meat (n = 70), we
and other infected animals. observed levels of resistance to ciprofloxacin (20%) and

tetracycline (10%) that were slightly lower than in 2012. T

. resistance to ciprofloxacin and tetracycline has fluctuated

Collecton aratos from broilers and cattie. at slauohtdPGAgSt five years, however the ciprofloxacin resistance le
; 9! %@@Eed in 2012 was the highest since 2007.

from fresh broiler meat sold at wholesale and retail o .
Isolates from human cases originates from three out_of five . , ,
geographical regions in Denmark. One isolate per faffi€d§¥gis of antimicrobial resistance were comparable be
sample or human case is included, and data are onl &f@é@?ﬁ@ ted from Danish broilers and Danish broiler me
if a sufficient number of isolates were obtained (>15Ffesl¢$-4), and macrolide (erythromycin) resistance has
given source. For details see Chapter 9, Materials anteMatAgdat a very low level for a decade.

MIC distributions f6r jejurfrom broilers and cattle, bro@e2.2 C. jejuni from imported meat

meat and humans, as well @sdoffrom pigs and broilem C. jejuniisolates from imported broiler meat (n = 30),

meat in 2013 are presented in the web annex (Tablesh&0l®¢Al.9F. resistance to tetracycline (80%) and quinolon

An isolate is considered fully sensitive if susceptible taaitlixic acid and ciprofloxacin, 53% and 57%, respective

antimicrobial agents included in the test panel, and reutidined high (Table.&r3m 2009 to 2013 there has been

resistant if resistant to three or more of the six includedoverall decrease in the proportion of fullg.sensitive

antimicrobial classes (see Table 10.3). isolates among isolates from imported broiler meat (from .
to 13%).

6.2.1 C. jejuni in broilers and domestic

produced broiler meat Also, over the past five years, the level of resistance to tet

In 2013, we observed moderate levels of resistance &d ciprofloxacin has generally been higher in isolates froi

fluoroquinolones (ciprofloxacin) and tetracycline (26%@@éted broiler meat compared with Danish broiler meat.

20%, respectively) anfofgjunisolates from broilers (nEhis corresponds with the data reported by EFSA, where

54, Table 6.3) compared with 2012 (15% for both cofA@bnadk)has reported the lowest proportions of resistanc
amond_. jejurisolates from broiler meat [EFSA, 2013].

Table 6.3. Resistance (%) in Campylobacter jejuni from animals, meat of Danish and imported origin ah®d&nmank cases
DANMAP 2013

Cattle Broilers Broiler meat Humans

. . . Domesticall Travel

Antimicrobial agent Da:,/mSh Da:,/mSh Da:,?'Sh Im(;)ort acquired g abroad
(o] (o] (o] (o) % %
Tetracycline 3 20 10 80 19 54
Chloramphenicol 0 0 0 0 0 0
Erythromycin 0 2 0 0 0 0
Streptomycin 0 4 3 0 0 0
Gentamicin 0 0 0 0 0 4
Ciprofloxacin 21 26 20 53 24 92
Nalidixic acid 22 26 20 57 24 92
Fully sensitive 76 67 76 13 67 8
Multi-resistant 0 2 0 0 0 4
Number of isolates 86 54 70 30 42 24

Note: An isolate is considered fully sensitive if susceptible to all antimicrobial agents included in the test panel and multi-
three or more of the six antimicrobial classes (see Table 10.3)
a) An isolate is categorised as ‘domestic sporadic’ if the patient did not travel outside Denmark one week prior to the ons
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Figure 6.4. Resistance (%) in Campylobacter jejuni from broilers, broiler meat and®hidaamaakes

DANMAP 201
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Note: The number of isolates varies between years (broilers: n = 41- 75 Danish broiler, meat: n = 26-70, imported broiler
domestic sporadic human cases: n = 42-104 and travel-associated human cases: n = 24-78 )
a) An isolate was categorised as ‘domestic’ if the patient did not travel outside Denmark one week prior to the onset of tt

6.2.3 C. jejuni in cattle 6.2.4 C. jejuni in humans

In C. jejunikolates from cattle (n= 86), we observed nmaétaEampylobacteamtinued to be the most frequent

levels (21%) of resistance to fluoroquinolones (ciprofiexaeiof bacterial intestinal infections in Denmark. A total

and low levels (3%) of resistance to tetracycline (TalBgZ/6@8human laboratory confirmedaageglobacteriosis
were reported (67.1 per 100,000 inhabitants) [Annual rep«

Resistance to fluoroquinolones (ciprofloxacin) athon@n Zoonoses in Denmark 2013].

jejunfrom cattle has remained at a moderate level (16%-21%)

since 2006 (Figure 6.5). As described in previous DARM®ABset (n = 66) ofthejurisolates submitted to SSI were
reports, we observed an increase in the level of fluossjadtetbfor susceptibility testing continuously over the ye
resistance in 2005 despite low consumption of fluordsplatel®mese randomly selected from GHropitiebacter

in cattle. In 2012, only one of the fluoroquinolone regstabed from stool samples in the three geographical regi
isolates was also resistant to tetracycline, indicatingibichtd=d in the surveillance. Among the tested isolates, 3
selection by tetracycline (one of the major drugs forweratfnemttravel-associated cases and 63% were consider
of calves) was not the explanation for the observed e eleroéstically acquired. As in previous years, SSI collect
fluoroquinolone resistance. It has been discussed [DixfdtARtion on travel history through phone interviews.
2007] that clonal spread, particularly between farmfatientisbe@ere asked about the date of disease onset and v
an explanation for the observed resistance to fluorogjaéyolh@tetravelled abroad within a seven-day period prior
Initially, fluoroquinolone-resiGta@iurisolates came froomset of disease. Furthermore, patients who had been abr
cattle farms in Southern Jutland, but as in recent yeaverésakMed about their destinations. Cases were categoris
were obtained from farms distributed throughout Juttalodneastically acquired” if the patients had not travelled w
other parts of Denmark. the week prior to the onset of disease.

From 2004 to 2010, we observed a general increase in the
resistance to tetracycline. However, this trend was discontinued
in 2011, and in 2013 the level of tetracycline resistance is
comparable to 2006-2009 (3%, Figure 6.4).
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Figure 6.5. Resistance (%) in Campylobacter jejuni from cattlfemnong the domestically acquired infections, 67% were fu
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sensitive to all the antimicrobial agents tested, while the
percentage of fully sensitive isolates was much lower (8%
among isolates from travel associated cases (Table 6.3). T
level of multi-resistance was low (0%-4%) among both grc
but among the travel-associated cases witl.ragishant

all (22/22) were resistant to fluoroquinolones (ciprofloxaci
compared with 71% (10/14) among isolates from the
domestically acquired infections

The occurrence of resistance to ciprofloxacin and tetracyc
continued to be significantly higher in travel-associated
C. jejunisolates (92% and 54%, respectively) compared to
isolates from domestically acquired infections (24% and 1
respectively, Table 6.3 and Figure 6.4).

Ciprofloxacin or other fluoroquinolones are often used for
empiric treatment of adults with severe bacterial gastroer
and the level of resistance to these antimicrobial agents i
therefore of major importance. In Denmark, fluoroquinolor
are rarely used in animal husbandry (except for pet anime
since the implementation of legal restrictions in 2002-200
[DANMAP 2010]. Travelling to, or eating meat from countr
where fluoroquinolone restrictions are not implemented c
be associated with a higher risk of acquiring infection witt

Note: The number of isolates varies between years (n = 4kiBBdfloxacin-resist@ntejuni

Birgitte Borck Hog, Lars Stehr Larsen, Mia Tor
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7. Resistance in indicator bacteria

Indicator bacteria (Enterococcus faecalis, Enterococctise MIC distributions and occurrence of resistanEe among
faeciumand Escherichia coliave been included in the faeciurancE. faecaléae presented in the web annex (Tables
DANMAP programme since 1995. Enterococci are incAidéd A7.3).

to monitor resistance in Gram-positive bacEerdalasd

representative of Gram-negative bacteria. These bacpefiagweresecalis from broilers and domestic
selected as indicators for occurrence of antimicrobiaH'eéEm\éa broiler meat

for several reasons: they are ubiquitous and presentas r_,. . _ o . .
commensals in both the animal and human reservoillg‘,lt:rrrl1 calisolates from broilers (n = 114), 38% of isolate:
éracycllne resistant followed by erythromycin (20%

can acquire antimicrobial resistance as response to et homycin (5%). Antimicrobial resistance to salinom
pressures and finally they have the potential for tranSf&if Y o)

. : ; from 0% in 2012 to 5% in 2013, a level comparz
resistance to pathogenic bacteria and between resergirS 8 ; X ’ .
can cause infection in humans t\?1e cCurrence in 201104W)four isolates (4%) were multi-

resistant while 52% were susceptible to all tested antimici
) (Table 7.1), a level comparable to 2012. All four multi-resi:
7.1 Enterococci isolates were resistant to tetracycline and erythromycin.

For Enterococci, DANMAP 2013 includes randomly cotiestiedels of resistangefaecalisolates from broiler meat
Enterococdsslates from healthy pigs and broilers at shaghi@mparable tfaecafisolates from broilers (Figure 7.1)
(E. faecaltnly) and from domestic fresh broiler meat.ae#pt for streptomycin where significantly higher prevale
and beef sold at wholesale and retail outlétsf@leatitis (10%) was found in broiler meat. Only three isolates (5%)
and E. faecium In addition, enterococci from importegnulti-resistant and all of these were resistant to tetracycli
broiler meat, beef and pork were included. We includgewilbhce of multi-resistance has been lowered from 13%
one isolate per farm or meat sample, and data are pfRSEIGECd 5% in 2013, while resistance to erythromycin h
the report where a sufficient number of isolates wergrabtaie&d from 17% in 2010 to 23% in 2013.

(>15) from a given source. For details on methodology, see

Chapter 9, Materials and Methods. 7.1.2 E. faecalis from pigs and domestic

An isolate is considered fully sensitive if susceptible rgﬁiuced pork

antimicrobial agents included in the test panel, and %ﬁ}fih'gh occurrence of resistance to tetracycline (91%) a

resistant if resistant to three or more of the ten inclu rrence of resistgnce to erythromycin (45%), s'treptom'
antimicrobial classes (see Table 9.3). ?_%ﬁ}o) and kanamycin (28%) was found ik. faecalis

isolates from pigs (n = 109). Resistance to fluoroquinolone

Figure 7.1. Resistance (%) in Enterococcus faecalis from animals and meat of Danish and imported origin, Denmark
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Table 7.1. Resistance (%) among Enterococcus faecalis from animals and meat of Danish and imported origin, Denmark
DANMAP 2013

Broilers Broiler meat Beef Pigs Pork

Antimicrobial agent Danish Danish Imported Danish Imported Danish Danish Imported

% % % % % % % %
Tetracycline 38 47 66 29 25 91 11 40
Tigecycline 0 0 0 0 0 0 0 0
Chloramphenicol 1 2 3 8 2 17 3 1
Ampicillin 0 0 0 0 0 0 0 0
Penicillin 0 0 0 0 0 0 0 0
Erythromycin 20 23 63 12 0 45 5 3
Streptomycin 1 10 40 12 6 34 4 1
Gentamicin 0 0 0 0 0 16 3 1
Kanamycin 1 0 33 8 0 28 4 1
Ciprofloxacin 0 0 6 4 0 1 1 0
Vancomycin 0 0 0 0 0 0 0 0
Teicoplanin 0 0 0 0 0 0 0 0
Linezolid 0 0 0 0 0 0 0 0
Salinomycin 5 8 1 0 0 0 0 0
Fully sensitive 52 42 23 71 75 9 88 59
Multi-resistant 4 5 39 13 2 34 5 2
Number of isolates 114 62 93 24 51 109 150 140

Note: An isolate is considered fully sensitive if susceptible to all antimicrobial agents included in the test panel and multi-r
three or more of the ten antimicrobial classes (see Table 10.3)

Table 7.2. Resistance (%) among Enterococcus faecium from meat of Danish and imported origin, Den"ﬁ&hMAP 2013

Broiler meat Pork

Antimicrobial agent Danish Imported Danish Imported

% % % %
Tetracycline 9 42 0 19
Tigecycline 0 0 0 0
Chloramphenicol 0 0 0 0
Ampicillin 2 22 0 0
Penicillin 2 22 0 0
Erythromycin 8 53 0 3
Quinupristin/dalfopristin 3 11 0 0
Streptomycin 3 31 0 0
Gentamicin 0 2 0 0
Kanamycin 0 17 0 0
Ciprofloxacin 0 2 0 0
Vancomycin 0 0 0 0
Teicoplanin 0 0 0 0
Linezolid 0 2 0 0
Salinomycin 64 36 5 0
Fully sensitive 26 23 95 77
Multi-resistant 5 34 0 0
Number of isolates 66 64 22 31

Note: An isolate is considered fully sensitive if susceptible to all antimicrobial agents included in the test panel and multi-r
three or more of the ten antimicrobial classes (see Table 10.3)
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(ciprofloxacin) was observed in one isolate (1%) fromarigis more frequently resistant (Table 7.1). Only resistance

(Table 7.1). The levels of resistance were comparablecti§byfihé. (25%), streptomycin (6%) and chloramphenic

Tetracyclines and macrolides are the most commonly28gdvas detected in imported beef. Only one isolate (2%

antimicrobial agents in the Danish pig production, whreegsstba isolates from imported beef were multi-resistan

use of fluoroquinolones cephalosporins in pigs was vegyrip#red to 13% among isolates from Danish beef. Overz
75% of the tested isolates from imported beef were fully

All the chloramphenicol (n = 19), kanamycin (n = 303uswptible to all tested antimicrobials compared to 71% i

gentamicin (n = 17) resistant isolates from pigs wereDasishaptoduced beef.

to both tetracycline and erythromycin, while all erythromycin

resistant isolates (n = 49) were resistant to tetracyclingl |5 F. faecium from domestic produced

Overall, 34% of the isolates were multi-resistant (Tab Z"Zi r.meat and pork

Nine percent of the tested isolates were fully sensitive.to a (tjhe . . .
antimicrobial agents tested. igh and increased occurrence of salinomycin resistance

(64%) was observdd faeciumolates from Danish broiler

. . meat (n = 66, Table 7.2) followed by resistance to tetracy«
Since 2010 the occurrence of macrolide (eryth.romyctgﬁo) and erythromycin (8%). Only t%\ree isolates (5%) froyn
resistance amdndaecalisolated from pigs has mgreas&%@ nish broilers were multi-resistant, and most of the
from 44% to 56%, but from 2012 to 2013 a decline toAx Wakolates (n = 40) were only resistant to salinomy
observed (Figure 7.1). Prevalence of multifefisteatts “%8%? Occurrences of the resistance and multi-resistance
(34%) from pigs was comparable to 2012, but lower Similar to levels reported in 2012. However since 20:
2011 (40%). resistance to erythromycin and tetracycline has decreasec

] ) whereas resistance to salinomycin has increased (from 38
Most of the faecalisolates from Danish pork (n = 150pp@%e0 64% in 2013, Figure 7.2)

fully sensitive to all of the antimicrobial agents tested (88%,

(
Table 7.1). The highest prevalence of resistance was NefQkiuimolates (n = 22) recovered from Danish pork o
tetracycline (11%) followed by erythromycin (5%), R thesjate was resistant (to salinomycin only, Tablep7.2) '
aminoglycosides streptomycin (4%) and kanamycin (@e)rences of resistance were lower than reported in 201

Resistance to flouroquinolones (ciprofloxacin) was obsgridediEY. - nt differences were detected
one isolate (1%) from Danish pork. Resistance to tetracycﬁne

has been declining from 20% in 2009 to 11% in 2013A€iH
@

that is not observed in the isolates from pigs where tehrac¥tliNgere resistant to fluoroquinolone (ciprofloxacin)

resistance has been 80%-90% over the last ten yearg, g1y copeptides (vancomycin) in 2013. Two isolates from
) . Danish broiler meat and none from pork were resistant to

7.1.3 E. faecalis from domestic produced begginiamycin (quinupristin/dalfopristin, Table 7.2).

In E. faecalisom beef (n = 24), 29% of the isolates were

resistant to tetracycline, 12% resistant to erythromy@unla®dE. faecium from imported meat

streptomycin and 8% resistant to chloramphenicol apd in 2012, resistance to tetracycline, ampicillin, penicillin

kanamycin (Table 7.1). Levels of antimicrobial resistagggs Wafigcin, quinupristin/dalfopristin, streptomycin and

