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INTRODUCTION

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 niches.
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 a One
Health approach to monitoring of antimicrobial drug usage
and resistance in both human and veterinary medicine.
Several reports and recommendations have been published
in this regard including the WHO Global Action Plan
adopted at the World Health Assembly in May 2015.

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 emphasised. The action
plan recognised 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, the need for continued surveillance of both
resistance and drug usage was emphasised at subsequent
consultations and an integrated national strategy for
prevention of infections in the health service and antibiotic
resistance (2008-2012) was issued in the summer of 2008.
Following the renewed effort of the WHO in recent years,
a new national action plan for Norway is presently being
developed.

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 Tromse. 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
Norwegian  Veterinary  Institute. The wusage of
antimicrobial agents is based on reporting of wholesalers’
data for humans and animals, which was made mandatory
from January 1% 2002, as well as human prescription data
reported to the Norwegian Institute of Public Health. 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 fifteenth annual joint report from
NORM and NORM-VET, presents data for 2014. 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 all those who contributed
to data collection and the writing of this report, for
excellent work.

Tromse / Oslo, September 2015
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Dette er den femtende felles rapporten fra Norsk
overvakingssystem for antibiotikaresistens hos mikrober
(NORM) og  Norsk  overvikingsprogram  for
antibiotikaresistens 1 mikrober fra for, dyr og
naeringsmidler (NORM-VET). Rapporten presenterer data
om forekomst av antibiotikaresistens og forbruk av
antibiotika til mennesker og dyr i 2014. Data fra relevante
prosjekter som ikke er med i de kontinuerlige over-
vékingsprogrammene, presenteres ogsa.

Bédde NORM og NORM-VET programmene ble etablert
som deler av  Regjeringens tiltaksplan  mot
antibiotikaresistens som ble offentliggjort i 2000. NORM
koordineres av Avdeling for mikrobiologi og smittevern,
Universitetssykehuset Nord-Norge i Tromsg. NORM-VET
koordineres av Zoonosesenteret ved Veterinarinstituttet i
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 veterinzere antibiotika til
terapeutisk bruk pé landdyr i 2014 var 5927 kg. Fra 1995
til 2014 er salget av veterinere antibiotika til landdyr
redusert med 38 %. For preparater som nesten utelukkende
benyttes til produksjonsdyr (landdyr), er reduksjonen i
denne perioden pad 41 %, mens salget av veterinare
antibakterielle preparater som kun brukes til kjeledyr, har
okt med 19 % fra 467 til 548 kg.

Forbruksmensteret til produksjonsdyr har utviklet seg i
gunstig retning siden 1995 idet andelen av rene penicillin-
preparater har ekt fra 25 % 1 1995 til 53 % i 2014.
Arsaken til dette er redusert forbruk av kombinasjons-
preparater med penicillin og dihydrostreptomycin. Siden
det forste penicillinpreparatet til smadyr kom pa markedet
i Norge i 1994 har bruk av veteringre penicillinpreparater,
i kg, til smadyr ekt fra 1 % til 63 % av totalsalget av slike
preparater markedsfert kun til kjeledyr. Nedgangen i
antibiotikaforbruket til produksjonsdyr (landdyr) og
endringene i forskrivningsmensteret skyldes forst og
fremst at husdyrnaringen i andre halvdel av 1990-tallet
giennomforte systematiske kampanjer for & redusere
forbruket av antibiotika til dyr samt for riktig bruk av
antibiotika.

Totalsalget av veterinere antibiotika til terapeutisk bruk
hos oppdrettsfisk i Norge var i 2014 péd 511 kg aktiv
substans, hvorav 79 % var amfenikoler. I 2013 var
kinoloner den mest solgte antibakterielle klassen til bruk
pa oppdrettsfisk (76 % av total salget). Forbruket av
antibiotika i oppdrettsnaringen er redusert med 99 %
siden 1987. Denne betydelige reduksjonen kan tilskrives
innferingen av effektive vaksiner til laks og erret samt
andre infeksjonsforebyggende tiltak, herunder bedrede
miljeforhold.

Avoparcin ble brukt som antibakteriell vekstfremmer i
norsk broiler- og kalkunproduksjon fra 1986 inntil det ble
forbudt i 1995. Samme ar innferte husdyrneringene et
selvpalagt forbud mot bruk av alle antibakterielle
vekstfremmere. Koksidiostatika som fortilsetningsstoff
brukes fremdeles i norsk fjerfeproduksjon. Narasin har i
de senere drene utgjort hovedparten av forbruket.
Salgstallene, i kg aktiv substans, er mer enn firedoblet
siden forbudet mot bruk av avoparcin tradte i kraft, noe
som kan forklares ved okt produksjon av broilere.

Forbruksmenstret for koksidiostatika er endret fra
monensin til narasin etter 1996.

Forbruk av antibiotika hos mennesker

I 2014 var humant forbruk av antibiotika til systemisk
bruk 19,3 definerte degndoser (DDD)/1000 innbyggere/
dag. Dette var en reduksjon i forhold til 2013. Det samlede
forbruket har vert forholdsvis stabilt gjennom mange ér,
men det har skjedd en gradvis ekning og en forskyvning
mellom de ulike antibakterielle undergruppene. Salget av
smalspektret penicillin ble redusert i 2014. I de senere ar
har bruken av det urinveisantiseptiske middelet
metenamin ekt kraftig, i 2014 utgjorde metenamin 19 %
av totalt salg malt i DDD.

I 2014 utgjorde penicillinene 42 % av det totale
antibiotikaforbruket i Norge malt i DDD. Bruken av
bredspektrede penicilliner er stabil mens bruk av beta-
lactamase sensitive penicilliner gér ned. Tetracykliner
utgjorde 18 %, mens makrolider og linkosamider utgjorde
9 % av totalt salg i 2014. Salget av cefalosporiner,
monobaktamer og karbapenemer utgjor 2 % av totalsalget.
De siste to drene har salget av kinoloner vist en nedgang,
og de utgjorde 1 2014 3 % av totalsalget i DDD.

Rundt 85 % av DDD selges pa resept i allmennpraksis.
Bruken av antibakterielle midler varierer avhengig av
kjonn, alder og bosted. I 2014 utgjorde salget til sykehus 8
% av totalt antibiotikasalg. I sykehus brukes penicilliner i
stor grad (48 % av antibiotikasalget malt i DDD til
sykehus). Tilsvarende tall for allmennpraksis er 41 %. Den
viktigste andre gruppen i 2014 var pd sykehus:
cefalosporiner (17 %), og i allmennpraksis tetracykliner
(20 %).

Resistens hos indikatorbakterier fra dyr
Forekomsten av ervervet antibiotikaresistens blant
bakterier som er en del av den normale tarmfloraen, kan
vere indikator pd selektivt antibiotikapress i ulike
populasjoner.

I 2014 ble det resistenstestet 205 Escherichia coli isolater
fra blindtarm hos kylling. Forekomsten av resistente E.
coli var moderat med 85,4 % av isolatene folsomme for
alle de undersekte antibiotika. Bare 2,5 % av isolatene var
multiresistente. Siden starten av NORM-VET i 2000, har
det veert en reduksjon i forekomsten av resistens mot flere
forskjellige typer antibiotika, og i et internasjonalt
perspektiv er forekomsten av resistens i E. coli fra norske
kyllinger relativt lav. Denne gunstige situasjonen skyldes
trolig en sveart begrenset bruk av antibiotika i norsk
slaktekyllingproduksjon.

Ved bruk av en selektiv metodikk ble det pavist utvidet
ekstendert spektrum beta-laktamase (ESBL) produserende
E. coli i 35,5 % av blindtarmspravene og i 28,9 % av
kyllingfiletene. Alle isolatene hadde en AmpC fenotype
og var barere av blacyy., genet. Kvantifisering utfort pa
samme prevemateriale indikerer at andelen av E. coli som
er ESBL/AmpC-produserende er svart lav i majoriteten av
provene. Tilsvarende er det i de fleste tilfeller meget lav
grad av kontaminering av ESBL/AmpC-produserende E.
coli 1 de positive kyllingfiletene, selv om noe variasjon
kan forekomme.

