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INTRODUCTION

I. INTRODUCTION

Antimicrobial resistance is an emerging problem
worldwide. It reduces the effectiveness of antimicrobial
treatment of infectious diseases in humans and animals
thereby leading to increased morbidity and mortality, as
well as higher costs. It is well established that there is a
strong association between the usage of antimicrobial
agents and the occurrence of resistance. The selective
pressure exerted following use of antimicrobial agents is a
key issue in the epidemiology of resistance. Moreover,
resistance can be disseminated through the spread of
resistant pathogenic bacteria themselves or by horizontal
transfer of resistance genes from one type of bacteria to
another. Such transfer is not limited to closely related
bacteria; it can also take place between bacteria of
different evolutionary origins and/or ecological sources.
Thus, antimicrobial drug usage and resistance in one
ecological compartment can have consequences for the
occurrence of resistance in another compartment. When
addressing antimicrobial resistance — the occurrences,
causes, consequences and preventive measures — a holistic
approach is needed, encompassing both data on usage and
resistance in human and veterinary medicine, as well as
microbes in food production.

Several countries have implemented monitoring
programmes for antimicrobial resistance and usage of
antimicrobial agents in recent years. Some programmes
focus primarily on human usage and resistance in human
pathogens, whereas others also include data concerning
veterinary medicine and food production. The EU
supported this broad approach in 1998 through the
Copenhagen recommendations and at later follow-up
conferences. The World Health Organization (WHO), the
Food and Agriculture Organization (FAO), and the World
Animal Health Organization (OIE) have through several
expert consultations emphasised the importance of
monitoring antimicrobial drug usage and resistance in both
human and veterinary medicine and published several
reports and recommendations in this regard.

In response to the growing concern about antimicrobial
resistance, the Norwegian Ministry of Health and Social
Affairs issued a national action plan against antimicrobial
resistance in March 2000. Again, the importance of
monitoring both the human and veterinary sectors,
including food production, was emphasized. The action
plan recognized the need for ongoing surveillance as a
fundamental component of the strategy for containment of
antimicrobial resistance. The NORM and NORM-VET

programmes were consequently established in order to
provide and present microbiologically and
epidemiologically valid data on the occurrence and
distribution of antimicrobial resistance over time. The
national action plan formally expired by the end of 2004.
However, a conference organized in September 2004 by
the Norwegian Institute of Public Health and supported by
the Norwegian government issued a report, which forms
the basis for containment of antimicrobial resistance in the
years to come. The need for continued surveillance of both
resistance and drug usage was emphasized. An integrated
national strategy for prevention of infections in the health
service and antibiotic resistance (2008 — 2012) was issued
in the summer of 2008.

The NORM surveillance programme for antimicrobial
resistance in human pathogens was established in 1999
and is coordinated by the Department of Microbiology and
Infection Control at the University Hospital of North
Norway in Tromsg. The NORM-VET monitoring
programme for antimicrobial resistance in the veterinary
and food production sectors was established in 2000 and is
coordinated by the Norwegian Zoonosis Centre at the
National Veterinary Institute. The usage of antimicrobial
agents in humans and animals is based on wholesalers’
data reported to the Norwegian Institute of Public Health.
This reporting was made mandatory from January 1 2002.
Data on the usage of feed additives, i.e. coccidiostatic
growth promoters, are collated at the Norwegian Food
Safety Authority.

This report, which is the ninth annual joint report from
NORM and NORM-VET, presents data for 2008. In
addition to resistance data, the NORM/NORM-VET
reports present data on the usage of antimicrobial agents in
humans and animals in Norway. The present report,
together with earlier reports and reports from the years to
come, form a basis for the detection, interpretation and
evaluation of trends regarding usage of antimicrobial
agents and occurrence of resistance in Norway. The
NORM and NORM-VET programmes are valuable tools
for setting policies, assessing risks and evaluating
interventions.

The editors would like to thank the Reference Center for
Detection of Antimicrobial Resistance in Tromsg for
fruitful cooperation and all those who contributed to data
collection and the writing of this report, for excellent
work.

Tromsg / Oslo, September 2009
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II. SAMMENDRAG

Dette er den niende felles rapporten fra Norsk
overvakingssystem for antibiotikaresistens hos mikrober
(NORM) og  Norsk  overvakingsprogram  for
antibiotikaresistens 1 mikrober fra for, dyr og
naringsmidler (NORM-VET). Rapporten presenterer data
over forekomst av antibiotikaresistens og forbruk av
antibiotika til mennesker og dyr i 2008. Data fra relevante
prosjekter som ikke er med i de Kkontinuerlige
overvakingsprogrammene, presenteres 0gsa.

Bade NORM og NORM-VET programmene er deler av
Regjeringens tiltaksplan mot antibiotikaresistens som ble
offentliggjort i 2000. NORM koordineres av Avdeling for
mikrobiologi og smittevern, Universitetssykehuset Nord-
Norge 1 Tromsg. NORM-VET koordineres av
Zoonosesenteret ved  Veterin@rinstituttet 1 Oslo.
Programmene har et godt samarbeid og utgir en felles
arsrapport.

Forbruk av antibiotika til dyr

Forbruket av antibiotika i norsk husdyrproduksjon og
akvakultur er lavt. Totalsalget av veterinzre antibiotika til
terapeutisk bruk pa landdyr i 2008 var 6219 kg. Fra 1995
til 2001 ble salget av veterinere antibiotika til landdyr
redusert med ca 40 %. Etter dette har forbruket holdt seg
relativt konstant. Forskrivningsmgnsteret har utviklet seg i
gunstig retning siden 1995; det vil si at andelen
penicillinbruk har gkt. Rene penicillinpreparater utgjorde
46 % av salget av veterin@re antibiotika til landdyr i 2008,
og av dette var 86 % beta-laktamase fglsomme
penicilliner. Forbruket av tetracykliner utgjorde kun 4 %.
Nedgangen 1 antibiotikaforbruket og endringene i
forskrivningsmgnsteret skyldes fgrst og fremst at
husdyrn@ringen i andre halvdel av  1990-tallet
gjennomfgrte systematiske kampanjer for & redusere
forbruket av antibiotika til dyr og for riktig bruk av
antibiotika.

Totalsalget av veterinere antibiotika til terapeutisk bruk
hos oppdrettsfisk i Norge var i 2008 pa 941 kg aktiv
substans, hvorav 72 % var kinoloner. Forbruket av
antibiotika i oppdrettsneringen er redusert med 98 %
siden 1987. Denne betydelige reduksjonen kan tilskrives
innfgringen av effektive vaksiner til laks og g@rret samt
andre infeksjonsforebyggende tiltak, herunder bedrede
miljgforhold. Av all antibiotika rekvirert til oppdrettsfisk i
2008 ble 65 % brukt til torsk, 23 % til laks, 8 % til grret og
de resterende 4 % hovedsakelig til kveite og piggvar.
Avoparcin ble brukt som antibakteriell vekstfremmer i
norsk broiler- og kalkunproduksjon fra 1986 inntil det ble
forbudt i 1995. Samme é&r innfgrte husdyrneringene et
selvpalagt forbud mot bruk av alle antibakterielle
vekstfremmere. Koksidiostatika som fortilsetningsstoff
brukes fremdeles i norsk fjgrfeproduksjon. Salgstallene, i
kg aktiv substans, er nesten fordoblet siden forbudet mot
bruk av antibakterielle vekstfremmere, noe som kan
forklares ved gkt  produksjon av  broilere.
Forbruksmgnstret for koksidiostatika er endret fra
monensin til narasin etter 1996. Narasin har de senere
arene utgjort hovedparten av forbruket av ionofore
koksidiostatika.