9@)‘12 none of the isolates from domestic broiler mea

comparable with 2012. kanamycin, as well as multi-resistance was significantly m
frequent if. faeciurfrom imported broiler meat (n = 64)
7.1.4 E. faecalis from imported meat compared with isolates from Danish broiler meat (n = 66)

Compared with Danish broilerfn&satcalisom imported Resistance to salinomycin was higher in Danish broiler me
broiler meat (n = 93) had higher levels of resistance §mpared with imported (Table 7.2). Overall, 34% of the
tetracycline, erythromycin, kanamycin and streptom¥citf@égrsolates from imported broiler meat were multi-
were more often multi-resistant (Figure 7.1). Overall,/'@9%tant, and among the resistant isolates (n = 41), 30%
theE. faecalisom imported broiler meat were multi-reéséiases were resistant to both erythromycin and tetracycl
(all tetracycline resistance) compared with 5% amonfk_ﬁ*iﬁﬁ@@é@?d pork, 77% of theeciumgolates (n = 31) were
from Danish broiler meat. Among the multi-resistant fidblagegsitive to the tested antimicrobial agents (Table 7.
from imported broiler meat 72% (26 of 36 isolates) haddeakarasistance to tetracycline (19%) and erythromyci
resistance profile (erythromycin, kanamycin, streptofdyeingig detected. Occurrences of resistance were similz
tetracycline) coming from multiple countries in Euroge&twgen Danish and imported pork, except for a higher le
salinomycin, occurrence of resistance was higher in D&f@ghstance to tetracycline in imported pork.
broiler meat compared with imported broiler meat (Table 7.1)
Compared with Danish fofflaecalisolates from importell. 1.6 One Health perspective
pork (n = 140) were more frequently resistant to tetr@cyualiramce of antimicrobial resistance in enterococci
whereas resistance levels to all other antimicrobial agehsaddrem production animals and food are used as
comparable. Fifty-nine percent Bf fderalisolates from indicators for prevalence and transmission of antimicrobia
imported meat were fully sensitive to all of the antimiesadtiaice through the food chain to the consumer. Chang
agents tested compared to 88% in isolates from Danistopoukrences of antimicrobial resistance in enterococci fi
All resistant isolates from imported pork were at leaspmadigtinoh animals are thought to be directly related to th
to tetracycline. Only 2% were multi-resistant comparefamitimicrobial agents
5% in isolates from Danish pork (Table 7.1)

The level of resisEarfbecalis generally higher in pigs than
The levels of resistandg ifaecalisolates in Danish (n =in broilers, indicating that pig production is a potential gre
24) and imported beef (n = 51) were comparable, exagarfair for resistance genes. Tetracycline is predominan!
erythromycin and kanamycin where Danish producedisssdfagain& coliinfections in pigs and since resistance
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amondE. colisolates from pigs is still low (35%, Table &AS3) previous years, the occurrence of antimicrobial resis
tetracycline can still be used. However, a side effectiofEhfgeciggom Danish pork is much lower than from

has given resistance levels of@¥8&dalind most likelyDanish pigs. This is not observed afaecefiom broiler

in other bacterial species isolated from pigs (62% resigtaheehgre equal levels of resistance are observed excep
E. faeciufrom pigs in 2012). A very high and increasisgyégtemycin. These results may indicate that enterococc
of resistance to tetracycline (80%-90%) has occurredopefatthens in the live animal and on pork constitute diffe
last years. sub populations. Pork cuts for sampling are collected from

wholesale and retail outlets. Possibly, enterococci on the

Apart from tetracyclirsgnificantly higher resistance tgroduct may reflect the processing environment, rather
chloramphenicol, erythromycin, streptomycin, genta {:trpn(_jlrect contamination of the meat d_urlng slaughter ar
and kanamycin was found amBnfgecalisolated from dressing. I_n contrast, cutting of broilers is done in slaugh_te
pigs when compared to broilers; reflecting the highep@éﬁigewmch may explain why the enterococcal populatio
of antimicrobials in pigs. All these antimicrobial agerf@®&y&Ve broilers and from broiler meat do not appear too
used for human treatment (chloramphenicol for eye ffetndas
only). Higher occurrence of salinomycin resistance was found
in isolates from broilers when compared to pig isolatbsig®¥etes from imported broiler meat, especially the prev
vs 0%). Salinomycin is not used to treat human infec@fdhgprguinolone resistance is noticeable and could be of
salinomycin resistance in itself does not pose a publicggtance for human treatment but also the presence of
problem. However, continuously growing prevalencergpigtes. faecaligrythromycin, kanamycin, streptomycin
resistance with other antimicrobial agents can be of angdetaacycline) among poultry meat isolates from multiy
and in 2013, 4 out of 6 salinomycin-resistant isolates#terigisgaise concern. Imported broiler meat contains
resistant to other antimicrobial agents, especially tetesisi@nieterococdaslates more often than Danish broiler
meat, especially tetracycline, erythromycin, streptomycin

No vancomycin resistant enterococci were detected K@ BRIRHN (also ampicillin and peniEilfaeiaium

produced meat in 2013 and only very few vancomycin resistant

DANMAP isolates have been reported from pigs durifdiéhendency that imported meat contains higher prevale
last decade. An increased occurrence of vancomycinofesgsistiatnce is also seen for pork (tetracycline), but not fc
E faeciurinfections has been observed in Danish hospiefs There is a significantly higher occurrence of resistan
(Textbox 8), however, it does not seem likely that, theggthromycin and kanamycin in Danish beef compared wi
infections are related to Danish meat or pigs. The cldfmgprted beef.

causing the hospital infections are all resistant to ampicillin,

in contrast to the vancomycin reskstédciumrevious Lars Bogg Jensen, Lars Stehr Larsen og Helle Kor
isolates from pigs.

Figure 7.2. Resistance (%) in Enterococcus faecium from Danish
and imported broiler meat, Denmark

DANMAP 2013
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7.2 Indicator Escherichia coli Ampicillin resistance conveys cross-resistance to amoxicill
o ) ) which has been the most frequently used antimicrobial
For indicatorE. coli, DANMAP 2013 includes randomly agent in the broiler production for at least a decade where
collected isolates from healthy pigs, broilers and catdglififnamides have only been used in the last 2-3 years. H
slaughter and from fresh broiler meat, beef and porksidulfonamide and co-selection by ampicillin may par
wholesale and retail outlets. We included only one isglgdgiipethe occurrence of sulfonamide resishaver in
farm or meat sample, and present only data where axp1f§adgfbnamide use in poultry increased markedly.
number of isolates were obtained (>15). For details on
methodology see Chapter 9, Materials and Methods.we found 3% of Eheolbroiler isolates resistant to nalidixic
acid and 6% to ciprofloxacin. During the period 2003-2007
The MIC distributions and occurrence of resistanEe afhmrgquinolone consumption in poultry was significantly
coliare presented in the web annex (Tables A7.4 and A@l9r than for the other production animal species in
Data for each of the figures are also presented in thdDeeknark, because antimicrobial agents approved for poul
annex. Carbapenems are not included in the test pametrdlitnited to amoxicillin and fluoroquinolones. However
E. colisolated after selective enrichment with 3rd gesara¢i@@08, fluoroquinolone usage in the broilers has beer
cephalosporins are examined for carbapenemase anb®SBbhe isolate was resistant to colistin but with a MIC <1
resistance genes (see Textbox 6). which is seen occasionally.

An isolate is considered fully sensitive if susceptible foradhd. colisolates (n = 116) from domestic broiler meat,
antimicrobial agents included in the test panel, and foultid the highest levels of resistance for ampicillin (24%)
resistant if resistant to three or more of the ten inclusidfionamide (18%). Resistance was comparable to the lev
antimicrobial classes (see Table 10.3) observed in 2012 and the the occurrence of ciprofloxacin
nalidixic acid resistance remained at a low level (5%).

7.2.1 Indicator E. coli from broilers and domestic
broiler meat The levels of resistafcecdifrom Danish broiler meat were

E. colisolates from broilers (n = 125) were most ofteréf@ﬁ%?%i"hat was found among isolates from Danish bro
to sulfonamide and ampicillin (both 26%, Table 7.3). R88&dn

was comparable to the levels observed in 2012, exc\%ot for an isolates Danish broil d broil ¢
increase in trimethoprim resistance. Over the last fivi @f. consolates from Danish brojlers and broiier meat,

resistance to ampicillin and sulfonamide has increas %‘g’é’a\' w t?ﬁt the Le%’el of mu!ti—resE.tanci%tDaslrgoo/rg L
resistance to fluoroquinolones (ciprofloxacin) has deQfEyEd Within the past five years; reaching 167 - 167 In
(Figure 7.3). In 2013, resistance to tetracycline increé“g@ > the level of fully sensitive strain has remained relati
apparently reflecting the increased use of this antibigtRPi: 1Ne increase in multi-resistance is mainly driven by

poultry production.

Table 7.3. Resistance (%) among Escherichia coli from animals and meat of Danish and imported origi%mM513

Broilers Broiler meat Cattle Beef Pigs Pork

Antimicrobial agent  Danish Danish Imported Danish Danish Imported Danish Danish Imported

% % % % % % % % %
Tetracycline 15 11 53 12 4 11 35 34 44
Chloramphenicol 0 0 14 2 4 6 5 6 4
Florfenicol 0 0 5 2 4 6 1 0 0
Ampicillin 26 24 64 4 4 9 29 27 36
Cefotaxime 1 2 9 0 0 3 0 1 0
Ceftiofur 2 2 9 0 0 0 0 1 0
Trimethoprim 19 12 40 1 0 6 28 25 34
Sulfonamide 26 18 57 8 4 9 37 34 36
Streptomycin 8 9 48 8 4 9 42 44 44
Gentamicin 0 0 2 0 0 3 2 0 2
Neomycin 1 0 7 0 0 0 2 4 4
Apramycin 0 0 1 0 0 0 1 0 0
Ciprofloxacin 6 5 36 0 0 3 1 1 10
Nalidixic acid 3 5 35 0 0 3 1 1 10
Colistin 1 0 1 0 0 0 1 0 0
Spectinomycin 2 2 34 1 0 3 19 19 20
Fully sensitive 57 62 15 88 96 86 42 46 38
Multi-resistant 18 16 67 8 4 9 35 31 38
Number of isolates 125 116 136 103 24 35 146 93 50

Note: An isolate is considered fully sensitive if susceptible to all antimicrobial agents included in the test panel and multi-r
three or more of the ten antimicrobial classes (see Table 10.3)
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Figure 7.3. Resistance (%) in Escherichia coli from animals and meat of Danish and imported origin, Denmark
DANMAP 2013
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Note: The number of isolates varies between years (broilers: n = 11'5-1'52', Danjsh broiler meat: n = 116-197, imported br
pigs: n = 146-160, Danish pork: n = 68-106 and imported pork: n = 30-65) o,

increase in occurrence of the ASSuTr phenotype (Fig@r&273tIindicator E. coli from pigs and pork

and the increased use of tetracycline in poultry may Ressistdicerto ampicillin (29%), streptomycin (42%),

in this trend. sulfonamide (37%) and tetracycline (35%) was common ir
E. colisolates from pigs (n = 146, Table 7.3). Resistance wi

Resistance to cephalosporins (ceftiofur and cefotaxiraenwagable to the levels observed in 2012, and the trend

observed in 1%-2% oftthalisolates from Danish broilever the period 2009-2013 shows an increasing occurrenc

meat. Based on a more sensitive selective enrichmerd¢sigedhod.to ampicillin (Figure 7.3).

a high level of cepbptomase produciig co/{ESC) was

also observed in broiler meat (see Textbox 6). Overall, we found 35% of the isolates from pigs were mult
resistant (Table 7.3. The level of multi-re&istaffrarm

7.2.2 Indicator E. coli from cattle and domesiish pigs has been comparable during 2008-2013. This

beef coincides with an increasing use of antibiotics, among the

In cattle, we found similar levels of res&tantisdrates tetracyclines, in Danish pig production in recent years.

(n =103) as in 2012. The highest levels of resistance were forgzlénd . ,

for tetracycline (12%), sulfonamide (8%) and strept ng the colisolates (n = 146) from Danish pork the leve

(8%, Table 7.3). The level of multi-resistance has ren®3ifR&issence to streptomycin (44%), tetracycline (34%), a

the same level, fluctuating between 2% and 8% duri pige (34%), ampicillin (27%) as well as multi-resist
five years. J ° ° ﬁgsﬂ? ifar to 2012 (Figure 7.3 and Table 7.3).

As in cattle, the levels of resist#halisolates (n = 24}'he level of fluoroquinolone (ciprofloxacin) resistance rem

from Danish beef were very low, and at the same le}&/ys/fyv at one percent. This reflects the low consumptior
2012. Y %ﬂoroquinolones in pigs since 2002-2003 (web annex, Tab

A4.1), when the use in production animals was restricted

None of thé&. colisolates from cattle or Danish beef w¥éegislation. Also, occurrence of cephalosporin (ceftiofur
resistant to cephalosporins (ceftiofur and cefotaximed"¥} ggfotaxime) resistance remained very low; we observ
quinolones (ciprofloxacin and nalidixic acid). The useé?8fy one such resistant isolate from Danish pork. The use
fluoroquinolones in cattle has been negligible since 2§982alPOrins in pigs has been close to zero since July 2C
the use of 3rd and 4th generation cephalosporins ha¥Bgg®g voluntary ban was adopted by the industry.

Il [ 2 Fi 4.5),
gradually decreased since 2008 (Figure 4.5) Surveillance based on selective methods has shown a dec

in the number of cephalosporin resistant (ESC) in samples
from pigs at slaughter in 2011-2013 compared with 2009-
(see Textbox 6).
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Figure 7.4. Occurence (%) of multi-ré&gistamkfully sensitive Escherichia coli from animals and meat of Danish and imported

origin, Denmark
DANMAP 2013
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Note: The number of isolates varies between years (broilers: n = 115 152, Danish broiler meat: n = 116-197, imported br
n = 136-221, pigs: n = 146-160, Danish pork: n = 68-106, imported pork: n = 30-65) « ,
a) An isolate is considered fully sensitive if susceptible to all antimicrobial agents included in the test panel and multi-resi

three or more of the ten antimicrobial classes (see Table 10.3)
b) ‘ASSuUT’ isolates are resistant to ampicillin, streptomycin, sulfonamide and tetracycline, but can include resistant to oth

such as chloramphenicol ) . . ] . o .
c) ‘ASuTr’ isolates are resistant to ampicillin, sulfonamide and trimethoprim, but can include resistant to other antimicrobis

chloramphenicol

7.2.4 Indicator E. coli from imported meat |n imported beef, 86% ¢ trwisolates (n = 35) were fully
The level of multi-resistance (67%) in imported broileems#die and three isolates (9%) multi-resistant (Table 7.3
was considerably higher compared to Danish broilerlewvestof fully sensitive and multi-resistant isolates in impor
(16%, Table 7.3), and also compared to other Danishoeefatas not changed during the past 5 years, and is simil
types included in the DANMAP programme to what we find in Danish beef. One isolate was resistant t
quinolones (ciprofloxacin and nalidixic acid) and one to 3r¢