Ved bruk av selektiv metodikk ble det pavist
kinolonresistente E. coli i 89,5 % av blindtarmsprevene og
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i 70,7 % av kyllingfiletene. Majoriteten av isolatene var
kun resistente mot kinolonene nalidixinsyre og
ciprofloxacin, mens hhv. 12,8 % og 18,6 % var resistente
mot ytterligere ett antibiotikum, og 10,7 % og 9,3 % var
resistente mot ytterligere to eller flere antibiotika. Alle de
kinolonresistente isolatene hadde en resistensprofil som
indikerer at resistensen sannsynligvis skyldes ikke
overforbare kromosomale mutasjoner. Selv om man ved
selektiv metodikk paviser kinolonresistente E. coli i
majoriteten av prevene, pavises det vanligvis bare noen fa
isolater ved ikke-selektiv metodikk. Dette indikerer at det
generelt er en lav andel av kinolonresistente E. coli i
provene. Resultatet var likevel noe overraskende, siden det
ikke er selektivt press pga bruk av kinoloner i norsk
broilerproduksjon. Det er ukjent nér, hvorfor og hvordan
denne kinolonresistensen har oppstatt hos broilere og
hvilken betydning den eventuelt har.

Enterococcus faecalis og E. faecium fra 65 kyllingflokker
og 143 kyllingfileter ble resistenstestet. Det var en meget
hoy forekomst av resistens hos E. faecalis og en hey
forekomst av resistens hos E. faecium. Totalt var 32,3 %
av E. faecalis og 76,2 % av E. faecium folsomme for alle
antibiotika inkludert i testpanelet. Resistens mot ett
(hovedsakelig tetracyklin) og to antimikrobielle midler
(hovedsakelig tetracyklin og erytromycin) ble pavist i hhv.
60 % og 6 % av E. faecalis. 1 tillegg var 1,5 % av E.
faecalis resistente mot tre antimikrobielle midler. Blant E.
faecium ble resistens mot ett (hovedsakelig tetracyklin
eller erytromycin) og to antimikrobielle midler pavist i
hhv. 21,7 % og 2,1 % av isolatene.

Ved bruk av selektiv metodikk ble det pavist
vankomycinresistente enterokokker (VRE) i prever fra 6,7
% av kyllingflokkene. Alle isolater ble identifisert som F.
faecium og barere av vanAd genet. Dette er en betydelig
reduksjon i forhold til forekomsten i 2011 og er pa
tilsvarende niva som i 2009. Imidlertid har prevetakings-
metoden blitt endret og sammenligning av resultatene ber
derfor gjeres med forsiktighet.

Resistens hos zoonotiske bakterier og andre

enteropatogene bakterier

Zoonosebakterier isolert fra dyr

12014, ble det undersokt totalt 25 Salmonella spp. isolater
fra dyr. Av disse var 13 isolater fullt folsomme, seks
isolater var resistente mot ett antibiotikum, ett for to
antibiotika, og tre for tre antibiotika. Ett isolat fra en
storfebesetning var resistent mot fem antibiotika, mens ett
isolat fra en kyllingflokk var resistent mot syv av de
antimikrobielle midlene det ble testet for.

I lopet av varen 2014, ble totalt 986 svinebesetninger
undersekt for meticillinresistente Staphylococcus aureus
(MRSA) i en egen undersgkelse. MRSA ble pévist i dyre-
og miljeprever fra kun én av disse flokkene. Isolatene ble
typet som CC398, t011. I tillegg ble én kontaktbesetning
identifisert med MRSA CC398, t0l11. 1 Dbegge
besetningene ble det gjennomfert slakting av dyr, grundig
rengjoring og desinfeksjon av dyrerom etc. for oppstart
med MRSA-frie griser. Framgangsmaten er i trdd med
tidligere strategi for MRSA 1 svinebesetninger.

Kliniske isolater av tarmpatogene bakterier fra
mennesker

For kliniske Salmonella isolater fra mennesker sett under
ett var forekomsten av multiresistens (MDR) pa litt over
10 %, mens forekomsten av ESBL holdt seg under 2 %.

Naér det gjelder blodkulturisolater (n=65), var forekomsten
av MDR hayest for Salmonella spp. (alle serovarer unntatt
S. Typhi, Paratyphi, Typhimurium og Enteritidis).
Forekomsten av resistens var heyere for flere antibiotika i
S. Typhimurium-gruppen (inkludert S. enterica serovar
4,[5],12:1:-) enn hos andre Salmonella serovarer.
Forekomsten av resistens mot tetracyklin og ampicillin er
ogsa ekende i denne gruppen, bade for innenlandssmittede
og for pasienter smittet i utlandet.

Naér det gjelder Campylobacter er det gkende resistens mot
tetracyklin og kinoloner hos isolater ervervet ved
innenlandssmitte, men forekomsten er fortsatt betydelig
lavere enn for utenlandssmittede isolater. De fleste tilfeller
av Shigella infeksjoner 1 Norge kan knyttes til smittekilder
1 utlandet. Antibiotikaresistens var felgelig utbredt hos
Shigella isolater, spesielt hos S. flexneri, i likhet med det
som rapporteres fra andre land. MDR hos S. flexneri ligger
pa ca 70-80 % og hos S. sonnei ca. 40 %. ESBL hos
Shigella er forelapig uvanlig med en forekomst pd knappe
5% 12013 og vel 7 % 1 2014. Det er ogsa en tendens til
okende resistens mot kinoloner hos Shigella.
Antibiotikaresistens hos Yersinia enterocolitica ligger
stabilt lavt, bortsett fra artens naturlige resistens mot
ampicillin.

Resistens hos kliniske isolater fra mennesker
Forekomsten av antibiotikaresistente kliniske bakterie-
isolater fra mennesker var meget lav i 2014. Det ble pavist
ni tilfeller av meticillinresistente Staphylococcus aureus
(MRSA) blant de 1163 blodkulturisolatene (0,8 %) som
ble inkludert i NORM-protokollen. Dette samsvarer godt
med tall fra laboratorienes datasystemer som rapporterte at
24 av 1720 (1,4 %) S. aureus fra blodkultur og
spinalvaeske var MRSA. Andelen er p4 samme niva som i
2012 (1,0 %) og 2013 (1,0 %). Meldesystemet for
infeksjonssykdommer (MSIS) registrerte 832 tilfeller av
MRSA infeksjon i 2014 mot 57512012 og 659 12013. De
fleste tilfellene var pasienter med sarinfeksjoner og
abscesser. MRSA utgjor fortsatt en svert liten andel av S.
aureus isolater fra sarprever (12 av 955, 1,3 %) hvilket er
pa samme niva som i 2012 (0,7 %) og 2013 (1,2 %). MSIS
registrerte videre 1035 tilfeller av MRSA kolonisering i
2014 mot 823 1 2013. Det totale antallet MRSA meldinger
okte dermed fra 1482 i 2013 til 1867 i 2014 (+26 %).
Overvékingen viser at det totale antallet personer med
pavist infeksjon eller kolonisering med MRSA fortsetter &
oke, men at antallet med alvorlige infeksjoner forelapig er
stabilt pd et lavt nivd. Forekomsten av fusidinresistens
blant S. aureus isolater fra sarprever holder seg stabil og
utgjer 8,6 % sammenliknet med 9,0 % 12013.
Blodkulturisolater av E. coli og Klebsiella spp. viste okt
forekomst av resistens mot bredspektrede antibiotika i
2014. Forekomsten av resistens og nedsatt folsomhet for
gentamicin hos E. coli var 8,6 % i 2014 sammenliknet
med 5,8 % 1 2013. Forekomsten av resistens og nedsatt
folsomhet for ciprofloxacin i E. coli fortsatte a gke til 13,6
% 1 2014 sammenliknet med 11,7 % i 2012 og 12,3 % i
2013. Det er en klar samvariasjon mellom forbruket av
fluorokinoloner og nedsatt folsomhet for denne
antibiotikagruppen. Klebsiella spp. hadde lavere fore-
komst av resistens mot aminoglykosider og fluoro-
kinoloner enn E. coli.

Produksjon av bredspektrede betalaktamaser (ESBL) er
blitt et utbredt problem i mange land, og forekomsten har
ogsa vert ekende i Norge. Til sammen 95/1645 E. coli
(5,8 %) og 26/754 (3,4 %) Klebsiella spp. fra blodkultur
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ble rapportert som ESBL positive. Forekomsten er stabil
fra 2012 (5,5 % 1 E. coli og 2,3 % 1 Klebsiella spp.) og
2013 (5,0 % 1 E. coli 0og 2,8 % 1 Klebsiella spp.). Andelen
av ESBL positive isolater var fortsatt heyere blant E. coli
fra blodkulturer (5,8 %) enn fra urinprever (3,8 %).
Karbapenemaseproduserende Enterobacteriaceae,
Pseudomonas aeruginosa og Acinetobacter spp. har vert
meldepliktige til MSIS siden juli 2012. Forekomsten av
slike mikrober er fortsatt meget lav i Norge. Det ble i 2014
meldt totalt 33 slike funn til MSIS (6 K. pneumoniae, 4 E.
coli, 2 Enterobacter spp., 6 P. aeruginosa og 15
Acinetobacter spp.).

