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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 the food production chain.

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. The importance of monitoring
the human and animal health sectors as well as food
production, was emphasised. The action plan recognised
the need for ongoing surveillance as a fundamental
component of the strategy. The NORM and NORM-VET
programmes were consequently established in order to
provide and present 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
antimicrobial 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,
the Norwegian government launched a new national
strategy (2015-2020) in June 2015 including an explicit
target of 30% reduction in antibiotic consumption in human
medicine by 2020 compared to 2012. For food-producing
terrestrial animals and companion animals the target is 10%
and 30% reduction in the usage, respectively, by 2020, with
2013 as reference year. Additional specific targets in the
food production chain is that livestock associated MRSA
will not be established in the Norwegian pig population, and
that ESBL in the poultry production will be reduced to a
minimum. Mapping of reservoirs of antimicrobial resistant
bacteria will also be carried out in the most relevant animal
populations and plants important to food safety.

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 animals, food
and feed was established in 2000 and is coordinated by the
Norwegian Veterinary Institute commissioned by the
Norwegian Food Safety Authority. The NORM/NORM-
VET reports also present data on the usage of antimicrobial
agents in humans and animals in Norway. The NORM and
NORM-VET programmes are valuable tools for setting
policies, assessing risks and evaluating interventions.

This report, which is the nineteenth annual joint report from
NORM and NORM-VET, presents data on resistance and
usage for 2018. 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 2019
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SAMMENDRAG

SAMMENDRAG

Dette er den nittende felles rapporten fra Norsk
overvakingssystem for antibiotikaresistens hos mikrober
(NORM) og Norsk overvakingsprogram for antibiotika-
resistens i mikrober fra for, dyr og neringsmidler (NORM-
VET). Rapporten presenterer data om forekomst av
antibiotikaresistens og forbruk av antibiotika til mennesker
og dyri2018. Data fra relevante prosjekter som ikke er med
i de kontinuerlige overvakingsprogrammene, presenteres
ogsé.

NORM og NORM-VET 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 Veteriner-
instituttet i Oslo. Programmene utgir en felles arsrapport.

Forbruk av antibiotika til dyr

I 2018 utgjorde salget av antibakterielle veteriner-
preparater til landdyr 5167 kg aktivt stoff som er en
nedgang pa 7,5 % sammenlignet med 2017.

Salget av antibakterielle veterinerpreparater til mat-
produserende landdyr, inkludert hest, var pa 4821 kg. Til
gris, storfe, sau, geit og fjorfe ble det i all hovedsak brukt
penicilliner og av disse var det nesten utelukkende
benzylpenicillin som ble benyttet. Fra 2013 til 2018 var det
en nedgang i forbruket av antibakterielle veterineer-
preparater til de viktigste matproduserende artene (storfe,
gris, sau, geit og fjorfe) pd 17 % maélt i kg aktivt stoff. Ogsé
nér salget relateres til dyrepopulasjonen, var nedgangen i
forbruket 17 %. Det er fortsatt lavt forbruk av de anti-
bakterielle midlene som er heyest prioritert av Verdens
helseorganisasjon (blant de kritisk viktige antibakterielle
midlene for humanmedisinen). Salget av antibakterielle
veterinarpreparater som kan benyttes til flokkbehandling,
er fortsatt lavt; 1 2018 utgjorde salg av slike preparater 4 %
av totalsalget. Til hest ble det i hovedsak brukt trimetoprim-
sulfa (oralpasta).

Forbruket av veterinere antibakterielle midler til oppdretts-
fisk som gar til matproduksjon (forbruk til rensefisk
utelatt), var fortsatt sveert lavt i 2018 og utgjorde 871 kg.
Dette representerer en nedgang pa over 99 % sammenlignet
med topparet 1987. 12018 ble det foretatt behandling med
anti-biotika av laks og regnbueerret i 1,6 % av
sjolokalitetene.

Til kjeledyr (hund og katt) ble det i 2018 solgt 347 kg
veterinzre antibakterielle midler. Dette er en nedgang pa 34
% sammenlignet med 2013. Nar bruken av humane anti-
bakterielle midler til hund og katt inkluderes, estimert ved
bruk av data fra Veterinert legemiddelregister, er ned-
gangen fra 2013 til 2018 pa 24 %.

Narasin ble faset ut som fortilsetningsmiddel til slakte-
kylling sommeren 2016. Bruken av antibiotika til
behandling av slaktekylling er fortsatt sveert lavt; i 2018 ble
det foretatt behandling i 0,1 % av slaktekylling-flokkene og
det ble kun brukt smalspekterede penicilliner.

Forbruk av antibiotika hos mennesker

Den totale antibiotikabruken er kontinuerlig redusert siden
2012. Bruken har gatt ned med 24 % siden 2012. Med totalt
antibiotikabruk mener vi her alt salg i Norge av
antibakterielle midler til systemisk bruk hos mennesker
(JO1 ekskl. metenamin) dvs. i primarhelsetjenesten og til
institusjoner. Ogsd i 2018 fortsatte reduksjonen, med 3 %
sammenliknet med 2017. Det totale salget gikk ned fra 13,3
DDD/1000 innbyggere/degn i 2017 til 12,9 DDD/1000
innbyggere/degn i 2018. Andelen smalspektrede peni-
cilliner (JO1CE) var stabil med 27 % av totalt salg (JO1,
ekskl. metenamin), men redusert i forhold til tidligere ar. I
1997 (20 ar siden) var andelen 35 % av det totale salget.

Rundt 84 % av totalt antall DDD av antibakterielle midler
brukes i primerhelsetjenesten, dvs. utenfor helse-
institusjoner. I 2018 wvar penicilliner (JO1C) mest brukt i
primerhelsetjenesten; 53 % av alle DDD for antibakterielle
midler til systemisk bruk (JO1, ekskl. metenamin), etterfulgt
av tetracykliner (JO1A; 26 %). De tre hyppigst brukte
antibiotika 1 2018 var fenoksymetylpenicillin, doksycyklin
og pivmecillinam. Disse tre representerte 50 % av alle
forskrevne resepter og 54 % av alle solgte DDD. Tannleger
forskriver rundt 5% av alle DDD i primerhelsetjenesten.

Antibiotikasalg (i DDD) til sykehus utgjorde 8 % av totalt
salg av antibakterielle midler til mennesker i 2018. I norske
sykehus ble det gjennomsnittlig brukt 74 DDD/100 ligge-
deogn i 2018, dette er en gkning pd 10 % siden 2012.
DDD/sykehusinnleggelse (i 2018; 3,1 DDD/innleggelse)
okte med 2 % i samme periode. Terapimenster av anti-
bakterielle midler i sykehus endres ikke mye fra ett ar til et
annet. Bruken av bredspektrede antibiotika er redusert fra
26 % av totalt antall DDD i 2012 til 21 % i 2018. I sykehus,
ble penicilliner (JO1C) mest brukt (ca halvparten av bruken
malt i DDD) mens cefalosporiner er den neststorste
antibiotikagruppen (18 % av alle DDD). Det er store
variasjoner mellom sykehus, bidde malt i volum av
antibiotika (DDD/100 liggedogn) som brukes og i terapi-
profil. Variasjonene kan ikke forklares med forskjeller i
aktivitet eller pasientsammensetning alene.

Resistens hos kliniske isolater fra dyr

I 2018 ble det undersekt kliniske isolater fra infeksjoner
med Escherichia coli hos fjerfe (kylling, kalkun og vaktel)
og Staphylococcus aureus fra mastitt hos sau. De aller fleste
isolatene av bade E. coli og S. aureus var fullt folsomme for
de antibiotika det ble testet for. For E. coli var det vanligst
4 finne resistens mot kinoloner, tetracyklin og ampicillin.
Resistens mot sulfamethoxazol og trimetoprim var vanligst
hos S. aureus isolatene.

Resistens hos indikatorbakterier fra dyr og

mat

Dataene fra NORM-VET 2018 bekrefter at forekomsten av
antimikrobiell resistens hos bakterier fra dyr og mat i Norge
er lav sammenliknet med andre land.

NORM-VET folger de krav til overvidking av
antibiotikaresistens som er satt i EU-regelverket. I tillegg
overvakes/kartlegges bakterier og resistensformer ut i fra
nasjonale hensyn. Eksempler pa dette er malrettede
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selektive undersekelser av spesielle resistensformer slik
som f.eks. meticillinresistente Staphylococcus aureus
(MRSA), E. coli som er resistente mot tredje generasjons
cefalosporiner eller karbapenemer, og kinolonresistente E.
coli.

I 2018 ble det undersekt avferingsprever fra sau, samt
blindtarm fra kylling- og kalkunflokker. I tillegg ble
blindtarmsprever fra kylling som slaktes etter 50 dagers
levetid, undersgkt. Nesesvabre og miljeprever fra
sauebesetninger ble undersekt for MRSA. 1 tillegg
presenteres 2018-resultatene fra overvakingsprogrammet
for MRSA hos svin i rapporten. Av prever fra mat ble det
undersekt kylling- og kalkunkjett, samt meieriprodukter,
bladsalat og krydder-urter.

Analysene viser at majoriteten av E. coli isolatene fra sau,
kylling og kalkun var fullt folsomme for alle de antibiotika
det ble testet for. Blant isolatene som viste nedsatt
folsomhet, var det resistens mot kinoloner og ampicillin
som var mest vanlig fra kylling, mens resistens mot
ampicillin, sulfamethoxazol, tetracyklin og trimetoprim var
mest vanlig fra kalkun og sau. Dette er i samsvar med
resultater fra tidligere ar.

I den selektive screeningen for E. coli som er resistent mot
tredje generasjons cefalosporiner, ble det kun péavist noen
svert fa isolater med plasmidmediert resistens fra kylling
og kalkun, samt kylling- og kalkunkjett. Dette viser at
forekomsten av disse overferbare resistensformene hos
kylling og kalkun né er sjelden i Norge sammenliknet med
tidligere ar. Det har veert en betydelig reduksjon av slik
plasmidmediert resistens hos fjorfe og i fjerfekjott de siste
arene. Dette har veert mulig takket vaere innsats gjort av
fjorfenzringen. Resistens mot tredje generasjons cefalo-
sporiner kan ogsa vaere fordarsaket av mutasjoner i
bakterienes kromosom, og fra sau, kalkun, og kalkunkjott
ble det pavist slike E. coli isolater. Det ble ikke pévist E.
coli som er resistent mot tredje generasjons cefalosporiner,
i den selektive screeningen av meieriprodukter. Fra blad-
salat og krydderurter ble det imidlertid pavist noen isolater,
og disse var forarsaket av gener som ikke er vanlige funn
fra norske produksjonsdyr eller fra norskprodusert mat.

Karbapenemaseproduserende Enterobacteriaceae har aldri
blitt pévist i prever fra dyr eller mat fra Norge. Den
selektive screeningen for karbapenemaseproduserende
enterobakterier ble utfort pa alle de undersokte kategorier
av dyr og mat i 2018, uten at slike bakterier ble pavist. Det
ble heller ikke pavist kolistinresistente E. coli i den
selektive screeningen som ble utfert pd prevene fra
bladsalat og krydderurter, men ett av isolatene fra den
selektive screeningen for E. coli med resistens mot tredje
generasjons cefalosporiner hadde ogsé et plasmidmediert
kolistinresistensgen.

Selektive metoder for isolering av kinolonresistente E. coli
ble utfert pa prever fra sau og kylling som slaktes etter 50
dagers levetid, samt fra meieriprodukter, bladsalat og
krydderurter. Resultatene viser at forekomsten for sau er
tilsvarende som for storfe, og at forekomsten for kylling-
flokkene som slaktes etter 50 dagers levetid tilsvarer fore-
komsten tidligere observert for ordinzer kyllingproduksjon.
Ingen av meieriproduktprevene var positive, mens det ble
pavist isolater fra noen av prevene av bladsalat og
krydderurter. Av disse isolatene var det noen som i tillegg
var resistente mot tredje generasjons cefalosporiner og
kolistin.

En hayere andel av Enterococcus spp. isolater fra kalkun
enn fra kylling viste nedsatt folsomhet for flere av de
antibiotika det ble testet for. Blant de E. faecalis isolatene
som viste nedsatt felsomhet, var det resistens mot
tetracyklin som var vanligst, fulgt av resistens mot
erytromycin (og narasin for kalkunisolatene). Blant E.

faecium var det resistens mot narasin som var vanligst, fulgt

av resistens mot tetracyklin og erytromycin hos
kyllingisolatene og resistens mot erytromycin, tetracyklin
og ampicillin hos kalkunisolatene. Ingen av isolatene var
resistente mot vankomycin. Det har vert en nedgang i
forekomsten av vankomycinresistente Enterococcus spp.
(VRE) de siste arene. 1 2018, ble det ikke pavist VRE i noen
av provene fra kylling og kalkun i de selektive under-
sokelsene.

Det er begrensede funn av MRSA i den norske dyre-
populasjonen. Arlig gjennomfores det et omfattende
overvakingsprogram for MRSA i svinepopulasjonen. I
2018 ble det ikke pavist MRSA i noen svinebestninger.
Prover fra sau ble ogsa undersgkt for MRSA i 2018, og
MRSA ble pavist fra en miljepreve i én besetning (0,4 %).
Isolatet inneholdt mecC genet og tilharte MRSA CC130,
spa-type t843.

Resistens hos zoonotiske bakterier og andre
enteropatogene bakterier

Zoonosebakterier isolert fra dyr

Den norske husdyrpopulasjonen er regnet som fri for
Salmonella. 12018 ble det sensitivitetstestet 18 Salmonella
isolater fra dyr, hhv. fra fem katter, fire hunder, tre storfe,
tre griser, et villsvin, et pinnsvin og en gas. Ni av isolatene
var fullt felsomme, mens tre av de ni andre var resistent mot
totalt seks av de undersgkte antibiotika. Alle disse tre var
isolert i forbindelse med et Salmonella utbrudd pé hest.

Campylobacter jejuni fra kylling og kalkun ble inkludert i
overvakingen i 2018. Resultatene viser at det er en lav
forekomst av antibiotikaresistens blant C. jejuni fra bade
kylling (ogsa hos de slaktet etter 50 dagers levetid) og
kalkun.

Kliniske isolater av tarmpatogene bakterier fra
mennesker

Kliniske isolater av Salmonella, Campylobacter, Yersinia
og Shigella fra mennesker ble ikke inkludert i overvakingen
12018 pé grunn av omorganisering av referanselaboratoriet
ved Folkehelseinstituttet.

Resistens hos kliniske isolater fra mennesker

Forekomsten av antibiotikaresistente kliniske bakterie-
isolater fra mennesker var fortsatt lav i 2018. Det ble pavist
11 tilfeller av methicillinresistente Staphylococcus aureus
(MRSA) blant de 1445 blodkulturisolatene (0,8 %) som ble
inkludert i NORM-protokollen. Dette samsvarer godt med
tall fra laboratorienes datasystemer som rapporterte 17
MRSA-isolater blant 2055 S. aureus (0,8 %) fra blodkultur
og spinalveaeske i 2018. Andelen er pd samme niva som i
2016 (1,0 %) og 2017 (0,8 %). Meldesystemet for
infeksjonssykdommer (MSIS) registrerte 905 tilfeller av
MRSA-infeksjon i 2018 mot 887 1 2016 og 763 12017. De
fleste tilfellene var fra pasienter med sarinfeksjoner og
abscesser. MRSA utgjor fortsatt en svert liten andel av S.
aureus isolater fra sarprover (17 av 992; 1.7 %) slik de har
gjort i tidligere ar (1,6 % 1 2016, 1,2 % i 2017). MSIS
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registrerte videre 1631 tilfeller av MRSA-kolonisering i
2018 mot 1651 12016 og 1529 1 2017. I alt ble det meldt
funn av MRSA hos 2301 personer i 2018, svarende til en
insidensrate pd 48/100 000 innbyggere. Overvakingen viser
at det totale antallet MRSA-registreringer er stabilt. Det
pavises fortsatt svert fa alvorlige MRSA-infeksjoner. Den
okte insidensen av MRSA-kolonisering over de siste arene
kan utgjere en reell gkning av MRSA-forekomsten, men
kan ogsa skyldes hoyere testaktivitet.

Blodkulturisolater av E. coli viste en svakt synkende fore-
komst av resistens mot bredspektrede antibiotika i 2018.
Forekomsten av gentamicinresistens var 5,4 % i 2018
sammenliknet med 6,3 % i 2016 og 7,0 % i 2017, mens
forekomsten av resistens mot ciprofloxacin ble redusert fra
12,6 % 12016 0g 15,2% 12017, til 11,7 % 12018. Klebsiella
spp. har fortsatt lavere forekomst av resistens mot genta-
micin (5,2 %) og ciprofloxacin (8,1 %) enn E. coli, men
forskjellen er mindre enn tidligere.

Produksjon av bredspektrede beta-laktamaser (ESBL) er
blitt et utbredt problem i mange land, og forekomsten har
ogsa vert gkende i Norge. Til sammen 142/2184 E. coli
(6,5 %) 0og 59/888 Klebsiella spp. (6,6 %) fra blodkultur ble
rapportert som ESBL-positive i 2018. Forekomsten er stabil
for E. coli (5,8 % 12016; 6,6 % i 2017) men ekende for
Klebsiella spp. (4,6 % 1 2016; 5,3 % i 2017). Andelen av
ESBL-positive isolater var fortsatt hayere blant E. coli fra
blodkulturer (6,5 %) enn fra urinprever (3,7 %).

Karbapenemaseproduserende  Enterobacterales (CPE),
Pseudomonas aeruginosa og Acinetobacter spp. har veert
meldepliktige til MSIS siden juli 2012. Antallet pasienter
meldt med CPE egkte fra 35 1 2017 til 54 i 2018, mens
antallet pasienter meldt med karbapenemaseproduserende
P. aeruginosa (n=3) og Acinetobacter spp. (n=19) var pa
samme niva somi2014-2016.

Overvakingen av resistens hos Haemophilus influenzae og
Neisseria meningitidis fra systemiske infeksjoner var meget
begrenset i 2018 pa grunn av omorganisering av referanse-
laboratoriene ved Folkehelseinstituttet. Et begrenset utvalg
av Neisseria gonorrhoeae (n=315) viste utbredt resistens
mot penicillin G (10,7 %), og bare 1,0 % var folsomme for
standard dosering svarende til villtypepopulasjonen. Hele
68,9 % var resistente mot ciprofloxacin. Fire isolater var
resistente mot cefixim (1,3 %), men alle var folsomme for
ceftriaxon.

Det ble pavist tre enterokokkisolater fra blodkultur med
klinisk signifikant vankomycinresistens i 2018 (alle VanB
E. faecium). Forekomsten av resistens mot ampicillin i E.
faecium ligger stabilt rundt 70-80 %. Heygradig
gentamicinresistens ble pavist i 14,1 % av E. faecalis og
32,0 % av E. faecium. Dette er en reduksjon fra henholdsvis
15,5 % og 40,6 % 1 2017, og dermed fortsatte den fallende
tendensen for aminoglykosidresistens hos enterokokker.
Alle E. faecium med heygradig gentamicinresistens var

ogsa resistente mot ampicillin. Det ble ikke funnet
linezolidresistente enterokokker i NORM-overvakingen i
2018, men referanselaboratoriet ved K-res pd UNN péviste
i alt ni slike tilfeller (E. faecalis n=6; E. faecium n=3).

Det ble pavist resistens mot penicillin G hos 0,6 % av
Streptococcus pneumoniae fra blodkultur/spinalvaske og
0,2 % fra luftveisprever, men henholdsvis 8,3 % og 6,9 %
av isolatene var kun falsomme ved forheyet dosering. Dette
er pa samme niva som i 2017. Det ble ikke pavist resistens
mot cefalosporiner. Forekomsten av makrolidresistens ved
systemiske infeksjoner var 6,0 % 1 2018 sammenliknet med
5,6 %12016 og 7,8 % 12017.