Forbruk av antibiotika hos mennesker
Totalsalget av antibiotika til systemisk bruk hos
mennesker var i 2008 19,8 DDD/1000 innbyggere/dag.
Det samlede forbruket har vart forholdsvis stabilt
gjennom mange ar, men det har skjedd en gradvis
forskyvning mellom de ulike undergruppene. Fra 2004 har
totalforbruket av antibiotika gkt. Salget av penicilliner og
kinoloner gker, mens salg av sulfonamider og trimetoprim
synker. Det urinveisantiseptiske middelet metenamin gker
ogsa. I 2008 utgjorde metenamin 15 % av totalt salg.
12008 var 43 % av det totale antibiotikaforbruket i Norge
penicilliner, mélt i DDD. I 2008 sa vi en gkning for
bredspektrede og penicillinase stabile penicilliner, de gkte
med henholdsvis 5 og 6 %. Tetracykliner utgjorde 16 % av
totalforbruket i 2008. Forbruket av makrolider og
linkosamider sank med 7 % i 2008 og utgjorde 11 % av
totalt salg. Salget av cefalosporiner, monobaktamer og
karbapenemer utgjgr bare 3 % av totalsalget. Over ar har
det vart en markant gkning i forbruket av fluorokinoloner.
Denne gruppen utgjorde kun 4 % av totalforbruket i 2008,
men salget er doblet siden 2000.

Bruken av antibakterielle midler varierer avhengig av
kjgnn, aldersgrupper og bosted. Salget til sykehus og
allmennpraksis utgjorde i 2008 henholdsvis 9 og 91 % av
totalsalget. Penicilliner sto for 43 % av antibiotikasalget
malt i DDD til sykehus og 44 % i allmennpraksis. De
viktigste andre gruppene pa sykehus var cefalosporiner
(20 %) og kinoloner (7 %), mens det i allmennpraksis var
tetracykliner (18 %) og makrolider (12 %).

Resistens hos kliniske isolater fra dyr

De kliniske isolatene inkludert i 2008 var fra diagnostiske
prgver av beta-haemolysin-produserende stafylokokker fra
hud- eller greinfeksjoner hos hund. De fleste av disse
stafylokokkene ble identifisert som Staphylococcus
pseudintermedius. Forekomsten av resistens hos beta-
haemolysin-produserende stafylokokker var hgy, der kun
13,5 % av isolatene var fglsomme for alle testede
antibiotika. Andelen multiresistente isolater (resistent mot
to eller flere antibiotika) var 67 % av de undersgkte
isolatene, og resistens mot penicillin og fusidin ble
hyppigst identifisert.

Resistens hos indikatorbakterier fra dyr og

mat

Forekomsten av ervervet antibiotikaresistens blant
bakterier som utgjgr den normale tarmfloraen, kan tjene
som en indikator pa selektivt antibiotikapress i ulike
populasjoner. I NORM-VET benyttes Escherichia coli og
Enterococcus spp. som indikatorbakterier. I 2008 ble
avfgringsprgver fra svin undersgkt for E. coli og
Enterococcus spp., mens avfgringsprgver fra hund ble kun
undersgkt for E. coli.

Forekomsten av antibiotikaresistens i E. coli i Norge er lav
hos hund og lav til moderat hos gris. Andelen av E. coli
fra hundeavfgring som var fglsom for alle testede
antibiotika var 83,1 %, mens i tilsvarende prgver fra gris
var 77,5 % av isolatene fglsomme. Den hyppigst
foreckommende resistensen hos E. coli fra hund var
ampicillinresistens, mens streptomycinresistens  var
vanligst i E. coli fra gris. Videre ble en hgyere andel av
E. coli isolatene fra hund funnet & vere resistent mot tre
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eller flere antibiotika sammenliknet med isolater fra gris,
men denne forskjellen er ikke statistisk signifikant. Ett av
disse multiresistente E. coli isolatene fra hund hadde
produksjon av bredspektret beta-laktamase (ESBL
produksjon). Forekomst av bakterier med ESBL
produksjon hos dyr er svert betenkelig.

Avfgringsprgver fra gris viste tilstedevarelse av
Enterococcus spp. 1 45 % av prgvene, og disse ble
hovedsakelig identifisert som Enterococcus faecium.
Andelen av antibiotikaresistens i Enterococcus spp. var i
2008, som i tidligere ar, moderat. Nesten halvparten av
enterokokkene hadde nedsatt fglsomhet for ett eller flere
av  antibiotikaene som det ble testet for.
Tetracyklinresistens, tett fulgt av erytromycinresistens, var
de wvanligste formene for antibiotikaresistens hos
Enterococcus spp. fra avfgringsprgver fra gris.

Resistens hos zoonosebakterier og andre

enteropatogene bakterier

I 2008 ble det gjort resistensbestemmelse av 15
Salmonella spp. isolater fra norske dyr. Tolv av isolatene
var S. Typhimurium og syv av disse ble isolert fra hund, to
fra storfe, to fra katt og ett isolat fra hest. De resterende tre
Salmonella isolatene var S. London, S. Goldcoast og S.
Hyvittingfoss. Antibiotikaresistens hos Salmonella fra
norske dyr er hovedsaklig, med ett unntak i 2008, knyttet
til isolering av multiresistent S. Typhimurium DT104, noe
som ble gjort i tre tilfeller. Ett tilfelle var fra en
oppfelgingsprgve av storfe, mens de to resterende, samt
ett ikke typbart isolat med kinolonresistens, ble isolert fra
hund i 2008. Dette tyder pa lav forekomst av resistens i
tilfeldige funn av Salmonella i norske dyr.

Av de humane salmonellosetilfellene som ble rapportert i
2008, var 83,4 % oppgitt & ha blitt smittet i utlandet.
Andelen S. Typhimurium isolater som var fglsomme for
alle antibiotika, var hgyere for kategorien ‘“‘smittet i
Norge” (55,8 %) enn for kategorien “smittet i utlandet”
(32,6 %). Multiresistens ble hyppigere pavist hos de
utenlandssmittede (53 %) enn hos de innenlandssmittede
(36 %). Resultatene for S. Typhimurium 2001-2008
indikerer en gkende forekomst av resistens mot
tetracykliner ~ og  ampicillin. Forekomsten  av
antibiotikaresistens var betydelig lavere hos S. Enteritidis
enn hos S. Typhimurium med unntak av nalidiksinsyre. Til
sammen 28,6 % av S. Enteritidis isolatene var resistente
mot nalidiksinsyre. Sammenliknet med resultatene fra
2007, ble det pavist en signifikant reduksjon i andelen av
ciprofloxacinresistente S. Enteritidis.