Blant Haemophilus influenzae isolater fra systemiske
infeksjoner (n=69) var 13,0 % betalaktamase positive og
13,0 % resistente mot cefuroxim som uttrykk for
kromosomal  betalaktamresistens. Det ble pavist
tilsvarende resistens i isolater fra luftveisprover. Alle de
13 Neisseria meningitidis isolatene fra systemiske
infeksjoner hadde nedsatt folsomhet for penicillin G, men
de var fortsatt falsomme for andre relevante antibiotika.
Neisseria gonorrhoeae (n=255) viste nedsatt falsomhet for
penicillin G (96,1 %) og azitromycin (37,2 %). Hele 75,7
% var resistente mot ciprofloxacin. Tre isolater (1,2 %)
var ogsa resistente mot ceftriaxon.

Det ble pavist tre enterokokkisolater fra blodkultur med
klinisk signifikant vankomycinresistens i 2014 (1 VanA
og 2 VanB E. faecium). Forekomsten av nedsatt folsomhet
for ampicillin i E. faecium ligger fortsatt pad 80-90 %.
Hoygradig gentamicinresistens ble pavist i 18,7 % av E.
faecalis og 40,8 % av E. faecium, dette er en svak nedgang
fra 23,6 % og 46,8 % 1 2013. Nesten alle E. faecium
isolater med heygradig gentamicinresistens (70/71) hadde
samtidig nedsatt felsomhet for ampicillin. Det ble ikke
pavist linezolidresistente enterokokker i 2014.

Det ble pévist nedsatt felsomhet for penicillin G hos 5,5 %
av Streptococcus pneumoniae fra blodkultur/spinalvaske
0g 5,9 % fra luftveisprover. Dette er pa det samme nivaet
somi2012 (6,3 %) og 2013 (3,0 %). Ett enkelt blodkultur-
isolatisolat var penicillinresistent og hadde samtidig
nedsatt folsomhet for cefalosporiner. Forekomsten av
makrolidresistens var 4,3 % blant systemiske
pneumokokkisolater og 7,6 % blant isolater fra
luftveisprover.

Streptococcus pyogenes (betahemolytiske streptokokker
gruppe A) fra blodkultur hadde svakt okende
erytromycinresistens (3,7 %) sammenliknet med 2013 (1,9
%). Tilsvarende har forekomsten av makrolidresistens
blant  Streptococcus  agalactiae  (betahemolytiske
streptokokker gruppe B) okt fra 12,0 % i 2012 til 18,1 % i
2014. Alle isolatene var folsomme for penicillin G.

I alt 327 tilfeller av tuberkulose ble meldt til MSIS i 2014.
Det ble utfert resistensbestemmelse av 265 isolater av
Mycobacterium tuberculosis. Ti isolater (2,5 %) fra
pasienter smittet i henholdsvis Afrika (n=6), Asia (n=2) og
Europa utenfor Norge (n=2) ble klassifisert som
multiresistente.

Det ble utfort resistensbestemmelse av 210 Candida
blodkulturisolater av ni ulike species. De vanligste artene
var C. albicans (n=146), C. glabrata (n=33), C. tropicalis
(n=9) og C. parapsilosis (n=9). Kun ett gjeersoppisolat
hadde nedsatt folsomhet for amfotericin B. Det ble kun
pavist enkelte tilfeller av ervervet resistens mot
fluconazol, men som forventet ble det pavist hoy
forekomst av resistens mot azoler hos C. glabrata. Tre C.
albicans hadde nedsatt felsomhet for echinocandiner og
ett C. parapsilosis isolat var resistent mot anidulafungin.
Resultatene er i samsvar med tidligere studier fra Norge.

Konklusjon

Antibiotikaresistens er fortsatt et begrenset problem i
Norge nar det gjelder bakterier fra bdde mennesker og dyr.
Det lave forbruket av antibiotika og det fordelaktige
forbruksmensteret mé& opprettholdes for & bevare den
gunstige situasjonen. Resultatene som presenteres i denne
rapporten, viser at norske strategier for antibiotikabruk og
antibiotikaresistens hittil har vert vellykkede bade i
husdyrholdet og 1 helsevesenet. Faren for okende
resistensproblemer er imidlertid til stede i form av ekt
antibiotikaforbruk 1 Norge og import av resistente
bakterier fra andre land. Det er derfor nedvendig med
fortsatt aktiv innsats for & sikre at vi ogsé i fremtiden kan
gi effektiv antibiotikabehandling til dem som trenger det.
NORM/NORM-VET-rapporten er et viktig bidrag til
arbeidet med & forebygge utvikling og spredning av
antibiotikaresistens.
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SUMMARY

SUMMARY

This is the 15™ joint report from the NORM surveillance
programme for antimicrobial resistance in human
pathogens and the NORM-VET monitoring programme
for antimicrobial resistance in animal pathogens and the
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
2014. The NORM and NORM-VET programmes were
established as 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, Norwegian 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 usage of antimicrobial veterinary medicinal products
(VMPs) for therapeutic use in food producing animals in
Norway is low. In 2014, the total sales of antimicrobial
VMPs for terrestrial animals were 5,927 kg. The annual
sales, in kg active substance, of antimicrobial VMPs
approved for use in terrestrial animals decreased by
approximately 38% from 1995 to 2014. The reduction in
use is solely accounted for by a reduction in the use in
food producing animals (41% reduction) while for
antimicrobial VMPs marketed for companion animals an
increase of 19% in the sales is observed. The sales patterns
of antimicrobial VMPs for terrestrial food producing
animals have gradually become more favourable as the
proportion of penicillin use has increased; the proportion
accounted for by pure penicillin preparations rose
gradually from 25% of total sales in 1995 to 53% in 2014.
In this period the sales of aminoglycosides decreased from
27% to 10% of total sales; this is due to a reduction in the
use of combination preparations of penicillin and dihydro-
streptomycin in food producing animals. The reduced
sales of antimicrobial VMPs in terrestrial animals as well
as the favourable prescribing patterns are mainly
explained by a campaign on prudent use of antimicrobials
conducted by the Norwegian husbandry organisations and
the Norwegian Medicine Authority during the second part
of the 1990s. Furthermore, a target set by the Norwegian
husbandry organisations to reduce the sales by 25% with
1995 as the reference year is thought to have had a major
impact on this decrease.

In 2014, the total sales of antimicrobial agents for
therapeutic use in farmed fish were 511 kg of active
substance of which amphenicols accounted for 79%. The
sales of antimicrobial VMPs in Norwegian aquaculture
declined by approximately 99% from 1987 to 1996 and
have thereafter remained relatively constant. This
reduction is mainly attributed to the introduction of
effective vaccines in salmonids.

In 2014, the total sales of ionophore coccidiostat feed
additives, in kilograms of active substance, were more
than four times the amounts used prior to the withdrawal
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 2014, the overall sales of antibacterials for systemic use
in humans were 19.3 defined daily doses (DDD)/1,000
inhabitants/day. This was a reduction of 4% compared to
2013. The total consumption has been relatively stable
over many years, although there has been a gradual
increase in consumption and a shift among the various
subgroups. The sales of narrow spectrum penicillin have
dropped. For many years the use of the urinary antiseptic
agent methenamine has increased. In 2014, the sales
levelled off but still accounted for 19% of total sales,
measured in DDDs.

In 2014, penicillins accounted for 42% of total antibiotic
human use measured in DDDs. The use of penicillins with
extended spectrum was stable while the use of beta-
lactamase sensitive penicillins was reduced. Tetracyclines
accounted for 18% of total consumption in 2014 while the
consumption of macrolides and lincosamides accounted
for 9%. Sales of cephalosporins, monobactams and
carbapenems constituted 2% of total sales. Over the last
two years, quinolone use has declined. This group
accounted for only 3% of total consumption in 2014, but
sales have more than doubled in 10 years.

Approximately 85% of all DDDs are sold through
prescriptions in ambulatory care. The use of antibacterials
varies according to gender, age and area of residence. In
2014, sales to hospitals amounted to 8% of total antibiotic
sales. Penicillins accounted for around 48% of the sales to
hospital and 41% in ambulatory care. The other main
group in hospitals was cephalosporins (17%), and in
ambulatory care tetracyclines (20%).

Resistance in indicator bacteria from animals
The prevalence of antimicrobial resistance among certain
bacteria of the normal enteric microflora can serve as an
indicator for the selective antimicrobial pressure in various
populations.