Alle isolater av betahemolytiske streptokokker gruppe A
(Streptococcus pyogenes), B (S. agalactiae), C og G (S.
dysgalactiae) var folsomme for penicilin G. Det ble péavist
resistens mot makrolider hos 22,6 % av betahemolytiske
streptokokker gruppe B (22,7 % i 2017) og 10,2 % av
gruppe C og G (ikke tidligere undersgkt) fra systemiske
infeksjoner.

I alt 209 tilfeller av tuberkulose ble meldt til MSIS i 2018.
Det ble utfort resistensbestemmelse av 167 Mycobacterium
tuberculosis isolater. Fire isolater (2,4 %) fra pasienter
smittet i henholdsvis Afrika (n=2) og Europa utenom Norge
(n=2) ble klassifisert som multiresistente.

Det ble utfort resistensbestemmelse av 178 Candida
blodkulturisolater av ti ulike species. De vanligste artene
var C. albicans (n=117), C. glabrata (n=33), C. tropicalis
(n=8), C. parapsilosis (n=7) og C. dubliniensis (n=7). Alle
C. albicans var felsomme for de undersgkte midlene
bortsett fra et enkelt echinokandinresistent isolat. Det ble
kun pévist enkelte non-albicans isolater med ervervet
resistens mot anytimykotika, men som forventet var det hay
foreckomst av resistens mot azoler hos C. glabrata.
Noyaktig speciesbestemmelse er avgjerende for & forutsi
iboende resistens og velge effektiv behandling. Resultatene
er i samsvar med tidligere studier fra Norge.

Konklusjon

I Norge er forekomsten av antibiotikaresistens fortsatt lav i
bakterier fra mennesker og dyr. Dette skyldes lavt forbruk
av antibiotika, et fordelaktig forbruksmenster, og effektive
tiltak mot spredning av resistente bakterier. Resultatene
som presenteres i rapporten, viser at strategiene mot
antibiotikaresistens har veart vellykkede bade i husdyr-
holdet og i helsevesenet. Det er imidlertid nedvendig med
kontinuerlig innsats for & bevare den gunstige situasjonen
slik at antibiotika ogsé i fremtiden vil vare effektive for de
som trenger det. NORM/NORM-VET-rapporten er viktig
for & dokumentere utviklingen av antibiotikaforbruk og
resistens hos mennsker og dyr, og for & evaluere effekten av
tiltak.
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This is the nineteenth joint report from the NORM
surveillance programme for antimicrobial resistance in
human pathogens and the NORM-VET monitoring
programme for antimicrobial resistance in bacteria from
feed, food and animals. The report presents data on the
occurrence of antimicrobial resistance and the usage of
antimicrobial agents in humans and animals for the year
2018. 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 Veterinary Institute, Oslo. A joint NORM/
NORM-VET report is issued annually.

Usage of antimicrobial agents in animals

The overall sales of antibacterial veterinary medicinal
products (VMPs) for terrestrial animals in Norway were
5,167 kg active substance in 2018.

Sales of antibacterial VMPs for use in terrestrial food-
producing animals, including horses, were 4,821 kg in
2018. Penicillins continued to be the most-selling anti-
bacterial class for the major species — i.e. cattle, pigs, goat,
sheep and poultry — and were almost exclusively accounted
for by benzylpenicillin. From 2013 to 2018 the estimated
sales of antibacterial VMPs for cattle, pigs, poultry, sheep
and goat declined by 17% both when measured in kg and in
mg/PCU (population correction unit). The sales of the
antibacterial VMPs containing substances defined by the
World Health Organization as highest priority critically
important antimicrobials (CIA) for human medicine
remained very low. The sales (kg) of antibacterial VMPs
for group treatment of terrestrial food-producing animals in
Norway continued to be very low; in 2018 such products
accounted for only 4% of the total sales. For horses, the
usage was mainly accounted for by trimethoprim-sulfa (oral
paste).

In 2018, the sales (kg) of antibacterial VMPs for farmed
fish for consumption (i.e. cleaner fish excluded) were 871
kg. This is a reduction of more than 99% compared to 1987,
when the sales were at its highest. For Atlantic salmon and
rainbow trout, fish in only 1.6% of the on-grower locations
were subjected to antibacterial treatment in 2018.

The sales (kg) of antibacterial VMPs marketed for
companion animals were 347 kg in 2018. From 2013 to
2018 the sales of such VMPs for use in companion animals
have been reduced by 34%. When including prescription of
antibacterial human medicinal products (estimated from
Veterinary Prescription Register) the estimated reduction
was 24%.

In February 2015, the Norwegian poultry industry launched
a project aiming at phasing out use of narasin as
coccidiostat feed additive in broilers, a goal that was
reached in June 2016. The usage of therapeutic antibiotics
for broilers continues to be very low; in 2018, 0.1% of the
broiler flocks were subjected to such treatment and only
narrow-spectrum penicillins were used.

Usage of antimicrobial agents in humans

The total antibiotic use in Norway has continuously been
decreasing since 2012. The use is reduced by 24% since
2012. With total antibiotic use we mean all sales of
antibacterial agents for systemic use in humans (JO1, excl.
methenamine) i.e. in primary care and to institutions. Also
in 2018 the decrease continued, by 3% compared with last
year. Total sales declined from 13.3 DDD/1,000
inhabitants/day in 2017 to 12.9 DDD/1,000 inhabitants/day
in 2018. The proportion of narrow-spectrum penicillins
(JO1CE) was stable at 27% of total sales (JOI, excl.
methenamine), but this proportion is lower than 20 years
ago. In 1997 their share was 35% of total sales.

Around 84% of the total human sales of antibacterials are
used in primary care, i.e. outside health institutions. For
ambulatory care, the most important antibiotic group in
2018 were penicillins (JO1C) with 53% of all DDDs for
systemic antibacterials (JO1, excl. methenamine), followed
by tetracyclines (JO1A) at 26%. The three most commonly
prescribed antibiotics for outpatients in 2018 were
phenoxymethylpenicillin, doxycycline and pivmecillinam.
These three substances represented 50% of all prescriptions
and 54% of all DDDs sold. Dentists prescribe around 5% of
all DDDs in primary care.

In 2018, the antibacterial sales (in DDDs) to hospitals
represented 8% of total sales of antibacterials for human use
in the country. In 2018, a mean use of 74 DDD/100 bed
days was observed, an increase by 10% since 2012. The
amount measured in DDD/admission (3.1 in 2018)
increased by 2 % in the same period. The therapy pattern of
antibacterials in hospitals does not change much from one
year to another. The use of broad-spectrum antibiotics is
reduced and accounted for 21% of total DDDs for hospitals
in 2018 compared to 26% in 2012. Around half of the
hospital use is penicillins (JO1C) when measured in DDDs.
The second largest group is the cephalosporins; 18% of all
DDDs. There are large variations between the hospitals in
volume of antibiotics used, measured in DDD/100 bed
days, and in therapy profile. The variations cannot be
accounted for by differences in activity or patient compo-
sition alone.

Resistance in animal clinical isolates

The clinical isolates included in NORM-VET 2018 were
from Escherichia coli infections in poultry (broiler, turkey
and quail) and Staphylococcus aureus from mastitis (milk)
in sheep. The majority of both E. coli and S. aureus isolates
were susceptible to all antimicrobial agents included in the
susceptibility testing. The most common resistances among
E. coli isolates were to quinolones, tetracycline, and
ampicillin. Resistance to sulfamethoxazole and trimetho-
prim was most common for the S. aureus isolates.

Resistance in indicator bacteria from animals
and food

The 2018 data confirm that the prevalence of antimicrobial
resistance in bacteria from animals and food in Norway is
low compared to other countries. NORM-VET is following
the requirements set in Commission implementing decision
of 12. Nov 2013 on the monitoring and reporting of
antimicrobial resistance in zoonotic and commensal
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bacteria in animals and food (2013/652/EU). In addition,
antimicrobial testing of bacteria from other sources than
those included in this decision, or investigation of the
presence of specific antimicrobial resistant bacteria by
selective methods, are included. The use of selective
methods is especially relevant for low-prevalence sources,
as it enables early detection of important resistance
mechanisms; thereby enabling these to be monitored and
characterised.

In 2018, sheep, and broiler and turkey flocks were sampled
at slaughter to obtain bacteria from the intestinal flora. An
additional survey of bacteria from the intestinal flora of
broilers over 50 days of age at slaughter were also
performed. From sheep herds, nasal swabs and sterile
moistened cloths for environmental samples were also
included for methicillin resistant Staphylococcus aureus
(MRSA) detection. In addition, the results from the
surveillance programme for MRSA in swine are described
in the report. Food samples included broiler and turkey
meat, as well as dairy products, and leafy greens and leafy
herbs.

The majority of E. coli isolates from broilers, turkey and
sheep were fully susceptible to the antimicrobial agents in
the test panel. Among the isolates showing decreased
susceptibility, resistance to quinolones (ciprofloxacin and
nalidixic acid) and ampicillin was most common in broilers,
while resistance to ampicillin, sulfamethoxazole, tetra-
cycline and trimethoprim was most common in turkey and
sheep. These results are in concordance with previous
results.

Only a few isolates resistant to third generation cephalo-
sporins due to plasmid encoded resistance genes were
detected in the selective screening of samples from broilers
and turkey, and meat thereof, indicating that such plasmids
are rare. There has been a substantial decrease of E. coli
resistant to third generation cephalosporins in broiler flocks
and meat thereof compared to previous years. This decrease
has been possible due to measures taken by the industry. A
few isolates resistant to third generation cephalosporins due
to chromosomal mutations were detected, and these were
from turkey and turkey meat, and from sheep. None of the
samples from dairy products were positive in the screening
for third generation cephalosporin resistant E. coli. A few
isolates were detected from leafy greens and leafy herbs,
and these isolates harboured plasmid-mediated genes not
commonly found in samples from domestic production
animals or food.

Carbapenemase-producing Enterobacteriaceae have never
been isolated in samples from animals or food in Norway.
This still applies for the selective screening performed on
all categories of samples in 2018. No colistin resistant E.
coli were detected by selective screening of samples from
leafy greens and leafy herbs. However, one isolate detected
in the selective screening for E. coli resistant to third
generation cephalosporins from leafy herbs was in addition
resistant to colistin and harboured a plasmid-encoded
colistin resistance gene.

A selective method for isolation of quinolone resistant E.
coli was performed on samples from sheep, broilers over 50
days of age at slaughter, dairy products and leafy greens and
leafy herbs. The results from sheep are consistent with
previous results from cattle, with 7.3% positive samples.
Similarly, the results for broilers over 50 days of age at

slaughter are consistent with previous results from ordinary
broiler flocks. Quinolone resistant E. coli was detected in
80.8% of the flock samples. None of the dairy product
samples were positive. Among the isolates detected from
leafy greens and leafy herbs (6.2%), a few showed
additional resistance to third generation cephalosporins due
to presence of plasmid encoded genes. Additional
resistance to colistin was also detected in one quinolone
resistant isolate, and this was encoded by a plasmid-
mediated gene as well.

Enterococcus spp. isolates from turkey were less
susceptible than broiler isolates. Among the E. faecalis
isolates showing decreased susceptibility, resistance to
tetracycline was the most frequently identified resistance
determinant, followed by resistance to erythromycin (and
narasin for the turkey isolates). Among E. faecium isolates,
resistance to narasin was the most frequently identified
resistance determinant, followed by resistance to tetra-
cycline and erythromycin for broiler isolates and resistance
to erythromycin, tetracycline and ampicillin in turkey
isolates. None of the isolates displayed resistance to
vancomycin.

There has been a significant decrease in the occurrence of
vancomycin resistant Enterococcus spp. (VRE) the last
years. In 2018, no VRE were detected from any of the
broiler or turkey flock samples in the selective screening.

Findings of MRSA in the Norwegian animal population are
rare. The yearly MRSA surveillance programme, screening
the Norwegian swine population for MRSA, did not detect
any herds with MRSA in 2018. In addition, samples from
sheep herds were investigated for MRSA, which was
detected in one environmental sample from one of the herds
(0.4%). The isolate carried the mecC gene and belonged to
CC130, spa-type t843.

Resistance in zoonotic bacteria and non-
zoonotic enteropathogenic bacteria

Animal isolates

The Norwegian animal production population is considered
virtually free from Salmonella spp. In 2018, 18 Salmonella
spp. isolates from animals were susceptibility tested. These
included five cats, four dogs, three cattle, three pigs, one
wild hog, one hedgehog and one goose, respectively. Nine
of the isolates were fully susceptible to all substances tested
for. Three of the nine remaining isolates were resistant to a
total of six of the tested antimicrobials. These three were
obtained in connection to a Salmonella outbreak in horses.

Campylobacter jejuni from broilers (including broilers
slaughtered after 50 days of age) and turkey were included
in 2018. The results indicate a low occurrence of resistance
among the C. jejuni isolates from both broilers and turkey.

Human clinical enteropathogenic isolates

Clinical isolates of Salmonella, Campylobacter, Yersinia
and Shigella from humans were not included in the
surveillance programme in 2018 due to reorganisation of
the reference laboratory at the Norwegian Institute of
Public Health.
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Resistance in human clinical isolates

The prevalence of antimicrobial resistance in human
clinical isolates was still low in Norway in 2018. Only
eleven methicillin resistant  Staphylococcus — aureus
(MRSA) blood culture isolates were detected among 1,445
strains included in the NORM protocol (0.8%). During
2018, the total number of systemic S. aureus isolates from
blood cultures and cerebrospinal fluids was 2,055 including
17 MRSA strains (0.8%). This is at the same level as in
2016 (1.0%) and 2017 (0.8%). The Norwegian Surveillance
System for Communicable Diseases (MSIS) registered 905
cases of MRSA infections in 2018 compared to 887 in 2016
and 763 in 2017. The majority of MRSA cases were
reported as wound infections and/or abscesses. The
proportion of MRS A among non-invasive S. aureus isolates
is still very low at 1.7% (17/992), as it was in 2016 (1.6%)
and 2017 (1.2%). Furthermore, MSIS registered 1,631
MRSA colonisations compared to 1,651 in 2016 and 1,529
in2017. A total 0f 2,301 persons were reported with MRSA
in 2018, corresponding to an incidence rate of 48/100,000
inhabitants. The results indicate a relatively stable rate of
MRSA notifications. The incidence of invasive disease has
remained stable at a low level. The increased rate of
reported colonisation in recent years may reflect spread of
MRSA in the population and/or increased test activity.

The rate of resistance to broad-spectrum antimicrobials in
E. coli blood culture isolates decreased slightly in 2018.
The prevalence of gentamicin resistance was 5.4% in 2018
compared to 6.3% in 2016 and 7.0% in 2017, while the
prevalence of ciprofloxacin resistance decreased from
12.6% in 2016 and 15.2% in 2017, to 11.7% in 2018.
Klebsiella spp. still demonstrates lower rates of resistance
to gentamicin (5.2%) and ciprofloxacin (8.1%) than E. coli,
but the difference is reduced compared to previous years.

Extended spectrum beta-lactamases (ESBL) have emerged
as a significant clinical problem in many countries,
including Norway. A total of 142/2,184 (6.5%) E. coli and
59/888 (6.6%) Klebsiella spp. blood culture isolates were
reported with this phenotype in 2018. The prevalence was
stable for E. coli (5.8% in 2016; 6.6% in 2017) but
increasing for Klebsiella spp. (4.6% in 2016; 5.3% in 2017).
The proportion of ESBL positive isolates is still higher
among E. coli from blood cultures (6.5%) than in urinary
tract isolates (3.7%). Carbapenemase-producing Enfero-
bacterales (CPE), Pseudomonas aeruginosa and Acineto-
bacter spp. have been notifiable to MSIS since July 2012.
The number of patients reported with CPE increased from
35in 2017 to 54 in 2018, while the number of patients with
carbapenemase-producing P. aeruginosa (n=3) and
Acinetobacter spp. (n=19) was stable 2014-2016.

The surveillance of resistance in systemic isolates of
Haemophilus influenzae and Neisseria meningitidis was
very limited in 2018 due to reorganisation of the reference
laboratories at the Norwegian Institute of Public Health. A
limited number of Neisseria gonorrhoeae isolates (n=315)
displayed resistance to penicillin G (10.7%), and only 1.0%
were susceptible to standard dosage corresponding to the
wildtype population. Ciprofloxacin resistance was detected
in 68.9% of the isolates. Four isolates were resistant to
cefixime (1.2%), but all remained susceptible to ceftriaxone
and spectinomycin.

Three enterococcal blood culture isolates (0.5%) with
clinically significant vancomycin resistance were detected

in 2018 (all VanB E. faecium). The prevalence of ampicillin
resistance in E. faecium has stabilised around 70-80%.
High-level gentamicin resistance (HLGR) was detected in
14.1% of E. faecalis and 32.0% of E. faecium isolates. This
is a decrease from 15.5% and 40.6% in 2017, respectively,
thus continuing the downward trend for aminoglycoside
resistance in enterococci. All HLGR E. faecium isolates
were also resistant to ampicillin. There were no linezolid
resistant isolates in the NORM surveillance program in
2018, but the reference laboratory at K-res/UNN detected a
total of nine such isolates (E. faecalis n=6 and E. faecium
n=3).

Penicillin G resistance was detected in 0.6% of Strepto-
coccus pneumoniae isolates from blood cultures and
cerebrospinal fluids and in 0.2% from respiratory tract
samples, but 8.3% and 6.9% of the isolates were only
susceptible to increased dosage, respectively. This is at the
same level as in 2017. Resistance to cephalosporins was not
detected. The prevalence of macrolide resistance in
systemic infections was 6.0% in 2018 compared to 5.6% in
2016 and 7.8% in 2017.

All isolates of beta-haemolytic streptococci group A
(Streptococcus pyogenes), B (S. agalactiae), C and G (S.
dysgalactiae) were susceptible to penicillin G. Macrolide
resistance was detected in 22.6% of streptococci group B
(22.7% in 2017) and in 10.2% of streptococci group C and
G (not previously surveyed) from systemic infections.

A total of 209 cases of tuberculosis were reported to MSIS
in 2018. Susceptibility testing was performed on 167
Mycobacterium tuberculosis isolates. Four isolates (2.4%)
originating from Africa (n=2) and Europe excluding
Norway (n=2) were classified as multi-drug resistant
(MDR).

Susceptibility testing was performed on 178 Candida spp.
blood culture isolates of ten different species. The most
common species were C. albicans (n=117), C. glabrata
(n=33), C. tropicals (n=8), C. parapsilosis (n=7) and C.
dubliniensis (n=7). All C. albicans isolates were fully
susceptible to the substances examined with the exceptipon
of a single echinocandin resistant isolate. Only single non-
albicans isolates with acquired fluconazole resistance were
detected, but as expected there was a high prevalence of
resistance to azoles among C. glabrata. Precise species
identification is essential to predict inherent resistance and
select appropriate antifungal therapy. The results are in
accordance with previous studies from Norway.

Conclusion

Antimicrobial resistance is still a limited problem among
humans and food-producing animals in Norway. This
reflects the low usage of antibacterial agents in human and
veterinary medicine, a favourable usage pattern, as well as
effective infection control measures. The data presented in
the report show that strategies for containment of
antimicrobial resistance have been successful both in the
food-producing animal sector and in the healthcare sector.
Continuous efforts and awareness rising are needed to
preserve the favourable situation and ensure that
antibacterials are effective when needed. The NORM/
NORM-VET report is vital in order to document the trends
in antibiotic usage and occurrence of resistance in humans
and animals, and to evaluate the effectiveness of inter-
ventions.
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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 01.01.2019.
Data provided by Statistics Norway.

Age group All Males Females
0 to 4 years 294 863 151 852 143 011
5 to 14 years 640 095 328 144 311951
15 to 24 years 661 730 341 501 320229
25 to 44 years 1438 768 737 090 701 678
45 to 64 years 1373915 700 751 673 164
65 years and older 918 841 425735 493 106

All age groups 5328212 2 685073 2 643 139

TABLE 2. Livestock population in Norway in 2018.
Data provided by the Register of Production Subsidies as of 1.03.2018.