Resultatene fra 2008 viser at forekomsten av resistens hos
Campylobacter jejuni fra norske broilere fremdeles er lav
og stabil. Hele 92,2 % av isolatene var fglsomme for alle
undersgkte antibiotika. I likhet med C. jejuni isolater fra
pasienter smittet i Norge ble det ikke pavist erytromycin-
eller gentamicinresistente isolater fra norske broilere.
Andelen kinolon- og tetracyklinresistente isolater var noe
hgyere i gruppen pasienter smittet i Norge enn hos norske
broilere. Begge disse gruppene hadde betydelig lavere
forekomst av antibiotikaresistens enn C. jejuni fra
pasienter smittet i utlandet, hvor kun 27,0 % var fglsomme
for alle undersgkte antibiotika. Andelen multiresistente C.
Jjejuni isolater fra pasienter smittet i utlandet er betydelig
hgyere enn hva som rapporteres fra “norske” isolater.
Over halvparten av C. jejuni isolatene var ervervet i
utlandet, og av disse var 47,6 % resistente mot tre eller
flere antibiotika.

Smitte med Yersinia enterocolitica skjer hovedsakelig
innenfor Norges grenser, og den vanligste serogruppen er
0:3. Resistens mot nalidiksinsyre og trimetoprim-
sulfamethoxazole er hyppigst identifisert. I 2008 ble alle
tilfeller av Shigella-infeksjoner knyttet til smittekilder i
utlandet. Antibiotikaresistens var utbredt hos Shigella
isolater i likhet med hva som rapporteres fra andre land.

Resistens hos kliniske isolater fra mennesker
Forekomsten av antibiotikaresistente kliniske bakterie-
isolater fra mennesker var, som i de foregdende ar, meget
lav i 2008. Det ble pavist seks tilfeller av meticillin-
resistente  Staphylococcus aureus (MRSA) blant 871
blodkulturisolater (0,7 %) som ble inkludert i NORM-
protokollen. Dette er i samsvar med at 10 av 1359 (0,7 %)
S. aureus blodkulturisolater i laboratorienes datasystemer
ble rapportert som MRSA. I 2008 var 10 av 1365 (0,7 %)
S. aureus fra blodkultur og spinalveeske MRSA. Andelen
har gkt noe fra 2007 da det ble pavist 0,4 % MRSA.
Meldesystemet  for  infeksjonssykdommer  (MSIS)
registrerte 348 tilfeller av MRS A-infeksjon i 2008 hvilket
er uendret fra 2007 da det ble registrert 342 tilfeller. Hele
88 % av disse tilfellene var pasienter med sarinfeksjoner
og abscesser. MRSA utgjgr fortsatt en svert liten andel av
S. aureus isolater fra sarprgver (7/1061, 0,7 %). MSIS
registrerte videre 304 tilfeller av. MRSA-kolonisering i
2008. Det totale antallet MRSA-meldinger gkte fra 594
meldinger i 2007 til 652 1 2008 (+ 9,8 %). Resultatene fra
overvakingen antyder en utflating i det totale antallet
MRSA-infeksjoner i Norge, men at antallet koloniserte og
andelen av alvorlige infeksjoner forarsaket ave MRSA
fortsatt gker. Blant S. aureus isolater fra sarprgver
fortsatte nedgangen i andelen med fucidinresistens fra
14,5 % 12006 og 11,1 % 12007, til 10,3 % i 2008.
Blodkulturisolater av E. coli og Klebsiella spp. var som
tidligere stort sett falsomme for bredspektrede antibiotika.
Forekomsten av resistens og nedsatt fglsomhet for
gentamicin hos E. coli var 2,9 %. Dette er en svak
reduksjon fra 3,9 % i 2007 og pa samme niva som 2,3 % i
2006. Det er observert en gkning av resistens og nedsatt
fglsomhet for ciprofloxacin fra 3,3 % i 2004, 5,0 % i 2005,
5,7 % 12006 og 7,1 % i 2007, til 8,1 % i 2008. Tallene er
justert i henhold til nye brytningspunkter. Det er en klar
samvariasjon mellom forbruket av fluorokinoloner og
nedsatt fglsomhet for denne antibiotikagruppen. Klebsiella
spp- hadde lavere forekomst av resistens mot
aminoglykosider og fluorokinoloner enn E. coli.
Produksjon av bredspektrede beta-laktamaser (ESBL) er
blitt et utbredt problem i mange land, og enkelttilfeller er
ogsa blitt rapportert fra Norge. Til sammen 19/1279 E.
coli (1,5 %) og 10/505 (2,0 %) av Klebsiella spp. fra
blodkulturer ble rapportert som ESBL positive. For E. coli
var forekomsten av ESBL litt hgyere enn i 2007 (1,2 %).
Forekomsten av ESBL blant Klebsiella spp. gkte fra 1,0 %
12007 til 2,0 % 1 2008, men flere av isolatene kunne ikke
verifiseres ved molekyl@re analyser. Det er derfor ingen
sikker gkning av ESBL-forekomsten blant Klebsiella spp.
Andelen av ESBL positive isolater var fortsatt hgyere
blant E. coli fra blodkulturer (1,5 %) enn fra urinprgver
(0,7 %). Enterobacter cloacae i blodkulturer fra 2006-
2008 viste som ventet en hgy forekomst av derepressert
AmpC beta-laktamaseproduksjon, men isolatene var
forgvrig felsomme for de fleste bredspektrede antibiotika.
Det ble ikke pavist klinisk signifikant vankomycin-
resistens i enterokokker i 2008. Forekomsten av nedsatt
felsomhet for ampicillin i Enterococcus faecium ligger
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fortsatt rundt 80 %, og hgygradig gentamicinresistens ble
pavisti 33,4 % av E. faecalis og 53,6 % av E. faecium. De
aller fleste (56 av 59) E. faecium-isolater med hgygradig
gentamicinresistens hadde samtidig nedsatt fglsomhet for
ampicillin. Alle enterokokkisolatene var fglsomme for
linezolid.

Streptococcus pneumoniae fra blodkulturer var generelt
fglsom for alle relevante antibiotika. Femten av 507
isolater (3,0 %) hadde nedsatt fglsomhet for penicillin G,
og syv av disse hadde ogsd redusert fglsomhet for
cefalosporiner. Andelen av isolater med nedsatt fglsomhet
for penicillin G er pa samnme niva som i 2007 (3,3 %).
Forekomsten av makrolidresistens blant pneumokokker i
blodkultur ble for fgrste gang siden registreringen startet
redusert fra 12,4 % i 2006 til 9,9 % i 2007. Nedgangen
fortsatte til 8,5 % i 2008 og ma sees i sammenheng med
innfgringen av den konjugerte pneumokokkvaksinen i
barnevaksinasjonsprogrammet i juli 2006.

Moraxella catarrhalis fra luftveisprgver viste svakt
gkende forekomst av beta-laktamaseproduksjon fra 90,3 %
12003 til 92,0 % 1 2008. Andelen av isolater med resistens
mot erytromycin sank fra 8,3 % til 5,1 % i samme periode.
Resistensforholdene for Streptococcus pyogenes (beta-
hemolytiske streptokokker gruppe A) fra sar og
luftveisprgver har stort sett vart uendrede i perioden
2002-2008.