In 2014, 205 Escherichia coli isolates from broiler caecal
samples were included in the surveillance. The prevalence
of resistant E. coli was moderate with 85.4% of the
isolates being susceptible to all antimicrobial agents
examined and only 2.5% of the isolates being
multiresistant. Since the start of NORM-VET in 2000, the
prevalence of resistance to several antimicrobial agents
has decreased, and in an international perspective the
occurrence of resistance among E. coli from Norwegian
broiler is quite low. This favourable situation is probably
due to the very limited use of antibiotics in Norwegian
broiler production.

By use of a selective method, extended-spectrum beta-
lactamase (ESBL) producing E. coli were detected in
35.5% and 28.9% of broiler caecal samples and broiler
meat samples, respectively. All isolates had a beta-lactam
resistance profile corresponding to an AmpC phenotype
and carried the blacyy, gene. Quantification methods
applied to the same sample material indicate that the
majority of broiler flocks positive for ESBL/AmpC-
producing E. coli have very low levels of these bacteria
present among caecal E. coli. Correspondingly, the levels
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of contamination on broiler meat samples are generally
very low, though some variation may occur.

By use of a selective method, quinolone resistant E. coli
was found in 89.5% and 70.7% of broiler caecal samples
and broiler meat samples, respectively. A majority of the
isolates were resistant only to the quinolones nalidixic
acid and ciprofloxacin, though further resistance to one
additional antimicrobial agent was observed in 12.8% and
18.6%; and to two or more in 10.7% and 9.3% of the
isolates, respectively. All quinolone resistant isolates had
MIC profiles indicating that the phenotype was probably
mediated by mutations in the bacterial chromosome.
Although the selective method detected quinolone
resistant E. coli in a majority of the samples, only a few
isolates were usually detected by the non-selective
procedure. This indicates that the within-flock prevalence
of quinolone resistant E. coli is low. The findings were to
some degree surprising, as there is no selection pressure
from quinolone use in Norwegian broiler production. It is
unknown when, why and how this quinolone resistance
has emerged in broilers and what impact this reservoir
may have. Further investigations are needed in order to
examine these aspects.

Enterococcus faecalis and E. faecium from 65 and 143
broiler flocks, respectively, were included in the
programme. There was a very high occurrence of
resistance among E. faecalis and a high occurrence of
resistance among E. faecium isolates. In total, 32.3% of E.
faecalis and 76.2% of E. faecium were susceptible to all
antimicrobial agents included in the test panel. Resistance
to one (mainly tetracycline) and two antimicrobial agents
(mainly tetracycline and erythromycin) was detected in
60% and 6% of E. faecalis, respectively. In addition, 1.5%
of E. faecalis isolates were resistant to three antimicrobial
agents. Among FE. faecium, resistance to one (mainly
tetracycline or erythromycin) and two antimicrobial agents
was detected in 21.7% and 2.1% of isolates, respectively.
By use of selective methods, vancomycin resistant
Enterococcus spp. (VRE) was isolated from 6.7% of the
broiler flocks. All isolates were identified as E. faecium
carrying the vanAd gene. This is a significant decrease
compared to the prevalence in 2011 and at a similar level
as the result from 2009. However, the sampling method
has changed and comparison of the results should
therefore be made with caution.

Resistance in zoonotic bacteria and non-
zoonotic enteropathogenic bacteria

Animal isolates

In 2014, a total of 25 Salmonella spp. isolates from
animals were susceptibility tested. 13 out of 25 isolates
were fully susceptible; six isolates were resistant to one
antimicrobial, one to two antimicrobials, and three to three
antimicrobials. One isolate originating from a cattle herd
was multiresistant to five antimicrobials. Another isolate
originating from a chicken farm was multiresistant to
seven of the antimicrobial substances tested for.

During spring 2014, a total of 986 swine herds were
investigated for methicillin resistant Staphylococcus
aureus (MRSA) in a separate survey. MRSA was
identified in animal and environmental samples from only
one of these herds. The isolates were typed as CC398,
t011. In addition, one contact herd was identified with
MRSA CC398, t011. In both herds all pig were

slaughtered and thorough cleaning and disinfection of
rooms etc. was performed before restart with MRSA free
pigs in line with previous strategy for MRSA in swine
herds.

Human clinical enteropathogenic isolates

The frequency of multidrug resistance (MDR) in human
clinical isolates of all Salmonella serovars was just above
10%, and the frequency of ESBL stayed below 2%.
Among the 65 Salmonella blood culture isolates, the
highest frequency of MDR was found in Salmonella
serovars other than S. Typhi, S. Paratyphi, S.
Typhimurium-group. Antimicrobial resistance in general
is more prevalent in the S. Typhimurium-group (including
S. enterica serovar 4,[5],12:i-) than in other serovars, and
resistance to ampicillin and tetracycline is still increasing
in this group. This applies to domestically acquired strains
as well as to strains acquired abroad.

For Campylobacter, domestically acquired isolates are
increasingly resistant to quinolone and tetracycline.
However, resistance has not yet reached the same level as
seen in isolates acquired abroad.

Most cases of shigellosis are acquired abroad, and there is
widespread resistance, especially in S. flexneri, as reported
from other countries. There may be a trend of increasing
resistance to quinolones. The frequency of MDR is
approximately 70-80% in S. flexneri and 40% in S. sonnei.
The ESBL prevalence in Shigella was 7.3% in 2014.
Antimicrobial resistance in Yersinia enterocolitica
remains low, except for intrinsic resistance to ampicillin.

Resistance in human clinical isolates

The prevalence of resistance in human clinical isolates
was still low in Norway in 2014. Only nine methicillin
resistant Staphylococcus aureus (MRSA) blood culture
isolates were detected among the 1,163 strains included in
the NORM protocol (0.8%). During 2014 the total number
of systemic S. aureus isolates from blood cultures and
cerebrospinal fluids was 1,720, including 24 MRSA
strains (1.4%). This prevalence is at the same level as in
2012 (1.0%) and 2013 (1.0%). The Norwegian
Surveillance System for Communicable Diseases (MSIS)
registered 832 cases of MRSA infections in 2014
compared to 575 in 2012 and 659 in 2013. The majority of
MRSA cases were reported to be wound infections and/or
abscesses. The prevalence of MRSA among non-invasive
S. aureus isolates is still very low at 1.3% (12/955) which
is at the same level as 0.7% in 2012 and 1.2% in 2013.
Furthermore, MSIS registered 1,035 cases of MRSA
colonisation in 2014 compared to 823 in 2013. The total
number of MRSA notifications thus increased from 1,482
in 2013 to 1,867 in 2014 (+ 26%). The results indicate an
increasing number of MRSA infections and colonisations,
while the prevalence of invasive disease has until now
remained stable at a low level. The prevalence of fusidic
acid resistant S. aureus wound isolates has stabilised at
8.6% compared to 9.0% in 2013.

E. coli and Klebsiella spp. blood culture isolates were
increasingly resistant to broad-spectrum antimicrobials in
2014. The prevalence of gentamicin non-susceptibility in
E. coli was 8.6% in 2014 compared to 5.8% in 2013. The
increase in the prevalence of E. coli non-susceptibility to
fluoroquinolones continued and reached 13.6% in 2014
compared to 11.7% in 2012 and 12.3% in 2013. There is a
clear correlation between the total wusage of
fluoroquinolones and non-susceptibility to these agents.
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The prevalence of resistance to aminoglycosides and
fluoroquinolones is lower in Klebsiella spp. isolates than
in E. coli.

Extended spectrum beta-lactamases (ESBL) have emerged
as a significant clinical problem in many countries,
including Norway. A total of 95/1,645 (5.8%) E. coli and
26/754 (3.4%) Klebsiella spp. blood culture isolates were
reported with this phenotype in 2014. The prevalence is
essentially unchanged from 2012 (5.5% E. coli and 2.3%
Klebsiella spp.) and 2013 (5.0% E. coli and 2.8%
Klebsiella spp.). The proportion of ESBL positive isolates
is higher among E. coli from blood cultures (5.8%) than
among urinary tract isolates (3.8%). Carbapenemase
producing Enterobacteriaceae, Pseudomonas aeruginosa
and Acinetobacter spp. have been notifiable to MSIS since
July 2012. The prevalence of these phenotypes is still very
low in Norway. A total of 33 isolates were reported in
2014 (6 K. pneumoniae, 4 E. coli, 2 Enterobacter spp., 6
P. aeruginosa and 15 Acinetobacter spp.).