Number* of
Animal category Herds Animals
Cattle 13,700 992,000
Dairy cows only** 6,800 182,000
Suckling cow only** 4,400 77,800
Combined production (cow)** 750 39,000
Goat 1,200 69,600
Dairy goat** 340 35,500
Sheep 14,300 1,006,000
Breeding sheep > 1 year** 14,300 1,006,000
Swine 2,000 800,000
Breeding animal > 6 months** 1,100 49,500
Fattening pigs for slaughter®* 1900 443,000
Laying hen flocks > 250 birds 590 4,338,000
Broilers 660! 62,739,000
Turkey, ducks, geese for slaughter (flock > 250 birds) 38 406,000

* Numbers > 100 rounded to the nearest ten, numbers >1,000 rounded to the nearest hundred. ** Included in above total. ' Included in the
official surveillance programme of Salmonella, *Figures from the Norwegian Agriculture Agency (based on delivery for slaughter).
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TABLE 3. Production volume of the most important species in Norwegian aquaculture during the time period 1992-2018.
Data provided by the Norwegian Directorate of Fisheries updated by 19.06.2019.

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 1,258,356 68,910 1,213 285 1,257 1,983 13 4
2015 1,303,346 72,921 5 257 1,243 2,731 21 10
2016 1,233,619 87,446 0 330 1,461 2,231 12 11
2017 1,236,353 66,902 117 339 1,623 2,383 29 17
2018 1,281,872 67,886 495 285 1,843 1,649 28 18

'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 2018 was 21 camelids, 16 sheep and 29,561 day

old chicks of hen, broiler, turkey and duck according to the yearly report from KOORIMP and KIF; https://www.animalia.no/

no/Dyr/koorimp---import/arsmeldinger-koorimp-og-kif/.
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USAGE OF ANTIMICROBIAL AGENTS

USAGE IN ANIMALS
Kari Grave, Kari Olli Helgesen and Petter Hopp

Sales data for 1993-2018 of antibacterial veterinary
medicinal products (VMP) for terrestrial animal species,
obtained at wholesaler’s level, have been stratified into
sales of antibacterial VMPs approved for terrestrial food-
producing animals, including horses, and approved for
companion animals, respectively (Appendix 1). The data

Usage of veterinary antibacterial agents

Overall, the sales in Norway of antibacterial veterinary
medicinal products (VMPs) for therapeutic use in food-
producing terrestrial animals and companion animals in

are based on sales to Norwegian pharmacies from medicine
wholesalers of VMPs for therapeutic use. This includes all
pharmaceutical formulations approved for food-producing
terrestrial animals, including horses, and for companion
animals sold in Norway (Appendix 1).

2018 were 5,167 kg. A decline of the annual sales of such
VMPs of 44% in the period 1993-2018 is observed (Figure

).

Food-producing terrestrial animals (including horses)

Companion animals

1994
2000
2001
2002
2003

2004
2005

2006
2007
2008
2009
2010
2011
2112

FIGURE 1. Total sales, in kg active substance, for food-producing terrestrial animals (including horses) and companion
animals, of antibacterial veterinary medicinal products for therapeutic use in Norway in 1993-2018.

Food-producing terrestrial animals, including horses

In 2018 the sales, in kg active substance, of antibacterial
VMPs for use in terrestrial food-producing animals,
including horses, were 4,821 kg. Compared to 1993, a
decrease in the sales of such VMPs of 46% is observed
(Figures 1 and 2).

In total, 58% of the sales (kg) of antibacterial VMPs for this
animal category contained penicillins only; 28% was
accounted for by combination VMPs with trimethoprim-
sulfa; of this combination 83% was sold as orale paste for
horses.

The proportion of sales of VMPs containing only
penicillins for this animal category increased from 19% to
58% during the period 1993-2018. This is almost solely due
to reduced sales of injectable and intramammary
combination VMPs of penicillins and aminoglycosides
(dihydrostreptomycin) that have been gradually replaced by
products containing penicillin as the sole antibacterial
agent.
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FIGURE 2. Sales, in kg active substance, of antibacterial veterinary medicinal products (VMPs) for therapeutic use in food-
producing terrestrial animals, including horses, in Norway in 1993-2018. In addition, minor amounts of amphenicols VMPs
were sold in 2008-2018 (range 16-27 kg). Minor amounts of baquiloprim sold annually 1994-2000.

The sales (kg) for food-producing terrestrial animals,
including horses, of the antibacterial VMPs defined by the
World Health Organization (WHO) as critically important
antimicrobials (CIA) with highest priority (HP) for human
medicine  (https://www.who.int/foodsafety/cia/en/) have
decreased substantially (59%) from 1993 to 2018 (Figure
3). This is mainly due to reduced sales of macrolides. The
proportion of sales of the HP CIA of the total annual sales
(kg) of antibacterial VMPs for food-producing animals was
relatively stable during the years 1993-2018 accounting for
between 0.2% and 0.4% of the total sales of antibacterial
VMP for this animal category. The Norwegian prudent use
guidelines for antibacterial treatment of food-producing
animals state that HP CIA should be the last choice

antibiotic. During 1993-2018 no VMPs containing third
and higher generations of cephalosporins have been
approved for food-producing animals in Norway via
national procedures. Two third generation products have
been approved via community procedures, but these are not
marketed in Norway. Applications for special permits to
use such VMPs marketed in other EEA countries for food-
producing animals are normally not approved. An approval
would only be given for specific animals if sensitivity
testing precludes all other options. This is the case also for
polymyxins (colistin) VMPs (Tonje Hey, Norwegian
Medicines Authority, personal communication). Glyco-
peptides are not allowed for food-producing animals in
EU/EEA countries.
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FIGURE 3. Overall sales, in kg of active substance, of antibacterial veterinary medicinal products (VMPs) containing the
highest priority critically important antimicrobials for human medicine (categorised by WHO), i.e. quinolones
(*fluoroquinolones only) and macrolides, for therapeutic use in terrestrial food-producing animals (including horses) in Norway
in 1993-2018.

In Norway, sales of antibacterial VMPs for treatment of partly be explained by therapeutic traditions. In 2018, only
food-producing terrestrial animals are dominated by 4% of the sales of antibiotic VMPs for food-producing
pharmaceutical forms for treatment of individual animals terrestrial animals were for VMPs for group treatment (oral
(Figure 4) and primarily by injectables. This reflects that treatment).

the livestock is characterised by small herds, but it can also
= VMPs - for treatment individual animals ' VMPs - for group treatment
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FIGURE 4. Proportion of sales in Norway, in kg active substance, of antibacterial veterinary medicinal products (VMPs)
marketed for treatment of individual food-producing terrestrial animals (bolus, injectables, intramammary preparations,
intrauterine preparations, oral paste and some tablet VMP presentations — see Appendix 1) and for group treatment through feed
or drinking water (oral solution and oral powder; no premixes are marketed for terrestrial food-producing animals).
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Prescribing patterns for major food-producing species (VetReg data)

Of the amounts (kg active substance) of antibacterial VMPs
reported to VetReg for cattle, goat, pigs and sheep in 2018,
85.8% were penicillins, 5.7% trimethoprim-sulfa, 4.2%
aminoglycosides, 1.4 % tetracyclines and 2.9% others. Of
the penicillins 98% was accounted for by benzylpenicillin
(as prodrugs). Note that intramammaries were not included
in this analysis (see Appendix 1).

Of prescriptions (VetReg data) of VMPs for cattle in 2018,
89.2% (kg active substance) were for penicillins (intra-
mammaries not included); of these 99% was accounted for

4,8 %

0,1 %

by benzylpenicillin (as prodrugs) (Figure 5). These figures
were in the same order for 2015, 2016 and 2017.

For intrammaries the sales data are used to document the
prescribing patterns; the sales of intramammaries
containing penicillins only accounted for 30% in 2018 and
for combinations of penicillins and aminoglycosides
(dihydrostreptomycin) this figure was 70%. Of the
penicillins VMPs reported to VetReg as prescribed for
treatment of pigs (Figure 6), 86.8% was accounted for by
penicillins; of this 96% was accounted for by
benzylpenicillin (as prodrugs).

Penicillins
® Sulfonamides*
B Trimethoprim
B Aminoglycosides
m Tetracyclines
= Amphenicols

Quinolones**

FIGURE 5. Prescribing patterns, in kg active substance, of antibacterial veterinary medicinal products for cattle in Norway in
2018. Data were obtained from the Veterinary Prescription Register (intramammaries not included); *In combination with
trimethoprim only. **Fluoroquinolones only. In addition < 0.05% of the prescribed amounts were macrolides.

12% 2,8%_2,1% 2,1% 0,1%

4,9 %

Penicillins
® Sulfonamides*
= Trimethoprim
B Aminoglycosides
® Pleuromutilines
m Tetracyclines

Quinolones**

FIGURE 6. Prescribing patterns, in kg active substance, of antibacterial veterinary medicinal products for pigs in Norway in
2018. Data were obtained from the Veterinary Prescription Register. *In combination with trimethoprim only.

**Fluoroquinolones only.
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Farmed fish

In 2018, the total amount of antibiotics prescribed for use
in aquaculture in Norway was 931 kg (Table 4); of this 871
kg were prescribed for farmed fish for human consumption
(cleaner fish excluded). Compared to 2015 and 2016, there
was an increase in the amounts (kg) of antibacterials
prescribed for farmed fish in 2017 and 2018. This was not
due to an increase in the number of treatments of farmed

fish with antibacterials as the number of prescriptions for
these four years was 61, 63, 63 and 43, respectively (Figure
7). The reason for the observed increase is that both in 2017
and 2018 a few sea-site locations with Atlantic salmon with
high weight were subjected to treatment with antibiotics,
while in 2015 and 2016 such cases were not reported.

TABLE 4. Usage, in kg of active substance, of antibacterial veterinary medicinal products for farmed fish in Norway in 2009-
2018. For 2009-2012 the data represent sales data from feed mills and wholesalers collected by the Norwegian Institute of
Public Health; for 2013-2018 data represent prescription data obtained from the Veterinary Prescription Register (See Appendix
1). Note that data include antibacterials for use in cleaner fish.

Active substance 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018!
Tetracyclines

Oxytetracycline 40 10 1 1 0 0 0 0 0 20
Amphenicols

Florfenicol 303 275 336 191 236 399 189 135 269 858
Quinolones

Flumequine 1 0 0 0 0 25 <0.05 <0.05 <0.05 0

Oxolinic acid 926 308 212 1,399 599 99 84 66 343 54
Combinations

Spectinomycin + lincomycin (2+1) 43 57 0 0 0 0 0 0 0 0
Total 1,313 650 549 1,591 860 523 273 201 612 931

! The total amount (kg) given is deviating due to rounding of the individual values

For the years 2013 to 2018, the major proportion of
prescriptions was for farmed fish in the pre-ongrower phase
(Figure 7). The number of prescriptions of antibacterial
VMPs for Atlantic salmon ongrowers was negligible during
the period 2013-2018, despite that Atlantic salmon

represents more than 95% of the biomass farmed fish
produced in Norway. This is a strong indication that the
vaccines used are efficient and that the coverage of
vaccination of fingerlings is complete.

m2013

m2014

m2015 m2016 m2017 m2018

No. prescriptions

A 1

Brood fish | Hatcheries,

1y, fingerling

Atlantic salmon

Ongrowers | Brood fish L Hatcheries,

Hatcheries,
Ty, fingerling

Ongrowers Ongrowers

Ty, fingerlings

Rainbow trout* Marine species**

FIGURE 7. Number of prescriptions of antibiotics by fish species, split into production stages/types, in Norway in 2013-2018.
Data were obtained from the Veterinary Prescription Register. *Includes two prescriptions for trout (Salmo tutta) fingelings.
**Cod, halibut, pollack, turbot and wolffish. Note that cleaner fish are not included.
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The annual sales of antibacterial VMPs for use in usage of antibacterial agents in Norwegian aquaculture
aquaculture peaked in 1987 when it amounted to 48 tonnes from 1987 is mainly attributed to the introduction of
(Figure 8) — i.e. 876 mg/PCU; the corresponding figure in effective vaccines against bacterial diseases in Atlantic
2018 was 0.7 mg/PCU. Thus the sales in mg/PCU have salmon and rainbow trout but also prevention of bacterial
declined by 99.9% (Table 4). The significant decrease in the diseases and their spread.
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FIGURE 8. Sales, in tonnes of active substance, of antibacterial veterinary medicinal products for therapeutic use in farmed
fish (including cleaner fish) in Norway in 1981-2018 versus produced biomass (slaughtered) farmed fish. For 1981-2014 the
data represent sales data provided by the Norwegian Institute of Public Health; for 2013-2018 data represent prescription data
obtained form the Veterinary Prescription Register. Data on slaughtered biomass farmed fish were obtained from Statistics

Norway.
In a report from 2018 it was shown that for Atlatic salmon treatment in the years 2013-2017, respectively (1). For
and rainbow trout, fish in only 1.5%, 1.4%, 1.0%, 0.6% and 2018 this figure was 1.6%.

0.8% of the ongrowers locations were subjected to
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Companion animals (dogs and cats)

The sales in 2018 of antibacterial VMPs approved solely
for companion animals (includes VMPs formulated as
tablets, oral solution, injectable and oral paste) were 347 kg:
in 2017 this figure was 359 kg (Figures 1 and 9). As shown
in Figure 9, a steady increase in the sales from 1993 to 2001
was observed. This can in part be explained by changes in
the number of antibacterial VMPs marketed for dogs and
cats during that period. When the availability of VMPs for
dogs and cats was lower, antibacterial human medicinal
products (HMPs) were likely prescribed for dogs and cats.

In 1993, only eight antibacterial VMP presentations (name,
form, strength and pack size) were authorised in Norway
for dogs and cats, while in 2001 the corresponding number
was 36. The number of VMP presentations for dogs and
cats amounted to 49 in 2015; in 2018 this figure had
decreased to 34. Since the sales of human antibacterials are
not included in the sales statistics (Figure 9) the observed
changes across the period 1993 to 2018 should be
interpreted with caution (see chaper on National Strategy).
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FIGURE 9. Sales, in kg active substance, of antibacterial veterinary medicinal products marketed solely for use in companion
animals (injectables, oral paste, oral solution and tablets; note the exceptions for tablets: see Appendix 1) in Norway for the
period 1993-2018. Minor sales of a third generation cephalosporin injectable VMP (range 0.5-1.1 kg) in 2008-2018 and of

macrolide VMPs (0.4-5 kg) in 1996-2003 were observed.

The sales patterns of antibacterial VMPs marketed solely
for companion animals (dogs and cats) have changed
significantly during the period 1993-2018 (Figure 9). The
first penicillin VMP tablets were marketed for companion
animals in 1994; since then the proportion of penicillin

sales of total sales of antibacterial VMPs approved for
companion animals has increased from 1% to 81% (Figure
9). Of the sales of penicillin VMPs in 2018, approximately
81% of the sales were for the combination amoxicillin and
clavulanic acid (Figure 10).
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FIGURE 10. Sales, in kg active substance, of penicillin veterinary medicinal products for companion animals (dogs and cats),
in Norway in 1994-2018.

The sales for companion aimals of VMPs belonging to the observed. The proportions of the total sales of antibacterial
highest priority CIA for human medicine increased during VMPs for companion animals accounted for by such CIAs
1993-2011 (Figure 11) when sales of such antimicrobial were however low during this period (range 0.5% to 3.0%).

VMPs were peaking; since then a gradual decline is

18

16

14

12

10

kg

N T v O > 0 N O — A o T v Y - 0 N O = N N F n O >

[ A T A A N A N A A T T = T = e R e o S o o o o e e B e B v, S e B s B s B e S

S A& D S SSS S S S S S oo o o o o o o o

LB T T A I o R o\ NN o\ IR o I o I o\ NN o\ NN o I o\ NN o\ NN e\ I o\ BENN o\ RENN o\ NN e\ NN o NN o\ NI o\ BN o\
© Quinolones* Macrolides = 3rd generation cephalosporins

FIGURE 11. Sales, in kg active substance, of antibacterial veterinary medicinal products containing the highest priority
critically important antimicrobials for human medicine (categorised by WHO) — i.e. quinolones (*fluoroquinolones only),
macrolides and third generation cephalosporins — for therapeutic use in companion animals (dogs and cats) in Norway in 1993-
2018.
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Antimicrobial and coccidiostat feed additives

Due to the reported association between use of avoparcin as
antimicrobial growth promoter and the occurrence of
vancomycin resistant enterococci in 1995, the Norwegian
livestock industry immediately decided phasing out all use
of antimicrobial growth promoters (AGPs) with instant stop

of using avoparcin in May 1995 (Table 5). In 1996 and
1997, the sales of zinc bacitracin were only 64 kg and 27
kg, respectively; since 1997 no AGPs have been used for
animals in Norway. Data in Table 5 on sales of AGPs in
1995 are given as historical reference.

TABLE 5. Sales, in kg of active substance, of ionophore coccidiostat feed additives in Norway in 2008-2018; data for 1995
include antimicrobial growth promoters and are given for historical reference. Data were obtained from the Norwegian Food

Safety Authority.

Active substance 1995 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Avoparcin 419% 0 0 0 0 0 0 0 0 0 0 0
Zincbacitracin 129 0 0 0 0 0 0 0 0 0 0 o0
Total

antimicrobial 549 0 0 0 0 0 0 0 0 0 0 0
growth promoters

Lasalocid 996 16 63 0 0 0 0 0 164 0 0 o0
Monensin 3,422 896 885 805 1,060 1,080 1,174 1,313 1,081 874 875 820
Salinomycin 214 0 0 0 0 0 0 0 0 0 0 O
Narasin 24 9,212 8,621 9,080 9,394 10,378 12,345 12,409 9,126 562  92%* 52%*
Total ionophore 4,656 10,124 9,569 9,885 10,454 11,458 13,519 13,722 10,371 1,436 967 872
coccidiostats

*Sold only part of the year. **Used for control of necrotic enteritis (Clostridium perfringens) (Bruce David, Nortura, personal
communication).

References

1. Kari Grave and Kari Olli Helgesen. Antibacterials for farmed fish — prescribing, usage and diagnoses 2013-2017. (In Norwegian: Antibakterielle midler
til oppdrettsfisk — rekvirering, forbruk og diagnose 2013-2017). Rapport 5: Veterinerinstituttet, 2018.
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National Strategy against Antibiotic Resistance (2015 — 2020)
Targets for reduction of antibiotic usage in animals and farmed fish — Changes according to targets

Previous targets for food-producing terrestrial animals

In 1996, the Norwegian livestock industry set a target for
reduction of the usage of antibacterial VMPs, in weight of
active substance, by 25% within five years with 1995 as the
reference year. This target was reached already after two-
three years (Figure 12). After five years the observed

reduction was 40% and since then the usage for this animal
category has been on approximately the same level —i.e. on
average the sales for the period 1999 to 2012 was 39%
lower than in 1995 (Figures 2 and 12).

0%
0%
5%
-10%
-15%
-15%
20%
-24%
_D%o
25% 0
-30%
o 36% 37%
-35% _ago, 070 379, -37% 379
0% 11 38% -39% _409 -39%
_40% _43% = 0 -42A)
-45%
'50% r T T T T T T T T T T T T T T T T 1
g O o~ [ele] N [« — (e on < e O o~ ] [N (e — [q\]
N N N N N (=] [« [ [« (e (e [ [ [« (e — — —
() () N N N S S S (] (] (] S S S (] (=] (=] S
— — — — — [q\] [q\] [q\] (q\] (q\] (q\] [q\] [q\] [q\] (q\] (q\] (q\] [q\]

FIGURE 12. Changes in sales (kg active substance) in Norway of antibacterial veterinary medicinal products (VMPs)
approved for use in food-producing terrestrial animals, including horses, 1995 being the reference year.

Targets 2015 — 2020

In 2015, a National Strategy against Antibiotic Resistance (2015-2020) was agreed upon. Among others, this strategy has
set four targets for reduction of usage of antibacterials in terrestrial animals and farmed fish:

1. To reduce the usage of antibacterials in food-producing terrestrial animals by 10% by 2020, with 2013 as

reference year.