The highest occurrences of resigaralisitates (n = 13@¢neration cephalosporins (cefotaxime).
from imported broiler meat were found for ampicillin (64%),
sulfonamide (57%), tetracycline (53%) and streptonipteénhighest occurrence of resistanaaisolates (n = 50)
(48%). One isolate was resistant to colistin with a Miffori@mported pork was for tetracycline and streptomycin
For almost all antimicrobial agents in the test panel (édéeptaiopicillin and sulfonamide (36%), and trimethoprir
gentamycin, apramycin and colistin) the level of resigaw)e Taibte 7.3). Overall, 38% of the isolates were multi-
significantly higher for imported broiler meat than inrdéxsizitant, a decline from 47% in 2012 (Figure 7.4). Resistal
meat of domestic origin (Figure 7.3, Table 7.3). The excpbi@iuinolones (ciprofloxacin) was found in five isolate
were gentamycin, apramycin og colistin, where onlywheréadatephalosporin (ceftiofur cefotaxime) resistance w
among the isolates from imported broiler meat was resisibsérved. Compared with Danish pork, resistance to
and none from the Danish broiler Meat. quinolones (ciprofloxacin and nalidixic acid) was significan
higher in imported pork (Figure 7.4).
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7.2.5 One Health Perspective o Multi-resistance is of importance, because high levels of
We useE. colias an indicator organism for antimicrobjsistance decrease the number of good first choice antib
resistance because it is a commensal in both mamma{sagBie for treatment of infections in humans and becau
birds and commonly present on raw meat. Using phgreg¥Bies the risk of selection of antimicrobial resistance.
resistance as a marker, our data indicabdirtrsidughtergn example, if resistance to fluoroquinolone (chromosoma
anlmalsland in the derived meat constitute overlappa}%_ggq_t%@gmid) develops, the risk of co-selection throuc
populations (Table 7.3). Therefore, meat has the potepidadft@o|d antimicrobial agents” (such as tetracycline,
act as a vehicle transferring antimicrobial resistance JipR#e5de and penicillin) in the same bacterium increas
animals to humans. Furthermore, somefofctiglsains ith the occurrence of multi-resistance. Resistance to the:
are virulent with a zoonotic potential for disease in hymaAkrobial agents is commarmlftom Danish pigs and
[DANMAP 2010, Textbox 6]. pork, as well as imported broiler meat, where we also obs:
) ) L high levels (>30%) of multi-resistance (Figure 7.3 and 7.4
Transfer of genes coding for resistance to antimicrobia
agents that are critically important in human medicingift€B-resistance to critically important antimicrobial age
as third generation cephalosporins is especially worrigeMmk of maintenance and spread of the critical importa
as is transmission through food of. coliresistant to antimicrobial resistance through use of another class of
fluoroquinolones. Resistance to fluoroquinolones is ggAgmIBrobial agents increases mairkgdisticular when
low in Danish animals, but higher in imported meats;égjstance determinants are located on mobile genetic ele
particular broiler meat (Figure 7.4). This also applies tggh levels of resistance and multi-resistance contribute t
Cepha|05p_0r|n resistance. Re?"StanC_e to Ceph_aIOSpO%%Lﬁ_ced number of antimicrobial agents available for use
presently increasing internationally in the animal resgiiyalin medicine, thus limiting the solutions for treating h
CaUSing great concern both nationa”y and internationméés’ se section 8.1 regardinihu‘afﬂﬁiections
Cephalosporin resistance commonly resides on mobile genetic

elements, e.g. plasmids, and therefore may be transferggdmming Bager, Lars Stehr Larsen and Helle Kor
between bacteria, in addition to clonal Epce#strafns.
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Occurrence of Extended spectrum beta-lactamase (ESBL)-producing Escherichia coli in
meat and slaughter pigs, but no sign of carbapenemase producing E. coli

Background: Extended spectrum beta-lactamase (ESBL)-producing bacteria is one of the fastest emerging
problems worldwide in both humans and production animals. Lately, several studies have found the same |
plasmids and cloné&s oblisolates originating from animals and involved in human infections, suggesting a zo
link.

The occurrence of Enterobacteriaceae resistant to carbapenems is a growing threat in human medicine as
are the last line antimicrobial agents for treatment of infections caused by multidrug resistant Gram-negati
this has been pointed out by both EFSA and ECDC. The presence of carbapenemase producing bacteria in
producing animals is not known, but recently carbapenemaBequibdisdiregn detected in livestock pigs in
Germany, and carbapenemase pr&dutiogel/la entesigbsp. enterica has been detected in both livestock pigs
and poultry in Germany [Fisehef2012. ). Antimicrob Chemother. 67:1793-5]. The presence and possible spre
of carbapenemase producing bacteria in production animals is thus considered extremely important for the
of potential zoonotic risks.

Carbapenems are not used in the Danish animal production. Both ESBL and carbapenem resistance can be
use of cephalosporins. In July 2010, the use of cephalosporins in the Danish pig production was discontinue
still used for systemic and intramammary treatment in cattle. Cephalosporins have not been used in the D
production for at least a decade, but was used outside of Denmark in the production of grandparent anima
Danish broilers before 2012.

The aim of this study was to investigate the occurrence of ESBL/carbapené&masiénpraghuatrsjaugther
and in meat at retail (see Chapter 10. for definition of ESBL).

Materials and methods: During January through December 2013, faecal samples were taken from pigs a
= 381). One animal represented one herd and no herds were sampled more than once in the same month.
period, broiler meat (Danish: n = 146, imported: n = 172), beef (Danish: n = 70, imported: n = 102) and p¢
= 238, imported: n = 225) samples were collected randomly in retail stores and outlets in&lkadgions of De
was isolated from 1 g of faecal sample or 5 g of meat after selective enrichment in McConkey media with ¢
Hg/ml). The genetic background for ESBL-resistance was revealed by use of whole genome sequencing (WC
were assembled de novo prior to prediction of genes. The web-server ResFinder (www.genomicepidemiolog
used to identify acquired ESBL and carbapenemase genes in the WGS data. For isolates where no genes we
the sequences were investigated for up-regulation of ahmpégsaosealf CLCbio Genomic Workbench v6.

Results: For pigs at slaughter, 5.8% (22/381) contained E®Blcgliadicingas significantly lower than in
2009 (11%) and in 2010 (12%). Among the ESBIE pcodsaiaies from pigs the most commonly detected gene
was, as in previous years, CTX-M-1 (59%) followed by CMY-2 (18%), ampC upregulation (14%) and CTX-M-1
(Figure 1). From meat samples, the highest prevalence of ceftffaxofiearsmiadtamong imported broiler
meat (52%, 89/172) and were at the same level as in 2010 to 2012 (between 50 % to 62%). The prevalenc
of ceftriaxone resist@ntolin Danish broiler meat was significantly lower than in 2012 and a decreasing trenc
since 2011, where the occurrence of ceftriaxoné msi#tdpE) was the highest observed. The occurrence of
ceftriaxone resistardo/ivas significantly higher in imported broiler meat when compared with Danish broiler

Among ESBL produciBgcolisolates the most commonly detected gene in Danish broiler meat was, as found
previous years, CMY-2 (83%), whereas CTX-M-1 (37%) and CMY-2(42%) were almost equally present in imp«
broiler meat. Eight isolates of the ESBL-producing isolates from broiler meat contained two ESBL genes. In |
meat types the prevalence was generally low (0-1.4%, Figure 2). None of the isolates from meat and slaugt
contained any known carbapenemase genes.

Discussion: The usage of cephalosporins was still low (approximately 3 kg in total, Table 4.1) compared w
other antimicrobial agents, and the occurrence of cephalosporingseginodaaittger pigs was significantly
lower than than before the voluntary ban of cephalosporin usage in the Danish pig production was effectuc

The occurrence of cephalosporinase frodulimiriganish produced broiler meat was significantly lower in

2012 than in 2011, which could be explained by the voluntary discontinuation of the use of 3rd generation
cephalosporins in the top of the breeding pyramid (in the country producing the grandparents for the Dani:
broilers) leading to a reduction in imported parentflocks, but other explanations may also exist.
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Since none of the tested ESBL-pré&duditisplates contained known carbapenemase genes, meat or food-produ
animals in Denmark are most likely not a source to carbapenemase producing bacteria causing human infe
Denmark; however monitoring of carbapenemase producing bacteria in animals and meat is still important
may change over time.

Conclusion: The voluntary ban of cephalosporins in the pig production seems to retaib. thé ik pRisproducing
at slaughter at a low level. For the first time a significant reduction in the occurrencé ablSRamisducing
broiler meat was observed, which could be due to less introduction of ESBLqaidchroimgported parent
animals, but this was not investigated in this study and also other factors may influence the occurence.

ESBL genes found in ESBL-prodBciaadfrom human infections are still present in pork and pigs, and broiler me
from both Danish and imported origin. A possible zoonotic link will be studied further in the coming years.

Currently, and based on the data presented here, carbapenemasdfpyodoaad or food-producing animals
are considered a low ,if any, risk to human health.

Yvonne Agersg, Rolf Sommer Kaas, Henrik Hasm

For further information: Yvonne Agersg (yvoa@food.dtu.dk)

Figure 1. Occurrence (%) of ESBL Escherichia coli and genes in pig from samples collected at farm and slaughterho
level, Denmark
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Figure 2. Occurrence (%) of ESBL Escherichia coli and genés Demeairk
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8. RESISTANCE IN HUMAN CLINICAL BACTERIA

8. Resistance in human clinical bacteria

8.1 Escherichia coli Blood isolates from hospital patients
DANMAP received data on the antimicrobial susceptibility
Escherichia cislppart of the normal intestinal flora of tegthroximately 4,8060lisolates from blood (Table 8.1 and
humans and animals but also cause infections. I18.hufitane, 8.1).
coliis the most frequent cause of bacteraemia and community-
and hospital-acquired urinary tract infectionk. Eofi |n 2013, resistance to 2nd generation cephalosporins
DANMAP 2013 includes data ffboulof 11 Departmenfsefuroxime) was 9% and resistance to 3rd generation
of Clinical Microbiology (DCM), representing 95% of thhalosporins 8%. Both levels are similar to the levels rej
Danish population. Nine of the 10 DCM working withjardM@ap¥he level of 3rd generation cephalosporin resistanc
healthcare isolates contributed data on antimicrobialyesstia¢R was above the level reported to EARS-Net by t
in urine isolate€otolfrom primary healthcare (Table @thler Nordic countries and corresponded to the occurrence
reported by other European countries in 2012 [EARS-Net

2012].
Table 8.1. Resistance (%) in Escherichia coli isolates from humans, Denmark DANMAP 2013
Substance Blood isolates, hospitalBrine isolates, hospitaldrine isolates, primary healthcare
% % %
Ampicillin 46 42 40
Mecillinam 10 8 6
Piperacillin/ftazobactam 4
Sulfonamide 33 33
Gentamicin 7 5
Ciprofloxacin 12 # 12 10
Cefuroxime 9 6
3rd generation cephalosporins 8 6 4
Meropenem <1 <1 <1
Max. number of isolates tested 3967 39820 43770

#) A number sign indicates a significant decrease from 2012 to 2013
a) Tested 3rd generation cephalosporins were ceftazidime, ceftriaxone, cefpodoxime and cefotaxime

Figure 8.1. Resistance (%) in Escherichia coli blood isolates from humans, Denmark
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—m@— 3rd gen. cephalosporin (n=3923) —e— Meropenem (n=2832)

Note: The number (n) in parentheses represents the number of isolates tested for susceptibility in 2013
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One carbapenem (meropenem) reSistatitiood isolate In 2013, carbapenem (meropenem) resistance was observ
was reported in 2012. fiveE. colurine isolates from hospitalised patients

The occurrence of ciprofloxacin resistance decreasedifreractd®tence of ciprofloxacin resistance was at the sam
in 2012 to 12% in 2013. This level was the same as r@port2d1l2y but a steady increase has been seen in ciproflc
many other countries in Europe [EARS-Net 2012]. resistance from 3% in 2004 to 12% in 2013 (Figure 8.2).

Aminoglycoside (gentamicin) resistance was 7%, whighmia@§lycoside (gentamicin) resistance was 5% and
the same level as reported in 2012. This level was theusmgnakle resistance was 33%, which are at the same le
reported by many other countries in Europe [EARS-Ngt 20281.2.

Mecillinam resistance was 10% and ampicillin resistadcine isolates from primary healthcare

was 46% in 2013, which are at the same levels as in RANMAP received data on the antimicrobial susceptibility
of approximately 44,@@oliisolates from urinary tract

Resistance data on piperacillin/tazobactam was repoirtiéetfn in patients from primary healthcare (Table 8.1 an

the first time in the present DANMAP report. The DCHMgwerd.3).

asked to report resistance data for five years (2009-2013) (Table

8.1 and Figure 8.1). In all five years, the resistance wpseabtb@rrence of resistance to 3rd generation cephalospt

same level around 4%. was 4% and this was the same level as reported in 2012.

In the 10-year period from 2004 to 2013, resistafice Bince 2003, the level of ciprofloxacin resistance has incre:
coliblood isolates has increased steadily: resistance tet@aglly from 3% in 2004 to 10% in 2013 (Figure 8.3), whit
generation cephalosporins from 3% to 9%; ciprofloxasémallels the increasing trend observed in the consumptiol
resistance from 5% to 12%; aminoglycoside (gentamfii@doquinolones during the last decade (Table 5.2).
resistance from 2% to 7%. These increases parallel the increased

antimicrobial consumption, which has been seen in tige5gR&irrence of ampicillin resistance was 40% and
period (Table 5.4). sulfonamide resistance was 33%, both levels were similar

L . . levels reported in 2012.
Urine isolates from hospital patients

DANMAP received data on the antimicrobial susceptiﬁ\j’\ll'
approximately 400 @dlisolates from hospital patientsﬁv
a urinary tract infection (Table 8.1 and Figure 8.2).

f§, carbapenem (meropenem) resistance was obsery
. colurine isolates from primary healthcare.

. . . Line Skjgt-Rasmussen, Stefan S. Ols
The occurrence of resistance to 2nd generation cephalosporin and Anette M. Hammerum

(cefuroxime) (6%) and 3rd generation cephalosporin (6%)
were at the same level as in 2012.

Figure 8.2. Resistance (%) in Escherichia coli urine isolates from humans in hospitals, Denmark
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Figure 8.3. Resistance (%) in Escherichia coli urine isolates from humans in primary healthcare, Denmark
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8.2 Klebsiella pneumoniae In general, the level of antimicrobial resistance in 2013 w:
similar to 2012 (Figure 8.4).
Klebsiella pneumoisgeart of the normal intestinal flora

in humans but also cause infections such as urinary fRaelstance to 2nd generation cephalosporins (cefuroxime,
respiratory tract-, wound- and bloodstream infections, Mgayi@fresistance to 3rd generation cephalosporins was
these infections are hospital acquired and can be life|ghp@a®Bng.generation cephalosporin resistance was abo
especially if the strains are resistant to antimicribial pgenteported to EARS-Net by the other Nordic countries &
pneumoniaeintrinsically resistant to aminopenicillins dgresponded to the occurrence reported by other Europe

ampicillin). Therefore, infections caus€ddameumoniae countries in 2012 [EARS-Net 2012].
are treated with broad spectrum antimicrobial agents such as

ciprofloxacin, gentamicin, cephalosporins and carba e ]
For K. pneumonig@ANMAP 2013 includes data from 1 ﬁ%ﬁibfgzszxg?epggteerztggeropenerK) lae

out of 11 DCM, representing 95% of the Danish popu agon.

Nine of the 10 DCM working with primary healthcare isolates . . )
contributed data on antimicrobial resistance in urine {g@r@xgcin resistance (9%), and resistance to aminogly
K. pneumonifrem primary healthcare (Table 8.2). (gentamicin) (4%) were similar to the level reported in 20

Blood isolates from hospital patients The level of resistance to ciprofloxacin was above the leve

DANMAP received data on the antimicrobial susceptitigiRgréed from the other Nordic countries and the same

approximately $0@neumoniamlates from blood (Tabl@s reported to EARS-Net by other European coun_tries in
8.2 and Figure 8.4). 2012 [EARS-Net 2012]. Whereas, the level of resistance tc

aminoglycosides was the same as in the other Nordic cou
reporting to EARS-Net [EARS-Net 2012].