Among Haemophilus influenzae isolates from systemic
infections (n=609), 13.0% displayed beta-lactamase
production and 13.0% were resistant to cefuroxime, thus
indicating chromosomal resistance to beta-lactam
antibiotics. Similar rates were detected in respiratory tract
isolates. All 13 Neisseria meningitidis isolates from
systemic infections were intermediately susceptible to
penicillin G, but all remained susceptible to other relevant
antibiotics. Neisseria gonorrhoeae isolates (n=255)
demonstrated non-susceptibility to penicillin G (96.1%)
and azithromycin (37.2%), as well as resistance to
ciprofloxacin (75.7%) and even ceftriaxone in three cases
(1.2%).

Three enterococcal blood culture isolates with clinically
significant vancomycin resistance were detected in 2014
(1 VanA and 2 VanB E. faecium). The prevalence of non-
susceptibility to ampicillin in E. faecium has stabilised
around 80-90%. High-level gentamicin resistance (HLGR)
was detected in 18.7% of E. faecalis and 40.8% of E.
faecium, which is a slight decline from 23.3% and 46.8%
in 2013. Almost all HLGR E. faecium (70/71) isolates
were also non-susceptible to ampicillin. Enterococcal
resistance to linezolid was not detected in 2014.
Non-susceptibility to penicillin G was detected in 5.5% of
Streptococcus pneumoniae isolates from blood cultures
and cerebrospinal fluids and in 5.9% from respiratory tract
specimens. This is at the same level as 6.3% in 2012 and
3.0% in 2013. A single blood culture isolate was resistant
to penicillin G and at the same time showed reduced

susceptibility to cephalosporins. The prevalence of
macrolide resistance was 4.3% among pneumococcal
blood culture isolates and 7.6% in isolates from
respiratory tract samples.

Streptococcus pyogenes (group A streptococcus) isolates
from blood cultures had a slightly increasing prevalence of
erythromycin resistance (3.7%) compared to 2013 (1.9%).
Similarly, the prevalence of macrolide resistance in
Streptococcus agalactiae (group B streptococci) increased
from 12.0% in 2012 to 18.1% in 2014. All isolates were
susceptible to penicillin G.

A total of 327 cases of tuberculosis were reported to MSIS
in 2014. Susceptibility testing was performed on 265
Mycobacterium tuberculosis isolates. Ten isolates (2.5%)
originating from Africa (n=6), Asia (n=2) and Europe
outside Norway (n=2), were classified as multidrug
resistant (MDR).

Susceptibility testing was performed on 210 Candida spp.
blood culture isolates of nine different species. The most
common species were C. albicans (n=146), C. glabrata
(n=33), C. tropicals (n=9) and C. parapsilosis (n=9). Only
a single yeast isolate was non-susceptible to amphotericin
B. Single isolates with acquired fluconazole resistance
were detected, but as expected there was a high prevalence
of resistance to azoles among C. glabrata. Three C.
albicans were non-susceptible to echinocandines and one
C. parapsilosis isolate was resistant to anidulafungin. The
results are in accordance with previous studies from
Norway.

Conclusion

Antimicrobial resistance is still a limited problem among
clinically important microbes in Norway. The relatively
low usage of antimicrobial agents as well as appropriate
patterns of use must be maintained to preserve this rather
favourable situation. The data presented in this report
show that Norwegian antimicrobial policies in food
production and health care have been successful.
However, the situation may rapidly change if the use 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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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%, 2015.

Data provided by Statistics Norway.

Age group All Males Females
0 to 4 years 308,598 158,290 150,308
5 to 14 years 623,795 319,119 304,676
15 to 24 years 670,583 345,048 325,535
25 to 44 years 1,415,436 727,576 687,860
45 to 64 years 1,313,088 670,589 642,499
65 years and older 834,302 378,202 456,100

All age groups 5,165,802 2,598,824 2,566,978

TABLE 2. Livestock population in Norway in 2014.
Data provided by the Register of Production Subsidies as of 12.06.2015.

Number* of
Animal category Herds Animals
Cattle 14,500 839,000
Dairy cows only** 8,400 201,000
Suckling cow only** 4,100 67,700
Combined production (cow)** 750 30,800
Goat 1,200 64,400
Dairy goat** 300 31,600
Sheep 14,300 2,277,000
Breeding sheep > 1 year** 14,200 882,000
Swine 2,100 815,000
Breeding animal > 6 months** 1,100 51,400
Fattening pigs for slaughter** 1,900 448,000
Laying hen flocks > 250 birds 570 4,203,000
Broilers 689! -
Turkey, ducks, geese for slaughter (flock > 250 birds) 47 743,000

*  Numbers > 100 rounded to the nearest ten, numbers > 1000 rounded to the nearest hundred.” Included in above total.

"Number tested in the surveillance for Salmonella.
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TABLE 3. Production volume of the most important species in Norwegian aquaculture during the time period 1992-2014.
Data provided by the Norwegian Directorate of Fisheries updated by 12.06.2015.

Atlantic Rainbow
salmon trout Cod Arctic char Halibut Blue mussels  Scallops' Oysters
Year (tonnes) (tonnes) (tonnes) (tonnes?) (tonnes?) (tonnes) (tonnes) (tonnes)
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 71,764 864 318 377 920 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 3 2
2006 629,888 62,702 11,087 897 1,185 3,714 4 1
2007 744,222 77,381 11,104 394 2,308 3,165 6 4
2008 737,694 85,176 18,052 468 1,587 2,035 4 3
2009 862,908 73,990 20,924 421 1,568 1,649 7.7 3.8
2010 939,575 54,451 21,240 492 1,610 1,930 10.3 2.1
2011 1,064,868 58,472 15,273 276 2,767 1,743 13 2
2012 1,241,482 70,364 10,033 309 1,741 1,967 21 2
2013 1,168,324 71,449 3,770 281 1,385 2,328 23 5
2014° 1,272,358 68,954 1,386 285 1,257 1,983 13 4

'From the wild population. After 2001 in numbers of 1,000 individuals. * Preliminary numbers.

Import of live animals
Import of live animals (excluding fish and companion animals) to Norway in 2014 was 20 cattle, 56 camelides, 43 sheep and
24,570 day old chicks.

14



NORM / NORM-VET 2014

USAGE IN ANIMALS

USAGE OF ANTIMICROBIAL AGENTS

USAGE IN ANIMALS

Kari Grave

Therapeutic usage of veterinary antimicrobial agents

In 2014, total sales of antimicrobial veterinary medicinal
products (VMPs) for therapeutic use in terrestrial food
producing animals and companion animals in Norway
were 5,927 kg. Annual sales of AMPs for use in these
animal categories in the period 1995-2014 are shown in
Figure 1. The data are based on sales from drug
wholesalers to Norwegian pharmacies and from feed mills

11 000

to fish farmers (see Appendix 1) of veterinary
antimicrobial agents for therapeutic use and include
pharmaceutical formulations approved for food animals,
including horses, and companion animals. Thus, the
figures represent national sales data for veterinary
antimicrobial agents (see Appendix 1 for inclusion
criteria).
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FIGURE 1. Total sales, in kilograms active substance, and estimated sales for food producing animals (terrestrial animals)
and companion animals of antimicrobial veterinary medicinal products (VMPs) for therapeutic use in Norway for the years

1995-2014.

In the period 1995-2014 the total sales of antimicrobial
VMPs for use in terrestrial animals decreased by 38%. Of
antimicrobial VMPs used almost solely for food
production animals the reduction was 41%, while for
products used in companion animal only an increase of
19% was observed (Figure 1).

An increase in the sales of pure penicillin VMPs for food
producing terrestrial animals is observed for the period
1995-2014 - from 25% to 53% of total sales - and this is
accounted for by products used in food producing and
companion animals (Figures 2-3). In this period the sales
of aminoglycosides decreased from 27% to 10% of the
total sales; this is due to a reduction in the use of
combination preparations of penicillin and dihydro-
streptomycin in food producing animals (Figure 2). The
observed peak in the sales of sulfonamides in companion
animals in 2001-2002 is probably due to use in sheep of a
trimethoprim-sulfonamide VMP marketed for companion

animals because of a withdrawal in 2001 of a product used
for mastitis in sheep (Figure 3).

The sales of the antimicrobial VMPs defined by the World
Health Organization (WHO) with highest priority for
human medicine i.e. fluoroquinolones and macrolides
(Figures 2-3) are negligible. Note that there is no
cephalosporin  VMPs marketed in Norway for food
producing animals.