2. In 2020, usage of antibacterials in farmed fish should be at the same level or lower than the average for

the period 2004-2014.

3. To reduce the usage of antibacterials in companion animals by 30% by 2020, with 2013 as reference year.
Phasing out use of narasin and other coccidiostat feed additives with antibacterial properties in the broiler

production without

a. compromising animal health or animal welfare
b. increasing the therapeutic use of antibacterials

Approach — assessment of changes

To evaluate progress in terms of reaching the goals set
down in the national strategy, sales data for 2013-2018 have
been further refined in order to obtain estimates on the
usage that are more accurate in terms of identifying changes

over time. Data on prescription per animal species obtained
from the Veterinary Prescription Register (VetReg) has
been used as supportive information for this refinement (see
Appendix 1).
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Food-producing terrestrial animals

In order to achieve Target 1 of the national strategy
Animalia, whose role is to provide Norwegian farmers with
knowledge and expertise (https://www.animalia.no/en/
animalia-in-a-brief/about-animalia/), initiated and
coordinated the development and implementation of a joint
action plan against antibiotic resistance (1). The suggested
key measures to reduce the usage of antibacterials in the
livestock industry are prevention of diseases and
biosecurity as well as optimising the use of antibiotics. This
action plan covers cattle, pigs, sheep, goat and poultry. The
indicators used to express the usage are: kg (active
substance) and mg (active substance)/PCU (population
correction unit) (see Appendix 1).

The result of this analysis shows that both when measured
in kg and in mg/PCU the reduction in the usage of
antibacterial VMPs for cattle, pigs, sheep, goat and poultry
from 2013 to 2018 was 17% (Figure 13). The sales patterns
(data from wholesalers) have been stable across the period
2013 to 2018, both in terms of proportion by antibacterial
substances and by pharmaeutical forms. The figures are
therefore assumed not to be biased by changes towards
products/antibacterial classes with higher or lower dosing

per treatment. The sales of injectable antibacterial VMP are
included in sales for food-producing terrestrial animals
(horses excluded), but as the prescription of such products
for horses and companion animals (VetReg data) was
relatively stable across 2015-2018, the impact on the trends
is thought to be minor. Antibacterial human medicinal
products (HMPs) are allowed to be used for animals
according to the so-called cascade (Directive 2001/82/EC,
Article 10) — i.e. if there is no VMP authorised for the
condition, a HMP is allowed to be used. For food-producing
species it requires that a maximum residue level (MRL) has
been established for the active substance in question or that
it is shown that MRL is not nessecary. VetReg data show
that usage of HMPs for cattle, pig, sheep and goat was low
for the years 2015-2018 (68 kg, 38 kg, 32 kg and 36 kg,
respectively) and was primarily accounted for by
benzylpenicillin for injection that was almost exclusively
prescribed for sheep (see Appendix 1 for estimation
methodology; Table 6 on treatment of broilers). The impact
on the trends by excluding HMPs from the material is
thought to be minimal.
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FIGURE 13. Estimated sales, in kg active substance and in mg active substance/PCU (population correction unit), of
antibacterial veterinary medicinal products for cattle, pigs, sheep, goat and poultry in Norway in 2013-2018 and the target
according to the National Strategy. Sales data were obtained from the Norwegian Institute of Public Health. Note that
antibacterial human medicinal products are not included. Note the differences in starting points and scales of the Y-axes.
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Farmed fish
For farmed fish the goal is that the usage of antibacterials compared to the values presented in NORM/NORM-VET
should be at the same level or lower in 2020 than the 2017 (then given as 971 kg and 1.43 mg/PCU,
average for the period 2004-2014 —i.e. the usage should not respectively). Figure 14 shows that sales of antibacterial
be above 1,003 kg or 1.14 mg/PCU (maximum values). VMPs for farmed fish in 2018 were lower than the maxium
Note that the maximum values have been corrected level set.
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kg mg/PCU levels
\1, - 1,40
- 1,20
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- 1,00
*
2 612 x
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273 - 0,40
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200 -
. - 0,20
0 . . . . . . 0,00
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FIGURE 14. Prescription, in kg active substance and in mg active substance/PCU (population correction unit), of antibacterial
VMPs for farmed fish, in Norway in the periode 2015-2018 and the target according to the National Strategy. Maximum levels
are based on average for the period 2004-2014. Prescription data were obtained from the Veterinary Prescription Register and
includes prescription for cleaner fish. Note the differences in the scales of the Y-axes. *The maximum levels given in this report
are slighly higher compared to those presented in the the NORM-VET 2017 report for which there was an error in the calculation
of the maximum values given.
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Companion animals (dogs and cats)

Sales of antibacterial VMPs for companion animals include
tablets, oral solution, injectables and oral paste approved
for dogs and cats only (see Appendix 1 for exception for
tablets). From 2013 to 2018 a reduction in the sales of such
antibacterial VMPs for companion animals of 34% is
observed (Figure 15). The usage of antibacterial HMPs for
dogs and cats for 2015, 2016, 2017 and 2018, estimated by
use of VetReg data, was realtively stable; the average
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annual usage of HMPs was 265 kg (see Appendix I for
estimation methodology). This indicates that the decline in
the sales of antibacterial VMPs for companion animals has
not been substituted by prescribing of antibacterial HMPs.
Provided that the prescription of HMPs for companion
animals was on the same level in 2013 the decline in the
estimated sales of antibacterials (VMPs and HMPs) for
companion animals is 24% from 2013 to 2018.

Target
30% red.

400

359 347

2013 2014 2015

2016

2017 2018 2019 2020

FIGURE 15. Sales in Norway, in kg active substance, of antibacterial veterinary medicinal products (VMPs) marketed for
therapeutic use in companion animals only (oral paste, injectables, oral solution and tablets; exceptions for tablets - see Appendix
1) in the period 2013-2018 and the target according to the National Strategy.
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Phasing out narasin in the broiler production

Narasin was gradually phased out as coccidiostat feed
additive by the Norwegian broiler industry during the
period February 2015 to June 2016 (Table 6, Figure 16).
One of the targets stated in the National Strategy against
Antibiotic Resistance is phasing out the use of narasin as
coccidiostat feed additive in the Norwegian broiler
industry, without increasing the usage of antibacterials for

therapeutic use. Due to the quality of the VetReg data for
poultry in general (i.e. it was not possible to report to
VetReg the VMP typically used for broilers), data on
number of treatments with antibiotics were obtained from
Animalia (Thorbjern Refsnes, personal communication).
Table 6 shows that the percentages of broiler flocks treated
with antibiotics were very low in the years 2013 to 2018.

TABLE 6. Number and percentages of broiler flocks, by production stage, treated with antibacterial veterinary medicinal
products (VMPs) in Norway in the period 2013-2018!. Data were obtained from HelseFjorfe, Animalia.

2013 2014

20152 20163 2017 2018

No of flocks No of flocks No of flocks No of flocks No of flocks No of flocks

Broiler production treated (%) treated (%) treated (%) treated (%) treated (%) treated (%)
Breeders P*
(Rearing) 1(1.1) 2(2.2) 1(1) 0(-) 0(-) 0(-)
Breeders P*
(Layers) 1(1.1) 1(1) 22.1) 0(-) 1(1.4)
Broiler 8 (0.16) 2 (0.04) 1(0.02) 3 (0.07) 7 (0.18) 4(0.10)
No. flocks treated 10 3 5 7 5

'Phenoxymethylpenicillin and amoxicillin VMPs used only. 2Phasing out narasin as coccidiostat feed additive started February 2015. Out-phasing finished

June 2016. *Parents.

Narasin has been used in some cases of necrotic enteritis
(Clostridium perfringens). In 2017 and 2018, a few of the
broiler flocks were given narasin in 5-7 days, with the same

daily dose as when used as coccidiostat feed additive and a
withdrawal period of 2 days was applied (Bruce David,
Nortura, personal communication).
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FIGURE 16. Sales of narasin as coccidiostat feed additive for use in broilers in Norway during the period 2013-2017. The
statistics is obtained from Norwegian Food Safety Authority. *Sold until June 2016. **Used to control some cases of necrotic
enteritis (Clostridium perfringens) (Bruce David, Nortura, personal communication).
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Overall antibiotic sales

In 2018, the total sales of antibacterials for systemic use in
humans (JO1, excl. methenamine) decreased by 3%
compared to 2017; from 13.3 to 12.9 DDD/1,000
inhabitants/day (Table 7). In January 2019, the values of
DDDs changed for several important antibiotics, this
resulted in changed statistics, i.e. lower numbers of
DDD/1,000 inhabitants/day, but patterns over time are the
same, see separate chapter for explanation.

Antibiotics are prescription-only drugs in Norway. Overall
antibiotic comsumption includes all sales of antibiotics to
humans in Norway i.e. in primary care, in hospitals and in
long-term care institutions. Around 84% of the human use
of antibacterials are used by patients in primary care, i. e.

outside health institutions. Hospitals cover 8% of total
DDDs and long-term care institutions also around 8%.

The overall consumption (JO1, excluding methenamine) has
decreased by 24% since 2012, when a Mycoplasma
pneumoniae epidemic caused a high prescription rate of
macrolides and tetracyclins. In recent years, decreased sales
are observed for all main antibiotic subgroups (Figure 17).
The proportion of narrow-spectrum penicillins (JO1CE) of
total sales (JO1, excl. methenamine) is stable around 26%,
but it was higher 20 years ago. In 1997 the proportion was
35% and in 2018 27%. The proportion of prescriptions with
guideline-recommended antibiotics has increased from
48% of prescriptions in 2012 to 52% in 2018.

TABLE 7. Human usage of antibacterial agents in Norway 2011-2018 by ATC groups. The usage is presented as DDD (Defined
Daily Doses)/1,000 inhabitants/day and in % change 2017-2018. Methods for collection of data on human usage of antimicrobial

agents are presented in Appendix 2.

ATC Groups of substances 2011 2012 2013 2014 2015 2016 2017 2018 Change (%)
2017-8017
JOIA  Tetracyclines 347 387 354 346 338 316 301 286 -5
JOIB  Amphenicols <0.001<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 -
Penicillins with ext
jorca  Fenicillins with extended 269 279 282 290 273 262 247 246 -
spectrum
Beta-lact iti
JOICE o actamase Sensiive 447 430 409 388 388 373 3.61 3.43 -5
penicillins
Beta-lactamase resistant
JO1CF e 0.88 090 079 091 089 090 084 0.90 +7
penicillins
JOICR  Combination of penicillins 0.03 004 005 007 008 010 007 0.08 -
jorp  Cephalosporins, monobactams, o o\ o3 050 046 043 042 038 039 +3
carbapenems
JOIE  Sulfonamides and trimethoprim ~ 0.87 0.87 0.86 088 088 085 084 0.8 +5
joip  Macrolides, lincosamides and 231 226 194 168 151 133 118 1.05 11
streptogramins
J0IG  Aminoglycosides 0.07 008 007 008 008 008 009 0.09 -
JOIM  Quinolones 0.74 074 071 067 069 053 045 042 -7
JOIX*  Other antibacterials 049 047 045 043 041 038 036 032 11
Jo1 Total excluding methenamine 16.6 169 15.8 15.4 14.9 141 133 129 -3
JO1XX05 Methenamine 3.44 357 370 3.86 399 409 411  4.08 -1
Jo1 Total all antimicrobial agents 200 204 195 19.3 18.9 18.2 174 16.9 -3

*JO1X includes glycopeptides, colistin, fusidic acid, metronidazol (i.v.), nitrofurantoin, fosfomycin, linezolid, daptomycin and tedizolid. Methenamine is

excluded.

The beta-lactamase sensitive penicillin group (JO1CE), the
tetracyclines (JO1A) and the penicillins with extended
spectrum (JO1CA) were the three most used antibacterial
groups in Norway in 2018 (Table 7 and Figure 18).

Use of the urinary prophylactic agent methenamine seems
to have reached a stable level (Figure 17, Table 8).
Methenamine has the largest amounts of DDDs of all
antibiotics and accounts for 93% of subgroup JO1X and
24% of total antibacterial use.

Among the tetracyclines (JO1A), doxycycline is most
frequently used, followed by lymecycline, a drug mainly
indicated for acne (Table 8).

In 2018, the penicillins (ATC group JO1C) accounted for
41% of the total antibacterial use in Norway (Figure 18).
Over the years there has been a shift towards use of more
broad-spectrum penicillins. Beta-lactamase sensitive
penicillins accounted for half of the penicillin group (50%
share) measured in DDDs and this picture has been stable
since 2012. Penicillins with extended spectrum (JO1CA)
represent 36% of the JO1C group compared to 23% in 1999
(Figure 18 and Figure 20). This is mainly due to increasing
use of amoxicillin and pivmecillinam. An increased use of
penicillins with beta-lactamase inhibitors has been
observed in the latest years, however due to global shortage
of piperacillin/tazobactam there was decreased use in 2017.
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FIGURE 17. Sales of penicillins (JO1C), tetracyclines (JO1A), macrolides, lincosamides and streptogramines (JO1F),
sulfonamides and trimethoprim (JO1E), methenamine and other antibacterials in Norway 1987-2018. Other types of
antibacterials include all other antibacterials in ATC group JO1, except methenamine (JO1XX05).
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FIGURE 18. Relative amount of antibacterial agents for systemic use in 2018 in Defined Daily Doses (DDD) (total sales in
the country).
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Total usage in humans, animals and fish, measured in weight of active substance

In 2018, the overall sales in Norway of antibacterials for use in humans, terrestrial animals and farmed fish measured in weight
of active substance were 56.3 tonnes (Figure 19). Total sales data are captured from the Norwegian drug wholesales statistics,
supplemented with data on medicated feed from feed mills. Of the total sales of antibacterials in Norway, sales for human use
accounted for 89%, use for terrestrial animals 9% and for use in fish only for 2% of the total use. Methenamine accounted for
almost 16 tonnes (28% of total weight). Since 2012, a decreased use of 6% has been observed in all the three settings.
Penicillins are highly utilised in humans and animals (green colour), accounting for nearly half of the total weight in tonnes.
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FIGURE 19. Sales, in tonnes of active substance, of antibacterials for humans, animals and fish, for the years 2005-2018. The
use in farmed fish is shown at the bottom in blue/white texture.

Oral formulations are dominating in human medicine. In 2018, 86% of human antibacterial weight was oral forms followed
by parenteral formulations (13.5%). Sales of other formulations for eye, ear and skin, is limited. In humans, sales for
dermatological forms constituted 91 kg active substance, vagitories or rectal forms 34 kg, eye and ear formulations 27 kg and
inhalations 22 kg.

In veterinary medicine the dominating formulations are the parenteral ones (60%), followed by oral forms (34%) and
intramammary treatment (4%).

Hege Salvesen Blix, Department of Drug Statistics, Norwegian Institute of Public Health and Kari Grave, Norwegian
Veterinary Institute, Oslo, Norway.
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The use in 2018 was at the same level as in 2017 (Table 8).
In May 2017, oral amoxicillin/clavulanic acid was
approved in Norway and since then a significant increase
has been observed (Table 8, Figure 20). Pivmecillinam is
used for urinary tract infections at the expense of
trimethoprim. Although the subgroup of sulfonamides and
trimethoprim has decreased over the years, trimethoprim-
sulfamethoxazole is increasing; since 2012 by 49%
(Figures 17-18, Table 8).

Since 2012 the use of macrolides has dropped markedly,
(Tables 7-8, Figures 17-18 and 21). Use of the group JOIF
macrolides, lincosamides and streptogramins has followed
a wavy pattern over the years. The shifts in use could be
explained to some degree by the recurrent epidemics of M.

pneumoniae in Norway, occurring with four- to six-year
intervals. Furthermore, the decreased use since 2012 can
partly be explained by a change in treatment guidelines for
sexually transmitted diseases as azithromycin is no longer
first-line treatment.

In the latest years, sales of ATC group JO1D
(cephalosporins, monobactams and carbapenems) have
decreased, mainly due to decreased use of first and second
generation cephalosporins (Tables 7-8, Figures 18 and 22).
The quinolones represent only a small fraction (3%) of total
antibacterial sales (Table 7 and 8, Figure 18) and the use
has decreased steadily since 2012. Ciprofloxacin is the
main substance accounting for 94% of the quinolone group
in 2018.

TABLE 8. Total human usage of single antibacterial agents for systemic use in Norway 2012-2018. Sales for overall use are
given in DDD/1,000 inhabitants/day and in number of prescriptions/1,000 inhabitants/year (prescriptions account for primary
care only). The methodology for collection of data on human usage of antibacterial agents is presented in Appendix 2.

ATC group ATC code  Substance 2012 2014 2016 2018 No Rx/1,000
inhabitants in
primary care'

JO1A - Tetracyclines JO1A A02 Doxycycline 2.36 1.99 1.82 1.60 27

JO1A A0O4 Lymecycline 0.90 0.96 0.94 0.93 7
JO1A A06* Oxytetracycline - <0.001  <0.001 <0.001

JO1A A07  Tetracycline 0.62 0.50 0.40 0.32

JO1A A08* Minocycline 0.006 0.003 0.002 0.001

JO1A A12 Tigecycline <0.001 <0.001 <0.001 <0.001

JO1B - Amphenicols JO1B A01  Chloramphenicol <0.001 <0.001 <0.001  <0.001

JOICA - Penicillins with JO1C A0l  Ampicillin 0.03 0.04 0.04 0.05

extended spectrum JO1C A04  Amoxicillin 0.97 0.97 0.88 0.84 28

JOIC A08  Pivmecillinam 1.78 1.87 1.69 1.57
JO1C A1l Mecillinam 0.008 0.008 0.005 0.002

JO1CE - Beta-lactamase JO1C EO1  Benzylpenicillin 0.24 0.24 0.23 0.24

sensitive penicillins JO1C E02 I]::r(:ir:i)l;;iy;nethyl_ 407 364 350 318 g5

101C EO8* 5:;;;;;:;; o <0001 <0001 <0.001  <0.001

JOICF - Beta-lactamase JO1C FO1  Dicloxacillin 0.76 0.72 0.74 0.74 25

resistant penicillins JOICF02  Cloxacillin 0.14 0.19 0.17 0.16

JOIC FO5* Flucloxacillin <0.001 <0.001 <0.001 <0.001

JOICR - Combination of JOIC R02  Amoxicillin and

penicillins, incl. beta- enzyme inhibitor 0.002 0.008 0011 0.028 !

lactamase inhibitors JOICRO5  Piperacillin and

enzyme C 003 0.07 0.09 0.05

JO1DB — first gen. JOID BO1  Cefalexin 0.18 0.14 0.10 0.09 3
cephalosporins JOID BO3  Cefalotin 0.08 0.09 0.09 0.07
JOID B04  Cefazolin 0.03

JOIDC — second gen. JOID C02  Cefuroxime 0.08 0.06 0.04 0.03

cephalosporins

JO1DD - third gen. JOID D01  Cefotaxime 0.12 0.12 0.12 0.12

cephalosporins JOID D02  Ceftazidime 0.01 0.01 0.01 0.01

JOID D04  Ceftriaxone 0.03 0.02 0.02 0.02
JO1D D08* Cefixime <0.001 <0.001
JO1ID D52  Ceftazidime and <0.001

avibactam
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ATC group ATC code Substance 2012 2014 2016 2018 No Rx/1,000
inhabitants in
primary care'
JOIDF - Monobactams  JO1D FO1  Aztreonam <0.001 0.001 0.001 <0.001
JO1DH - Carbapenems  JO1D HO2 Meropenem 0.03 0.03 0.03 0.02
JO1ID HO3  Ertapenem 0.002 0.002 0.002 0.002
10ID H31 2$§$2§$tor 0002 0002 0002  0.002
JOIDI — Other cephalo- JO1D 102  Ceftaroline
sporins and penerlr)ls fosamil SLOGL | SRt <000
JO1DI54 Ceftolozane and
enzyme inhibitor <0.001 <0.001
JO1E - Sulfonamides and JO1E A0l  Trimethoprim 0.51 0.46 0.38 0.34 18
trimethoprim JO1E C02* Sulfadiazine 0.001 <0.001
10TE EO1 :z(llfir‘?rzgtlﬁzzﬁ 0.36 0.40 0.44 0.53 18
JOIF - Macrolides, JOIF A01  Erythromycin 1.06 0.75 0.60 0.44 15
lincosamides and JOIF A02  Spiramycin 0.01 0.005 0.003 0.002
streptogramins JOIF A06* Roxithromycin <0.001  <0.001  <0.001
JO1F A09  Clarithromycin 0.39 0.23 0.14 0.11 3
JO1F A10  Azithromycin 0.48 0.35 0.30 0.24 10
JO1FS15 Telithromycin <0.001 <0.001 <0.001
JOIF FO1  Clindamycin 0.33 0.34 0.28 0.25 11
JO1G - Aminoglycosides JO1GAO1* Streptomycin <0.001 <0.001 <0.001 <0.001
JO1GBO1  Tobramycin 0.03 0.02 0.02 0.01
JO1GBO03  Gentamicin 0.05 0.05 0.06 0.08
JO1G B06* Amikacin 0.001 0.001 0.001 0.001
JOIM - Quinolones JOIM AO01 Ofloxacin 0.02 0.01 0.01 0.01
JOIM A02 Ciprofloxacin 0.71 0.64 0.51 0.39 10
JOIMAI12 Levofloxacin 0.002 0.002 0.003 0.004
JOIMA14* Moxifloxacin 0.004 0.007 0.009 0.011
JO1X - Other JOIX A0l  Vancomycin 0.01 0.02 0.02 0.02
antibacterials JO1X A02 Teicoplanin 0.001 <0.001 <0.001 <0.001
JO1X BO1  Colistin 0.004 0.005 0.006 0.006
JOIX CO01  Fusidic acid 0.005 0.004 0.003 0.003
JOIX D01  Metronidazole 0.07 0.05 0.03 0.04
JOIX EO1  Nitrofurantoin 0.37 0.35 0.31 0.25 9
JO1XX01  Fosfomycin <0.001 <0.001 <0.001 <0.001
JOIX X05 Methenamine 3.57 3.86 4.09 4.08 34
JO1XX08  Linezolid 0.01 0.007 0.01 0.009
JO1XX09  Daptomycin 0.001 <0.001 0.001 <0.001
JOIX X11  Tedizolid <0.001 <0.001
Antibiotics in other A07A A09 Vancomycin 0.002 0.002 0.002 0.002
ATC groups AO7A A1l Rifaximin 0.004 0.012 0.043 0.076
AO07A A12 Fidaxomicin <0.001 <0.001 <0.001 <0.001
PO1A B0l Metronidazole 0.23 0.24 0.23 0.21
DO06A X09/ Mupirocin 145 174 185 )

RO1A X06* (grams)?