Table 8.2. Resistance (%) in Klebsiella pneumoniae isolates from humans, Denmark DANMAP 2013
Blood isolates, hospitalBrine isolates, hospitaldrine isolates, primary healthcare
Substance % Y %
(o) (o) (o)
Mecillinam 8 10 # 10
Piperacillin/tazobactam 6
Sulfonamide 20 # 22 #
Gentamicin 4 4 #
Ciprofloxacin 9 8 7
Cefuroxime 12 9 #
3rd generation cephalosporins 9 7 # 6
Meropenem <1 <1 <1
Max. number of isolates tested 879 5919 3660

#) A number sign indicates a significant decrease from 2012 to 2013
a) Tested 3rd generation cephalosporins were ceftazidime, ceftriaxone, cefpodoxime and cefotaxime
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Urine isolates from hospital patients Figure 8.4. Resistance (%) in Klebsiella pneumoniae blood
DANMAP received data on the antimicrobial susceptilififitgtes from humans, Denmark
of approximately 5,800neumoni&mlates from hospital 20 | - DANMAP 2013
patients with a urinary tract infection (Table 8.2 and Fig
8.5).
Resistance to mecillinam (10%), sulfonamide (20%), P
gentamicin (4%), 2nd generation cephalosporins (cefurc &
(9%) and to 3rd generation cephalosporins (7%) decrea 3
from 2012 to 2013. Ciprofloxacin resistance was at the: £ 10 |-
level as reported in 2012. »
[}
In 2013, carbapenem (meropenem) resistance was obs >
eighK. pneumoniagne isolates from hospitalised patient
Urine isolates from primary healthcare
DANMAP received data on the antimicrobial susceptibili 01 . ,
approximately 3 60@neumoniselates from urinary tract 2008~ 2009 7 2010 v 2011, 2012 2013
infection in patients from primary healthcare (Table 8.2 —o— Mecillinam (n=778)
Figure86). e @ Piperacillinitazobactam (n=874)
—ae— Ciprofloxacin (n=876)
In 2013, resistance to 3rd generation cephalosporins wz —4— Gentamicin (n=865)
which is similar to the level reported in 2012. —0— Cefuroxime (n=796)
—m— 3rd gen. cephalosporin (n=871)
—e— Meropenem (n=645)

In 2013, three carbapenem (meropenem) resist&nt

pneumoniaeine isolates from patients in primary healtbtgarehe number (n) in parentheses represents the number of |
were found. tested for susceptibility in 2013

Resistance to ciprofloxacin was 7% and resistance to mecillinam
was 10%, which were similar to the levels reported in 2012.
Sulfonamide resistance decreased from 26% in 2012 to 22%

in 2013

Line Skjgt-Rasmussen, Stefan S. Olsen
and Anette M. Hammerum

Figure 8.5. Resistance (%) in Klebsiella pneumoniae urine Figure 8.6. Resistance (%) in Klebsiella pneumoniae urine

isolates from humans in hospitals, Denmark isolates from humans in primary healthcare, Denmark
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carbapenemase producing bacteria in Denmark

Background: Carbapenems comprise one of the only classes of antimicrobial agents that can be used for
of infections with multi-resistant bacteria sledtisiadla pneumagriaeherichia ¢®$eudomonas aeruginosa
andAcinetobacter baumahe@atment options for infections with carbapenem resistant bacteria are often nor
or suboptimal. Resistance can be caused by the presence of various carbapenemases of which the most fr
occurring ar&. pneumoniaarbapenemase (KPC), Oxacillinase (OXA), Verona integron-encoded metallo-B-
lactamase (VIM), and New Delhi metallo-B-lactamase (NDM). Furthermore, Imipenemase (IMP) can be dete
P. aeruginogalates.

In recent years, Danish Departments of Clinical Microbiology (DCM) have, on a voluntary basis, submitted «
resistant isolates for verification and genotyping at the Antimicrobial Resistance Reference Laboratory at S
Institut. The present textbox describes carbapenemase fbrrbelotiagteriacdzizE), and carbapenemase
producing aeruginosadA. baumannii.

During 2013, 35 carbapenemase producing bacteria were detected. More than one isolate from the same
included, if the isolates belonged to different bacterial species and/or if the isolates harboured different cal
In many of the cases, the carbapenemase producing isolates were related to travelling, but spread betwee
Denmark was also reported fdirtetbbacteriacaadd. baumariii 2013.

Enterobacteriake2@l 3, 18 CPE were detected compared to 19 CPE during 2008-2012 (Figure 1). Fifteen o
isolates harboured NDM gknpadéumonite = 4 itrobacter freufai= 4k. col{n = 2Providencia stuartii

(n = 2) ankroteus mirabfhis= 1)), OXA-48 was detected in 3 ikolabes/tnonfa = 2E. colin = 1)), and

KPC (K. pneumonige= 1)) and VIKIébsiella oxytbaa= 1)) in one isolate each.

During 2013, the first spread of CPE in Denmark was confirmed by comparing epidemiological information
molecular data. The first spread of CPE was between two patients, who had been admitted to the same wa
in the North Denmark Region in 2012. None of these patients had a prior history of travel noted in their ho
records. In 2013, it was shown by molecular typing that the patients shared the s&BnwmNTHislvypasducing

the first detected spread of CPE in Denmark. The origin of VIME4 qoivhscimiknown.

In 2013, NDM-1 produ@nfreundisolates were detected from four patients at the same hospital ward in the |
Denmark Region. Spread of NOMfAeundivas shown by molecular typing and comparison of epidemiological
data. None of the four patients had been travelling recently and the origin of the KDMeLnpafiidscing
unknown. Besides the NDM-1 produdimegndiiwo of the four patients had NDM-1 prdorewgnoniae.

A. baumanniiuring 2013, seven OXA-23 produdintgaumannisolates were detected. Spread of OXA-23
producing. baumanniias detected two times from one patient to another patient. Furthermore, three OXA-
like produciy baumanniiere detected, two of these being part of the same transmission chain. Furthermor
NDM-1 producindy baumanngblates were detected.

P. aeruginoisa2013, three VIM produ@naeruginosmlates were detected. Furthermore, an NDM and VIM
producing. aeruginoses detected. For the first time, an IMP pro®uaargginossolate was detected in
Denmark. Both patients had been hospitalized abroad prior to detection of these isolates.

Conclusion: The occurrence of carbapenemase-producing bacteria in Denmark is increasing. Most isolate:
multi-resistant, which makes infections caused by these bacteria extremely difficult to treat with antimicro
The increasing trend of carbapenemase producing bacteria is therefore worrying. Especially the spread of (
concern, sinEaterobacteriaagaebe carried in the intestine for a long time without any symptoms of infectio
which makes infection control difficult.

Anette M. Hammerum, Frank Hansen and Lotte Jakobs

For further information: Anette M. Hammerum (ama@ssi.dk)
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Figure 1. Numbers of carbapenemase-producing Enterobacteriaceae (cPE)
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8.3 Pseudomonas aeruginosa Figure 8.7. Resistance (%) in Pseudomonas aeruginosa blood
isolates from humans, Denmark

Pseudomonas aerugiiposa opportunistic pathogen of 8 - DANMAP 2013

immunocompromised individuBlaeruginostypically
infects the pulmonary tract, urinary tract, burns, wounds, and -
also causes other bloodstream infections. It is the most frequent
coloniser of medical devices (e.qg. cathd&tasfuginosa & ¢ | -
infection is a serious problem in patients hospitalised wgth
cancer, cystic fibrosis and burns. The case fatality rate# these
patients is high.aeruginosaintrinsically resistant to the £
majority of antimicrobial agents. The antimicrobial clasges, | -
which can be used for treatment include some fluoroqugnolones
(e.g. ciprofloxacin and levofloxacin), aminoglycosides (e.gg
gentamicin, tobramycin and amikacin), some beta-lactams
(piperacillin-tazobactam, ceftazidime, and carbapenems) gn
colistin.

JoN

P. aeruginddaod isolates obtained from hospitalisedl

patients 0 o

ForP. aerugingdaANMAP 2013 includes data from 10 out of 2007 ' 2008"' 2009, 2010 2011 2012 2013

11 Departments of Clinical Microbiology (DCM), representing : :

95% of the Danish population. DANMAP received data on the

antimicrobial susceptibility of approxim&telgrddgihosa o

isolates from blood. Resistance to all the tested antimicrobigl ~ —®— Ceftazidime (n=351)

agents was not significantly different from the level in 2012, = Meropenem (n=410)

but an increasing trend has been observed for gentamicin —4— Piperacillin / Tazobactam (n=414)

during 2.007'2013 (Figure 8.7). The occurrence of rewqﬁ Qumber (n) in parentheses represents the number of

fluoroquinolones, carbapenems, ceftazidime and pipesatdifir susceptibility in 2013

tazobactam was at the same level or lower than most of the

other countries reporting to EARS-Net in 2012 [EARSY{¢kptococcus pneumoniae

2012]. S. pneumonisa leading cause of bacterial pneumonia, oti
media, bacteraemia and meningitis. In 2013, susceptibilit

Meropenem resistance was observed for 3% (n sP.12fedtihg was performed on 824 non-duflipateumoniae

aeruginossolates in 2013. A Danish stu®yaxruginosaisolates from invasive infections (blood and spinal fluid)

carbapenem non-susceptible isolates from 2011 shoWegurtea8.8).

carbapenemases were present in a minority of the isolates

(7%) [Textbox 11, DANMAP 2012]. As in previous yeapstotal of 42 (5.5%)neumoniagasive isolates from blood

presumable carbapenemase pro®uagrgginossolates and cerebrospinal fluid were non-susceptible (resistant an

were sent on a voluntary basis from the DCM to SSlifeermediary resistant) to erythromycin in 2013 comparec

national surveillance on carbapenemase producing bed%yia 2012 (Figure 8.8). The 42 isolates belonged to 12

including not only isolates from bloodstream InfeCtlogérbpres and the most Comm0n|y found erythromycin no

also frpm_other origins. During 2013, three VIM mpdlg@jgtggptime serotypes were type 15A (n = 19), 19A (n = 7
aerugino$solates and an NDM and VIM producing isola4€ (n = 4)

were identified. For the first time an IMP producing isolate was

detected in Denmark [Textbox 7]. Regarding penicillin, 52 (6.3%) invasive isolates from bloo
and cerebrospinal fluid were non-susceptible (resistant an
Anette M. Hammerum, Stefan Sin@igse8diary resistant) in 2013 compared to 5.1% in 2012
and Line Skjgt-Rasmusgsgfure 8.8). The 52 isolates belonged to 12 different serot
8.4 Streptococci and the most commonly found penicillin non-susceptible
serotypes were type 15A (n = 20), 23B (n = 10) 19A (n =
Streptococci are part of the normal commensal flora#4#F (n = 4). None of the isolates were resistant to penicill
the mouth, skin, intestine, and upper respiratory tra@c§prding to EUCAST.
humans, however they also cause infections such as otitis
media, tonsillitis, bacterial pneumonia, bacteraemia/Gepsiserotypes were particularly non-susceptible to either
endocarditis and meningitis. penicillin or erythromycin or both, namely 15A (20 of 32
received isolates), 23B (10 of 16 received isolates), 19A (&
In this report, data on resistance in invasive streptoci&&ived isolates) and 24F (4 of 22 received isolates).
isolates (only from blood or cerebrospinal fluid) were obtained
from the Neisseria and Streptococcus Reference labdratoigvels of erythromycin (macrolide) and penicillin non-
covering all DCM in Denmark. Infections with streptososceptibility in Denmark were similar to the levels report
primarily treated with penicillins and macrolides. All inv3Ixkto EARS-Net by the neighboring countries Norway
non-duplicaSéreptococcus pneunagrdagoup A, B, C arkiveden, Germany and the United Kingdom. Many other
G streptococci were susceptibility tested against erythmmpgaimcountries reported considerably higher levels of
and penicillin. resistance in 2012 [EARS-Net 2012].

—e— Ciprofloxacin (n=408) '

—a— Gentamicin (n=408)
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Figure 8.8. Nonsusceptibility (%) in Streptococcus pneumon&e5 Enterococci
blood and spinal fluid isolates from humans, Denmark

7 ) DANMAP 2013 Enterococci are part of the normal intestinal flora of both
A

humans and animals but also cause infections. Important
clinical infections caused lbnterococapecies include
urinary tract infections, bacteraemia and bacterial endoca
E. faecald&. faeciuman cause life-threatening infections ir
humans, especially in the hospital environment. The natur
high level of antimicrobial resistance f&urfiaeicaland

E. faeciummakes infections difficult to treat. Antimicrobial
therapy for serious enterococcal infections requires the us
of synergistic combinations of a cell-wall-active agent sucl
penicillin (ampicillin) and an aminoglycoside (gentamicin)
a glycopeptide (vancomycin).

% resistant isolates

ForE. faecald. faeciumata from 10 of the 11 DCM were
obtained, representing 95% of the Danish population.

K Enterococcus faagidinterococcus fabbadid
B0 000 PO000000000 oo isolates obtained from hospitalised patients

L DANMAP received data on the antimicrobial susceptibility

L 657E. faeciumolates and &/ %aecalisolates from blood.

—o— Penicillin (MIC >=0.125 ug/ml)

As in previous years, most of thdaeciurisolates from
bloodstream infections were ampicillin resistant. In 2013, ¢
of th&. faeciumolates were resistant to ampicillin. Treatme
with fluoroquinolones, cephalosporins or carbapenems ha:
Group A streptococci been described as a risk factor for develofm@acafran

In 2013, susceptibility testing was performed on 167imiection. An increasing consumption of these antimicrobiz
duplicate group A streptococci S&&fhtococcus pydgeagents has been observed in hospitals in Denmark during
isolates from invasive infections (blood and spinal fluésk decade. The antimicrobial selection pressure in a hosg
Erythromycin resistance was detected in five isolate=ii¥i0da)r@aant might be a reason for the high level of ampic
compared to one isolate in 2012 (0.6% of 167). No res&itdad® faeciurs a cause of bloodstream infections.
penicillin was detected.

------- & Erythromycin (MIC > 2 ug/ml)

Only one of the DCMs (Aalborg) tested all enterococcal blc
Group B, C and G streptococci isolates for high-level gentamicin resistance (HLGR). Amor
In 2013, susceptibility testing was performed on 12%tRenestéd faecalisolate27% were HLGR, whereas 68% of
duplicate group B streptococciSte8tococcus agalpctipe testéd faeciuigolates were HLGR. The level oEHLGR
isolates from invasive infections (blood and spinal flifighcaliand HLGFE. faeciumas similar to or higher than the
Erythromycin resistance was detected in 22 isolates |avbldétected in many European countries reporting to EZ
as compared to 17 in 2012 (12.7% oNd34}¥istance toNet in 2012 [EARS-Net 2012].
penicillin was detected

o _ In 2013, vancomycin resistance was detected in 3.4% of
In 2013, susceptibility testing was performed on 66 RR&E. faeciursolates (n = 22) and 0.2% (n = 1) ofthe
duplicate group C streptococciSE€tococcus equisinféiscalisolates from bloodstream infections. Taecium
andS. zooepidemjdaslates from invasive infections (lasstistream isolates were part of outbreaks with vancomy
and spinal fluid). Erythromycin resistance was detectediétanvénA E. faeciumyhich is described in Textbox 8.
3 isolates (4.5%) as compared to 4 in 2012 (5.58@©0f 73a level of vancomycin resigafseciunvas above the
resistance to penicillin was found. level reported to EARS-Net 2012 by the other Nordic coun

[EARS-Net 2012].

In 2013, susceptibility testing was performed on 154 non-
duplicate group G streptococci isolates from invasive infections Anette M. Hammerum, Stefan S. Ols
(blood and spinal fluid). Erythromycin resistance was detected and Line Skjot-Rasmussen
in 16 isolates (10.4%) as compared to 17 in 2012 (10.6% of 160).
No resistance to penicillin was found.

Tine Dalby, Hans-Christian Slotved and Steen Hoffmann
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RESISTANCE IN HUMAN CLINICAL BACTERIA Textbox 8

Increased occurrence of vancomycin resistant enterococci in Danish hospitals

Backgroumndierococcus faamadEnterococcus faeaienaommensal bacteria in the intestinefoffhecaéss.

andE. faeciuman also cause urinary tract infections (UTI) and fatal infections like sepsis and endocarditis, es
among older patients. Enterococci are intrinsically resistant to a number of first-line antimicrobial agents in
cephalosporins. Therefore therapy of enterococcal infections may be difficult. Severe enterococcal infectior
treated with vancomycin, but recently an increase in the occurrence of vancomycin resistant enterococci (\
observed in Denmark and internationally. Many of the VRE are also resistant to ampicillin and gentamicin li
treatment possibilities. Newer antibiotics such as linezolid and daptomycin can be used for treatment of VF
antimicrobial agents have many side effects.

Surveillance of VRE: Since 2005, Danish Departments of Clinical Microbiology (DCM) have, on a voluntal
submitted vancomycin resistant enterococci for species identificaticanAjevertBpivey#nd surveillance
to the Antimicrobial Resistance Reference Laboratory at Statens Serum Institut (Figure 1).

In 2010 and 2011, an increase in the uanAdr. dheciumas detected at hospital wards in the Central Denmark
Region and screening of faecal samples was initiated [DANMAP 2010 and DANMAP 2011].