I alt 324 tilfeller av tuberkulose ble meldt til MSIS i 2008.
Det ble utfert resistensbestemmelse av =~ 225
Mycobacterium tuberculosis isolater fra pasienter som
ikke hadde blitt behandlet for tuberkulose tidligere. Fire
isolater fra pasienter smittet i henholdsvis Afrika (n=2),
Asia (n=1) og Europa utenfor Norge (n=1) ble klassifisert
som multiresistente. Det ble ogsa gjort
resistensbestemmelse av 27 isolater fra pasienter som
tidligere var blitt behandlet for tuberkulose.

Det ble  utfgrt resistensbestemmelse av 199
blodkulturisolater av Candida albicans (n=140), C.
glabrata (n=37) og C. tropicals (n=22). Alle C. albicans

isolater var fglsomme for amphotericin B, voriconazol,
caspofungin og anidulafungin, men et enkelt isolat var
resistent mot fluconazol. Det ble pavist gkende forekomst
av resistens mot fluconazol og voriconazol blant C.
glabrata og C. tropicalis. Resultatene er i samsvar med
tidligere studier fra Norge.

Overvaking av resistens mot antivirale midler omfattet i
2008 bade influensavirus og HIV. For influensa A(H3N2)
ble det i sesongen 2008/2009 pavist hgy forekomst av
resistens mot M2 blokkere, men full f@lsomhet for
neuraminidasehemmere (for eks. oseltamivir). Det er
likeledes ikke blitt pavist resistens mot neuraminidase-
hemmere hos den nye varianten av influensa A(HIN1)
som er tilkommet i 2009 (tidligere kalt svineinfluensa).
Blant pasienter med nydiagnostisert HIV-infeksjon var det
i perioden 2006-2008 8,4 % som hadde virus med noen
grad av resistens mot antiretrovirale medikamenter. 2,7 %
av isolatene ble angitt 4 ha hgygradig eller intermedizer
resistens.

Konklusjon

Antibiotikaresistens er fortsatt et begrenset problem i
Norge bade nér det gjelder mennesker og dyr. Det lave
forbruket av antibiotika og det fordelaktige forbruks-
mgnsteret ma opprettholdes for a bevare den gunstige
situasjonen. Resultatene som presenteres 1 denne
rapporten, viser at norske strategier nar det gjelder
antibiotikabruk og antibiotikaresistens hittil har vert
vellykkede bade i husdyrholdet og i helsevesenet. Faren
for gkende resistensproblemer er imidlertid til stede i form
av gkt antibiotikaforbruk i Norge og import av resistens
fra andre land. Det er derfor ngdvendig med fortsatt aktiv
innsats for a sikre at vi ogsd i fremtiden kan gi
tilfredsstillende antibiotikabehandling til dem som trenger
det. NORM/NORM-VET-rapporten er et viktig bidrag til
arbeidet med a forebygge utvikling og spredning av
antibiotikaresistens.
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III. SUMMARY

This is the ninth joint report from the NORM surveillance
programme for antimicrobial resistance in human
pathogens and the NORM-VET monitoring programme
for antimicrobial resistance in the veterinary and food
production sectors. The report presents data on the
occurrence of antimicrobial resistance and the usage of
antimicrobial agents in humans and animals for the year
2008. The NORM and NORM-VET programmes are part
of the Norwegian Government’s Action Plan against
Antimicrobial Resistance issued in 2000. NORM is
coordinated by the Department of Microbiology and
Infection Control, University Hospital of North Norway,
Tromsg. NORM-VET is coordinated by the Norwegian
Zoonosis Centre, National Veterinary Institute, Oslo.
Successful collaboration has been established between
NORM and NORM-VET and a joint report is issued
annually.

Usage of antimicrobial agents in animals

The wusage of antimicrobials in Norwegian animal
production and aquaculture is low. In 2008, the total sales
of antimicrobial drugs approved for therapeutic use in
animals in Norway were 6,219 kg (fish not included). The
annual usage of veterinary antimicrobial drugs decreased
gradually by approximately 40% from 1995 to 2001, and
has thereafter remained relatively stable. The patterns of
use have gradually become more favourable as the
proportion of penicillin-use has increased. The proportion
accounted for by pure penicillin preparations rose from
24% in 1995 to 46% in 2008. Altogether, 86% of the
veterinary penicillin preparations sold in 2008 were beta-
lactamase sensitive penicillins. The sales of sulfonamides
decreased from 14% in 1995 to 0.2% in 2008. The
proportion accounted for by tetracyclines varied between
3-5% in the period 1995-2008. The reduced antimicrobial
drug use as well as the favourable prescribing patterns is
mainly explained by a successful campaign on prudent use
of antimicrobials conducted by the Norwegian husbandry
organizations during the second part of the 1990s.

In 2008, the total sale of antimicrobial drugs for
therapeutic use in farmed fish was 941 kg of active
substance. Quinolones accounted for 72% of this amount.
The usage of antimicrobials in Norwegian aquaculture
declined by approximately 98% from 1987 to 1996 and
has thereafter remained relatively constant. This reduction
is mainly attributed to the introduction of effective
vaccines in salmonids as well as to improved health
management. In 2008, 65% of the prescribed amounts of
antimicrobial agents used in aquaculture were for Atlantic
cod, 23% for Atlantic salmon, 8% for Rainbow trout and 4
% were almost exclusively for halibut and turbot.

In 2008, the total sales of coccidiostatic feed additives, in
kilograms of active substance, was twice the amounts used
prior to the ban of antimicrobial growth promoters in
1995. This is explained by increased production of
broilers. While monensin was the most frequently used
ionophore in poultry in 1995, the usage of coccidiostats
has since then been dominated by narasin.

Usage of antimicrobial agents in humans
In 2008, the overall sales of antibacterials for systemic use
in humans represented 19.8 DDD/1,000 inhabitants/day.

Total sales of antibacterials have remained relatively
unchanged for many years although, within subgroups of
antibacterials, usage trends have changed. Since 2004 an
increase has been observed. Sales of penicillins and
quinolones are increasing, while the subgroup of
sulphonamides and trimethoprim is decreasing. The use in
DDDs of methenamine, a urinary antiseptic agent, is huge
and the use now represents 15% of total DDDs of
antibacterials.

In 2008, 43% of the total antimicrobial sales were
penicillins. Within this group, the subgroup of beta-
lactamase sensitive penicillins is the most commonly used.
In 2008, the subgroups of penicillins with extended
specter and beta-lactamase resistant penicillins increased
by 5% and 6%, respectively. Tetracyclines represented
16% of total use in 2008. The use of macrolides and
lincosamides decreased by 7% in 2008 and represented
11% of total use. The sales of cephalosporins,
monobactams and carbapenems represented 3% of the
total sales of antibacterials. There has been a marked
increase in quinolone use. Quinolones represented only
4% of total antibacterial sales in 2008, but since 2000 the
sales have doubled.

The use of antibacterials varies according to age, gender
and area of residence. Antibacterial sales to hospitals and
ambulatory care represented 9% and 91% of the total
human sales in 2008, respectively. Penicillins accounted
for around 43% of the sales to hospital and for 44% in
ambulatory care. The most important other groups in
hospitals were the cephalosporins (20%), followed by
quinolones (7%), and in ambulatory care the tetracyclines
(18%) and the macrolides and lincosamides (12%) were
the most important other groups.