*Drugs not licensed at the Norwegian marked in 2018. "Number of prescriptions (Rx)/1,000 inhabitants in primary care given in whole numbers, only substances
with more than 0.5 Rx/1000 inhabitants is included in the table. *Given as the total amount grams (g) mupirocin per year.
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FIGURE 20. Total sales of penicillins (JO1C) in Norway 1999-2018 and changes between groups of penicillins.
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FIGURE 21. Total sales of macrolides, lincosamides and streptogramins (JO1F) in Norway 1999-2018.
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FIGURE 22. Total sales of cephalosporins, monobactams and carbapenems (JO1D) in Norway 1999-2018 and changes
between generations of cephalosporins and monobactams/carbapenems.

Antibiotic usage in primary care

Around 84% of the total human sales of antibacterials are
used by persons living at home, i.e. primary care. The data
include all prescriptions of antibacterials dispensed to
persons living in Norway (including those antibiotics
prescribed from hospitals to discharged patients and out-
patients), i.e. all antibiotic use in primary care is captured
in these figures.

For primary care, the most important antibiotic group in
2018 was the penicillins, JO1C (53% of DDDs in ATC
group JO1, excl.methenamine). Tetracyclines (JOIA) was
the second most commonly used group (26%) followed by
macrolides and lincosamides (JO1F) at 9%. The three
antibiotic substances most often prescribed for outpatients
in 2018 were phenoxymethylpenicillin, doxycycline and
pivmecillinam (Table 8). These three antibiotics
represented 50% of all prescriptions and 54% of all DDDs
of the antibacterial group JO1, excluding methenamine. Of
the whole ATC group JO1 antibacterials for systemic use in
primary care, the wurinary antiseptic methenamine
represented 27% of the DDDs and 10% of the prescriptions.
Sales of antibiotics to outpatients have decreased since
2012.

Geographical variation

The usage of antibacterials varies among the 18 Norwegian
counties. The county using the least is using around 72% in
DDDs and 74% in prescriptions compared to the county
using the most (Figures 25-26). Over the years, and
measured in DDDs, the same counties seem to be high-use
counties and low-use counties, respectively. However, the
decrease in total volume over the latest years, is larger in

some counties, Oslo being the county with the largest
decrease in use of antibiotics with a 30% reduction since
2012 (blue dots in Figure 28).

Females use more antibiotics than males; 23%
of females purchased at least one antibiotic prescription
(methenamine excluded) in 2018 compared to 15% of
males. The prevalence of use has decreased over the years,
more so in the young children than in the elderly. The
gender pattern is similar in all regions of the country.
Young children, young women and the elderly are high
users of antibiotics (Figures 29-30). Among those who use
antibacterials, the elderly population use more. For those
above 75 years, 2.1 (males) and 2.2 (females) prescriptions/
user are dispensed every year compared to around 1.5
prescriptions/user for younger persons (Figure 30). The
number of prescriptions per user is the same as in 2017,
while the number of DDDs/user has decreased by around
0.7 DDDs. Mean number of DDDs/prescription is around
11 DDDs, wich indicates a mean treatment length of 11
days.

Antibiotics prescribed by dentists

Physicians are the main prescribers to humans, but dentists
prescribe around 5% (measured in DDDs) of antibiotics
(JO1) to humans in ambulatory care. Moreover, they
prescribe 17% of all DDDs of metronidazole oral forms. In
2018, dentists most often prescribed phenoxymethyl-
penicillin (75% of all antibiotic DDDs prescribed by
dentists) followed by amoxicillin (9%), clindamycin (5%)
and oral metronidazole (4%).
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Urinary tract infections in men

Urinary tract infection (UTI) in men is by definition complicated, and must be investigated, treated and monitored differently
than uncomplicated UTIs (uUTI). Complicated UTIs (cUTI) are classified as a cystitis in which anatomical, structural or
other conditions of the patient may affect the course of the disease, as well as all cystitis in pregnant women, men and children,
and often in elderly patients (1). According to a study based on numbers from Norwegian general practitioners in 2010, men
account for approximately 14% of the overall occurrences of UTIs (2). Predisposing and/or complicating factors in men are
often found in the distal urinary tract. This applies in particular to conditions that can cause residual urine such as prostate
hyperplasia, strictures, other obstruction or neurogenic bladder disorders including diabetes mellitus. Conditions in the
bladder that promote bacterial growth such as catheters, calculi and cancer are also important factors (2). Increasing age is
another major risk factor for developing UTI, as such functional and anatomical abnormalities of the urinary tract system
occur more frequently in elderly men. The incidence of UTI in men are highest in those living in long-term care facilities,
and it rarely develops in men under the age of 50 years (3).
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FIGURE 23. Proportion (No/1,000 inhabitants/year) of men by age groups having prescribed a typical UTI-antibiotic
(nitrofurantoin, trimethoprim, pivmecillinam, trimethoprim-sulfa and ciprofloxacin) at least once, numbers from 2009 and
2018. Data from the Norwegian Prescription Database (NorPD).

The diagnostic criteria for a UTI are typical symptoms and the findings of leukocytes and growth of uropathogen bacteria.
The initial test is a urine dipstick, followed by a urine culture from a midstream sample if positive. The criteria for significant
bacteriuria vary depending on the type of sample, and the category and number of isolated species (4). The urine culture is
important both for confirming the diagnosis, and for adjusting the therapy according to the susceptibility results. The spectrum
of bacteria causing cUTIs are much broader than in uUTIs, and the bacteria are more likely to be resistant (5).

The symptoms include frequency, urgency, dysuria and suprapubic pain. Children and elderly patients may be asymptomatic,
or only present with a reduced general condition (6). The history and examination should aim to exclude differentials, most
importantly a more serious condition requiring hospitalisation. Relevant differentials are pyelonephritis, urethritis and
bacterial prostatitis. The history should include systemic signs as fever, chills and rigors, and symptoms suggesting a different
diagnosis such as urinary discharge, perineal/rectal or flank/costovertebral angle pain. The physical examination should
include the abdomen, genitalia and a digital rectal examination (3).

National guidelines for primary health-care recommend nitrofurantoin 50 mg x 3, pivmecillinam 200-400 mg x 3 or
trimethoprim 160 mg x 2 / 300 mg for 5-7 days if the patient has mild to moderate symptoms and no fever as treatment for
complicated UTI in men. In case of a febrile UTI and/or marked symptoms, trimethoprim-sulfa 160/800 x 2 for 5-7 days is
recommended, or alternatively ciprofloxacin 500 mg x 2 for 5-7 days in the case of sulpha allergy or resistance to the first-
line choice (1). Both the European Association of Urology (EAU) and the national guidelines on antibiotic use for hospitals
recommend treatment with an antibiotic penetrating into prostate tissue, since uUTI in men without prostate involvement is
uncommon. They both recommend trimethoprim-sulfa 160/800 x 2 or alternatively ciprofloxacin 500 mg x 2 for 7-10 days
5, 7).

Men should have a clinical follow-up a few weeks after completing a UTI, seeking to identify underlying and/or complicating
factors. A urological investigation is recommended if a recurrent infection occurs, or in some cases after the first infection
depending on the findings regarding complicating factors, the age of the patient and the severity of the infection (3, 6, 7).
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While the overall usage of typical UTI-antibiotics amongst men (nitrofurantoin, trimethoprim, pivmecillinam, trimethoprim-
sulfa and ciprofloxacin) has been rather stable over the last ten years, there have been major changes in the usage of the
individual antibiotics (8). For ciprofloxacin, the number of male users per 1,000 inhabitants is reduced by 41% from 2012 to
2018 (8), and the total amount of defined daily doses (DDD) has been reduced by 40% from 2012 to 2017 (9). Despite this
reduction in usage, the prevalence of E. coli non-susceptibility to fluoroquinolones collected from human blood culture
isolates continues to increase, from 11.7% in 2012 to 18% in 2017 (9, 10). In line with this reduction, we see an increase in
the usage of trimethoprim-sulfa amongst men. This is in accordance with the national guidelines, where trimethoprim-sulfa
is the preferred choice at the treatment level suggesting the alternative use of ciprofloxacin. From 2012 to 2018 there has
been a 77% increase in male users of trimethoprim-sulfa per 1,000 inhabitants (8). The data concerning the number of users
does not include the usage in hospitals and nursing homes.
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FIGURE 24. Proportion (No/1,000 inhabitants/year) of men (all age groups) having prescribed a typical UTI-antibiotic at
least once. Data from the Norwegian Prescription Database (NorPD).
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Antibiotic treatment of Lyme borreliosis in Norway

Lyme borreliosis (LB), caused by the spirochete bacteria genocomplex Borrelia burgdorferi sensu lato, is the most common
tick-borne infection in Norway, as it is worldwide. LB can cause several different disease manifestations, from the localised
skin infection erythema migrans (EM), to systemic infections like Lyme neuroborreliosis (LNB), Lyme arthritis or
musculoskeletal borreliosis. A persistent skin infection, called acrodermatitis chronicum atroficans (ACA), can occur if an
EM is left untreated, and is suspected to be underdiagnosed. Carditis and other organ affections are also seen, but more
seldomly (1).

Although as many as 20-25% of ticks in some areas of Norway carry Borrelia (2), it is estimated that only about 1-2% of tick
bites lead to infection (3).

In Norway, systemic LB infection is mandatory reportable to the Surveillance System for Communicable Diseases (MSIS)
(4). About 450 cases are reported annually. The cases are unevenly distributed through the country, with most cases along
the shoreline. Earlier, most cases were seen along the southern coast, but now LB is commonly seen from the Oslofjord and
all the way up to the North-Western part of the country (Mere og Romsdal). The 450 annual cases give an incidence of
approximately 8.5 LB/100,000 inhabitants/year. The incidence of EM has been calculated in a Norwegian study from 2017
to a national average of 148 EM/100,000 inhabitants/year, showing that EM is almost twenty times more common than
systemic LB (5).

As the Borrelia bacterium does not spread further after infecting humans (humans work as “dead-end hosts” in the life cycle
of the bacterium, normally spreading from their reservoir in small rodents and birds, to larger host animals like roe deer,
using the ticks as vectors), antibiotic resistance in Borrelia is not a threat in the same way as it is for most other infections
(1). Assessing the susceptibility of Borrelia to antibiotics is complicated for several reasons. The bacteria are difficult to
culture, and studies of susceptibility have shown large differences between in vitro and in vivo results (6). There are no known
antibiotic resistance mechanisms in Borrelia, but there are some innate and some acquired hyposensibilities (7). In vivo,
several antibiotics have proven to be effective; penicillins, tetracyclines and cephalosporins among others, while both
macrolides and quinolones seem to be slightly less effective (6, 8). When it comes to Borrelia, the question of antimicrobial
resistance is therefore more about how abundant use of antibiotics can lead to resistance of other bacteria in and around the
patients.

As the species of the Borrelia bacteria are unevenly distributed in the USA and in Europe (9), it is important to be aware of
the local epidemiology, and not uncritically import research results and guidelines from abroad. For other infectious diseases,
this usually has to do with antibiotic resistance patterns. For Borrelia, however, this has more to do with the distribution of
species. In Norway, B. afzelii accounts for more than 60% of Borrelia found in ticks (2). Although all species of the B.
burgdorferi genocomplex can cause all manifestations of LB, B. afzelii is more likely to cause EM than is B. burgdorferi
sensu strictu, the predominant species in North America, known to mainly cause Lyme arthritis. There are two main reasons
for treating LB. One is to resolve the manifestation in question and the other is to lower the risk for recurrent or disseminated
infection (10).

Norwegian guidelines for antibiotic use in primary care and in hospitals also have recommendations for LB (11,12). For EM
the drug of choice is phenoxymethylpenicillin (PcV) p.o. for 14 days. In the EM incidence study mentioned above, it was
shown that Norwegian general practitioners used PcV in about 60% of EM cases, doxycycline in 26% and amoxicillin in 2%.
There was a higher prescribing rate for both macrolides (5%) and amoxicillin (6%) for the youngest children. Few other
antibiotics were prescribed (5).

It has been questioned whether PcV is sufficient for EM treatment as it does not pass the blood-brain-barrier and does not
work intracellularly. In another Norwegian trial from 2018, PcV, amoxicillin and doxycycline were compared in a
randomised, controlled trial (RCT) in Norwegian general practice, and the treatments came out equally efficient regarding
EM duration, concomitant symptoms and side effects (13). In this trial with 188 patients, there were no treatment failures,
i.e. none of the patients developed a systemic LB infection during the 1 year follow up. The trial is included in a recent meta-
analysis from the Cochrane Germany Foundation (14), concluding that PcV, amoxicillin, doxycycline, together with
cefuroxime axetil, ceftriaxone, azithromycin and minocycline is equally effective for EM treatment. In all Nordic countries,
PcV is the drug of choice, however, doxycycline is recommended for those with penicillin allergy or symptoms like fever.
Doxycycline may be used from 8 years of age (with azithromycin as an alternative for the youngest) (11).

For Lyme arthritis and ACA doxycycline p.o. for 3 weeks is recommended. Amoxicillin is an alternative (11,12).

For LNB the recommended treatment until 2008 used to be ceftriaxone i.v.. In 2008, Norwegian neurologist Unn Ljostad et
al. showed in an RCT that doxycycline p.o. for 14 days was as effective (15), and this has since then been the drug of choice
in both Norwegian and European guidelines (16). Nevertheless, a recent Norwegian study showed that the actual treatment
differs from hospital to hospital in Norway, both regarding the choice of antibiotics and duration of treatment (17).
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Some alternative clinics in both Norway and abroad state that prolonged and combined antibiotic treatment is necessary for
the treatment of persistent symptoms after an LB infection (18). This group of patients is difficult to define, and studies to
approve or debunk this theory are therefore rare. In 2016, an RCT reported in New England Journal of Medicine, although
criticised, could not show any significant effect of prolonged or combined antibiotic therapy (19). Still, some people with
persistent symptoms believed to be caused by a tick-borne disease seek “alternative” treatment, and in 2018 the Norwegian
Directorate of Health initiated a process for a Nordic consensus for diagnostics, treatment and rehabilitation of these patients.
The consensus is expected to be ready in 2020 (20).
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FIGURE 25. Consumption of antibacterial agents for systemic use (ATC group JO1, excl. methenamine) in outpatients in the
different counties of Norway in 2018 measured as number of DDD/1,000 inhabitants/day. Data from NorPD (i.e. health
institutions and sales to prescribers own practice not included).
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FIGURE 26. Consumption of antibacterial agents for systemic use (ATC group JO1, excl. methenamine) in outpatients in the
different counties of Norway in 2018 measured as number of prescriptions/1,000 inhabitants. Data from NorPD (excl. health
institutions). Red line; goal set by the National Strategy against Antibiotic Resistance 2015-2020.
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Changes in Defined Daily Doses and consequences for antibiotic statistics

ATC/DDD makes it possible to look at aggregated drug use data in a simplified manner. We can compare different drug groups
with each other and we can do studies over time, despite the fact that the drug dosages may vary between countries and change
over time. In addition, we can compare local use with regional, national and international use. The statistics make it possible
to compare actual use to the recommendations in the therapy guidelines and to identify possible irrational antibiotic use. The
defined daily dose (DDD) is a theoretical unit of measurement for drug use, and the recommended dosages do not always
correspond to the DDD. This is sometimes difficult to explain to clinicians. The WHO Global Action Plan on antimicrobial
resistance encourages countries to strengthen knowledge through surveillance and research, and WHO recommends countries
to use the ATC/DDD methodology for antibiotic surveillance. To facilitate better match between DDDs and actual daily doses,
a global WHO expert meeting was set up in 2017, hosted by the ECDC (European Centre for Disease Prevention and Control).
The experts proposed changes to DDDs for several antibiotics that are widely used in many countries. It was finally decided to
change nine DDDs for antibiotics that are considered important internationally, see Table 9. When presenting drug consumption
statistics the ability to compare is important - with others and/or over time. Then we must use the same method, in this sense -
the same values for the DDD. The national statistics are always made with the latest updated version of ATC/DDD, i.e. for the
current NORM/NORM-VET data, ATC/DDD index 2019 is used. If you want to show historical data, the statistics for all the
years must be made with the same version of the ATC/DDD index. All the changed DDD values have increased compared to
previous ones. When a DDD value increases, the number value of DDD/1,000 inhabitant/day is reduced. Hence, earlier NORM/
NORM-VET reports present different (i.e. higher) values for DDD/1,000 inhabitants/day than the current report. The trend
over the years will always be the same, see Figure 27. Because not all DDDs for antibiotics are changed, the change will affect
countries differently, e.g. the DDD for phenoxymethylpenicillin is not changed (DDD=2g). In Scandinavia, where we use a lot
of phenoxymethylpenicillin for respiratory tract infections (RTIs), the decrease in DDD/1,000 inhabitants/day for the
antibiotics will be less than in countries where they use amoxicillin (for which the DDD is increased) as a first choice for RTIs.
This implies that the ranking of countries in Europe may change according to the antibiotics used in each country. One of the
goals in the Norwegian Strategy was that Norway should be one of the three European countries with the lowest use of
antibiotics in humans, measured in DDD/1,000 inhabitants/day. Since Norway recommends and uses a lot of the narrow
spectrum penicillin phenoxymethylpenicillin for the same indications where other countries in Europe use amoxicillin (a
penicillin with extended spectrum), we will probably never reach that specific goal.