The reduced sales of antimicrobial VMPs in terrestrial
food producing animals as well as the favourable
prescribing patterns are mainly explained by a campaign
on prudent use of antimicrobials conducted by the
Norwegian husbandry organisations and Norwegian
Medicine Authority during the second part of the 1990s.
Furthermore, a target set by the Norwegian husbandry
organisations to reduce the sales by 25% with 1995 as the
reference year is thought to have had a major impact on
this decrease.
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FIGURE 2. Sales in Norway (kilograms active substance) of antimicrobial veterinary medicinal products (VMPs) mainly for
therapeutic use in food producing animals for the years 1995-2014 (farmed fish not included). In addition, minor amounts of
amphenicols (range 17-27 kg) were sold in 2008-2014 and of macrolides (range 0.2-18 kg) during 1995-2014.
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FIGURE 3. Sales in Norway, in kilograms active substance, of antimicrobial veterinary medicinal products (VMPs) marketed
for therapeutic use in companion animals for the years 1995-2014. In addition, minor amounts of a 3" generation
cephalosporin (0.7-1.1 kg) were sold annually during 2008-2014 and of macrolides (0.4-5kg) from 1998-2005.

From 1995-2014 an increase of 19% (from 465 to 548 kg)
in the sales of antimicrobial VMPs marketed for
companion animals is observed (Figure 3). This increase is
mainly accounted for by penicillins, and in 2014

approximately 85% (242 kg) of the penicillins products
sold for companion animals (approved for) was as
combination of amoxicillin and clavulanic acid (Figure 4).
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FIGURE 4. Sales, in kg active substance, of penicillin veterinary medicinal products for companion animals 1995-2014.

The annual sales of antimicrobial VMPs for use in farmed
fish peaked in 1987 when the sales amounted to 48 tonnes
(Figure 5). In 2014, the sales of antimicrobial VMPs for
use in farmed fish were 511 kg active substance, of which
79% were amphenicols (Table 4); this implies that the
sales have declined by approximately 99% from 1987.
Note that in 2013, the sales of antimicrobial VMPs for use

in farmed fish were dominated by quinolones (76%). The
significant decrease in the usage of antimicrobial agents in
Norwegian aquaculture from 1987 is 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.
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FIGURE 5. Total sales, in tonnes of active substance, of antimicrobial veterinary medicinal products (VMPs) for therapeutic
use in farmed fish in Norway in the period 1981-2014 versus produced biomass (slaughtered) farmed fish.

TABLE 4. Total sales, in kilograms of active substance, of antimicrobial veterinary medicinal products (VMPs) for
therapeutic use in farmed fish in Norway in the period 2004-2014.

Group of substances/active substance 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Tetracyclines:  Oxytetracycline 9 8 0 19 23 40 10 1 1 0 0

Amphenicols:  Florfenicol 111 202 302 139 166 303 275 336 191 300 403

Quinolones: Flumequine 4 28 7 18 1 1 0 0 0 0 0
Oxolinic acid 1,035 977 1,119 406 681 926 308 212 1,399 672 108

Combinations: S'pectlnon'lycm s 0 0 50 66 70 43 57 0 0 0 0
lincomycin (2+1)

Total 1,159 1,215 1,478 648 941 1,313 649 549 1,591 972 511
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Antimicrobial and coccidiostatic feed additives

Data on the sales of various substances and categories of
feed additives (Table 5) were obtained through annual
reports from the the Norwegian Food Safety Authority.

The glycopeptide avoparcin was licensed in Norway as
growth promoter in broilers and turkeys in 1986. In 1995
the food animal production industry voluntarily

abandoned the use of all antimicrobial growth promoters
(AGPs), including avoparcin. These measures resulted in
an immediate decline in the use of AGPs (Figur 6). No
antimicrobial growth promoters have been used in animals
in Norway since 1997.

TABLE 5. Total sales, in kilograms of active substance, of coccidiostats as feed additives in Norway 2004-2014. Data were
obtained through annual reports from the Norwegian Food Safety Authority.

Active substance 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Lasalocid 173 37 13 17 16 63 0 0 0 0 0
Monensin 817 852 889 919 897 885 805 1,060 1,080 1,174 1,313
Salinomycin 0 0 0 0 0 0 0 0 0 0 0
Narasin 5270 5318 5,615 7,065 9212 8,621 9,080 9,394 10,378 12,345 12,409
Total ionophore

coccidiostats 6,260 6,207 6,517 8,001 10,125 9,569 9,885 10,454 11,458 13,519 13,722
Amprolium/etopabat 0.8 0 0 0 0 0 0 0 0 0 0
Total others 0.8 0 0 0 0 0 0 0 0 0 0

The total sales of ionophore coccidiostats (kilograms of
active substance) have been doubled since the withdrawal
of antimicrobial growth promoters in 1995 and have since
then almost totally been dominated by narasin (Table 5,

Antimicrobial growth promoters

Figur 6). The sales of ionophore coccidiostats are
correlated to the number of slaughtered chicken produced
in this period.
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FIGURE 6. Sales, in kg active substance, of antimicrobial veterinary medicinal products (VMPs) for food producing animals
(terrestrial), antimicrobial growth promoters, and ionophore coccidiostats in Norway during 1993-2014.
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Hege Salvesen Blix

In 2014, the overall sales of antibacterials for systemic use
in humans were 19.3 defined daily doses (DDD)/1,000
inhabitants/day. The use of antibiotics has decreased since
2011 and 2012, when a Mycoplasma pneumonia epidemic
caused higher prescriptions of antibiotics. Increased sales

century are mainly caused by increased use of the
penicillins and the urinary antiseptic methenamine. When
methenamine is excluded, the level of antibiotic use in
2014 was 15.7 DDD/1,000 inhabitants/day (Table 6,
Figure 7).

of ATC group JO1-Antibacterials in the first decade of this

TABLE 6. Human usage of antibacterial agents in Norway 2007-2014 by ATC groups. The usage is presented as DDD/1,000
inhabitants/day and in % change 2013-2014. Collection methodology of data on human usage of antimicrobial agents is
presented in Appendix 2.

ATC  Groups of substances 2007 2008 2009 2010 2011 2012 2013 2014 Change (%)
2013-2014
JO1A  Tetracyclines 332 322 309 312 347 387 353 344 -3
JO1B  Amphenicols 0.001 0.001 0.002 0.001 <0.001 <0.001 <0.001 <0.001 -
JOICA Penicillins with extended spectrum  2.93  3.09 3.15 3.19 3.21 334 333 334 -
JOICE Beta-lactamase sensitive penicillins 4.70  4.71 447 4.44 447 4.3 4.1 3.8 -7
JOICF Beta-lactamase resistant penicillins  0.72  0.77 0.80 0.82 0.88 0.90 0.78 0.89 +14
JOICR Combination of penicillins 0.02 0.02 002 003 0.03 004 005 0.08 -
jorp  Cephalosporins, monobactams, 060 0.60 058 055 056 055 052 047 -10
carbapenems
JO1E  Sulfonamides and trimethoprim 1.02 098 094 0.87 0.87 0.87 0.85 0.84 -1
jorp  Macrolides, lincosamides and 230 213 189 201 231 226 193  1.66 - 14
streptogramins
JO1G  Aminoglycosides 0.07 0.07 0.07 007 0.07 008 007 0.08 -
JOIM  Quinolones 0.67 070 071 073 075 0.75 0.71 0.65 -8
JO1X* Other antibacterials 330 348 365 384 393 404 412 407 -1
Total exclusive of methenamine 169 168 162 163 17.2 17.4 16.3 15.6 -4
Total all antimicrobial agents 19.7 19.8 194 19.7 206 21.0 20.0 19.3 -4

*JO1X includes glycopeptides, colistin, fusidic acid, metronidazol (i.v.), nitrofurantoin, linezolid and methenamine. Of total JO1X, methenamine constitutes
3.7 DDD/1,000 inhabitants/day in 2014.
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FIGURE 7. Sales of penicillins (JO1C), tetracyclines (JO1A), macrolides, lincosamides and streptogramines (JO1F),
sulfonamides and trimethoprim (JO1E), methenamine and other antibacterials in Norway 1974-2014. Other types of
antibacterials include all other antibacterials in ATC group JO1, except methenamine (JO1XXO05).
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Antimicrobial total usage in humans and animals, measured in weight of active substance

In 2014, the overall sales in Norway of antibacterials for use in humans, terrestrial animals and farmed fish measured in weight
of active substance were 55.2 tonnes (Figure 8). Humans accounted for 88% of the total use, terrestrial animals for 11% of the
total use, and the use in aquaculture only for 1% of the total use. The increase of 11% (in tonnes) from 2005 is caused by
increased use in humans. When excluding methenamine, the increase was 1% (from 41.0 tonnes in 2005 to 41.6 tonnes in
2014). During these years the use in terrestrial animals has been stable.
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FIGURE 8. Sales, in tonnes of active substance, of human and veterinary antibacterials, for the years 2005-2014. Use in
farmed fish is included and appears below the grey line.