In 2012, 54 VRE isolates from clinical infections (UTI, wounds and bloodstream infections) were received at
one isolate per patient was included) (Figure 1). In 2013, the number increased further to 248 clinical isolat
168 faecal screening isolates were received. Most of the patients with VRE were 60 years of age or older. N
isolates from 2012 and 2013améré&. faeciusolates (Figure 1). They were primarily detected at hospitals in th
Capital Region, but also from The Zealand Region and the Central Denmark Region. VRE was detected in th
regions of Denmark too, but to a much lower extent. Pulsed-field gel electrophoresis typing showed spread
vanA E. faeciugpes both inside hospitals and between hospitals.

Conclusion: The increasing number and spread of VRE in Denmark is worrying, since only limited number
antimicrobial agents are left for treatment of infections. VRE can be carried in the intestine for a long perio«
symptoms of infection and likewise persist in the hospital environment, which makes infection control diffic

infection control guidelines are needed to contain the current increase and spread of VRE. The guidelines s
proper cleaning, good hand hygiene, screening for VRE and isolation of patients.

Lotte Jakobsen, Brian Kristensen, Robert Skov and Anette M. Han

For further information: Lotte Jakobsen (lja@ssi.dk)

Figure 1. Numbers of vancomycin resistant Enterococcus faecium and Enterococcus faecalis isolates and van genes,
Denmark
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Textbox 9 RESISTANCE IN HUMAN CLINICAL BACTERI|A8.

Neisseria gonorrhoeae 2013

Backgroundkeisseria gonorrhagélee causative agent of the sexually transmitted infection gonorrhoea, whickt
usually located in the urethra in males and cerviX igdeongtesi@@nococci) may sometimes be demonstrated
in specimens from the pharynx or rectum in either gender, although infections in these sites are generally «
Complications of gonorrhoea include e.g. salpingitis, epididymitis, orchitis, and prostatitis. Further, conjunc
may occur in newborns after transmission from an infected mother during labour and rarely in adults follow
inoculation.

Methods: Through decades, all Departments of Clinical Microbiology in Denmark have submitted their isol
gonococci to the Neisseria and Streptococcus Reference (NSR) laboratory at Statens Serum Institut for nati
of antimicrobial resistance. Most of the received isolates are from urethra or cervix, while specimens from r
pharynx are only rarely obtained by clinicians. Occasionally, the NSR laboratory receives strains isolated frc
anatomical sites, such as conjunctivae, joint fluid, blood, Bartholin’s abscess, etc.

At the NSR laboratory ceftriaxone and ciprofloxacin MICs were determined using the Etest® on chocolate a
at 35°C in 5% COrhe breakpoints used were those defined by the EUCAST, as modified by ECDC. Both fully
intermediary resistant isolates were categorized as resistant. Penicillinase production was tested using the
technique.

As part of NSRs participation in ECDCs surveillance of sexually transmitted infections since 2009, approxim
gonococcus isolates are investigated twice per year for susceptibility to an expanded panel of antimicrobia
addition to ceftriaxone and ciprofloxacin, this panel includes azithromycin, cefixime, spectinomycin, and ge

Results and discussion: The ciprofloxacin resistance rate increased steadily from 30% in 2003 reaching :
in 2009, followed by a decrease to 56% in 2013 (Figure 1). The percentage of strains producing penicillinas
between 24% in 2003 and 11% in 2013.

Ceftriaxone resistant gonococci (MIC > 0.125 mg/L) as well as ceftriaxone treatment failure in patients with
have been reported from several countries during recent years. No cases from Denmark have ever been re|
2003 through 2009 the proportion of isolates with MIC = 0.008 mg/L gradually increased from 40% to near
2), but during recent years this shift has nearly reversed. Thus, there is no evidence of emerging ceftriaxon
Denmark.

In 2013, azithromycin resistance including intermediary resistance (MIC > 0.25 mg/L) in gonococci was 459
to the rate in 2009 (Table 1). It is worth noting that several recent guidelines for the treatment of gonorrhoe
the combination of high dose ceftriaxone and azithromycin (1 g or 2 g).

Resistance against cefixime (MIC > 0.125 mg/L) was 9% in 2013, i.e. unchanged compared to 2012. Cefixin
oral cephalosporin which has never been used in Denmark. During 2009-2013 none of the isolates were re:
spectinomycin (MIC > 64 mg/L); however, this parenteral drug is not marketed in Denmark and is not readi
in most countries.

Gentamicin has been used successfully for the treatment of gonorrhoea in several countries in Africa but nc
clinical trials evaluating its efficacy have been published. Gentamicin breakpoints for gonococci have not b
In 2011 through 2013, 98% of the examined strains from Denmark had gentamicin MIC = 4 mg/L.

Conclusions: The centralised national surveillance of antimicrobial resistance in gonococci should be cont

Steen Hoffmann
For further information: Steen Hoffmann (hof@ssi.dk)
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Figure 1. ciprofloxacin resistance and penicillinase production in gonococci, Denmark, 2003-2013
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Figure 2. Distribution of ceftriaxone Mlc values in gonococci, Denmark, 2003-2013
DANMAP 2013
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Table 1. Resistance rates (%) against azithromycin, cefixime and spectinomycin in gonococci, Denmark, 2009-2013

DANMAP 2013

Antimicrobial agent 2009 2010 2011 2012 2013
Azithromycin 46 23 12 12 45
Cefixime 15 18 21 11 9
Spectinomycin 0 0 0 0 0
Number of isolates 119 111 126 114 111
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RESISTANCE IN HUMAN CLINICAL BACTERI|A8.

8.6 Staphylococcus aureus The CC398 cases have in the past years constituted an in
part of the CA cases and due to these increasing numbers
Staphylococcus alisqaasrt of the normal flora from skirP@lednging to CC398 are analysed as a separate group as |
mucosa in approximately 50% of humans. Some peopRidgiijology and exposition are different.
carns. aureustermittently whereas othefs eamsior . .
longer time. However, in a8diiomewdso cause infectiofyrveillance of bacteraemia ,
ranging from superficial skin infections i.e. impetigo ¥hd®bils1,76S. aureubacteraemia cases, corresponding
to invasive infections such as post-operative wound figfé&idmer 100,000 inhabitants, were reported from the
infections related to intravenous catheters and prostRegartments of Clinical Microbiology (DCM) in Denmark.
devices, bacteraemia, osteomyelitis, endocarditis andhistisrRggnewhat higher than in the previous five years (c
1,500 annual cases) and may likely reflect underreporting
In Denmark, a voluntary surveillance programmeof fevious years rather than a true inc_:regse. Thirty (1.7%) o
aureubacteraemia cases was established in 1957. MEBRiGARES were caused by MRSA. This is at the same level
resistans. aureusMRSA) has been both laboratory an@€Vious yeaand very low compared to most other countri
clinical notifiable since November 2006. At SSI, all is6fR@di5Q to EARS-Net [EARS-Net 2012].
typed tspatyping and epidemiological information regjstered. . . . -
Based on this information each case is classified wit %Ob"'?‘l resistanée auredsacteraemia isolates from
to possible place of acquisition: hospital (HA), comm 13 is presented in Table 8.3. The highest frequenc
(CA), healthcare-associated with a community onset ce to other than penicillin was observed for fusidic
and import (IMP). MRSA belonging to clonal complex(39§°). €rythromycin (7%), clindamycin (6%) and norfloxa
(CC398) has in recent years attracted special attenti ngceptl_blllty to all tested antimicrobial agents was
type has been closely connected to livestock animalé,aéF%aﬁﬁlfs in 2012, but both fusidic acid and norfloxaci
]
stan

1653 creasinly afectspeopi 1 aectcontac I e neeeed tesaly snce 200 (ble 2.2

addition to penicillin was demonstrated in 22%, 8% and 4
the cases, respectively.

. o/ in .
Table 8.3. Resistance (%) in isolates from Staphylococcus aureus bacteraemia cases, Denmark DANMAP 2013

Antimicrobial agent 2008 2009 2010 2011 2012 2013
% % % % % %
Methicillin 1.3 1.6 1.4 1.4 1.2 1.7
Penicillin 77 77 75 77 74 76
Erythromycin 5 7 5 7 6 7
Clindamycin 4 6 4 6 6 6
Tetracycline 3 2 3 2 2 3
Fusidic acid 9 9 13 13 14 15
Rifampicin <1 <1 <1 <1 <1 0
Norfloxacin 2 2 3 4 4 5
Kanamycin 1 1 1 <1 1 2
Linezolid 0 0 0 0 0 0
Mupirocin <1 <1 <1 <1 <1 <1
Trimethoprim-sulfamethoxazole nt nt nt <1 1 1
Number of isolates 1344 1480 1418 1525 1528 1769

Note: nt = not tested

Figure 8.9. Number of MRSA cases, with a three years moving average, Denmark
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RESISTANCE IN HUMAN CLINICAL BACTERIA

Surveillance of methicillin-i®satemnts The total number of cases and the number of cases prese

In 2013,094 new MRSA cases were detected (37.4 panit@dBd&ion according to epidemiological classification &

inhabitants). This is the highest number of cases obssine@thiim Table 8.4. Most of the cases (83%) were acquirec

over 25 years (Figure 8.9). A case was a person foundhpoeitivark. The epidemiological classification of MRSA

for the first time with a specific MRSA strain regardlegsfedteihe2007-2013 is shown in Figure 8.10. Despite the

the patient was infected or colonised only. increasing total number of cases, both the number of hos;
acquired infections and the number of healthcare-associaf

In 2013, the number of MRSA increased by 31% compatiedommunity onset (HACO) infections were at a stable

to 2012. The number of new cases was more than thuegtilmedevel. The number of CA infections continued the

as high as in 2007. In 2013, 24 persons were found wittré&being trend in 2013 and was by far the largest group

second case of MRSA (i.e. MRSA of a new subtype). MA#e(Figure 8.10). The proportion of bloodstream infectio

time of diagnosis, 45% (n = 940) of cases had infectiaithvhiRSBAswas 1.7% in 2013 (see surveilldhauogus

lower than in 2012 (57%). CC398 cases increased subsizetizdinia).

in 2013 and constituted 31% of new MRSA cases in 2013 (Table

8.4). The increase was for a large part due to inclusion of contact

to pigs as a risk factor in DecembeaegQirihg screening

for MRSA when admitted to hospitals. This also explains the

lower fraction of infections seen for CC398 compared to other

CC groups. See also Textbox 10

Table 8.4. Epidemiological classification of new MRSA cases, Denmark DANMAP 2013

2012 2013
Epidemiologic classification Exposure No. of cases No. (%) .Of No. of cases No. (%) .Of
cases with cases with
(% of total) . . (% of total) . .
infections infections
Imported (IMP) 324 (21) 218 (67) 366 (17) 222 (61)
Hospital-acquired (HA) 67 (4) 42 (63) 52 (2) 27 (52)
Healthcare associated, . .
community onset (HACO) with healthcare risk 178 (11) 158 (8)
with known exposure 60 24 (40) 39 17 (44)
without known exposure 118 88 (75) 119 96 (81)
Healthcare worker 29 (2) 5(17) 40 (2) 17 (43)
Community-acquired (CA) without healthcare risk 726 (47) 834 (40)
with known exposure 378 69 (18) 408 75 (18)
without known exposure 348 300 (86) 426 329 (77)
CC398 232 (15) 92 (40) 643 (31) 157 (24)

Note: Numbers shown in bold are totals
Unresolved cases in 2013 (notifications not received): 1

Figure 8.10. Number of MRSA infections according to epidemiological classification, Denmark
DANMAP 2013
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RESISTANCE IN HUMAN CLINICAL BACTERI|A8.

Molecular typing of the MRSA strains Resistance among MRSA isolates

In totalspatyping revealed 270 different strain types dhehedistance patterns varied considerablsplstpesen

194 types were associated with clinical infections. TH{@&blext6é)y. In 2013, 100% of CGEBype t034 isolates

of isolates belonging to the 10 dospehieg isolated imere resistant to tetracycline and 94% of t034 were resist

2013 is shown in Table 8.5. They constituted 61% of ttheltotamycin. In contrast, the majority of t019, a primari

number of MRSA isolatespEtgpes constituted 56% ofcdmmunity-acquirguatype, and t304 were susceptible to

940 clinical infections with MRSA. Most preyetgmies all tested antimicrobial agents except for beta-lactams. It

causing clinical infections at time of presentation wenet®a3dr{hy that 47% (304 of 643) of CC398 isolates had t

= 126), t002 (n = 90), t008 (n = 72), t019 (n = 67), tiisyalpHeptype of being susceptible to erythromycin v

t024 (n = 28), t044 (n = 28), t304 (n = 26), t437 (n re2iStandde03hdamycin. Whole genome sequencing of 25

(n = 21). The PVL encodindugEfywas demonstrated GC398 isolates showed that this was due to pmegBhce of tt

36% of the infections and in 14% of the asymptomatgerarriargene previously reported in MRSA CC398 strains

and most often in relation to isolatgsanipes t008 (n Spain, Portugal and USA. WhelthefB)is responsible for

97), t019 (n = 90), t002 (n = 59) and t044 (n = 45). this phenotype in general needs to be investigated. Resist
to at least 1, 2 or 3 other antimicrobial agents in addition"
B-lactam antibiotics (cefoxitin/penicillin) was demonstrate
73%, 62% and 43% of the cases, respectively.

Andreas Petersen, Robert L. Skov a
Anders Rhod Larsen

Table 8.5. The ten most prevalent spa types demonstrated in
MRSA cases, Denmark DANMAP 2013

spatype CC grouf No. of casédo. causing infections (%)

t034 CC398 527 126 (24)
t002 CC5 161 90 (56)
t008 Ccs 113 72 (64)
t019 CC30 92 67 (73)
t127 CC1 87 43 (49)
t304 CC8 76 26 (34)
tol1 CC398 73 19 (26)
t032 Cc22 49 21 (43)
t223 CC22 48 16 (33)
t044 CC80 47 28 (60)

a) CC = Clonal complex

Table 8.6. Resistance (%) in the six most prevalent spa types demonstrated in MRSA cases compared with all MRSA cases,

2013 DANMAP 2013
spatype t034 t002 t008 t019 t127 t304 All cases
Clonal complex CC398 CC5 CC8 CC30 CC1 CC8

% % % % % % %
Erythromycin 44 33 54 0 61 1 36
Clindamycin 94 26 12 0 57 1 44
Tetracycline 100 8 10 0 59 1 45
Fusidic acid 3 27 6 0 26 4 13
Rifampicin 0 0 0 0 1 0 1
Norfloxacin 28 19 51 5 11 3 24
Kanamycin 7 17 50 2 68 3 23
Linezolid <1 <1 0 0 0 0 <1
Mupirocin 0 0 1 2 0 0 <1
Trimethoprim-sulfamethoxazole 1 0 0 0 2 0 3
Number of isolates 527 161 113 92 87 76 2094
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RESISTANCE IN HUMAN CLINICAL BACTERIA Textbox 10

Livestock associated methicillin-resistant Staphylococcus aureus (LA-MRSA) among
humans in 2013

Background: Since 2003, livestock associated methicilitapdsitsbantcus autcddRSA) has emerged
worldwide. LA-MRSA primarily belong to clonal complex 398 (CC398) and is especially associated with pigs
MRSA CC398 has especially been found in persons with contact to pigs.

A new type of MRSA carrying a different resistance deteatiinsieen found in humans, cattle and sheep in
Denmark and internationally but do not appear to have the same close relationship to animals as CC398 [C
et al2011. Lancet Infect Dis. 11: 595-603].

Livestock associated MRSA in humans: The number of persons positive for MRSA CC398 steeply increc
in 2013 (42 in 2009, 111 in 2010, 164 in 2011 and 232 in 2012). A significant part of the increase was asso
inclusion of contact to pigs as a risk factor requiring screening for MRSA when admitted to hospitals in Dec
[http://sundhedsstyrelsen.dk/publ/Publ2012/11nov/MRSAvejl2udg.pdf]. Thempabgidreated to CC398

was type t034 (n = 527). The majority of CC398 cases (n = 562, 87%) were in persons with documented cl
pigs or being a household member to a person with direct contact. This resembles the proportion from pre\
which means that the actual number of CC398 cases without documented contact to livestock increased c
from the previous years. There were however, no signs of significant spread of CC398 to urban areas.