TABLE 9. DDD changes for antibacterials, valid from January 2019.
ATC code Active ingredient Form Old DDD New DDD (2019) Note

JOICAO1 Ampicillin P 2g 6g

JOICAO04 Amoxicillin O lg 15¢g

JOICAO04 Amoxicillin P lg 3g Not available in Norway
JOICA17 Temocillin P 2g 4¢g Not available in Norway
JO1CRO2 Amoxicillin/beta-lactamase inhibitor (0) lg 15¢g

JOIDEO1 Cefepime P 2g 4¢g Not available in Norway
JOIDHO02 Meropenem P 2g 3g

JOIMAO2  Ciprofloxacin P 05¢g 08¢

JO1XBO01 Colistin P 3 MU 9 MU
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FIGURE 27. Effect of changes in DDDs. The blue line shows antibacterial use (JO1, excl. methenamine) in Norway 1999-
2018 by the ATC/DDD 2019 version. In 2018, the consumption was 4% lower than if the ATC/DDD-index 2018 had been
used (grey dotted line). Note that the y-axis begins at 12.

Hege Salvesen Blix, Department of Drug Statistics, Norwegian Institute of Public Health, Oslo, Norway.
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FIGURE 28. Consumption of antibacterial agents for systemic use (ATC group JO1, excl. methenamine) in outpatients in the
different counties of Norway in 2012, 2014, 2016 and 2018; and proportional change (reduction in %) measured as number of
DDD/1,000 inhabitants/day. Data from NorPD (i.e. health institutions and sales to prescribers own practice not included).
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FIGURE 29. Proportion (%) of the population having dispensed at least one prescription of antibacterials (one year prevalence)
in primary care by gender and age in Norway, 2018. Antibacterials included are antibacterials for systemic use (ATC group
JO1), vancomycin (A07AA09), fidaxomicin (A07AA12) and metronidazole (PO1ABO1). Prevalence in age groups above 65+ is
adjusted according to persons from these age groups living outside institutions.

42



NORM / NORM-VET 2018 USAGE IN HUMANS .

= DDDs/user, women (columns) i DDDs/user, men (columns)
== R x/user, women (lines) == R x/user, men (lines)
25
20 2
2 g
£ <
S 2
&)
5 g
3 R
E .§
2
0]
g 10 1 &
=} G
53 o
: 2
Z Z
5 Z
0 0
0-14 15-29 30-44 45-59 60 - 74 75 +
Year groups

FIGURE 30. Mean number of prescriptions (Rx) per person and mean number of DDDs per person among users of antibacterials
in ambulatory care by gender and age in Norway, 2018. Antibacterials included are antibacterials for systemic use (ATC group
JO1, excl. methenamine).

Doxycycline 2 %  Azithromycin 1 % Qther antibiotics 1 %
Erythromycin 2 %

Oral Metronidazole 4 %

Clindamycin 5 %

Amoxicillin 9 %

Phenoxymethylpenicillin 76 %

FIGURE 31. Relative amount of antibacterial agents for systemic use prescribed by dentists in Norway in 2018, as measured
in Defined Daily Doses (DDD).
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Antibiotic usage in hospital care

In 2018, the antibacterial sales (in DDDs) to hospitals
represented around 8% of total sales of antibacterials for
human use in the country. This is a slight decrease of 4% in
DDD/1,000 inhibitants/day compared to 2012, but an
increase of 3% since 2016 (Figure 32). The recent increase
is due to several factors and is partially explained by
increased use of narrow-spectrum antibiotics including
combination regimens with an aminoglycoside. The DDDs
are lower than the doses most commonly used, and this will
give artificially higher values for volume. Moreover,
combination regimens with a penicillin plus an amino-
glycoside account for more DDDs than if monotherapy
with a cephalosporin or carbapenem is used.

The therapy pattern of antibacterials in hospitals does not
change much from one year to another, however a decrease
in use of broad-spectrum antibiotics has been observed
since 2012. Five selected groups of broad-spectrum
antibiotics accounted for 21% of total DDDs for hospitals
in 2018 compared to 26% in 2012. This is due to increased
use of narrow-spectrum antibiotics. The share of beta-
lactamase sensitive penicillins is 20% of totals (Figure 32).
Penicillins (JO1C) represent 47% of the use measured in
DDDs in hospitals (JO1CE 20%, JO1CA 10%, JOICF 13%
and JOICR 4%). The second largest group is the cephalo-
sporins with 18% of all DDDs, the dominant subgroup
being third generation cephalosporins (JO1DD). In 2018,
six substances accounted for 50% of all DDDs used in
hospitals. These are benzylpenicillin, cloxacillin, cefo-
taxime, gentamicin, doxycycline and cefalotin. Three single
substances accounted for 35% of all antibacterial DDDs in
hospitals; benzylpenicillin (16%), cloxacillin (11%) and
cefotaxime (8%).

Figure 34 shows annual trends in national antibiotic use in
hospitals by hospital activity data (bed days and
admissions) instead of population statistics. The two
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DDD/1,000 inhabitants/day

L]
0,5

2012 2013 2014 2015 2016 2017

measurements together show the interplay between shorter
hospital stays and intensity of antibiotic treatment. The
length of stay (LOS) in Norwegian hospitals in the latest
years is relatively stable according to national statistics, but
the number of admissions and bed days are going down.
Seven selected groups that mainly are used in hospitals are
shown in Figure 35. The use of piperacillin/tazobactam has
been increasing over many years, but was markedly
reduced in 2017 and 2018 due to a nationwide shortage.
There was increased use of third generation cephalosporins,
aminoglycosides and metronidazole (not shown). This is
partly a result of the piperacillin/tazobactam shortage, as
these drugs may be components of alternative regimens to
piperacillin/tazobactam, but is probably also a result of the
implementation of antibiotic stewardship programmes in
Norwegian hospitals from 2016. The use of amino-
glycosides increased by 33% from 2016 to 2018, whereas
the use of quinolones has decreased by 41% from 2012 to
2018. The use of carbapenems peaked in 2014 after many
years of increasing use, and seems to have reached a stable
level. The use of second generation cephalosporins has
decreased over many years. It should be noted that only
parenteral formulations of second and third generation
cephalosporins as well as carbapenems are licensed in
Norway. Figure 36 shows that the distribution between
“preferred antibiotics” (which largely reflects standard
treatment regimens in national guidelines) and “resistance
driving antibiotics” was 68.3% vs 31.7%, respectively.
There are large variations in volume of antibiotics used,
measured in DDD/100 bed days, and in therapy profile
between the hospitals. Figure 37 shows the use of the five
selected groups of broad-spectrum antibiotics targeted in
the National Action Plan in all Norwegian hospitals/health
trusts. The large variations cannot be accounted for by
differences in activity or patient composition alone.

Vancomycin (oral) and metronidazole (oral, rektal)
Other antibacterials (JO1X)
Amphenicols (JOIB)

W Tetracyclines (JOLA)
l I I . . . . ® Quinolones (JO1M)
1 ® Lincosamides (JO1FF)
. . ® Macrolides (JO1FA)
l . . . Sulfonamides and trimethoprim (JO1E)

B B Monobactams/carbapenems (JO1DF/DH)

m Cephalosporins 3rd/4th gen. (JO1DD/DI)

m Cephalosporins 2nd gen. (JO1DC)
Cephalosporins 1st gen. (JO1DB)

® Penicillins with beta-lactamase inhib. (JO1CR)

B Beta-lactamase resistant penicillins (JO1CF)

® Penicillins with extended spectrum (JOICA)
Beta-lactamase sensitive penicillins (JO1CE)

2018 = Aminoglycosides (JO1G)

FIGURE 32. Antibacterial agents for systemic use (JO1) in Norwegian hospitals 2012-2018, in DDD/1,000 inhabitants/day.
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New evidence supports shorter antibiotic treatment courses in Norwegian healthcare

In order to reduce the risk of antimicrobial resistance, prescribers are encouraged to choose the narrowest possible spectrum
of antibiotics in doses that ensure an effective concentration at the site of infection. A treatment regimen should be as short
as necessary to cure, or in most cases help the patient cure the infection, and long enough to avoid therapeutic failure and
infection recurrence. An extensive knowledge-base exists regarding the resistance-driving properties of antibiotic agents and
the pharmacological basis for their correct dosing. However, the recommended length of antibiotic treatment has been
arbitrary for most infectious diseases and based mainly on conventions and expert opinions rather than well-designed studies.
In recent years, the duration of antibiotic treatment for common infections has achieved increased attention both in the
primary and hospital care settings. Current national antibiotic guidelines for both care levels recommend spans of treatment
days (e.g. 5-7 days, 7-10 days) rather than a specific number of days for several conditions. As supported by a European
survey of specialists in infectious diseases (1), upcoming revisions of guidelines will replace such duration spans with an
exact and lowest number of days (e.g. seven days rather than 7-10 days).

In primary care, the long-standing belief that it is essential to finish a course of antibiotics to prevent the development of
antimicrobial resistance has been rejected, based as it is on myths rather than evidence (2). It is not feasible to monitor the
treatment effect from day to day in general practice. The most appropriate treatment advice must consequently be given to
the patient at the time of antibiotics prescription. Even though more than half of primary care patients receiving antibiotics
for a lower respiratory tract infection fail to complete the course (3), there is reason to believe that general practitioners will
find it unsafe to recommend patients to discontinue the course once they feel better. A more feasible strategy will be to revise
the guidelines’ recommended treatment duration based on existing and upcoming evidence, and advice patients to reconsult
if their condition deteriorates.

A recent review of systematic reviews concluded that short courses of antibiotics are as effective as longer courses for most
common infections treated in primary care (4). However, there is still a shortage of high-quality studies on the topic, and few
apply to the narrow-spectrum antibiotics commonly recommended in Norway. The process of implementing new findings
has already started. In the UK, The National Institute for Health and Care Excellence (NICE) now recommends five days of
antibiotic treatment when antibiotics are warranted for acute sinusitis and 5-10 days for sore throat. Corresponding Norwegian
recommendations for antibiotic use in primary care still are 7-10 days and 10 days, respectively. Streptococcal tonsillitis has
traditionally been treated for 10 days, mainly to prevent complications of acute rheumatic fever. As the prevalence of acute
rheumatic fever has declined in high-income countries, a shortening of the course from 10 to five days could be appropriate.
A Swedish study comparing five and 10 days treatment for streptococcal tonsillitis is about to be published (5), and may
influence the recommendations in the Norwegian guidelines.

There is a small trend towards lower relative use of large packages (40 tablets, equals 13.3 days of treatment based on the
WHO/DDD definition) and higher use of small packages (20 tablets, equals 6.7 days of treatment) of amoxicillin 500 mg and
phenoxymethylpenicillin 660mg in data from NorPD 2008-2017 (Figure 33). If this trend is to continue, further clinical
research in primary care and continuous revisions of the guidelines is needed.

In hospitalised patients, randomised-controlled and non-inferiority studies have demonstrated that:

- in Gram-negative sepsis, one week is non-inferior to 14 days of antibiotic therapy if the patient is clinically stable
before day seven and the primary focus was controlled (6),

- for community-acquired and hospital-acquired/ventilator-associated pneumonia antibiotic therapy may be as short
as five days (7) and seven days (8), respectively,

- for acute pyelonephritis, seven days of treatment is as effective at 14 days or more even if the patient is bacteremic
(more prolonged treatment is probably needed in patients with urogenital abnormalities) (9),

- for complicated intraabdominal infections after adequate source control, four days of antibiotic therapy is non-
inferior to 10 days (10),

- for uncomplicated cellulitis, five days of antibiotic therapy appears as effective as 10 days (11),

- for typhoid fever, abbreviated courses of antibiotic therapy (2—3 days) are probably safe, provided azithromycin is
used in case of fluoroquinolone-resistant strains (12).

The list is even longer, and more quality studies are underway. The concept of antibiotic stewardship programs (ABS) (13)
has evolved together with the increased research efforts to determine the optimal duration of antibiotic treatment. A point of
interest is the somewhat controversial role of the inflammatory marker procalcitonin (PCT). Numerous studies have proven
its usefulness to help decide early termination of antibiotic use for sepsis and pneumonia in hospitalised patients; however,
explicit algorithms for PCT have been lacking or seem challenging to implement. A recently published consensus for PCT
use incorporates the physician's assessment of the probability and seriousness of infections into the proposed algorithms (14).
PCT is officially recommended for use as a decision aid in ABS in the South-East Regional Health Trust of Norway.

Most international studies on therapy duration have investigated broader-spectrum antibiotics than those of first or even
second choice in Norwegian guidelines, reflecting our present fortunate situation of low antibiotic resistance rates. However,
serious concerns about the applicability of study results are probably unwarranted, at least in hospitals, given the higher
efficacy of the penicillins compared to most broad-spectrum antibiotics. More worrying is the ever-decreasing length of
hospital stays, now on average 3-4 days in many Norwegian acute-care hospitals (15). A high patient volume renders
healthcare workers increasingly more focused on rapid discharge rather than on expectant clinical observations and proper
microbiologic sampling of the patient. The turn-over pressure tends to result in unnecessary use of broad-spectrum agents,
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and furthermore to encourage extended post-discharge treatment prescriptions far beyond what is necessary — "just to be
sure". This "real world" situation bears little similarity to the predefined conditions required e.g. in research protocols for
duration of antibiotic treatments, and the discrepancies are probably increasing proportionally with a higher quality-rating of
studies. Finally, a lack of national guidelines for OPAT (Outpatient Parenteral Antibiotic Therapy) should be addressed in a
situation where advanced intravenous antibiotic regimens are regularly prescribed at the discharge of patients, often for
treatment at home to an extent which is mostly unknown.

Half a decade of new research results on the subject of antibiotic treatment duration is available for the planned update of our
national antibiotic guideline for antibiotic use in hospitals over the next two-year period. Implementation-modifying factors,
as discussed above, are essential to keep in mind in this process.
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FIGURE 33. Relative use of different package sizes of amoxicillin 500mg and phenoxymethylpenicillin 660mg 2008-2017.
20 tablets equal 5-7 days treatment dependent of dosage.
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FIGURE 34. Total use of antibiotics in Norwegian hospitals (somatic) 2006-2018, measured in DDD/100 bed days (blue bars)
and DDD/admission (red line). Antibiotics are defined as JO1 antibacterials for systemic use, AO7AA09 vancomycin (oral),
A07AA12 fidaxomycin and POIABO1 metronidazole (oral and rectal).

B ()]
(=} (=)

(98]
S
DDD/admission

DDD/100 bed days

N
(=}

—_
S

2008
2009
2012
2013
2014
2015
2016
2017
2018

2006 =2007 m=m2008 2009 =2010
m2011 ®m2012 =2013 =2014 m2015

2016 =2017 m2018

2
| T

Combinations of Cephalosporins Cephalosporins Carbapenems Aminoglycosides Quinolones  Glykopeptides

N (%]

DDD/100 bed days

penicillins, incl. 2nd gen. 3rd gen. (JO1DH) Jo1G) Jo1M) (JO1XA)
beta-lactamase (JO1DC) (JO1DD)

inhibitors

(JOICR)

FIGURE 35. Usage of selected antibacterial agents for systemic use (ATC JOICR, JO1DC, JO1DD, JO1DH, JO1G, JOIM and
JO1XA) in Norwegian hospitals 2006-2018, measured in DDD/100 bed days.
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FIGURE 36. Proportions (% of DDDs) of preferred antibiotics (green) and antibiotics that are considered to be drives of
antibiotic resistance (JO1CR, JO1DC, JOIDD, JOIDH, JOIM, JO1XA and JO1XXO08) (red) in Norway, presented per
hospital/health trust in 2018. First generation cephalosporins and tetracyclines are not included as they in hospitals mainly are
used for surgical prophylaxis. Metronidazole is also excluded from the figure because it does not readily fit either of the
descriptions “preferred” or “resistance driver”, and there are no alternative drugs mainly targeting anaerobic bacteria.
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FIGURE 37. Usage of selected antibacterial agents for systemic use (ATC JOICR, ATC group JO1DC, JO1DD, JO1DH and
JO1IM) in Norway, 2018, presented per hospital/health trust and measured in DDD/100 bed days.
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National Action Plan against Antibiotic Resistance in Healthcare —
National Targets for Antibiotic Use and change according to targets

In 2015, a National Strategy against Antibiotic Resistance
was agreed upon, aiming to reduce the total volume of
antibiotics by 30%, as compared to 2012, by the end of
2020. The Strategy was followed by a National Action
Plan, issued January 2016, with suggested ways to reach the
targets within 2020. The overall goal for total human
consumption was reduction of DDDs by 30%. In addition,
two sector specific goals in ambulatory care were
introduced; reduction of average number of prescriptions
(target; 250 precriptions per 1,000 inhabitants per year) and
the reduction of antibiotics for respiratory tract infections
by 20% (in DDD/1,000 inhabitants/day). Figure 38 shows
total human use (JO1) and use of antibiotics for respiratory
tract infections in Norway since 2012 according to National
targets. DDD/1,000 inhabitants/day for JO1, excluding
methenamine is reduced by 24% since 2012. There are
county differences; some counties use more “guidelines
recommended antibiotics” (i.e. narrow  spectrum
antibiotics), indicating a higher adherence rate to the
national guidelines, see Figure 39. The county differences
in proportional use of “Guidelines recommended
antibiotics” were smaller in 2018 compared to 2012 (range
44-52% of total use in 2012 and 50-54% in 2018). This
indicates that awareness of AMR as well as adherence to
guidelines have increased in all counties in the period.
Prescriptions per 1,000 inhabitants per year (JO1, excluding
methenamine) is reduced by 27% since 2012, from 444 to
324.

Since 2012, there has been a reduced prevalence of use in
all age groups. The largest reduction is seen in small
children (0-9 years) by more than 30%, whereas the
reduction among elderly above 70 years is only 15%.
Moreover, the use in men is reduced more than in women

m JO1, antibacterials for systemic use

20

—_
(9]

DDD/1,000 inhabitants/day
=

(V)]

2012 2013 2014 2015

(27% reduction in prescriptions pr 1,000 in men vs. 22% in
women). The largets reduction in prescriptions per 1,000 is
observed in children 0-9 years old (approx. 37% fewer
prescriptions pr 1,000 in 2018 compared to 2012).

For hospitals, the main target is 30% reduction in combined
use of five selected groups of antibiotics. To reach this goal,
the National Action Plan also made antibiotic stewardship
programmes mandatory in Norwegian hospitals. Figure 40
shows the annual variation of total hospital use of these
groups in the years 2006-2018 according to the national
target. Figure 41 shows how the use of these five groups
has changed in the different Norwegian hospitals/health
trusts in relation to the national target; a reduction by 30%
(marked by a grey line in the figure). For all hospitals in
Norway together there was 12% reduction in use of the five
selected groups of broad-spectrum antibiotics 2012-2018
when adjusted for activity (bed days). The number of bed
days is going down every year and there is a large increase
in outpatient consultation, therefore it is probably necessary
to use more than one indicator of clinical activity in
hospitals when assessing drug use data. Unadjusted sales
data shows a reduction of 19% for the same period.
Norway has two national advisory units for antibiotic use,
one for primary care (established in 2006); the Antibiotics
Center for Primary Health Care (ASP), and one for
hospitals/specialist services (established in 2011); the
Norwegian Advisory Unit for Antibiotic Use in Hospitals
(KAS). These advisory units have been strenghtened and
appointed key roles in the National Action plan. The
Directorate of Health has in collaboration with the advisory
units, issued National Antibiotic Treatment Guidelines for
ambulatory care, nursing homes, dentists and hospitals.