Resistance in animal clinical isolates

The clinical isolates included in 2008 were from
diagnostic ~ samples of  beta-haemolysin-producing
Staphylococcus spp. from skin or ear infections in dogs
and consisted primarily of Staphylococcus
pseudintermedius. The prevalence of antimicrobial
resistance in beta-haemolysin-producing staphylococci
was high, and only 13.5% of the isolates were susceptible
to all antimicrobial agents included. The proportion of
multiresistant isolates, i.e. resistant to two or more
antimicrobials, was 67%, and resistance to penicillin and
fusidic acid were most commonly identified.

Resistance in indicator bacteria from animals
and food

The prevalence of antimicrobial resistance among certain
bacteria of the normal enteric microflora can serve as an
indicator of the selective antimicrobial pressure in the
various populations. In NORM-VET, Escherichia coli and
Enterococcus spp. are commonly included as indicator
bacteria. In 2008, faecal samples from swine were
examined for E. coli and Enterococcus spp, whereas
faecal samples from dogs were examined for E. coli.

The occurrence of resistance in E. coli was low from dogs
and moderate to low from swine. In total, 83.1% and
77.5% of the E. coli isolates from dogs and swine,
respectively, were susceptible to all antimicrobial agents
included. A higher percentage of the E. coli isolates from
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dogs were found to be resistant to three or more
antimicrobial agents, although, the difference is not
statistically significant. One isolate from a dog was
identified as an extended-spectrum beta-lactamase (ESBL)
producer. Occurrence of ESBL producing bacteria in
Norwegian animals should be regarded with concern.
Examination of faecal samples from swine with regard to
Enterococcus spp. demonstrated presence of such bacteria
in 45% of the samples, and the majority of these were
Enterococcus faecium. The occurrence of resistance in
Enterococcus spp. was - as in previous years - moderate,
albeit, nearly one in two isolates are resistant to one or
more antimicrobial agents. Resistance to tetracycline and
erythromycin was the two most common resistance types
identified in Enterococcus spp. from swine.

Resistance in zoonotic and non-zoonotic

enteropathogenic bacteria

In 2008, a total of 15 Salmonella spp. isolates from
Norwegian animals were susceptibility tested. Twelve of
the isolates were S. Typhimurium and seven of these were
from dogs, two from cattle, two from cats and one from
horse. The remaining Salmonella spp. isolates were S.
London, S. Goldcoast and S. Hyvittingfoss. Antimicrobial
resistance in Salmonella from animals in Norway is, with
one exception in 2008, primarily associated with isolation
of pentaresistant S. Typhimurium DT104, which was done
on three occasions. One was a follow-up sample from
cattle whereas the two remaining, in addition to one non-
typable isolate with quinolone resistance, were isolated
from dogs. The data, although very limited, indicate that
antimicrobial resistance is not widespread among random
Salmonella isolates from animals in Norway.

In 2008, 83.4% of the human cases of salmonellosis were
reported as being infected abroad. The proportion of
S. Typhimurium isolates susceptible to all antimicrobial
agents was higher for the category “infected in Norway”
(55.8%) than for the “infected abroad” category (32.6%).
Multiresistant strains, i.e. resistant to two or more
antimicrobial agents, were more common in the category
“infected abroad” (53.0%) than in the category “infected
in Norway” (36.0%). The data from 2001-2008 indicate
that the prevalence of resistance to tetracyclines and
ampicillin in S. Typhimurium may be increasing. The
prevalence of resistance was considerably lower in S.
Enteritidis isolates than in S. Typhimurium except for
nalidixic acid. In total, 28.6% of S. Enteritidis isolates
were resistant to nalidixic acid. However, a significant
reduction in the prevalence of resistance to ciprofloxacin
compared to the 2007 data was observed.

The results obtained in 2008 show that the prevalence of
resistance in Campylobacter jejuni from Norwegian
broilers is still low and stable. A total of 92.2% of the
isolates were susceptible to all antimicrobial agents. As for
C. jejuni isolated from humans infected in Norway, no
erythromycin or gentamicin resistance were detected in
isolates from Norwegian broilers in 2008. C. jejuni
isolates from the group “infected in Norway” had
somewhat higher rates of quinolone and tetracycline
resistance than found in Norwegian broilers. Both these
groups were, however, considerably less resistant than C.
Jjejuni isolates derived from patients infected abroad,
where only 27.0% of isolates were susceptible to all
antimicrobial agents included. The fraction of
multiresistant C. jejuni isolates derived from patients

infected abroad was also much higher compared to
humans infected in Norway. More than half of C. jejuni
infections were acquired abroad, and 47.6% of these
isolates were resistant to three or more antimicrobial
agents.

Infections with Yersinia enterocolitica are typically
obtained domestically, and the most common serotype is
0:3. Resistance to nalidixic acid and trimethoprim-
sulfamethoxazole are most frequently identified. In 2008,
all isolates of Shigella were acquired out of the country
and - as reported by other countries - antimicrobial
resistance was commonly identified.

Resistance in human clinical isolates

The prevalence of resistance in human clinical isolates
was still very low in Norway in 2008. Only six methicillin
resistant Staphylococcus aureus (MRSA) blood culture
isolates were detected among 871 strains included in the
NORM protocol (0.7%), and 10 out of 1,359 (0.7%) S.
aureus isolates were reported as MRSA from the
laboratories” information systems. The total number of
systemic S. aureus isolates from blood cultures and
cerebrospinal fluids was 1,365 including 10 MRSA strains
(0.7%). This prevalence has increased slightly from 0.4%
in 2007. The Norwegian Surveillance System for
Communicable Diseases (MSIS) registered 348 cases of
MRSA infections in 2008 which is similar to the 342 cases
registered in 2007. A majority of the MRSA cases (88%)
were reported to be wound infections and/or abscesses.
Conversely, the prevalence of MRSA among non-invasive
S. aureus isolates is still very low (7/1,061, 0.7%).
Furthermore, MSIS registered 304 cases of MRSA
colonization giving a total of 652 MRSA notifications in
2008. This is a 9.8% increase from the 594 notifications
registered in 2007. The results may indicate a stable
number of MRSA infections in Norway, but the
prevalence of MRSA colonization and invasive disease
may be increasing. The prevalence of resistance to fusidic
acid among S. aureus wound isolates continued to
decrease from 14.5% in 2006 and 11.1% in 2007, to
10.3% in 2008.