According to Table 7, oral formulations are dominating in human medicine while for veterinary medicine the dominating
formulations are the parenteral ones. The oral formulations represent 83% of the total weight followed by parenteral

formulations with 16% of the total weight. Use of other formulations e.g. for eye, ear and skin is very limited.

TABLE 7. Sales, in kg of active substance, of human and veterinary antibacterials according to formulation in 2014.

Formulation Humans Terrestrial animals Aquaculture
Dermal 105 11

Oral 42,785 2,250 511
Parenteral 5,783 3,249

Eye / ear 34 12

Intramammary 322

Others 54 105

Total 48,761 5,949 511

Irene Litleskare and Hege Salvesen Blix, Department of Pharmacoepidemiology, Norwegian Institute of Public Health,
Kari Grave, Norwegian School of Veterinary Science, Oslo.
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Sulfonamides and trimethoprim (JO1E) 4 %

In 2014, the penicillins (ATC group JO1C) accounted for
42% of the total antibacterial use in Norway (Figure 9).
Over the years there has been a shift towards use of more
broadspectered penicillins. The beta-lactamase sensitive
penicillin group (JOICE) is the largest of the penicillin
subgroups. Penicillins with extended spectrum (JO1CA)
now represent 41% of the penicillin group compared to
around 30% a decade ago (2003) (Figure 9 and Figure 10).
This is mainly due to increasing use of amoxicillin and
pivmecillinam. Pivmecillinam is used for urinary tract
infections, at the expense of the subgroup of sulfonamides
and trimethoprim, which has decreased over the years
(Figure 7).

The use of the group JO1F macrolides, lincosamides and
streptogramins has followed a wavy pattern over the
years; the internal pattern within the group has remained
relatively unchanged (Figure 7 and Figure 11). The shifts
in use could be explained to some degree by the recurrent
epidemics of M. pneumoniae in Norway, occurring with
four- to six-years intervals.

In recent years, the sales of cephalosporins, monobactams
and carbapenems have been stable and this group
represents 2% of the total sales of antibacterials (Figure
9). The internal subgroup pattern has changed over time
(Figure 12). Today, 1% and 3™ generation cephalosporins
hold 47% and 31% of ATC group JO1D.

The use of quinolones has decreased over the last 2 years.
The quinolones represent only a small fraction (3%) of
total antibacterial sales (Figure 9). Ciprofloxacin is the
main substance accounting for 97% of the quinolone
group in 2014. The use of ATC group JO1X is mainly due
to the urinary prophylactic agent methenamine, accounting
for 90% of subgroup JO1X and 19% of total antibacterial
use (Figure 9).

Geographical variation

The usage of antibacterials varies among the 19
Norwegian counties, with the county using the least using
around 70% (in DDDs) of the county using the most
(Figure 13). There is a trend of the same high-use and

low-use counties over the years. The same pattern is seen
when using number of prescriptions/1000 inhabitants as
measurement.

Antibiotic use in primary care

Antibacterials are prescription-only drugs in Norway.
Around 85% of the total human sales of antibacterials are
used in primary care, i.e. outside institutions (hospitals and
nursing homes).

For ambulatory care, the most important antibiotic groups
in 2014 were penicillins (JO1C, 41% of DDDs), tetra-
cyclins (JO1A, 20%) and macrolides and lincosamides
(JO1F, 9%). The three most used antibiotics for outpatients
in 2014 were phenoxymethylpenicillin, pivmecillinam and
doxycycline. These three represented 47% of all
prescriptions and 50% of all DDDs prescribed when
methenamine is excluded.

Females use more antibiotics than males; 27% of the
females purchased at least one antibiotic course in 2014
compared to 19% of the males. The gender pattern is
similar in all regions of the country (Figure 14). The
highest use is found among young children, young women
and the elderly (Figure 15). Among those who use
antibacterials, the elderly use more, both with regard to the
amount (measured in DDDs) and to the number of
prescriptions. For those above 70 years, 2-3 prescriptions
are dispensed every year compared to 1-2 for younger
persons. Since the dosages for young children are much
lower than in adults, the number of DDDs per user will be
less than in adults (Figure 16).

Antibiotics prescribed by dentists

Physicians are the main prescribers to humans, but dentists
prescribe 5% (measured in DDDs) of antibiotics (JO1) to
humans in ambulatory care. The prescription of antibiotics
by dentists has increased by 49% (measured in
DDD/1,000 inhabitants/day) from 2004-2014. In 2014,
dentists most often prescribed phenoxymethylpenicillin
(72% of all antibiotic DDDs prescribed by dentists)
followed by amoxicillin (11%) and clindamycin (6%).

Other antibacterials in (JO1) 3 %

Methenamine (JO1XXO05) 19 %

Quinolones (JOIM) 3 %

Macrolides, lincosamides and
streptogramins (JO1F) 9 %

Other beta-lactam antibacterials (JO1D) 2 %

Beta-lactamase resistant penicillins (JO1CF) 5 %

Tetracyclines (JO1A) 18 %

Penicillins with extended
spectrum (JOICA) 17 %

Beta-lactamase sensitive
penicillins (JO1CE) 20 %

FIGURE 9. Relative amount of antibacterial agents for systemic use in 2014 in Defined Daily Doses (DDDs) (total sales).
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TABLE 8. Human usage of single antibacterial agents for systemic use in Norway 2009-2014. Sales are given in DDD/1,000
inhabitants/day. The methodology for collection of data on human usage of antibacterial agents is presented in Appendix 2.