B Antibiotics for respiratory tract infections

A

2016 2017 2018 2019 2020

FIGURE 38. Total human sales of antibacterial agents for systemic use (ATC group JO1) and sales of antibiotics for respiratory
tract infections (amoxicillin, phenoxymethylpenicillin, macrolides and doxycycline) in Norway in 2012-2018 measured in
DDD/1,000 inhabitants/day. According to the National Action Plan, the target for 2020 is 30% reduction, measured in DDDs.
Bars show measured use 2012-2018 (grey; JO1, blue; antibiotics for respiratory tract infections), red line and bars with pattern;
targets set in the National Strategy against Antibiotic Resistance 2015-2020.
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FIGURE 39. Consumption of antibacterial agents for systemic use (ATC group JO1) in outpatients in the different counties of

Norway, 2018. The data are aggregated into three groups; a) methenamine, b) antibiotics recommended as first-line treatment

in the Guidelines for Primary care (phenoxymethylpenicillin for respiratory tract infections, pivmecillinam, trimethoprim and

nitrofurantoin for urinary tract infections, and dicloxacillin for skin infections), c) not first-line treatment includes all other

antibiotics in JO1. Measured as number of DDD/1,000 inhabitants/day. Data from NorPD (i.e. health institutions and sales to
18

prescribers own practice not included).
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FIGURE 40. Consumption of selected antibacterial agents for systemic use (ATC JOICR, JO1DC, JO1DD, JO1DH and JO1M)
in Norwegian hospitals 2006-2018, measured in DDD/100 bed days.
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FIGURE 41. Change in consumption of selected antibacterials for systemic use (ATC group JO1CR, JO1DC, JO1DD, JO1DH

and JO1M) in Norway, 2012-2018. The data are presented per hospital/heath trust as measured in DDD/100 bed days.
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OCCURRENCE OF ANTIMICROBIAL RESISTANCE

ANIMAL CLINICAL ISOLATES

Marianne Gilhuus, Madelaine Norstrom, Jannice Schau Slettemeas and Anne Margrete Urdahl

The clinical isolates included in NORM-VET 2018 were
from Escherichia coli infections in poultry and
Staphylococcus aureus mastitis (milk) in sheep. Sampling,

Escherichia coli from poultry

A total of 209 isolates of Escherichia coli from clinical
submissions in poultry (broiler: n=175; turkey: n=33; quail:
n=1) were collected between 2015 and 2018. One isolate

laboratory methods and data processing are described in
Appendix 3.

per submission was susceptibility tested. The results are
presented in Table 10 and in the text.

TABLE 10. Antimicrobial resistance in clinical isolates of Escherichia coli from poultry (n=209) 2015-2018.

Resistance (%)

Distribution (%) of MIC values (mg/L)*

Substance [95%CI] 0015 003 006 012 025 1 2 4 8 16 32 64 128 256 >512
Tetracycline 8.6 [5.2-133] 88.5 2.9 | 05 72 10
Tigecycline 10 [0.1-3.4] o914 77] 10

Chloramphenicol 0.5 [0.0-2.6] 99.0 05 I 0.5
Ampicillin 57 [3.09.8] 14 455 455 19 | 5.7
Cefotaxime 0.0 [0.0-1.7] 100 |

Ceftazidime 0.0 [0.0-1.7]

Meropenem 00 [0.0-1.7] 100 |

Sulfamethoxazole 4.8 [2.3-8.6] 703 16.8 7.7 O.SI 4.8
Trimethoprim 19 [0.5-4.8] 85.2 1.9 I 1.9

Azithromycin ND ND 6.7 727 20.6

Gentamicin 33 [14-68] 483 388 9624 05 05

Ciprofloxacin 8.6 [52-133] 723 187 05 | 3.8

Nalidixic acid 8.6 [5.2-13.3]

904 0.5 o.5| 14 53 19

Colistin 0.0 [0.0-1.7]

100

*Bold vertical lines denote epidemiological cut-off values for resistance. ND=cut-off not defined by EUCAST. Cl=confidence interval. White
fields denote range of dilutions tested for each antimicrobial agent. MIC values higher than the highest concentration tested are given as the

lowest MIC value above the range.

RESULTS AND COMMENTS

In total, 73.2% of the isolates were susceptible to all
antimicrobial agents included in the susceptibility testing.
The following proportions of isolates were resistant to one
or more antimicrobial agents: 15.3% were resistant to one
(mainly tetracycline or ampicillin), 8.1% to two (mainly to
quinolones) and 3.4% to three or more antimicrobial
agents, respectively. Resistance towards quinolones, tetra-
cycline, and ampicillin was most common. None of the E.
coli isolates displayed resistance to the third generation
cephalosporins cefotaxime or ceftazidime, nor to the
carbapenem meropenem. In total, 26.8% of the isolates

were resistant to at least one of the tested antimicrobial
agents, indicating a high occurrence of resistance among
these clinical isolates according to the EFSA classification
described in Appendix 6. This is similar to the results for
indicator E. coli from broilers and turkey.

E. coli isolates from clinical submissions of poultry have
been sensitivity tested previously, in 2004 and in 2011.
However, the number of isolates tested was limited and
changes have been made in the panel of antimicrobial
agents tested for, making comparisons difficult.
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Staphylococcus aureus from mastitis in sheep

A total of 142 isolates of Staphylococcus aureus from
mastitis milk of sheep were susceptibility tested.

The results are presented in Table 11 and in the text.

TABLE 11. Antimicrobial resistance in clinical Staphylococcus aureus from mastitis in sheep (n=142) in 2018.

Distribution (%) of MIC values (mg/L)*

Resistance (%)

Substance [95% CT] 0.015 0.032 0.06 0.125 025 0.5 1 2 4 8 16 32 64 128 256 >512
Tetracycline 0.0 [0.0-2.6] 76.7 232 I

Chloramphenicol 0.0  [0.0-2.6] 93.7 6.3 I
Benzylpenicillin =~ 8.5  [4.4-14.3] 91.6 I 0.7 07 42 28

Cefoxitin 2.1 [0.4-6.0] 6.3 91.6| 2.1
Trimethoprim 24.6 [17.8-32.6] 75.4|21.8 2.1 0.7
Sulfamethoxazole 75.4 [67.4-82.2] 11.3 13.4|19.7 55.6
Erythromycin 1.4 [0.2-5.0] 14 965 0.7 I 0.7 0.7
Clindamycin 0.0 [0.0-2.6] 972 28 I

Quinupristin/ 00 [0.0-2.6] 958 42

dalfopristin

Streptomycin 14 [0.2-5.0] 19.7 71.1 7.8|1.4
Gentamicin 0.0 [0.0-2.6] 100 I

Kanamycin 0.0 [0.0-2.6] 100 I
Ciprofloxacin 0.0 [0.0-2.6] 80.3 I

Vancomycin 0.0 [0.0-2.6] 99.3 0.7 I

Fusidic acid 3.5 [1.2-8.0] 96.5 I 21 14

Tiamulin 2.1 [0.4-6.0] 7.0 90.9| 07 14

Linezolid 0.0 [0.0-2.6] 2.8 669 30.3|

Mupirocin 0.0 [0.0-2.6] I

Rifampicin 0.7 [0.0-3.9] 99.3 I 0.7

*Bold vertical lines denote microbiological cut-off values for resistance. White fields denote range of dilutions tested for each antimicrobial agent.
MIC-values higher than the highest concentration tested for are given as the lowest MIC-value above the range. MIC-values equal to or lower than

the lowest concentration tested are given as the lowest concentration tested.

RESULTS AND COMMENTS

In total, 19% of the isolates were susceptible to all
antimicrobial agents included. 45.1% of the isolates from
sheep were resistant to one antimicrobial agent (mainly to
sulfamethoxazole), 33.8% to two (mainly to sulfamethoxa-
zole and trimethoprim), and 2.1% to three antimicrobial
agents, respectively.

S. aureus isolates from mastitis milk of sheep have

previously been sensitivity tested in NORM-VET in 2003

and 2005. Due to changes made in the test panel,
comparison to previous years is difficult.

The occurrence of resistance to the various antimicrobial
agents detected in 2018 reflects their usage. Penicillin is the
most commonly used antimicrobial agent for clinical
purposes in sheep, but sulphonamides are also commonly
used.
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INDICATOR BACTERIA FROM ANIMALS

Madelaine Norstrém, Jannice Schau Slettemeés and Anne Margrete Urdahl

The prevalence of acquired antimicrobial resistance among
certain bacteria of the normal enteric microflora can be used
as an indicator of the selective pressure from use of
antimicrobial agents in various populations. These bacteria
may form a reservoir of transferable resistance genes from
which antimicrobial resistance can be spread to other
bacteria, including those responsible for infections in
animals or humans. Thus, monitoring of resistance among
indicator bacteria of the normal enteric microflora from
healthy animals, as well as from feed and food, is important
to get an overview of the prevalence of antimicrobial
resistance, detect trends and evaluate effects of
interventions.

Bacterial resistance to critically important antimicrobials,
such as third generation cephalosporins and carbapenems,
has received special attention over the last years. These are
defined by the WHO as critically important for treatment of
human infections and monitoring the resistance to these
substances in the bacterial population is therefore of special
interest. A reservoir of such resistant bacteria in food
production animals and the food chain is of concern as they
may have an impact on resistance development in human
bacterial populations.

NORM-VET is following the requirements set in
Commission implementing decision of 12. Nov 2013 on the
monitoring and reporting of antimicrobial resistance in
zoonotic and commensal bacteria (2013/652/EU). In
addition, antimicrobial testing of bacteria from other
sources than those included in this decision, or investigation
of presence of specific antimicrobial resistant bacteria by

selective methods, are included. The use of selective
methods is especially relevant for low prevalence sources,
as it enables early detection of important resistance
mechanisms; thereby enabling these to be monitored and
characterised.

In NORM-VET, Escherichia coli and Enterococcus spp.
are used as indicator bacteria. Selective methods for
detection of E. coli resistant to third generation cephalo-
sporins were included in NORM-VET from 2011, and for
quinolone resistant E. coli from 2013. From 2015 a
selective method for detection of carbapenemase-producing
Enterobacteriaceae, and from 2016 a selective method for
colistin resistant E. coli were implemented as well.

In 2018, animal samples included caecal samples from
broiler and turkey flocks, as well as faecal samples from
sheep. These samples were analysed for E. coli and for
Enterococcus spp. In addition, the results from screening of
methicillin resistant Staphylococcus aureus in sheep and
swine are described (separate textbox).

The substances included in the antimicrobial test panels
might not always be those used in veterinary medicine but
are included because of their importance for human health.
Some of the cut-off values defining resistance applied in
NORM-VET have been changed over the years. To
facilitate comparisons in this report, data on prevalence of
resistance presented in earlier reports have been
recalculated using the cut-off values applied in 2018.
Sampling, laboratory methods and data processing are
described in Appendix 3.
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PRODUCTION ANIMALS

Escherichia coli from broiler, turkey and sheep

Caecal samples from a total of 280 broiler flocks and 157 examined and E. coli isolates were obtained from 295
turkey flocks were examined and E. coli isolates were (97.7%) of the samples. One isolate per positive sample was
obtained from 278 (99.3%) and 156 (99.4%) samples, susceptibility tested. The results are presented in the text, in
respectively. From sheep, a total of 302 faecal samples were Tables 12-13 and Figures 42-46.

TABLE 12. Antimicrobial resistance in isolates of Escherichia coli from caecal samples from broiler and turkey flocks
(n=278 and n=156, respectively) in 2018.

Resistance (%) Distribution (%) of MIC values (mg/L)*
Substance Sample [95% CI] 0.015 0.03 0.06 0.125 025 0.5 1 2 4 8 16 32 64 128 256 =>512
Tetracycline Broiler 2.2 [0.8-4.6] 953 25 1.8 04
Turkey 10.3 [6.0-16.1] 84.6 5.1 51 5.1
Tigecycline Broiler 14 [0.4-3.6] 95.0 3.6 1.4
Turkey 0.6 [0.0-3.5] 942 511 0.6
Chloramphenicol  Broiler 0.4  [0.0-2.0] 97.1 25 0.4
Turkey 1.3 [0.2-4.6] 98.1 0.6 1.3
Ampicillin Broiler 4.0 [2.0-7.0] 40 388 514 1.8 4.0
Turkey 16  [10.6-22.7] 32 212 558 38 16.0
Cefotaxime Broiler 0.0 [0.0-1.3] 100
Turkey 0.0 [0.0-2.3] 100
Ceftazidime Broiler 0.0 [0.0-1.3] 100
Turkey 0.0 [0.0-2.3] 100
Meropenem Broiler 0.0 [0.0-1.3] 100
Turkey 0.0 [0.0-2.3] 100
Sulfamethoxazole Broiler 1.4 [0.4-3.6] 90.3 68 1.4 1.4
Turkey 10.3 [6.0-16.1] 81.4 58 2.6 10.3
Trimethoprim Broiler 1.1 [0.2-3.1] 903 83 04 1.1
Turkey 6.4 [3.1-11.5] 872 6.4 0.6 5.8
Azithromycin Broiler ND ND 3.6 478 468 1.8
Turkey ND ND 9.0 55.8 34.6 0.6
Gentamicin Broiler 1.1  [0.2-3.1] 629 309 50 1.1
Turkey 2.6 [0.7-6.4] 558 346 71106 06 13
Ciprofloxacin Broiler 10.8 [7.4-15.0] 719 173 04 07 76 04 04 1.1 04
Turkey 0.6 [0.0-3.5] 82.7 16.7 0.6
Nalidixic acid Broiler 10.8 [7.4-15] 88.5 0.7 1.1 97
Turkey 0.6 [0.0-3.5] 98.7 0.6 0.6
Colistin Broiler 0.0 [0.0-1.3] 99.3 0.7
Turkey 0.6 [0.0-3.5] 99.4 0.6

*Bold vertical lines denote epidemiological cut-off values for resistance. ND=cut-off not defined by EUCAST. Cl=confidence interval. White fields denote
range of dilutions tested for each antimicrobial agent. MIC values higher than the highest concentration tested are given as the lowest MIC value above the
range. MIC values equal to or lower than the lowest concentration tested are given as the lowest concentration tested.
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FIGURE 42. Antimicrobial resistance profile for Escherichia coli faecal isolates from broiler in 2002-2018. Proportions of
isolates susceptible to all or resistant to one, two, and three or more antimicrobial agents are illustrated. The antimicrobial agents
tested for vary between the years and this probably has an effect on the results.
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FIGURE 43. Prevalence of resistance to various antimicrobials in Escherichia coli faecal isolates from broiler in 2000-2018.
The cut-off values used in NORM-VET 2018 were applied. *Oxytetracycline in 2002 and 2004. **Enrofloxacin before 2006.
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FIGURE 44. Antimicrobial resistance profile for Escherichia coli faecal isolates from turkey in 2007-2018. Proportions of
isolates susceptible to all or resistant to one, two, and three or more antimicrobial agents are illustrated. The antimicrobial agents
tested for vary between the years and this probably has an effect on the results.
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FIGURE 45. Prevalence of resistance to various antimicrobials in Escherichia coli faecal isolates from turkey in 2007-2018.
The cut-off values used in NORM-VET 2018 were applied.
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TABLE 13. Antimicrobial resistance in Escherichia coli isolates (n=295) from faceal samples from sheep in 2018.

Resistance (%)

Distribution (%) of MIC values (mg/L)*

Substance [95% CI] 0.015 0.03 0.06 0.12 025 05 1 2 4 8 16 32 64 128 256 =512
Tetracycline 1.7 [0.5-3.9] 95.6 2.7 I 03 14

Tigecycline 0.0 [0.0-1.2] 95.9 4.1 I

Chloramphenicol 0.0 [0.0-1.2] 99.3 0.7 I

Ampicillin 2.7 [1.2-5.3] 0.7 264 658 44 I 0.3 24

Cefotaxime 0.7 [0.1-2.4] 99.3 I 0.7

Ceftazidime 0.7 [0.1-2.4] 99.3 I 0.7

Meropenem 0.0 [0.0-1.2] 100 I

Sulfamethoxazole 1.7 [0.6-3.9] 966 14 03 I 1.7
Trimethoprim 1.0 [0.2-2.9] 946 4.4 I 0.3 0.7

Azithromycin ND ND 31.5 481 203

Gentamicin 0.0 [0.0-1.2] 773 19.7 3.1 I

Ciprofloxacin 0.3 [0.0-1.9] 763 234 I 0.3

Nalidixic acid 0.3 [0.0-1.9] 98.6 1.0 I 0.3
Colistin 0.3 [0.0-1.9] 97.6 2.0 I 0.3

*Bold vertical lines denote epidemiological cut-off values for resistance. ND = cut-off not defined by EUCAST. Cl=confidence interval. White fields denote
range of dilutions tested for each antimicrobial agent. MIC values higher than the highest concentration tested are given as the lowest MIC value above the
range. MIC values equal to or lower than the lowest concentration tested are given as the lowest concentration tested.
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FIGURE 46. Antimicrobial resistance profile for Escherichia coli faecal isolates from sheep in 2003-2018. Proportions of
isolates susceptible to all or resistant to one, two, and three or more antimicrobial agents are illustrated. The antimicrobial agents
tested for vary between the years and this probably has an effect on the results.

RESULTS AND COMMENTS

BROILER

The 2018 data showed that 79.5% of the E. coli isolates
from broiler caecal samples were susceptible to all
antimicrobial agents included. Altogether, 8.6% of the
isolates were resistant to one antimicrobial agent
(predominantly ampicillin), 11.2% to two (nalidixic acid
and ciprofloxacin), and 0.7% to three antimicrobial agents
(Figure 42). In total, 20.5% of the isolates were resistant to
at least one antimicrobial agent, indicating a high

occurrence of resistance in broilers according to the EFSA
classification described in Appendix 6. Resistance to
ciprofloxacin and nalidixic acid were the most frequently
identified resistance determinants, followed by resistance to
ampicillin.

When comparing to data pre-2014, the proportion of
isolates being fully susceptible seems to have increased.
However, there has been a change in the panel of
antimicrobial agents tested for and this may have an effect
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on the comparison result. Compared to the 2016 data, the
results indicate that the proportion of isolates being
resistant to two antimicrobial agents has increased and the
proportion being resistant to one antimicrobial agent has
decreased. The observed change is, however, not
statistically significant and further monitoring is necessary
to see if this is a true increasing trend. Nevertheless, since
the start of NORM-VET in 2000, the prevalence of
resistance to some antimicrobial agents in E. coli from
broilers has indeed decreased as illustrated in Figure 43,
especially resistance to sulfamethoxazole, tetracycline and
ampicillin. In contrast, the resistance to quinolones (i.e.
ciprofloxacin and/or nalidixic acid) has increased over the
years (p<0.0001), and was identified in 10.8% [95% CI: 7.4
—15.0] of the isolates in 2018. In 2016, 6.1% of the isolates
displayed resistance to quinolones, while 3.4% and 2.0% of
the indicator E. coli displayed resistance to quinolones in
2014 and 2011, respectively.

None of the E. coli isolates from broilers displayed
resistance to the third generation cephalosporins
cefotaxime or ceftazidime indicating a prevalence below
1.3%. This is in concordance with the results from 2016. In
addition, a selective method was used to investigate the
occurrence of E. coli resistant to third generation
cephalosporins in the same broiler caecal sample material
(page 61).

In an international perspective, the occurrence of resistance
among E. coli from Norwegian broiler is low, though the
occurrence varies markedly between countries reporting to
EFSA with the Nordic countries having the lowest
resistance levels (EFSA and ECDC Summary report 2016).
This favorable situation is probably due to the very limited
use of antibiotics in the Norwegian broiler production.

TURKEY

The 2018 data showed that 71.2% of the E. coli isolates
were susceptible to all antimicrobial agents included.
Altogether, 17.9% of the isolates were resistant to one
antimicrobial agent (predominantly ampicillin or
tetracycline), 4.0% to two and 7.0% to three or more
antimicrobial agents (Figure 44). In total, 28.9% of the
isolates were resistant to at least one antimicrobial agent,
indicating a high occurrence of resistance in turkey
according to the EFSA classification described in Appendix
6. Resistance to ampicillin was the most frequently
identified resistance determinant, followed by resistance to
sulfamethoxazole, tetracycline and trimethoprim.