E. coli and Klebsiella spp. blood culture isolates were
generally susceptible to broad-spectrum antimicrobials.
The prevalence of gentamicin non-susceptibility in E. coli
was 2.9% in 2008. This is a decrease from 3.9% in 2007
and on the same level as 2.3% in 2006. E. coli non-
susceptibility to fluoroquinolones continued to increase
from 3.3% in 2004, 5.0% in 2005, 5.7% in 2006 and 7.1%
in 2007, to 8.1% in 2008. The figures have been adjusted
for changes in microbiological breakpoints. There is a
clear correlation between the total usage of
fluoroquinolones and non-susceptibility to these agents.
The prevalence of resistance to aminoglycosides and
fluoroquinolones was lower in Klebsiella spp. isolates
than in E. coli. Extended spectrum beta-lactamases
(ESBL) have emerged as a significant clinical problem in
many countries, and occasional cases have also been
reported from Norway. A total of 19/1,279 (1.5%) E. coli
and 10/505 (2.0%) Klebsiella spp. blood culture isolates
were reported with this phenotype. For E. coli, this is a
minor increase from 2007 (1.2%). The prevalence of
ESBL production in Klebsiella spp. increased from 1.0%
in 2007 to 2.0% in 2008, but several isolates could not be
verified by molecular methods. Consequently, there is no
documented increase in the prevalence of ESBL
production in Klebsiella spp. The proportion of ESBL
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positive isolates is still higher among E. coli from blood
cultures (1.5%) than among urinary tract isolates (0.7%).
Enterobacter cloacae blood culture isolates from 2006—
2008 displayed, as expected, a high proportion of stably
derepressed AmpC beta-lactamase production. The
isolates were generally susceptible to all other broad-
spectrum antimicrobial agents.

Clinically significant vancomcyin resistance was not
detected in enterococci in 2008. The prevalence of non-
susceptibility to ampicillin in E. faecium has stabilized
around 80%, and high-level gentamicin resistance
(HLGR) was detected in 33.4% of E. faecalis and 53.6%
of E. faecium. Virtually all (56 out of 59) HLGR E.
faecium isolates were also non-susceptible to ampicillin.
All enterococcal isolates were suscpetible to linezolid.
Streptococcus pneumoniae from blood cultures were
generally susceptible to all relevant antimicrobials. Fifteen
out of 507 isolates (3.0%) displayed reduced susceptibility
to penicillin G, and seven of these isolates were also non-
susceptible to cefalosporins. This is on the same level as in
2007 (3.3%). The prevalence of macrolide resistance
among pneumococcal blood culture isolates decreased for
the first time from 12.4% in 2006 to 9.9% in 2007, and the
decline continued with 8.5% in 2008. This reduction may
be due to the conjucated pneumococcal vaccine which was
introduced into the childhood vaccination programme in
July 2006.

Moraxella catarrhalis from respiratory tract samples
displayed a slight increase in the prevalence of beta-
lactamase production from 90.3% in 2003 to 92.0% in
2008. The proportion of macrolide resistant isolates
decreased from 8.3% to 5.1% in the same period. The
resistance pattern for Streptococcus pyogenes (Group A
beta-haemolytic  streptococci) from  wounds and
respiratory tract specimens has remained unchanged from
2002-2008.

A total of 324 cases of tuberculosis were reported to MSIS
in 2008. Susceptibility tests were performed on 225
Mycobacterium tuberculosis primary isolates. Only four
isolates, originating from Africa (n=2), Asia (n=1) and
Europe outside Norway (n=1) were classified as multidrug
resistant (MDR). Susceptibility tests were also performed

on Mycobacterium tuberculosis isolates from 27
previously treated patients.

Susceptibility testing was performed on 199 blood culture
isolates of Candida albicans (n=140), C. glabrata (n=37)
and C. tropicals (n=22). All C. albicans isolates were
susceptible to amphotericin B, voriconazole and
anidulafungin, but a single isolate was resistant to
fluconazole. Increased prevalences of resistance were
detected for fluconazole and voriconazole among C.
glabrata and C. tropicalis. The results are in accordance
with previous studies from Norway.

Surveillance data on resistance to antiviral agents included
both influenza virus and HIV in 2008. A high prevalence
of resistance to M2 blockers was noted for influenza
A(H3N2) in the 2008/2009 season, but all isolates
remained susceptible to neuraminidase inhibitors (e.g.
oseltamivir). Similarly, all isolates of the recently
discovered “new variant” influenza A(HIN1) (swine flue)
have remained susceptible to neuraminidase inhibitors.
Among patients newly diagnosed with HIV infections
between 2006-2008, 8.4% of viral isolates displayed
reduced susceptibility to antiretroviral drugs. 2.7% of
isolates were classified as highly or intermediately
resistant to these agents.

Conclusion

Antimicrobial resistance is still a limited problem in
Norway. The relatively low usage of antimicrobial agents
as well as the advantageous patterns of use must be
maintained to preserve this favourable situation. The data
presented in this report show that Norwegian antimicrobial
policies in food production and healthcare have
succeeded. However, the situation may rapidly change if
the uses of antimicrobial agents in Norway increases or
resistant clones are imported from abroad. A continued
effort is needed to prevent the development and spread of
antimicrobial resistance and thereby ensure the
effectiveness of antimicrobials when such treatment is
needed. The NORM/NORM-VET report is a vital
component in the work aimed at preventing the
development and spread of antimicrobial resistance in
Norway.
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IV. POPULATION STATISTICS

Population statistics for human and animal populations are presented in order to facilitate comparison of Norwegian data with
corresponding figures from other countries. The data are collected by Norwegian authorities as shown in the various tables

below.

TABLE 1. Human population in Norway as of January 1*, 2009.

Data provided by Statistics Norway.

Age group All Males Females
0 to 4 years 298,460 152,844 145,616
5 to 14 years 613,756 314,370 299,386
15 to 24 years 613,950 314,355 299,595
25 to 44 years 1 344,100 686,989 657,111
45 to 64 years 1 224,174 622,495 601,679
65 years and older 704,812 304,000 400,812
All age groups 4 799,252 2 395,053 2 404,199

TABLE 2. Livestock population in Norway and the number of slaughtered animals in 2008.
Data provided by ' Register of Production Subsidies as of 31 July, 2008 and * Register of Slaughtered Animals.

Number of *

Animal category Herds Animals Slaughtered animals
Cattle 18,200 1,011,700 322,900°
Dairy cows only** 11,900" 232,400'
Suckling cow only** 2,700 38,200
Combined production (cow)** 1,200 38,800"
Goat 1,300 69,600 22,4007
Dairy goat** 450" 39,000
Sheep 15,100" 2,232,400' 1,140,600”
Breeding sheep > 1 year** 15,000" 891,400'
Swine 2,700 814,400' 1,497,200
Breeding animal > 6 months** 1,600l 57,8001
Fattening pigs for slaughter 2,400' 442,700
Poultry
Egg laying hen (> 20 weeks of age) 1,800 3,558,600' 988,200°
Flocks > 250 birds** 680" 3,535,800'
Broiler 650° - 62,234,900
Turkey, ducks and geese for slaughter 100" 345,0001 1,388,6002
Flocks > 25 birds** 53" 344,600
Ostrich 5' 41

* Numbers >100 rounded to the nearest ten, numbers > 1000 rounded to the nearest hundred, ** Included in above total.
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TABLE 3. Import of live animals and animal products (excluding fish) to Norway in 2008.
Data provided by the Norwegian Livestock Industry’s Biosecurity Unit (KOORIMP).

No. of No. of animals or
Species Imported product consignments products
Cattle Live animals 7
Semen (doses) 52,300
Embryos
Swine Live animals 0
Semen (doses) 779
Sheep Live animals 0
Embryos
Semen (doses)
Goat Live animals 46
Semen (doses)
Reindeer Live animals for slaughter
Fur animal Live animals
Poultry Day-old chicks 106,958
Fertilised eggs 3304,032
Turkey Day-old chicks NA NA
Duck and goose  Live birds NA NA

NA= Not available.