One hundred and fifty-seven CC398 cases (24%) presented with infections. In 2013, four bacteraemia case
CC398. Two of the patients died within 30 days. In both cases, the patients had severe comorbidity. The pa
have any direct contact to pigs.

MRSA isolates carrying themedvhomologume€, were demonstrated in 41 cases (2%) in 2013 (9 in 2009, 21
2010, 37 in 2011, and 24 in 2012). Twenty-eight of the cases (68%) had infections, including one bacteraer
of diagnosis. Only one possible livestock contact was register dasdébe 41

In 2013, no animal surveillance of LA-MRSA was performed, but sampling at farm level is ongoing and expe
finalized in 2014.

Conclusions: In 2013, a steep increase in CC398 cases was detected and CC398 became the most comm
among human MRSA cases. An increasing number of CC398 cases had no documented contact to pigs. The
MRSA isolates carryingrib€ gene seems to have stabilized.

Andreas Petersen, Anders Rhod Larsen and Robert L.

For further information: Robert L. Skov (rsk@ssi.dk)

DANMAP 2013
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MATERIALS AND METHODS

9. Materials and methods

9.1 Generadhformation The pharmacy or company either sells the medicines to
veterinarians for own use in practice or for re-sale to farm

For the DANMAP 2013 report, population sizes and sells the m.ed'icines directly to the_ animal holqer on preser
geographical data were obtained from Statistics DerfhgrRrescription. By law, the profit that veterinarians may
[www.dst.dk] and data on general practitioners from@héhe sale of medicine is very small (5%), thereby limitin
Danish Medical Association [www.laeger.dk]. economic incentive to sell medicine.

The epidemiological unit for pigs and cattle was defifed013, the animal owners and veterinarians purchased t

as the individual farm, meaning that only one isolate@pimicrobial agents almost equally between the pharmac

bacterial species per farm was included in the repor@ithéhe veterinary drug trading companies, while only 2%

same epidemiological unit was applied for broilers, eXeEptargd from the feed mills. Sales from feed mills addit

Salmoneli@here the individual flock of broilers was dé&@Rarised zinc chloride for the pig production on veterina

as the epidemiological unit. For food, the epidemiologfieafip§ton, and non-prescription sales of coccidiostatic

was defined as the individual meat sample. For humaggnggdor domestic fowl (Gallus gallus).

epidemiological unit was defined as the individual patient and

the first isolate per patient per year was included. Data on all sales of veterinary prescription medicine from
pharmacies, private companies, feed mills and veterinaria

Unless stated specifically, all differences and tempor@fleg&iselectronically to VetStat. Veterinarians are require
noted in the text are statistically significant (p<0.05}ay¢ikyreport to VetStat all use and prescriptions for produ

either Chi-square tests or linear logistic regression (s¥déigignonthly submissions). For most veterinarians, th
10.6.4). registration of data is linked to the writing of invoices. Hov

errors in the veterinarians invoice system sometimes caus
errors in amounts reported, and these data are not validat
entry to Vetstat. The electronic registration of the sales at
pharmacies is linked to the billing process and stock accol
Antimicrobial agents used for humans and animals inHegstmaafkacy, which ensures a very high data quality reg:
are presented in Table 3.2. amounts and identity of drugs.

9.2 Data on antimicrobial consumption

9.2.1 Data on antimicrobial consumption iThe VetStat database contains detailed information about
animals source and consumption for each prescription item: date

Since 2001, consumption data presented in this rep&@Balgtentity of prescribing veterinarian, source ID (identit
been obtained from the national monitoring progranfthe pharmacy, feed mill, or veterinarian practice report
VetStat, which is a database hosted by the Danish VORGH#&§ identity code and amount, animal species, age-g
and Food Administration. Prior to 2001, data were batiégas§ category and code for farm-identity (CHR - Danisk
national sales figures from the pharmaceutical indusg§ntral Husbandry Register). The package code is a uniqu

identifier, relating to all information on the medicinal prod
such as active ingredient, content as number of unit dose:

In Denmark, all therapeutic drugs are prescription—oﬁ\l 'HRSr of tablets), package size, and code of the antimic
VetStat collects data on all medicines prescribed b;;j 'r{ir‘igﬁsV?ge”naW Anatomical Therapeutic Chemical
for use in animals, except in a few instances when Yies classification system.

are prescribed on special license (i.e. medicines not approved , )

for marketing in Denmark). In addition, data on constigy¥eigfge of the target animal species enables the prese
of coccidiostatics as feed additives (non-prescriptiondfagRsumption data in “defined animal daily doses” - a n:

antimicrobial growth promoters (not in use since 200®tgr@ary equivalent to the international defined daily do
collected by VetStat. (DDDs) system applied in the human field [www.whocc.no

See further description of the ADD system in the DANMAP

Until 2007, antimicrobial agents could only be purchgg&? LERRE [www.danmap.org].

pharmacy or in medicated feed from the feed mills. From April

2007, the monopoly was suspended and private conigkhads _

(two in 2011) were permitted - on certain conditions!1d&MVEP, we want to compare consumption of
conditions as for pharmacies) - to sell prescribed vet@fiangrobials between different animal populations and
medical products for animals. In addition, price settiR§W§en veterinary and human sectors. In order to do this
liberalised, which allowed for discounts correspondirdf&s! to take into account the quantity of antimicrobials u

lower administration costs related to sale of large qua\@iftiRatency, their formulation, the route of administratio
the veterinarians. and - sometimes - the age of the animals in which they atl

used. We also need to know the size of the populations to
the antimicrobials are administered.

Data registration
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MATERIALS AND METHOD* 9.

The animal daily doses (ADDs) used in previous DANB&Rominator

reports are an integrated part of the VetStat databast@mdshaweterinary consumption, both within and across
been described elsewhere [DANMAP 200%®tjehPeev species, are presented in DADD per 1,000 animals per
Vet Med. vol: 64, 201-215, 2004]. In principle, the ADI2aghoDAPD. The number of animals in a population (in

be identical for all products within medicinal groups apidemiological terms: the population at risk) is represent
defined by the active compound, route of administrabipiteidlive biomass. The biomass of a species is calculat
the formulation. However, in VetStat, the ADDs are diefkird imfo account average live body-weight and the avel
the dosage level that was part of the product registréifiespandf the species.

over time doses for products within the same medicinal group
sometimes have changed. The greatest variation occ nen
the ADD for some products have been defined solely,
the approved dosage. For example, the approved do -

product registered in 2011 may differ from a similar DAPD - DADD per 1,000 animals pe
registered in 2001.

The number of DADDs administered to a specifi

In DANMAP 2012, we therefore introduced two new species during a year (i.n thousands) divided by
to follow trends in antimicrobial consumption to ens ntumgerdof sj:antilardt a.n:(mals gt rlikkper_d?y. The
robustness of the analyses over time. The new metri e nikiebuieb sttt N LRSS

: : o differences in average body-mass and lifespan.
and DAPD, are defined below in the highlighted boxe el (e [Uers oF DABIDS A1 St o

at risk are estimated for specific age groups, or
number of doses (DADDs) used to treat one kg
divided with the total estimated biomass (in to

DADD - Defined animal daily dose

DAPD is a statistical measure, providing a roug
I PN proportion (in thousands) of animals trea
alaily with an average maintenance dose of a p3
DUb A@imicrobial agent. For example, 10 DAPDs ind
agieatimated 1% of the population, on average
ain treatment on a given day. The DAPD is
D€feferred to as the treatment proportion.
dose”
r%’%’ﬁ\ciple, the metric DAPD is parallel to the
used in pharmaco-epidemiology for the human
Defined daily dose per 1,000 inhabitants per da
see Section 9.2.3.

DADD is the average maintenance dose per da
used for its main indication in the appropriate a
species. The DADD is not defined at product le

each antimicrobial agent, administration route

species and when appropriate, also age group.

been specifically defined for use in DANMAP an(
not always completely match the “prescribed d
or the recommended dosage in the Summaries
Characteristics (SPC).

The DADDs used in DANMAP 2013 are presented in tHe"sen
annex.
Due to a relative high number of pigs exported around 30

The basic principles for the DADD are similar to the g‘@r@gglgs.produceq in 2013, Table 3.1), an adjusted me
previously described for the ADD. The designation of FF(—% sumption per pig was calculated. The adjustment is
DADD is based on the VetStat ADDs, but re-defined faf the assumption that pigs exported at 30 kg, on averag
each group of antimicrobial agents, i.e. for each con{ﬁﬁ'%li’i:%ﬂ the same amount of antimicrobial agents before
of active compound, administration route, formulatigPOrt as other pigs from farrowing to 30 kg.
considering the following principles:

Antimicrobial use per pig produced (adjusted) = [DADDs

; ; ; ; ; Dw + (1+Q)*DADDf ] / (biomass-days-total+ Nw*

L. Minor inconsistencies, e.g. due to rounding of nuggit Tt & e DADDS = amount of antimicrobial
2. Approved dosage for the most widely used antimf36BfgIused in sows; DADDw = amount of antimicrobial

products were given priority above dosage for pr used in weaners; DADDf = amount of antimicrobia

that are rarely used; agents used in finishers; Q is the proportion of weaning pi
3. Approved dosage for older products within the gr§B4fgd around 30 kg. Nw = number of pigs exported at

maintained as the common DADD even if a new dyweight, and Nw*5800 is the number of biomass d:

is approved with a higher dosage; the exported pigs would have contributed to the live biom
4. In determining the dosage for a group with large JdM§tfarported.

between approved dosages of the products, the dosages

in accordance with the dose given in "The Veterirfw2.2 Estimation of live biomass of animals

Formulary” [British Veterinary Association, 2005, Blie estimation of live biomass and thus the number of stc

edition] are applied; animals at risk per day depends on the available data sou
5. Dosages may vary within active compound and for each species.

administration route, if different dosages have been

approved for different age group/indication or forBrdilésrand layer production (Gallus gallus).

The live biomass is estimated based on number of broilers

When principle 2 and 3 are conflicting, principle 4 is prulietkd (Table 3.1), and an average live weight at slaug|
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1.97 kg [Statistics Denmark, 2013] after an estimateglatimelyetable during the last ten years [Danish Dog reg
life span of 30 days. The mean live biomass per broiR®12]. The average live weight for cats and dogs were est
assumed to be half of the weight at slaughter. In addiidrkaland 20 kg, respectively (based on pedigree registr
biomass of the parental animals (rearing and breedini@tdéior the

broiler production was estimated for 2011 based on number of

hens per year (2,9 mill) annual rotations, length of tixemetdture. The estimation is based on data from the D
periods, percentage of cocks, and average weight ofA§eRisitisgency (NaturErhvervstyrelsen) on produced

and hens in rearing and in breeding [DANHATCH, 20h#ounts in each subtype of production, and information o
S. Kabell, Danish Agriculture and Food Council, persahaltypical lifespan and entrance and exit body weights, a
communication]. For the other years, the biomass ofweggingiculated in cooperation with Danish Aquaculture [N
and breeders was assumed to be proportionate to thigdmiokesn, Danish Aquaculture]. Data from 2012 were not
production as in 2011. available at the time of publication.

In the layer production chain, the biomass of the parent flocks

is estimated separately for each production type, bageé ) pata on antimicrobial consumption in
number of eggs produced, eggs per hen ,and avera du ?

length [Danish Poultry Producers, Statistics Denmar

have assumed an average weight of 2.3 kg per hen,
slaughter weight [Statistics Denmark, 2013].

%E%@rb onsumptlon of antibacterial agents in humans w
tained from Statens Serum Institut (SSI), National Regis
Medicinal Products Statistics. SSI has the legal responsibili

r ng the consumption of all human medicinal produ
Turkey production. The live biomass is estlmated
the nu‘r,n't))er of turkeys produced (Table 3.1) and an erformed by monthly reporting of consumption frc
live weight at slaughter of 21 kg for male turkeys an m?glﬁrsolr?] cheenpr)nr?rg;ryﬂggllt?\gc:r%sglet?tloeT%r\r/gatféeesr
for hens after an estimated average life span of 20 since 1994, whereas data on consumption in hos
15.5 weeks, respectively [Danish Agro; S. Astrup, pe ble from 1997. P )
communication]. The estimated mean live biomass %9

is assumed to be half of the weight at slaughter.
g 9 Certain categories of hospitals were excluded when the

Q mption was measured by occupied bed-days and
Pig product|on The estimation was based on numbey h %ons Data from private hospitals and clinics, psych
i specialised non-acute care clinics, rehabilitation
Shtrd and hospices were excluded from DANMAP
ﬁﬁnentmg approximately 3% of the antimicrobial
il

data for each year [Danish Agriculture and Food Couf
and census data for breeding animals [Statistics De
The average weight and lifespan for the growing anifm
(piglets, weaners and finishers) were estimated fro e
productivity number. The estimation methods were dg
in cooperation with Danish Agriculture and Food Cour

There are no statistics on average weight of breeding
available, so an estimated average weight had to be_
However, the size of the breeding animals has probq
increased over the last decade, but this could not be Eeg Ar‘ﬂd
for.

ption at hospitals and of the number of bed-days).
Dénmark, all antimicrobial agents for human use are
éé)eégn only medicines and are sold by pharmacies in
ckages. Each package is uniquely identified by
ich can be related to package size, content as nu
}?ﬁ?@ses e.g. number of tablets), content as number
aily Doses (DDDs), code of the antimicrobial age
mical Therapeutic Chemical (ATC) classificatio
producer. In addition, the following informatic
|s collected for each transaction: social security number ((
Cattle production. The live biomass of the cattle p mber OI%E—:]CE gﬂge;gc%oszehgjr?;gtnr?otsr;(latg)lr:?]car;mggy'
estimated from census data [Statistics Denmark, 20 g?%&rf the transaction, and information regarding
average live weight of the different age groups. The 4 WH rS8HRént of cost, if applicable. The data are transfer

population is mainly dairy, particularly Holstein Friesiggp, to SSI in an electronic format.
also other breeds such as Jersey and a small population of beef

cattle. Most of the cattle slaughtered are dairy cows .

MAP 2012 and onwards, the consumption
calves of dairy origin. The average live weight was eg &b%ﬂ:‘ infusion substances, such as cephalc?sporins,
for 10 different age and gender categories. carbapenems and trimethoprim, has been directly reporte

Ehe hospital pharmacies to SSI. In previous DANMAP repor
Fur animals. The live biomass of mink is estimated {Keaonsumption of these substances was corrected by dil
production data [Statistics Denmark, 2013; Kopenhaggp collection from all Danish hospital pharmacies; howe:

Fur, 2013] and the average weight at pelting was 2.43,&k8 DANMAP 2012 all data were delivered only by SSI.
[Kopenhagen Fur, 2013]. The progeny live for approximately

7 months. The biomass for the breeding animals (fe

esimated based on census cata and an ossumed avLBgR AL bort icudes dta on the consumpton of
weight of 2 kg. 2013 update of the ATC classiﬁcation in primary healthca

) , and |n h pltals As recommended by the World Health

Pet animals. Only dogs and cats are taken into acc n (WHO), consumption of antibacterial agents
other population sizes are negligible in Denmark, an @¥althcare is expressed as DIDs, i.e. the number ¢
rare in veterinary practice. The 2011 popula_atlonl is b er 1 000 inhabitants per day (DDD/1,000 inhabitar
census data [Statistics Denmark, 2000] estimating gﬁ %mptmn in primary healthcare is also reported
and 550,000 dogs. The number of dogs in Denmark g r of packages per 1,000 inhabitants. Consumptiot
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MATERIALS AND METHOD# 9.

of antibacterial agents in hospitals is expressed as D#psgl fvoilers is presented in Table 9.1. The isolatiGn rates ¢
comparison with primary healthcare, and DBDs, the jajmmi#esm pigs an@ colfrom cattle and broilers were low
of DDDs per 100 occupied beds per day (DDD/100 oeeuptt@drefore MIC-analyses were not performed.
bed-days).