ATC group ATC code Substance 2009 2010 2011 2012 2013 2014
JO1A - Tetracyclines JO1A A02 Doxycycline 1.78 1.83 2.09 2.36 2.02 1.97
JOIA A04 Lymecycline 0.54 0.59 0.76 0.90 1.00 0.96
JO1A A06* Oxytetracycline 0.16 0.15 0.03 - <0.001 <0.001
JO1A A07  Tetracycline 0.60 0.54 0.58 0.62 0.54 0.50
JO1A A08* Minocycline 0.0003 0.001 0.002 0.006 0.009 0.003
JO1A A12  Tigecycline <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
JO1B - Amphenicols JOIB A01  Chloramphenicol  0.002 <0.001 <0.001 <0.001 <0.001 <0.001
JO1CA - Penicillins with  JO1C A01  Ampicillin 0.11 0.09 0.09 0.09 0.10 0.12
extended spectrum JO1C A04  Amoxicillin 1.31 1.34 1.39 1.45 1.40 1.41
JO1C A08  Pivmecillinam 1.72 1.75 1.73 1.78 1.83 1.80
JOIC A1l Mecillinam 0.008 0.008 0.008 0.008 0.008 0.007
JO1CE - Beta-lactamase JO1C EO1  Benzylpenicillin 0.28 0.22 0.24 0.24 0.22 0.23
sensitive penicillins JOICE02  Phenoxymethyl-  4.19 4.22 423 4.07 3.85 3.60
penicillin
JOIC E08* Benzathine <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
benzylpenicillin
JOICF - Beta-lactamase JO1C FO1  Dicloxacillin 0.67 0.70 0.74 0.76 0.57 0.71
resistant penicillins JOICF02  Cloxacillin 0.13 0.12 0.14 0.14 0.21 0.18
JOIC FO5* Flucloxacillin <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
JO1CR - Combination of JO1C R02* Amoxicillin and 0.003 0.003 0.002 0.004 0.007 0.012
penicillins, incl. beta- enzyme inhibitor
lactamase inhibitors JO1C RO5 :;Z;E?lﬁiz?i r 0.02 0.02 0.03 0.03 0.04 0.06
JOIDB - First gen. JOIDBO1  Cefalexin 0.21 0.20 0.19 0.18 0.17 0.14
cephalosporins JOID BO3  Cefalotin 0.07 0.07 0.08 0.08 0.08 0.09
JOIDC - Second gen. JOID C02  Cefuroxime 0.10 0.09 0.09 0.08 0.07 0.05
cephalosporins
JOIDD - Third gen. JOID DO1  Cefotaxime 0.11 0.11 0.12 0.12 0.12 0.11
cephalosporins JOID D02  Ceftazidime 0.01 0.01 0.01 0.01 0.01 0.01
JOID D04  Ceftriaxone 0.02 0.02 0.03 0.03 0.03 0.02
JO1DF - Monobactams  JO1D FO1  Aztreonam <0.001 <0.001 <0.001 <0.001 0.001 0.001
JOIDH - Carbapenems  JO1D HO2  Meropenem 0.04 0.04 0.04 0.05 0.05 0.05
JO1ID HO3  Ertapenem 0.002 0.002 0.002 0.002 0.002 0.002
JOIDHSL - Imipenemand o 000 0000 0002 0002 0002 0.002
enzyme inhibitor
JO1DI — Other cephalo-  J01DI02 Ceftaroline <0.001
sporins and penems fosamil
JO1E - Sulfonamides and JO1E A0l  Trimethoprim 0.60 0.56 0.55 0.51 0.48 0.44
trimethoprim 10TE EO1 :ifiﬁiﬁé;fﬁ 0.33 0.31 0.32 0.36 0.37 0.40
JOIF - Macrolides, JOIF A01  Erythromycin 0.92 0.94 1.18 1.06 0.85 0.74
lincosamides and JO1F A02  Spiramycin 0.01 0.01 0.01 0.01 0.01 0.01
streptogramins JOIF A06  Roxithromycin <0.001  <0.001
JO1F A09  Clarithromycin 0.31 0.34 0.37 0.39 0.30 0.23
JO1F A10  Azithromycin 0.37 0.41 0.44 0.48 0.41 0.35
JOIFS15 Telithromycin <0.001 <0.001 <0.001
JOIF FO1  Clindamycin 0.28 0.31 0.32 0.33 0.37 0.33
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ATC group ATC code Substance 2009 2010 2011 2012 2013 2014
JO1G - Aminoglycosides JO1GAO1* Streptomycin <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
JOIGBO1  Tobramycin 0.03 0.03 0.03 0.03 0.03 0.03
JO1GBO03  Gentamicin 0.04 0.04 0.05 0.05 0.05 0.05
JO1G B06* Amikacin <0.001 0.001 0.001 0.001 0.001 0.001
JOIM - Quinolones JOIM AO01 Ofloxacin 0.03 0.03 0.03 0.02 0.02 0.01
JOIM A02 Ciprofloxacin 0.67 0.70 0.71 0.72 0.69 0.69
JOIMAI12* Levofloxacin 0.004 0.003 0.002 0.002 0.001 0.001
JOIMA14* Moxifloxacin 0.001 0.004 0.006 0.004 0.005 0.007
JO1X - Other JO1X A01  Vancomycin 0.01 0.01 0.01 0.01 0.01 0.02
antibacterials JO1X A02  Teicoplanin 0.001 0.001 0.001 0.001 0.001 <0.001
JO1X BO1  Colistin 0.005 0.004 0.004 0.004 0.005 0.006
JO1X CO1  Fusidic acid 0.005 0.004 0.005 0.005 0.004 0.004
JO1X D01  Metronidazole 0.07 0.07 0.07 0.07 0.06 0.05
JO1X EO1  Nitrofurantoin 0.36 0.37 0.39 0.37 0.36 0.33
JO1XX01  Fosfomycin <0.001 <0.001 <0.001
JO1X X05 Methenamine 3.19 3.37 3.44 3.57 3.67 3.65
JO1XX08  Linezolid 0.008 0.009 0.01 0.01 0.007 0.007
JO1XX09  Daptomycin <0.001 <0.001 <0.001 0.001 0.001 <0.001
Antibiotics in other JO4AAB02  Rifampicin 0.004 0.004 0.004 0.005 0.004 0.005
ATC groups JO4A Rifampicin** 0.087 0.086 0.082 0.086 0.082 0.079
A07AA09 Vancomycin 0.001 0.001 0.001 0.002 0.002 0.002
A07AA11 Rifaximin 0.001 0.001 0.002 0.004 0.007 0.01
A07AA12 Fidaxomicin <0.001 <0.001 <0.001
PO1ABOl  Metronidazole 0.22 0.23 0.24 0.23 0.24 0.24

D06AX09/ Mupirocin in kg
RO1IAX06* cream/oint. (2%)

*Drugs not licensed in the Norwegian market in 2014. ** Given as the amount DDD/1,000 inhabitants/day of rifampicin in plain and combination products.
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FIGURE 10. Sales of penicillins (JO1C) in Norway 1996-2014 and changes within groups of penicillins.
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FIGURE 11. Sales of macrolides, lincosamides and streptogramins (JO1F) in Norway 1995-2014.
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FIGURE 12. Sales of cephalosporins, monobactams and carbapenems (JO1D) in Norway 1996-2014 and changes within
generations of cephalosporins and monobactams/carbapenems.

24



NORM / NORM-VET 2014 USAGE IN HUMANS .

DDD/1000 inhabitants /day 2014

I:I < 125

I 2s5-13s
| R

Rx/1000 inhabitants 2014

|:| 350 — 399
|:| 400 — 434
Bl 435485

FIGURE 13. Sales of antibacterial agents for systemic use (ATC group JO1, excl. methenamine) in outpatients in the
different counties of Norway in 2014, measured as number of prescriptions (Rx)/1,000 inhabitants and number of DDD/1,000
inhabitants/day. Data from NorPD (excl. health institutions).
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FIGURE 14. One year prevalence of systemic antibacterial use in ambulatory care by gender and health region in Norway
for the years 2010, 2012 and 2014. Antibacterials for systemic use include ATC group JO1, vancomycin (A07AA09),
rifaximin (A07AA11), fidaxomicin (A07AA12) and metronidazole (PO1ABO1).
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FIGURE 15. Proportion (%) of the population having dispensed at least one prescription of antibacterials (one year
prevalence) in ambulatory care by gender and age in Norway in 2014. Antibacterials included are antibacterials for systemic
use (ATC group JO1, excl. methenamine). Prevalence in age groups above 65+ is adjusted according to persons from these age
groups living outside institutions.
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FIGURE 16. Mean number of prescriptions per person and mean number of DDDs per person among users of antibacterials
in ambulatory care by gender and age in Norway in 2014. Antibacterials included are antibacterials for systemic use (ATC
group JO1, excl. methenamine).
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Hospital use

In 2014, the antibacterial sales (in DDDs) to hospitals
represented around 8% of total sales of antibacterials for
human use in the country. The therapy pattern of
antibacterials in hospitals does not change much from one
year to another (Figure 17).

Penicillins (JO1C) represent 48% of the use measured in
DDDs in hospitals (JOICE 17%, JO1CA 16% and JO1CF
11%, JOICR 4%). The second largest group is the
cephalosporins; 17% of all DDDs, the dominant subgroup
being 3rd generation cephalosporins (JO1DD). In 2014,
seven substances accounted for 51% of DDDs used. These
were benzylpenicillin, cloxacillin, cefotaxime, ampicillin,
cefalotin, ciprofloxacin and pivmecillinam. Three single
substances accounted for 30% of all antibacterial use in
hospitals; benzylpenicillin (14%), cloxacillin (9%) and
cefotaxime (7%).

Six antibiotic groups mainly used in hospitals are shown
in Figure 18. Since 2006, there has been a stable increase
in the use of carbapenems and piperacillin with the beta-
lactamase inhibitor tazobactam. The use of 3rd generation
cephalosporins decreased in 2014 and the use of 2nd
generation cephalosporins has been decreasing over many
years.

Figure 19 shows national trends in antibiotic use by
hospital activity data (bed days and admissions) instead of
population statistics. The two measurements together
show the interplay between shorter hospital stays and
intensity of antibiotic treatment. Although the health
system is similar all over the country, there are large

variations in volume of antibiotics used, measured in
DDD/100 bed days, and in therapy profile (Figure 20).
This is probably caused by differences in therapy
traditions.

Antimycotics

The use of antimycotics for systemic use has been
increasing in Norway (Figure 21). Hospital use of
antimycotics represent 24% of total antifungal use
measured in DDDs. Fluconazole is the most used agent. In
July 2013, a warning regarding the use of oral
ketoconazole was issued due to increased risk of liver
damage. This resulted in decreased use of ketoconazole in
ambulatory care in 2013 and no use in 2014. Of total
DDDs, 24% was used in hospital. In ambulatory care, 2%
of the DDDs were parenteral use and in hospitals, 62 %
was parenteral use.

National Guidelines

The national guidelines for antibiotic use in ambulatory
care and nursing homes were updated in 2013 and new
national guidelines for hospital use was published in 2013.
The Antibiotics Center for Primary Health Care (ASP)
was established in 2006 and the Norwegian Advisory Unit
for Antibiotic Use in Hospitals (KAS) was established in
2011. These centres are responsible for the continuous
updating of national treatment guidelines. The updated
guidelines and the commitment of the national centres will
hopefully have a positive impact on therapy traditions and
antibacterial prescribing in Norway.
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