TABLE 4. Production volume of the most important species in Norwegian aquaculture during the time period 1992-2008.
Data provided by the Norwegian Directorate of Fisheries.

Atlantic Rainbow
salmon trout Cod Arctic char Halibut Blue mussels  Scallops' Oysters
Year (ton) (ton) (ton) (ton) (ton) (ton) (ton) (ton)

1992 141,000 - - - = = - -
1993 170,000 - - - - - - -

1994 204,686 14,571 569 262 63 542 - -
1995 261,522 14,704 284 273 134 388 - -
1996 297,557 22,966 191 221 138 184 - -
1997 332,581 33,295 304 350 113 502 - -
1998 361,879 48,431 203 200 291 309 - -
1999 425,154 48,692 147 498 451 662 67 41
2000 440,061 48,778 169 129 548 851 38 8
2001 435,119 71,764 864 318 291 920 22 3
2002 462,495 83,560 1,258 319 424 2,557 5 2
2003 509,544 68,931 2,185 272 426 1,829 1 2
2004 563,915 63,401 3,165 365 648 3,747 46 3
2005 586,512 58,875 7,409 352 1,197 4,885 2
2006 629,888 62,702 11,087 897 1,185 3,714 1
2007 744,222 77,381 11,104 391 397 2,661 6 4
2008> 742,976 75,316 18,052 468 1,587 1,913 28 3

' From the wild population. * Preliminary figures.
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V. USAGE OF ANTIMICROBIAL AGENTS

USAGE IN ANIMALS

Kari Grave

Therapeutic usage of veterinary antimicrobial agents

The data are based on sales from drug wholesalers to
Norwegian pharmacies and from feed mills to fish farmers
(see Appendix 1) of veterinary antimicrobial agents for
therapeutic ~ usage and includes  pharmaceutical
formulations approved for food animals, including horses,
and/or dogs and cats. Thus, the figures represent national
sales data for veterinary antimicrobial agents.
Antimicrobial agents authorized for human use, but
prescribed for animals, are not included (see Appendix 1
for inclusion criteria).

Table 5 summarizes the sales of veterinary antimicrobial
agents for therapeutic use in domestic animals in Norway
in 2008. The data are organized according to therapeutic
substance groups (ATCvet groups) and show the total

usage for the various routes of administration. The total
annual sale of veterinary antimicrobial agents for
terrestrial animals for the period 1995-2008 is given in
Figure 1. Figure 2 illustrates the proportion of the total
sale of the various groups of antimicrobial agents. In 2008,
the sales of veterinary antimicrobial agents approved for
therapeutic use in animals in Norway amounted to 6,219
kg of active substance (Table 5). The annual usage of
veterinary antimicrobial agents decreased gradually by
40% from 1995 to 2008, from 2001-2006 this usage varied
slightly but a 9 % increase was observed for this period.
During the years 2007 and 2008 a 4% decrease in the
usage was seen (Figure 1).

TABLE 5. Sales in 2008 calculated as kilograms of active substance, of veterinary antimicrobial agents approved in Norway
for therapeutic use in animals (farmed fish not included, see Table 6). Numbers of sold items in 2008 for the various
veterinary drug formulations, strengths and package sizes were obtained from the Norwegian Institute of Public Health and
represent sales from drug wholesalers to the Norwegian pharmacies.

Groups of ATCvet code Active substance or Gastro-  Uterine Systemic  Intra- Herds
substances combinations of substances intestinal indiv. mammary
(QA07)  (QGO1) (QJO1)  (QJ51  (QJOI)
Tetracyclines QGO01AA07/QJO1AA06Oxytetracycline 3 113 137
QJO1AAO02 Doxycycline 0.6
Amphenicols QJO1BA99 Florfenicol+flunixin' 19
Beta-lactams QJO1CA04 Amoxicillin 131 180
QJO1CE09/QJ51CEQ9 Procaine penicillin2 2,121 32
QJO1CE90 Penethamate hydroiodide® 1
QJO1CRO2/QJ51RVO01 Amoxicillin+clavulanic acid 357 9
Cephalosporins QJO1DD91 Cefovecin 1.1
Sulfonamides QJO1EQO6 Sulfanilamid® 13
Sulfonamides and QJOIEW10 Sulfadiazine+trimethoprim5 1,227 285
Trimethoprim  QJOIEW13 Sulfadoxine+trimethoprim 104
Lincosamides QJO1FFO1 Clindamycin 20
Aminoglycosides QA07AA01 Neomycin 33
QAO07AA90 Dihydrostreptomycin (DHS) 123
QJ01GBO03 Gentamicin’ 10
Quinolones QJOIMA90 Enrofloxacin® 30 0.3
QJOIMA96 Ibafloxacin 1.4
Others QJ01XX92 Tiamulin® 9 120
Combinations QJO1RAO01/QJ51RC23 Procaine penicillin1 +DHS 449 507
QJ51RC24 Benzylpenicillinbenzatine2+ 15
DHS’
QJ51RC25 Penethamate hydroiodide® 1.1
+ DHS
QGO1AE99 Sulfadimidine+procaine 166
penicillin’+DHS
Total per route of administration 156 169 4,608 563 722
Total (kg) 6,219

"Flunixin not included in figure; > Calculated as benzylpenicillin; * Represents extemporaneously prepared preparations; * Includes also a preparation used
on exemption from market authorization; ° Includes a premix approved for farmed fish that are used solely in terrestrial animals such as pigs and calves
(Kari Grave, unpublished data); * Represents two preparations used on exemption from market authorization.
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The proportion accounted for by pure penicillin to 2008. The corresponding figures for the sulfonamides
preparations rose from 24% in 1995 to 46% in 2008. were 14% in 1995 and 0.2% in 2008. The proportion
Altogether 86% of the pure penicillin preparations sold in accounted for by tetracyclines varied between 3-5% in the
2008 were beta-lactamase sensitive penicillins. From 1995 same period. The reduced use as well as the favourable
to 2007, the sale of sulfonamides in combination with prescribing patterns is mainly explained by a successful
trimethoprim (or baquiloprim 1995-2000) increased from campaign on prudent use of antimicrobials conducted by
11% to 26% of the total sales. The proportion of sale of the Norwegian husbandry organizations during the second
the combination preparations of penicillins and part of the 1990s.

aminoglycosides decreased from 34% to 16% from 1995
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FIGURE 1. Sales (in kilograms of active substance) of veterinary antimicrobial agents (QAO07AA, QGO1AA, QGOIAE,
QJO1, QJ51) for therapeutic use in Norway 1995-2008, fish not included. Numbers of sold items in 2008 for the various
veterinary drug formulations, strengths and package sizes were obtained from the Norwegian Institute of Public Health and

represent sales from drug wholesalers to Norwegian pharmacies. Sulfonamides were not sold during 2001-2003.