SalmonelNational Food Institute DTU is the national
Since antimicrobial consumption expressed as DDD/1é&@rence laboratorySmonelia animals and food and
occupied bed-days does not necessarily reflect changa&seives all isolates for typing. Only one isolate per seroty
hospital activity and production, consumption in hospéafaisn was selected for the DANMAP report, except for
also presented as DAD (the number of DDDs per 100sadatédseeom broilers, where one isolate per flock was incl
patients). Isolates &. Typhimurium include the monophasic variants

with antigenic form8§14s5,12:i:- afidt,12:i:-.
The number of occupied bed-days is calculated as the date of
discharge minus the date of admission (minimum onendaga/monelisolates from pigs originated both from
and the number of admissions is calculated as one athisaimtom sampling of healthy animals at slaughter for
whenever a patient is admitted to one specific ward (pxMMERIantd from the nationabalmoneltrveillance
can be registered as admitted multiple times if transfeo@dmme where the results of a serological surveillance
between wards during one hospital stay). Data on thehawhlb@hterhouses and in all breeding herds appoint risk
of occupied bed-days (or patient-days) and number éferds to be further examined by microbiological analysis «
admissions in each hospital were obtained from the Natidaatal samples.
Patient Registry at the National Board of Health [www.sst.dk].

NoSalmoneklata from layers, broilers and cattle are preser

9.3. collection of bacterial isolates in DANMAP 2013 due to the low findings of serotgpe
Enteritidis and. Typhimurium Salmonelisolates from
9.3.1 Animals diagnostic submissions were not included in DANMAP 201

Samples from animals are collected from healthy production

animals randomly selected at slaughter. From pigs, isoldtes afetails on the sampling procedures and the finding
Escherichia ¢dinterococcus faecitimierococcus fagcalthe Danisfalmoneltarveillance programs are presented in
and thermophil@ampylobactgp. were collected. Fromfextbox 5, and in the Annual Report on Zoonoses in Denm
cattle, isolate€otoland thermophilempylobactgp. 2013 [www.food.dtu.dk].

were collected, and from broilers iEotagihafmophilic

Campylobactap.E. faecalsndE. faeciumvere collectedygolates from diagnostic submissions were specifically

In addition, isolates & coli0O149, were collected fromco|lected for the DANMAP programme at the Laboratory o

diagnostic submissions. Swine Diseases, the Danish Agriculture and Food Council,
KjellerupH. colD149 from diarrheic pigs). Only one isolate

Campylobactgp., indicatarcoland enterococci. Sampfasr farm was included.

from healthy pigs, cattle and broilers were collected for the

DANMAP programme at slaughter by meat inspectio%g 5 Meat

abattoir personnel and sent for examination at DTU igPaciedicat& coland enterococci. The meat
Sl

Food Institute. For broilers, cloacal swabs were colleq Vginated from meat samples collected at wholes

from May through October and the sampling progra : : :
represented 86% of all broiler farms in Denmark. A Bﬂﬂ'be etail outlets in all regions of Denmark. All samples w

: . . . Bllatte by the Danish Veterinary and Food Administratio
broiler farm is typically comprised of more than one yf\ od Control Offices and were collected during the
generating several flocks per year, but even though 1

oft!

led th th h th l . ection by the authorities or on specific request
sampied more than once through the sampling peri e for the DANMAP programme. The sampling incluc

one isolate per farm of each bacterial species was inglii€q, nish and imported meat. Only one isolate per bact

, . . species per meat sample was selected for DANMAP.
For pigs and cattle, the slaughter plants included in the

DANMAP programme accounted for 99% and 95% of
total number of animals slaughtered in Denmark during..

respectively. The number of pigs and cattle samples I SAte (swab samples from pork and beef carcasses
sIa_ughter plant was proportional to the annual num slaughterhouse after cosdilmgonelisolates from
animals slaughtered at the plant. Samples were COIlqp@%ﬁﬁ%g%OUItry meat and other imported fresh meats de

a month from January through November as caecu v ;
from pigs and rectum samples from cattle. Only on?ﬁ%ﬁg pdﬁfe by-case risk assessment control programme

farm of each bacterial species was included.

@rgllléhe Salmonelisolates from Danish pork
8¢ from the national Salmonelturveillance

& not presented due to the low number of isolat
(<15). Further details on findings are presented in Textbox
, o ) Only one isolate per positive swab sample or batch of mex
Accordingly, the bacterial isolates from the Danish pragifefénfor DANMAP. IsolatesSoTyphimurium include

animals may be regarded as representing a stratifieqgangeAbphasic variants, antigenic Sotrbla:i:- agd
sample of the respective populations, and the observeg).j...

prevalence of resistant isolates provides an estimate of the true
occurrence in the population. 9.3.3 Humans

phimurius,Enteritidis ahdejunintimicrobial

. . T
An overview of the number of samples analysed, 'SOIS%EE ﬁgtibility was performed on human faecal isolates sut

obtained and MIC determinations performed for pigs; Ca
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to Statens Serum Institut (88lnpylobacteslates wereE. faeciumere identified by motility- and arginine dihydrolz
submitted from Departments of Clinical MicrobiologytéBSMind the ability to ferment mannitol, sorbitol, arabino
covering three geographical regions: Northern Jutlanan&uaéiinose. All isolatek.dbeciurandE. faecaligere

and Roskilde/Kgge. Information on travel history wassbitadnaid-80°C.

for the patientsa/monelisolates were submitted from all

DCM in Denmark. Exact figures of the proportion testpqandveat

the sampling strategy for the different species can bgj Blas isolated by the regional laboratories at the

Sections 6.1 and 6.2. DVFA according to the open reference methods issued by
) NMKL (NMKL No. 187, 2007 or NMKL No. 71, 1999), the

Staphylococcus awitebisod isolates were referred tgso 6579:2002 or alternative methods validated against tl

the Staphylococcus reference laboratory at SSI on a pevlRF¥ method according to 1SO 16140:2001. Sero-typi
basis. In November 2006, methicillin-resiskam@iureus was performed at the National Food Institute, DTU.

(MRSA) became a notifiable disease in Denmark and it became

mandatory to submit all MRSA isolates to the referer@ﬁmpylobaoﬁes isolated according to the guidelines
laboratory. for microbiological examination of food (NMKL No. 119,

] ] 2007). Identification was performed by microscopy and by
Invasiv@treptococcus pneurBbripeococcus pyog@ngsse activity, catalase activity and the ability to hydrol
(group A streptococci), group B, C and G streptpgeggiacetate and hippurate. Isolation and identification
Invasive pneumococcal disease is a notifiable diseas@dg performed by the laboratories at the DVFA in Ringstec
Denmark, and therefore all invasive isolates nationwiskenahg €Ml isolated gdjunC. colandC. larivere sent to

to SSI for identification or confirmation as well as susgPiBilBMal Food Institute, DTU for MIC-testing and storac
testing and typing. Invasive group A, B, C and G streptagoecal

isolates are referred to SSI on a voluntary basis. Traditionally,

only isolates from blood and spinal fluid are included if4§R&td. colivas isolated by the regional laboratories at
DANMAP report. the DVFA by adding 5 g of the sample to 45 ml of MacCon
. i i . or laurylsulphate-broth, which was incubated o/n at 44°C,
E. col,_l KIebSIeI_Ia pne_umpﬂ_mldomoqas aerugingsgsequently streaked onto violet red bile agar and incub:
invasivE. faeciumnd invasivie. faecaliBata were for 24 h at 44°C. Presumptiagivas identified using TBX
provided on all isolates recorded from either blofd sage¢Bglucoronidase activity) incubated o/nEaicd4°C.

coliK. pneumonijd® aerugingda faeciurandE. faecalis isolates were sent to DTU National Food Institute for MIC-
or urine samples. (coliandK. pneumoniagubmitted for testing and storage at -80°C.

susceptibility testing to the DCM at the following hospitals:

Rigshospitalet, Hvidovre, Herlev/Hillerad, Region Zeglahgh ator enterococci were isolated by the regional labc
Odense, Esbjerg, Vejle, Herning/Viborg, Aarhus and REIDVFA by adding 5 g of the sample to 45 ml azide de
No samples were collected from healthy humans. 414 incubated o/n at 44°C and subsequently streake on
. . . . Slanetz-Bartley agar. After incubation at 44°C for 48 h, col
9.4 Isolation and identification of bacteriatypically f&r faeciuendE. faecahsere identified by a real-
time PCR assay, and sent to DTU National Food Institute fc
9.4.1 Animals MIC-testing and storage at -80°C.

Campylobactiéwe samples from broilers was inoculated

directly onto mCCD agar (Oxoid, Denmark) and incut®%#3 Humans

in microaerophilic atmosphere for 2-3 days at 41.5°Sd&bmonellsolates were serotyped by slide agglutination
samples from cattle, selective enrichment in Prestonawadtdatg to the Kauffman-White Scheme.

a ratio of 1:10 incubated in microaerophilic atmosphere for 24

h at 41.5°C was performed followed by inoculation o€a¢hiplylobactgecies identification was performed using &

of the enrichment broth to mCCD &ganpylobactiée species-specific PCR assay Etlefz004. ] Clin Microbiol.
colonies were verified by microscopy and species idefHifBR4@I5557].
ofC. jejunandC. colivas performed by a real-time PCR assay

[_IV!ay_ret aIZOlQ,J Food Prot. 73(2):241-50]. All isaate§t%fphylococcus afiequsncing ofStheurespecifipa
jejuniandC. colivere stored at -80°C. gene was performed for species confirmation &pd typing.
negative isolates were confirfhedieesisy MALDI-TOF.
Indicatdi. coliThe material was inoculated directly qn&@patyping [Harmseinal2003. ] Clin Microbiol. 41: 5442-
Drigalski agar (SSI Diagnostica, Denmark) and incubser8pénd additional typing by multi locus sequence typin
at 37°C. Yellow colonies were inoculated onto BBL CHROH") [Enrighet a/2000. J Clin Microbiol. 38: 1008-1015]
agar Orientation Medium (Becton Dickinson, Germanyégndnnotated using eBURST v.3 software (www. mist.ne
red colonies were collectéd asliafter o/n incubation aBased on tlspaand MLST typing, each isolate was assigned
37°C. All isolates were stored at -80°C. to a clonal complex (CC). For MRSA isolates, presence of t
mecAdrmec@nethicillin resistance genes was confirmed by
Indicator enterococci. An adequate amount of maB&Ra[Larsert a/2008. Clin Microbiol Infect. 14: 611-614;
suspended in 2 ml of sodium chloride (0.9%) was indstdgtmmsit a/2012. Clin Microbiol Infect. 18: 395-400]. For al
on Slanetz Bartley agar and incubated two days at 43%(ates, presendaek#¥PVgene (PVL) was demonstrated by
Three colonies resembling typidaécalBndE. faecium PCR [Larsert a/2008. Clin Microbiol Infect. 14: 611-614;
morphology were sub-cultivated on bldodamgaiand Stegget a/l2012. Clin Microbiol Infect.18: 395-400].
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Invasivitreptococcus pneufiertigge identificatiordidfcs (Oxoid, Roskilde, Denmark), respectively, on Miller-
invasiv8. pneumoniaas performed by latex agglutindtioton agar (MUller-Hinton plate, 5% blood, 20 mg beta-
(ImmulLex™ Pneumotest Kit, SSI Diagnostica, HillergtlAD, SSI Diagnostica, Hillerad, Denmark). Penicillin and
Denmark) and further with factor specific antisera betjtgnromycin MICs were determined using STP6F plate,
Neufeld quellung test (SSI Diagnostica, Hillergd, DenSeaddjitre (Trek Diagnostic Systems Ltd., East Grinstead, U
as recommended by the manufacturer. All breakpoints use
Invasiv8treptococcus pyogenap A streptococci\nere as d_eﬁned by the EU.CAST. Both_fully and intermedial
group B, C and G streptococci. Identification of gfesiptaRkieolates were defined as resistant.
performed by latex agglutination (Streptococcal Grouping

Reagent, Oxoid, Roskilde, Denmark). Invasiv8treptococcus pydegenap A), group B, C
and G streptococci from humans. Screening for penicil
9.5 Susceptibility testing erythromycin- and clindamycin-resistant streptococci was

performed with 1 unit penicillin G #ispg erythromycin
Antimicrobial susceptibility testing of ~ Salmonella discs and 2ug clindamycin discs (Oxoid, Roskilde, Denmar

Campylobactierdicatok. coliEnterococcus, StaphylocdGIREctively, on Miller-Hinton agar (Muller-Hinton plate, 5
aureggnd tﬁe veterinary pathogens was perfgrr)r/led gg%g' 20 mg beta-NAD, SSI Diagnostica, Hillerad, Denmar
microbroth dilution MIC with Sensititre (Trek Diagnostielates were simultaneously tested for inducible clindamy
Systems Ltd., East Grinstead, UK). Inoculation and i e. Non-sensitive streptococci were tested further
procedures were in accordance with the CLSI guideli respective E-tests (Biomérieux), either benzylpenicillin

e ; omycin or clindamycin on Muller-Hinton agar. The
Eil;gbcg;r?r;fcjah%t;?(rjaltgcr)yzsot?;wg_alrgsoIon65.t|tute, USA] aﬁgﬂgpoints used were as defined by the EUCAST. Both ful

and intermediary resistant isolates were defined as resiste

The quality control st&taphylococcus alELG 29213, . .. . L .
Escherichia @TCC 2592Pseudomonas aerughiasa E- €OJiK. pneumoniaevasive aeruginosavasie

aeciumncE. faecafisom humans. The DCM performed
f;gﬁ%@??;gggﬁgf:ﬁiﬁ%_29212 arﬁampylobactefeither disk (Oxoid, Basingstoke, UK) or tablet (Neo-Sensita

A/S Rosco) diffusion susceptibility testing on a number of

Isolates from animals and meat were tested at DTU {g‘e %%?ﬁ;kpp%ﬁr?épég?nbeeg glezu'gAl\IS?-CM except Rigshospit
Food Institute, and theSalmonellaCampylobacter an '

Staphylococcus auselates of human origin were tested at

SSI. MIC-testing at DTU National Food Institute is ac f?&?ﬁé’@ antimicrobial resistance from private hospitals an:
by DANAK (the national body for accreditation) clinics and from psychiatric hospitals were excluded. All
' submitting laboratories participate in national and interna

assurance collaborations such as the United Kingd

. . . alit
One isolate per bacterial species per farm, per meat% :
or per patient was tested for antimicrobial susceptibi i%y. o%l External Quality Assessment Schemes (NEQAS).

Salmonelisolates from poultry, one isolate per serotype per .

flock was tested. For isolates in excess numbers (e.g&i&l?@ga handling

from healthy animals), a random selection was appointed to

MIC. 9.6.1 Animal

Table 10.2 presents the interpretation of MIC-values Tiseddeults from the analysis of all animal samples - positi
any combination of bacteria and antimicrobial agenta$Sine# as negative findings - and of the bacteria isolated :
2007, data were interpreted by EUCAST epidemiolodilalsugeefitibility testing were stored in an Oracle Databas
values (ECOFFs) with a few exceptions described in Biltatedpzise Edition® at DTU National Food Institute. The
The corresponding clinical breakpoints validated by BUSAPTibility data were stored as continuous values as we
are presented both in Table 10.2 and in the MIC-distritéigporised as susceptible or resistant as defined by the r
tables to visualize the impact of the use of ECOFFs cB@OEBF. Each isolate was identified by the bacterial species
clinical breakpoints. In general, if ECOFFs were re-vasidatgpe as applicable and by the date of sampling and sp
and changed by EUCAST during the past year, all dabd pnésentédformation on the farm of origin was also recor
from previous years were interpreted using the changkéhandling and evaluation of results were carried out usir
ECOFFs. Data from susceptibility testisgagfhy/ococcuSAS ® Software, SAS Enterprise Guide 4.3.

aureusvere interpreted using EUCAST clinical breakpoints.