*Includes small amounts of baquiloprim (1995-2000); includes a premix approved for farmed fish used solely in terrestrial animals such as pigs, horses and
calves (Kari Grave, unpublished data). **Includes ATCvet codes: QAA7AAOL; QA07AA90; QGO1AE99; QJ01BA99; QJOIFAOL; QJO1FFO1; QJO1FF02;
QJO01GB06; QJIOIMA90; QIOIMA96; QJ01XX92; QJ51RC26.
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FIGURE 2. Sales (as percentage of total sales) of veterinary antimicrobial agents (QA07AA, QGO1AA, QGO1AE, QJO1,
QJ51) in Norway 1995-2008, fish not included. Number of sold items in 2008 for the various veterinary drug formulations,
strengths and package sizes were obtained from the Norwegian Institute of Public Health and represent sales from drug

wholesalers to Norwegian pharmacies. Sulfonamides were not sold during 2001-2003.

*Includes small amounts of baquiloprim (1995-2000); includes a premix approved for farmed fish used solely in terrestrial animals such as pigs, horses and
calves (Kari Grave, unpublished data). **Includes ATCvet codes: QAA7AAO1; QA07AA90; QGO1AE99; QJ01BA99; QJO1FAO1; QJO1FFO1; QJO1FF02;
QJO01GB06; QJIOIMA90; QIOIMA96; QJ01XX92; QJ51RC26.
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TABLE 6. Total sales (in kilograms of active substance) of veterinary antimicrobial agents for therapeutic use in farmed fish
in Norway in the period 1995-2008. The data were obtained from the Norwegian Institute of Public Health and represent sales
from drug wholesalers to Norwegian pharmacies and sales by feed mills to fish farms.

Groups of ATCvet
substances/active 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
substance code
Tetracyclines
QJOTAA06 70 27 42 55 15 12 11 45 9 8 0 0 0

Oxytetracycline
Amphenicols

Florfenicol QJO1BA9S0 64 64 123 135 148 109 205 154 111 202 302 139 166
Quinolones

Flumequine QJOIMBO7 182 105 74 53 52 7 5 60 4 28 7 18 1

Oxolinic acid QJOIMBI1 2,800 841 507 436
Combinations
Spectinomycin - QJ01RA

470 517 998 546 1,035 977 1,119 406 681

lincomycin
Z+D 50 66 170
Total 3,116 1,037 746 679 591 685 645 1,219 805 1,159 1,215 1,428 648 941

In 2008, the sales of veterinary antimicrobial agents for
use in farmed fish were 941 kg active substance, of which
72% were quinolones (Table 6). The annual usage of
antimicrobial agents in Norwegian fish farming peaked in
1987 when the reported sales figures amounted to
approximately 48 tonnes. This implies that the usage of
antimicrobial agents in Norwegian aquaculture declined
by approximately 98% from 1987 to 1996. From 1987 the
total production of farmed fish increased more than sixty
times. This significant decrease in the usage of

antimicrobial agents in Norwegian aquaculture in the
period 1987 to 1996 was mainly attributed to the
introduction of effective vaccines against bacterial
diseases in Atlantic salmon and rainbow trout and to some
extent also to improved health management.

In 2008, 65% of the prescribed amounts of antimicrobial
agents in aquaculture were for Atlantic cod, 23% for
Atlantic salmon and 8% for rainbow trout and 4% for
other species (Figure 3).
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FIGURE 3. Prescribed amounts (in kilograms of active substance) of veterinary antimicrobial agents in Norwegian
aquaculture in 2008 split into various fish species. Prescription data were obtained from the Norwegian Food Safety Authority
(Trygve Helle, data on file). *Includes: Oxytetracycline (5.25 kg) and spectinomycin+lincomycin (33 kg for halibut fry).

** Other species: halibut (39.6 kg), turbot (0.8 kg) and species not given (0.8 kg).
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Antimicrobial and coccidiostatic feed additives

Data on the usage of various substances and categories of
feed additives were obtained through annual reports from
the Norwegian Agricultural Inspection Service (1995-
2002) and the Norwegian Food Safety Authority (2003-
2008). Table 7 summarizes total sales of antimicrobial
growth promoters and coccidiostat feed additives in
Norway in the period 1995-2008.

The glycopeptide avoparcin was licensed for the
Norwegian market as a growth promoter in broilers and
turkeys in 1986. It was prohibited in 1995 due to a
reported association between its use and the occurrence of
vancomycin resistant enterococci in animal husbandry.
The same year, the Norwegian food animal production
industry voluntarily abandoned the use of all antimicrobial
growth promoters. These measures resulted in an
immediate reduction in the usage of these substances. In
1998, the streptogramin virginiamycin was officially

prohibited due to reports from other countries of an
association between its use and the occurrence of
enterococci that were resistant to quinupristin-dalfopristin,
a streptogramin combination preparation used in human
medicine. No antimicrobial growth promoters have been
used in animals in Norway since 1997.

Coccidiostats as feed additives are still used in Norwegian
poultry production. The total sales of coccidiostats
(kilograms of active substance) have been close to
doubled since the ban on antimicrobial growth promoters,
but the usage is highly correlated to the number of
slaughtered chicken produced in this period. However, the
pattern of usage has changed (Table 7). While monensin
was the most frequently used ionophore in the poultry
industry in 1995, the usage of coccidiostats has since then
been almost totally dominated by narasin.

TABLE 7. Total sales, in kilograms of active substance, of antimicrobial growth promoters and of coccidiostats as feed
additives in Norway 1995-2008. Data were obtained through annual reports from the Norwegian Agricultural Inspection
Service (1995-2002) and the Norwegian Food Safety Authority (2003-2008).

Active substance 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Avoparcin' 419 P P P P P P P P P P P P P
Zincbacitracin 129 64 27 0 0 0 0 0 0 0 0 P P P
Virginiamycin® 0 0 0 0 P P P P P P P P P P
Total antimicrobial

growth promoters 548 64 27 0 0 0 0 0 0 0 0 0 0 0
Lasalocid 996 480 471 193 208 80 9 514 108 173 37 13 17 16
Monensin 3422 891 561 485 557 776 629 521 717 817 852 889 919 897
Salinomycin 214 27 0 0 27 233 12 0 0 0 0 0 0 0
Narasin 24 3508 3,343 3,530 4,062 4486 4,195 4470 5067 5270 5318 5,615 7,065 97212
Total ionophore

coccidiostats 4,656 4,906 4,375 4,208 4,854 5575 4,932 5505 5,892 6,260 6,207 6,517 8,001 10,125
Amprolium/etopabat 156 116 582 174 201 135 159 74 42 0.8 0 0 0 0
Total other 156 116 582 174 201 135 159 74 42 0.8 0 0 0 0

'Prohibited since May 31%, 1995. *Prohibited since 1999.
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Hege Salvesen Blix

In 2008, the overall sale of antimicrobial agents for
systemic use in humans was 19.8 DDD/1,000
inhabitants/day. Total sales of antibacterials have
remained relatively unchanged for many years. However,
since 2004 an increase has been observed. This change is

mainly due to the penicillin group and to increased use of
methenamine. The macrolides have been steadily
increasing over many years, however in 2008 a decrease
was observed. The use of quinolones is still increasing
(Table 8, Figure 4).

TABLE 8. Human usage of antimicrobial agents in Norway 2001-2008 by ATC groups. The usage is presented as DDD
(Defined Daily Doses)/1,000 inhabitant