All MIC-distributions are presented in the web annexg_tezyﬁ/\meat

danmap.org. Each of the tables provides informatio %J € from the analysis of food samples were reported v
number of isolates, the applied interpretation of MICMEINES h 3 e administrated by the DVFA, except for the d:
and the estimated level of resistance and Conﬁdenc%mﬁvwﬁeﬂwhich were reported to and extracted from
Multi-resistance was defined as resistance to three QfOIE 0 atory database at the National Food Institute, DT
of the antimicrobial classes listed in Table 10.3. Isola &9 K bacterial isolate. information was available on fo
conside.red fully ;ensitive if susceptible to all the antw'ﬂé%%é?erial species déte and place of sampling, date ¢
agents included in the test. examination, country of slaughter, and an identification

] ] number, which makes it possible to obtain further informa
Invasivitreptococcus pneufmomidmimans. Screeniigut the isolate from the relevant authorities. Furthermol

for penicillin- and erythromycin-resSisgareumoniaes information about the country of origin was recorded wher
performed with 1 ug oxacillin discs and 15 pg erythrpgegaiie.
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9.6.3 Human E. coli K. pnheumonjdarvasivB. aerugingdavasive
SalmoneladcampylobacbBata ofalmoneltnd E. faeciuand invasi&efaecali&n out of eleven DCM
Campylobactefections are stored in the Danish Registrfpenmark provided data on resistance |&velslik.
of Enteric Pathogens (SQL database) maintained by g8edrmisniai@vasive P. aerugindsaasivé. faeciurand
register includes only one isolate per patient within anwéasdatn faecalisolates. Data were extracted from the
of six months and includes data on susceptibility tesfiigwing laboratory information systems:
gastrointestinal pathogens.

e ADBakt (Autonik AB, Skoldinge, Sweden) for the DCM a
Staphylococcus atiseilRSA, data on the characteristig$vidovre, Herlev and Aalborg Hospitals.
of the isolates and the clinical/epidemiological inforlmati@apm8(BCM Skejby Hospital, Aarhus, Denmark) for
obtained from the Danish MRSA register at SSI (mandatigr¢ DCM at Rigshospitalet and Slagelse/Region Zealanc

reportable). Patients were registered, regardless of wheth®srite, Esbjerg, Vejle, Herning/Viborg, and Aarhus
was colonisation or infection, the first time they were diggkegs¢fHospitals.

with MRSA or when a new subtype was demonstrated. Based

on the reported information, MRSA cases were Clas-ci"{f&%tance data on the first isolate per patient per year
as colonization/active screening (i.e. surveillance sgmRI&sc|uded. Generally, resistance data were excluded if

to detect nasal, throat, gut or skin colonization), impgiedptibility to a certain antimicrobial agent was tested ¢
infection (i.e. acquired outside Denmark), infection a&qytgg elected number of isolates.

[
in a Danish hospital, defined as diagnosed >48 hours after
hospitalisation with no sign of infection at admittan f ek

MRSA) or infection diagnosed outside hospitals cg_%—| ptatistical tests

onset) (Congpgunr}hgance tests of differences between proportions of

resistant isolates were calculated using SAS® Software, SA
ith . furth | Enterprise Guide 4.3 or StatCalc in Epilnfo™ v. 6. Differenc
MRSA cases with community onset were further clasg{iiedr. \vise comparisons were tested using Chi-square, or

according to risk factors during the previous 12 mon Exact Test when the number of samples is low (<2
either healthcare associated with community onset gppropriate, significance of temporal trends is teste

or community-acquired (CA). Healthcare associated [jsfq |inear logistic regression using Proc LOGISTC proced:
factors included prior hospitalizations or stay in Iongré% G@fRelihood ratio test)
facilities within 12 months prior to MRSA isolation and being '

a healthcare worker. Community risk factors includeg ROWR. . mented differences implv statistically sian
MRSA-positive household members or other close coh Q‘fs. xt, h <0 05' 'mply IStically sig
Due to the increasing numbers of cases belonging téj Agigces where p<u.Uo.

were treated separately as both epidemiology and exposition , .
are different from other CA cases. When comparing proportions between years, the EUCAST

epidemiological cut-off values for 2013 were also used for

Streptococcus pneunimiptococcus pydgeaep interpretation of previous years MICs.
A streptococci), group B, C and G streptococci. Data on
susceptibility testing of isolates were stored as MICs in a
Microsoft® Access database placed on a SQL server at SSI.
Analysis including selection of isolates from blood and spinal
fluid samples and removal of duplicate isolates was performed
in Microsoft® Access.

Jeppe Boel and Line Skjot-Rasmusse
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Table 9.1. Number of DANMAP samples, number of isolates and Mic-tests from healthy production animals at slaughter, D
DANMAP 2013

E. coli E. faecalis C. jejuni

Pigs? No. of samples analysed (1 per farm) 260 709 0

No. of isolates obtained 258 134 0

No. of isolates MIC-tested/reported 146 109 0
Cattle No. of samples analysed (1 per farm) 166 0 166

No. of isolates obtained 150 0 95

No. of isolates MIC-tested/reported 103 0 86
Broilers No. of samples analysed (no. of flocks) 165 165 165

No. of farms represented 150 134 61

No. of isolates MIC-tested/reported 125 114 54

Note: Data in this table should not be used for reporting of prevalences of the bacterial species
a) From 2011, the DANMAP samples from pigs were also part of the surveillanfa/progedenme for

Table 9.2. Interpretation criteriae for Mic-testing by EUcCAST epidemiological cut-off values (blue fields) and the correspor
EUCAST clinical breakpoints (white fields) DANMAP 2013

Antimicrobial agent Salmonella E. coli E. faecium E. faecalis C. jejuni C. coli
ECOFF bCIinicaI. COFF Clinical_ COFF Clinical_ COFF Clinical_ COFF Clinicall COFF Clinical_
pg/mi reakpomuglmlbreakpomug/mlbreakpom“g/mlbreakpomug/mlbreakpomug/mlbreakpomt

pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml

Ampicillin >8* >8* >8* >8* >4% >8* >4%* >8*

Apramycin >16 >16

Cefotaxime >0.5*% >2* >0.25*% >2*

Cefoxitin

Ceftiofur >2% >1*

Chloramphenicol >16* =>8* >16* >8* >32%* >32%* >16* >16*

Ciprofloxacin >0.06 * >1* >0.06* >1* >16 >@ >0.5% >0.5% >0.5% >0.5*%

Colistin >2%/ ¥ >2% >2% >k

Erythromycin >4% >4* >4* >4%* >8* >8*

Florfenicol >16* >16*

Gentamicin >2% > 4% >2% >4 >32% >32%* >2% >2%

Kanamycin >1,024 >1,024

Linezolid >4* >4* >4%* >4%*

Nalidixic acid >16* >16* >16* >16*

Neomycin >4* >8*

Penicillin >16* >16*

Qumup.rls.tln/ &) e

dalfopristin

Salinomycin >4 >4

Spectinomycin >64 >64*

Streptomycin >16* >16* >128* >512* >4* >4%*

Sulfonamide >256 >64*

Teicoplanin >2% > >2% >2%

Tetracycline >8* >8* >4%* >4* >1%* >2% >2% >2%

Tiamulin

Tigecycline >0.25* >0.5% >0.25*% >0.5%

Trimethoprim >2% >4* >2% >4*

Vancomycin >4* > 4% >4* >4%

* EUCAST epidemiological cut-off values (ECOFFs) and EUCAST clinical breakpoints. Changes in ECOFF values since DANM
highlighted by orange.

g%'(l)'ge EUCAST ECOFF (>1) was not applied for quinopristin/dalfopristin (tradename synercid) according to investigations |
b) The EUCAST ECOFF (>4) was not applied for ciprofloxacin. The aim was to look for high level ciprofloxacin-resistance as
al, 2010 (Int ] Antimicob Agents;35:119-125). DANMAP 2006.

c) The EUCAST ECOFF (>2) for colistin was appliggtiaonurium and other serotypes, escéptdatidis aAdublin where ECOFF
>8 was applied as recommended by Agersge et al, 2011 (DANMAP 2011, Textbox 6).
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Table 9. 3. Definitions of antimicrobial classes for calculation of multi-resistance (MR) in zoonotic and indicator bacteria,

DANMAP 2013

Antimicrobial
classes

Salmonelénd
E. coff Campylobacter

Enterococtus

Tetracyclines

Phenicoles
Penicillins

Cephalosporins

Sulfonamides
Trimethoprim
Aminoglycosides |

Aminoglycosides Il
Quinolones

Polymycins
Macrolides
Glycopeptids
lonophores
Oxazolidinones
Glycylcyclines

Tetracycline

Chloramphenicol and/or
florfenicol

Tetracycline

Chloramphenicol
Ampicillin

Ceftiofur and/or cefotaxime

Sulphonamides

Trimethoprim
Gentamicin Gentamicin

Streptomycin Streptomycin

Tetracycline
Chloramphenicol

Ampicillin and/or
penicillin

Gentamicin and/or
kanamycin and/or streptomycin

Ciprofloxacin and/or nalidixi€iprofloxacin and/or nalidixi€iprofloxacin and/or nalidixic

acid acid
Colistin
Erythromycin

acid

Erythromycin

Vancomycin and/or teicoplanin
Salinomycin

Linezolid

Tigercycline

Note: An isolate is considered fully sensitive if susceptible to all antimicrobial agents included in the panel for the selecte

a) An isolates is considered multi-resistant if resistant to three or more of the ten antimicrobial classes
b) An isolates is considered multi-resistant if resistant to three or more of the six antimicrobial classes

DANMAP 2013
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List of abbreviations

DADD Defined animal daily dose
DAPD Defined animal daily dose per 1,000 animals per day

AGP Antimicrobial growth promoter

ATC Anatomical Therapeutic Chemical Classification System

ATCvet Anatomical Therapeutic Chemical Classification System for veterinary medicines
cc Clonal complex

CHR Central Husbandry Register

Cl Confidence interval

CNS Central nervous system

CPR Danish Civil Registry, register for social security numbers

DAD Defined Daily Doses per 100 admissions

DBD Defined Daily Doses per 100 occupied bed-days

DCM Department of Clinical Microbiology

DDD Defined Daily Dose

DID Defined Daily Doses per 1,000 inhabitants per day (DDD/1000 inhabitant days)
DTU Technical University of Denmark

DVFA Danish Veterinary and Food Administration

EARS-Net The European Antimicrobial Resistance Surveillance Network

ECDC European Centre for Disease Prevention and Control

EFSA European Food Safety Authority

ESBL Extended spectrum beta-lactamase

Gl Gastrointestinal

GP General practitioner

HLGR High-level gentamicin resistance

MIC Minimum inhibitory concentration

MRSA Methicillin-resistant Staphylococcus aureus

N Number of samples

n Number of isolates tested for antimicrobial susceptibility
OIE World Organisation for Animal Health

RFCA Regional Veterinary and Food Control Authorities
SSI Statens Serum Institut

VetStat Danish Register of Veterinary Medicines

VRE Vancomycin resistant enterococci

WHO World Health Organization
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Glossary

Anatomical Therapeutic Chemical (ATC) classificatiesummaries of Product Characteristics (SPC). In cont
International classification system for drug consumptéothe ADD previously used in DANMAP, the DADD not has
studies. The ATC code identifies the therapeutic ingrbd@mntiefined for each antimicrobial agent, administration
of each drug for human use according to the organ gosystend @amimal species but at product level. In DANMAP
which it acts and its chemical, pharmacological and 28drapheioADD replaces the ADD (as defined in VetStat),
properties. Antibacterials for systemic use are knownwbscATi@as been used since DANMAP 2003. For more detail
group JO1. The ATC classification is maintained by thee®&/ldDapter 9, Materials and Methods. The DADDs used ir
Collaborating Centre for Drug Statistics and Methodd®édMAP 2013 are presented the web annex.
(Oslo, Norway) (www.whocc.no/atcddd/indexdatabase/).
The ATC classification for veterinary medicinal produ@®&PD per 1,000 animals per day (DAPD). Trends in
ATCvet, is based on the same main principles as thevt@rinary consumption, both within and across species, s
classification system for medicines for human use anmddseriéed in DAPD, allowing for comparison between sect
maintained by the WHO Collaborating Centre for Druand adjusting for changes in live biomass. The estimated |
Statistics and Methodology (www.whocc.no/atcvet/dbtatesss/is expressed as the number of standard animals
an estimated average weight and lifetime. This may also |
Antibacterial agents. Synthetic (chemotherapeutitefesrathta@s the ‘standard-animals-at-risk’ and takes intc
(antibiotics) substances that destroy bacteria or suppeessint species differences in body-mass and lifespan. DA
bacterial growth or reproduction [Source: Dorland’s Ifusistatiéstical measure, providing an estimate of the prop:
Medical Dictionary]. Antimycobacterial agents are nef animals (in thousands) treated daily with a particular
included. In the section of human consumption, ‘anti#dteidedbial agent. For example, 10 DAPDs indicate that
agents’ are referred to as ‘antimicrobial agents’ (seedstiloaled 1% of the population, on average, receives a ce
treatment on a given day (Section 4.3 and Chapter 9, Mat
Antimicrobial agents. The term ‘antimicrobial ageats! Maibads).
antibacterial, antiviral, coccidiostatic and antimycotic agents.
In the section on veterinary consumption, the broad Befined Daily Dose (DDD). This is the assumed averag
‘antimicrobial agents’ is usually used because cocciditstdignance dose per day for a drug used for its main inc
are included. Antiviral substances are not used in veteddaitts. It should be emphasised that the Defined Daily I
medicine, and antimycotics are only registered for tapi@alnit of measurement and does not necessarily reflect
veterinary use and used mainly in companion animatecommended or prescribed daily dose. DDDs provide a fi.
Antimycobacterial agents are not included. The ternunit of measurement independent of price and formulatiol
'antibacterial agents’ is only used in the veterinary saasioing the assessment of trends in drug consumption al
for precision, to distinguish from use of coccidiostatspasffaend comparisons between population groups. The DD
additives (poultry only). In the section of human consterggfored and revised yearly by the WHO Collaborating
the term ‘antimicrobial agents’ refers to all antibactdritagéntPdrug Statistics and Methodology (www.whocc.n
for systemic use (JO1 in the ATC system). atcddd/indexdatabase).

Broiler. A type of chicken raised specifically for mead®DD per 1,000 inhabitants per day (DID). Consumpti
production. In Denmark, the average weight after slandpotdr psimary healthcare, hospital care and the overall t
1.97 kg. consumption is presented in DID, allowing for comparison
between sectors and for illustration of the consumption in
Central Husbandry Register (CHR). This is a regibtspitfadtare without taking account of hospital activity
Danish farms defined as geographical sites housing fdisdhetigas). Data presented in DID provide a rough estim
animals. It contains information concerning ownershiy,tfegmroportion of the population within a defined area t
size, animal species, age groups, number of animalsdaiky with certain drugs. For example, 10 DIDs indicates tt
production type. Each farm has a unique farm identify?naftberpopulation on average gets a certain treatment
(CHR-number). In figure presented as DDD/1,000 inhabitant-days.

Defined animal daily dose (DADD). DADD is the &&Bbgt the DANMAP report, ESBL describes the clinically

maintenance dose per day for a drug used for its mampodisatiacquired beta-lactamases with activity against

in the appropriate animal species. DADD has been spaté#fictdly-spectrum cephalosporins; including the classica

defined for use in DANMAP and does not always compésiely ESBLs (CTX-M, SHV, TEM), the plasmid-mediated

match the “prescribed daily dose” or the recommendéetipdosndeOXA-ESBLs [Giske et al. 2009. J. Antimicrob.
Chemother. 63: 1-4].
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Finishers. Pigs from 30-100 kg live weight from after the
weaner stage to time of slaughter.

Fully sensitive. An isolate will be referred to as fully sensitive if
susceptible to all antimicrobial agents included in the test panel
for the specific bacteria.

Intramammaria. Antimicrobial agents for local application in
the mammary gland (udder) to treat mastitis.

Layer. A hen raised to produce eggs for consumption.

Minimum inhibitory concentration (MIC). This is the
lowest concentration of antimicrobial agent in a given culture
medium, e.g. broth or agar, below which growth of the bacteria
is not inhibited.

Multi-resistask/monella, Campylobacter, Entanfacoccus

colisolate is assumed multi-resistant if it is resistant to three or
more of the antimicrobial classes. The number of antimicrobial
classes and antimicrobial agent included therein depend on the test
panel for each bacterium (See Table 9.3, Materials and Methods).

Pet animals. Dogs, cats, birds, mice, guinea pigs and more exotic
species kept at home for pleasure, rather than one kept for work or
food. Horses are not included as pet animals. The live biomasses
of Danish pets used for estimating veterinary consumption only
include dogs and cat.

Piglet. The newborn pig is called a piglet from birth unjtill they
are permanently separated from the sow at 3-4 weeks of age. The
weight of the piglet at weaning is approximately 7 kg.

Poultry. The major production species are fowl - Gallus gallus
(broilers, layers, including breeding and rearing) and turkey.
Regarding antimicrobial consumption, ‘poultry” also includes
domesticated ducks, geese, game birds and pigeons.

Sow. Any breeding female pig on the farm.

Weaner. Any pig of 7-30 kg live weight after it has been weaned.
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