Overall comparison to pre-2016 results is difficult as there
has been a change in the susceptibility panel of
antimicrobial agents. Nevertheless, the results as shown in
Figure 45 indicate that there has been an increase in
resistance to sulfamethoxazole and trimethoprim from
5.7% and 0%, respectively, in 2007 to 10.3% and 6.4% in
2018. The observed changes are, however, not statistically
significant and further monitoring is needed to assess
whether this is a true increasing trend. Moreover, the
sampling procedure has changed from boot swabs
monitoring occurrence of resistance in the turkey house in
2007 and 2013 to pooled caecal samples monitoring
occurrence of resistance in the animals in 2016 and 2018,
and this may have had an impact on the result.

Resistance to quinolones (i.e. ciprofloxacin and/or nalidixic
acid) was identified in 0.6% [95% CI: 0.0 - 3.5] of the
isolates. These results are in concordance with the results

from previous years. One isolate showed decreased
sensitivity to colistin, and was investigated by whole
genome sequencing to determine the resistance mechanism.
No acquired colistin resistance genes were detected. None
of the isolates displayed any resistance to the third
generation cephalosporins cefotaxime or ceftazidime. In
addition, a selective method was used to investigate the
occurrence of E. coli resistant to third generation
cephalosporins in the same turkey caecal sample material
(page 61).

In an international perspective, the occurrence of resistance
among E. coli from Norwegian turkey is low, though the
occurrence varies markedly between countries reporting to
EFSA with the Nordic countries having the lowest
resistance levels (EFSA and ECDC Summary report 2016).
This favorable situation is probably due to the limited use
of antibiotics in the Norwegian turkey production.

SHEEP

The 2018 data showed that 95.2% of the E. coli isolates
from sheep faecal samples were susceptible to all
antimicrobial agents included. Altogether, 1.7% of the
isolates were resistant to one antimicrobial agent, 1.4% to
two and 1.7% to three or more antimicrobial agents (Figure
46). In total, 4.8% of the isolates were resistant to at least
one antimicrobial agent, indicating a low occurrence of
resistance in sheep according to the EFSA classification
described in Appendix 6. Resistance to ampicillin was the
most frequently identified resistance determinant, followed
by resistance to tetracycline and sulfamethoxazole.

Two of the E. coli sheep isolates displayed resistance to the
third generation cephalosporins cefotaxime and ceftazidime
(0.7% [95% CI: 0.1 - 2.4]). These isolates had a cephalo-
sporin resistance profile corresponding to an AmpC beta-
lactamase phenotype. Genotyping showed that they had
mutations in the promoter and attenuator regions of the
chromosomally located ampC gene resulting in ampC
overexpression. In addition, a selective method was used to
investigate the occurrence of E. coli resistant to third
generation cephalosporins in the same sheep faecal sample
material (page 61). One of the E. coli sheep isolates
displayed resistance to quinolones (i.e. ciprofloxacin and/or
nalidixic acid) (0.7% [95% CI: 0.1 - 2.4]), and one
displayed reduced susceptibility to colistin. This isolate was
further investigated by whole genome sequencing to
determine the resistance mechanism. No acquired genes
were detected that would cause reduced susceptibility to
colistin.

E. coli isolates from sheep have previously been suscepti-
bility tested in 2003, 2005, 2007 and 2009. However, the
2007 and 2009 isolates were Shiga toxin producing E. coli
isolates of specific serotypes, and this may have had an
effect on the results. In addition, there has been a change in
the panel of antimicrobial agents tested for during these
years, making some comparisons difficult. For instance,
14% of'the E. coli (mainly belonging to serogroups 026 and
0103) in 2009 displayed resistance to streptomycin, an
increase from previous years where the resistance had been
< 2%. Since streptomycin is no longer part of the standard
antimicrobial agents being tested for, this possible change
in resistance was not followed up in the 2018 testing.
Nevertheless, the other results from these years indicate that
there has been no change in the overall level of resistance
in E. coli from sheep.
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Cephalosporin resistant Escherichia coli from broiler, turkey and sheep

In 2018, selective screening for E. coli resistant to third
generation cephalosporins was performed on caecal
samples from broiler and turkey flocks, and faecal samples

RESULTS AND COMMENTS

BROILER

By use of the selective method, E. coli resistant to third
generation cephalosporins were found in 0.4% [95% CI:
0.0-2.0] of the 280 broiler caecal samples. As described
above, no cephalosporin resistant isolates were found by
using the standard non-selective procedure, indicating that
the within-flock prevalence is very low.

The identified isolate was resistant to sulfamethoxazole in
addition to the beta-lactams, i.e. ampicillin and the third
generation cephalosporins cefotaxime and ceftazidime. The
isolate had a cephalosporin resistance profile corresponding
to an AmpC beta-lactamase phenotype, and PCR and
sequencing showed that it contained the blacmy-> gene. The
current findings by the selective method show that there has
been a substantial reduction of E. coli resistant to third
generation cephalosporins in broiler flocks compared to
previous years (p<0.0001). This is further described in the
textbox page 62.

In a European perspective, the prevalence of E. coli
resistant to third generation cephalosporins in broilers in
Norway 2018 is very low though the occurrence varies
markedly between countries reporting to EFSA (EFSA and
ECDC Summary report 2016). The South-Eastern, South-
Central and South-Western countries tended to report a
higher prevalence than the Nordic countries and, to a lesser
extent, than countries from Western Europe. There is also
variations in prevalence between the Nordic countries, with
Norway having the lowest reported prevalence.

TURKEY

By use of the selective method, E. coli resistant to third
generation cephalosporins were found in 9.6% [95% CI: 5.4
- 15.3] of the 157 turkey caecal samples. As described
above, no cephalosporin resistant isolates were found by
using the non-selective procedure, indicating that the
within-flock prevalence is low.

Most of the isolates were only resistant to beta-lactams, i.e.
ampicillin and the third generation cephalosporins
cefotaxime and ceftazidime. Two isolates were in addition
resistant to the quinolones ciprofloxacin and nalidixic acid.
None of the isolates showed decreased susceptibility to
meropenem, the preferred carbapenem used for detection of
carbapenem resistance.

Thirteen isolates had a cephalosporin resistance profile
corresponding to an AmpC beta-lactamase phenotype, and
genotyping showed that the resistance was due to mutations
in the promoter and attenuator regions of the
chromosomally located ampC gene resulting in ampC
overexpression. Two isolates had a cephalosporin
resistance profile corresponding to an extended spectrum

from sheep herds. A total of 280 broiler and 157 turkey
flocks, and 302 sheep herds were investigated. The results
are presented in the text and in textbox page 62.

beta-lactamase (ESBL) phenotype, and genotyping showed
that resistance was due to the blasnv-12 gene. The blasuy-12
gene has not been detected from turkey isolates previously,
nor from any other production animals investigated in
NORM-VET. In 2018, it was detected from both turkey
caecal samples and from turkey meat samples.

Compared to previous results, it seems to have been a
decrease in E. coli resistant to third generation cephalo-
sporins due to presence of the plasmid mediated blacmy-
gene from 5.1% [95% CI: 2.2-9.9] in 2016 to 0% [95% CI:
0-2.3] in 2018. There was an unexplained peak in third
generation cephalosporin resistance due to chromosomal
mutations in 2013 with 12.9% [95% CI: 7.7-20.0] positive
flocks. Since then the occurrence has decreased to 5.1%
[95% CI: 2.2-9.9] and 5.7% [95% CI: 2.7-10.6] in 2016 and
2018, respectively. All these observed differences are,
however, non-significant and further monitoring is
necessary to see if these are true trend changes. In addition,
there has been a change in sampling procedure from boot
swabs in 2013 that mirrors the prevalence in the turkey
house, to caecal material in 2016 and 2018 that mirrors the
prevalence in the animals, and this may have had an effect
on the observed changes.

In an international perspective, the occurrence of E. coli
resistant to third generation cephalosporins in Norwegian
turkey is low, though the occurrence varies markedly
between countries reporting to EFSA (EFSA and ECDC
Summary report 2016).

SHEEP

By use of the selective method, E. coli resistant to third
generation cephalosporins were found in 2.6% [95% CI:
1.5-5.2] of the 302 sheep faecal samples. As described
above, two cephalosporin resistant isolates were found by
using the standard non-selective procedure, indicating that
the within-herd prevalence is low.

All, but one, of the isolates were only resistant to beta-
lactams, i.e. ampicillin and the third generation cephalo-
sporins cefotaxime and ceftazidime. The last isolate was in
addition resistant to tigecycline.

All eight isolates had a cephalosporin resistance profile
corresponding to an AmpC beta-lactamase phenotype, and
genotyping showed that the resistance was due to mutations
in the promoter and attenuator regions of the chromo-
somally located ampC gene resulting in ampC over-
expression.

Selective methods for isolation of E. coli resistant to third
generation cephalosporins have not been performed on
sheep samples previously, and comparisons to previous
years is therefore not possible.
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A success story of the Norwegian broiler production industry — reservoir of Escherichia coli
displaying resistance towards extended-spectrum cephalosporins (ESC) virtually eliminated

Escherichia coli displaying resistance towards extended-spectrum cephalosporins (ESC) has been widely disseminated in the
broiler production worldwide. In Norway, the first ESC-resistant E. coli was detected from broilers in NORM-VET in 2006
(1). A selective method was implemented for detection of ESC-resistant £. coli in NORM-VET in 2011. The method was
conducted on boot swab samples from broiler flocks, and a total of 43% of the flocks were positive for ESC-resistant E. coli
carrying the plasmid-borne blacmy-2 gene (2). This high prevalence of ESC-resistant E. coli raised concern, and the poultry
industry introduced measures to limit the occurrence. This work has since 2014 been formalised in the Poultry industry’s
action plan on antimicrobial resistant bacteria (3,4). The National Strategy against antimicrobial resistance 2015-2020 has
also included the target to reduce the ESC-resistant E. coli reservoir in the Norwegian poultry production to a minimum (5).

There is no selection pressure from cephalosporin usage in Norway, but the poultry production is dependent on import of
breeding animals. These animals were shown to be the source of introduction, and the industry therefore took measures to
limit the number of imported breeding animals carrying ESC-resistant £. coli. In addition to the measures on the breeding
animal level, the measures included improved routines for cleaning and disinfection between poultry flocks to limit any
vertical transmission between flocks.

Since the first screening in 2011, broiler flocks and broiler meat have regularly been investigated by the selective method
(Figure 47). In 2014, 35.7% of the broiler caecal samples and 28.9% of the meat samples were found positive for ESC-
resistant E. coli (6). This was a small decrease at broiler flock level compared to the 2011 results, but could be due to change
in sampling; from boot swabs mirroring the occurrence in the broiler house to caecal samples mirroring the presence in the
animals. However, in 2016, there was a significant observed decrease with 10.8% positive flocks and 9.7% meat samples
positive (7). In 2018, only a single flock and one single meat sample was positive for ESC-resistant E. coli due to presence
of blacwmy-2. This is a remarkable result, showing that the measures taken by the industry have been successful.
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FIGURE 47. Occurrence (%) of extended-spectrum cephalosporin (ESC)-resistant E. coli in broiler flock samples and in
meat samples in 2011 - 2018. The 2011 flock samples were boot swab samples, while the flock samples from 2014 have been
pooled caecal samples. All isolates were carrying the plasmid-borne blacmy-> gene.
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Quinolone resistant Escherichia coli from sheep

In 2018, selective screening for quinolone resistant E. coli quinolone resistant E. coli was detected from 29 of these
was performed on caecal samples from sheep herds. A total (9.6%). The results are presented in the text and in Table
of 302 sheep herds were investigated, and presumptive 14.

TABLE 14. Antimicrobial resistance in quinolone resistant Escherichia coli isolates (n=22) from faceal
samples from sheep in 2018.

Distribution (n) of MIC values (mg/L)*

Substance n resistant 0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 256 >512
Tetracycline 10 12 I 3 7
Tigecycline 0 19 3 I

Chloramphenicol 4 18 I 1 3

Ampicillin 6 6 9 1 | 15
Cefotaxime 0 22 I

Ceftazidime 0 22 I

Meropenem 0 22 I

Sulfamethoxazole 7 13 2 I 7
Trimethoprim 6 16 I 1 5

Azithromycin ND I 5 14 1 1

Gentamicin 3 13 6 I 2 1

Ciprofloxacin 22 I 6 10 2 1 3

Nalidixic acid 19 3 |2 6 3 s
Colistin 0 22

*Bold vertical lines denote epidemiological cut-off values for resistance. ND = cut-off not defined by EUCAST. Cl=confidence interval.
White fields denote range of dilutions tested for each antimicrobial agent. MIC values higher than the highest concentration tested are
given as the lowest MIC value above the range. MIC values equal to or lower than the lowest concentration tested are given as the lowest

concentration tested.

RESULTS AND COMMENTS

Of the presumptive quinolone resistant E. coli, 22 isolates
isolates were confirmed displaying resistance to quinolones
in the sensitivity testing (7.3% of samples [95% CI: 4.6 -
10.8]). The most common resistance was to tetracycline,
followed by sulfamethoxazole, trimethoprim and
ampicillin. None of the quinolone resistant E. coli isolates
displayed resistance to the third generation cephalosporins
cefotaxime or ceftazidime.

Selective methods for isolation of quinolone resistant E.
coli have not been performed on samples from sheep
previously, and comparison to previous years is therefore
not possible. The results from sheep are similar to the
prevalence found in cattle caecal samples in NORM-VET
2015.

Carbapenemase-producing Enterobacteriaceae from broiler, turkey and sheep

Selective  screening for  carbapenemase-producing
Enterobacteriaceae was performed on caecal samples from
a total of 280 broiler and 157 turkey flocks, and faecal
samples from 302 sheep herds. No carbapenemase-
producing Enterobacteriaceae were detected. Carba-
penems are not approved for use in food-producing animals

in the EU and EEA countries. Nevertheless, resistance to
these critically important antimicrobial agents has
sporadically been reported from animals in some of the
EU/EEA countries, and further monitoring is recommended
to follow the situation in the years to come.
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Enterococcus spp. from broiler and turkey

Caecal samples from a total of 280 broiler flocks and 157 from broiler and turkey, respectively, were susceptibility
turkey flocks were collected. E. faecalis was obtained from tested. Of the E. faecium isolates that were subjected to
144 (51.4%) and E. faecium from 261 (93.2%) of the broiler susceptibility testing, 251 were from broiler and 142 from
samples. From turkey, E. faecalis was obtained from turkey. The results are presented in Tables 15-16, Figures
68 (43.3%) of the samples and E. faecium from 145 48-49, and in the text.

(92.4%) of the samples. Of these, 139 and 66 E. faecalis

TABLE 15. Antimicrobial resistance in Enterococcus faecalis from caecal samples from broiler (n=139) and turkey
(n=66) flocks in 2018.

Resistance (%) Distribution (%) of MIC values (mg/L)*
Substance Sample [95% CI] 0.03 0.06 0.12 025 0.5 1 2 4 8 16 32 64 128 256 =>512
Tetracycline Broiler 36.7 [28.7-45.3] 62.6 0.7 0.7 29 11.5 187 29
Turkey 69.7 [57.1-80.4] 273 3.0 348 258 7.6 1.5
Tigecycline Broiler 0.0 [0.0-2.6] 0.7 122 353 49.6 22
Turkey 0.0 [0.0-5.4] 10.6 60.6 273 1.5
Chloramphenicol Broiler 0.0  [0.0-2.6] 65 863 65 0.7
Turkey 0.0 [0.0-5.4] 2277 742 15 15
Ampicillin Broiler 0.0 [0.0-2.6] 36 712 245 0.7
Turkey 0.0  [0.0-5.4] 152 69.7 152
Erythromycin Broiler 20.9 [14.4-28.6] 482 295 1419150 101 36 0.7 1.4
Turkey 12.1 [5.4-22,5] 606 258 1515 15 15 15 6.1
Quinupristin - Broiler 0.0 [0.0-2.6] 07 22 07 07 914 43
Dalfopristin Turkey 0.0 [0.0-5.4] 3.0 97
Gentamicin Broiler 0.0 [0.0-2.6] 52.5 446 29
Turkey 0.0  [0.0-5.4] 63.6 333 3.0
Ciprofloxacin Broiler 0.7 [0.0-3.9] 94 669 209 2217107
Turkey 0.0 [0.0-5.4] 1.5 152 758 7.6
Vancomycin Broiler 0.0 [0.0-2.6] 46.0 38.8 15.1
Turkey 0.0 [0.0-5.4] 364 60.6 3.0
Teicoplanin Broiler 0.0 [0.0-2.6] 99.3 0.7
Turkey 0.0  [0.0-5.4] 100
Linezolid Broiler 0.0 [0.0-2.6] 79 87.1 5.0
Turkey 0.0 [0.0-5.4] 1.5 197 7713 15
Daptomycin Broiler 0.7 [0.0-3.9] 122 76.3 10.8§ 0.7
Turkey 1.5 [0.0-8.2] 1.5 30 318 576 45Q) 15
Narasin Broiler 3.6 [1.2-8.2] 36 417 468 29 14122 14
Turkey 18.2 [9.8-29.6] 45 258 182 9.1 24.2]182

*Bold vertical lines denote microbiological cut-off values for resistance. ND = cut-off not defined by EUCAST. Cl=confidence interval. White
fields denote range of dilutions tested for each antimicrobial agent. MIC values higher than the highest concentration tested are given as the lowest
MIC-value above the range. MIC values equal to or lower than the lowest concentration tested are given as the lowest concentration tested.
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TABLE 16. Antimicrobial resistance in Enterococcus faecium from caecal samples from broiler (n=251) and turkey (n=142)
flocks in 2018.

Resistance (%) Distribution (%) of MIC values (mg/L)*
Substance Sample [95% CI] 0.03 0.06 0.12 025 0.5 1 2 4 8 16 32 64 128 256 >512
Tetracycline Broiler 8.0 [4.9-12] 912 04 04 04 08 60 04 04
Turkey 12.0 [7.1-18.5] 86.6 1.4 1.4 7.0 3.5
Tigecycline Broiler 0.4 [0.0-2.2] 80 195 633 88 ] 04
Turkey 0.7 [0.0-3.9] 92 218 585 99107
Chloramphenicol Broiler 0.0 [0.0-1.5] 10.8 789 8.8 1.6
Turkey 0.0 [0.0-2.6] 141 789 7.0
Ampicillin Broiler 24 [0.9-5.1] 04 363 323 21.1 7.61] 24
Turkey 11.3 [6.6-17.7] 26.8 27.5 17.6 16.9]10.6 0.7
Erythromycin Broiler 7.6 [4.6-11.6] 67.7 195 52 32 08 3.6
Turkey 17.6  [11.7-24.9] 613 169 42113 35 14 1.4
Quinupristin — Broiler ND ND 139 347 159 343 08 04
Dalfopristin Turkey ND ND 162 162 17.6 50.0
Gentamicin Broiler 0.4 [0.0-2.2] 82.1 16.7 08]04
Turkey 0.7 [0.0-3.9] 76.8 204 2.1}40.7
Ciprofloxacin Broiler 7.2 [4.3-11.1] 04 1.6 13.1 283 494144 08 2.0
Turkey 7.0 [3.4-12.6] 07 3.5 183 232 472170
Vancomycin Broiler 0.0 [0.0-1.5] 86.9 124 0.8
Turkey 0.0 [0.0-2.6] 852 141 0.7
Teicoplanin Broiler 0.4 [0.0-2.2] 99.2 0.4 0.4
Turkey 0.0 [0.0-2.6] 98.6 14
Linezolid Broiler 0.0 [0.0-1.5] 04 645 35.1
Turkey 0.0 [0.0-2.6] 66.2 33.8
Daptomycin Broiler 0.0 [0.0-1.5] 0.8 52 315 554] 72
Turkey 0.0 [0.0-2.6] 07 07 28 254 599]10.6
Narasin Broiler 24.7 [5.6-13.0] 04 72 42,6 247 04]159 84 04
Turkey 81.0  [20.3-35.6] 77 63 49 ]535 275

*Bold vertical lines denote microbiological cut-off values for resistance. ND = cut-off not defined by EUCAST. Cl=confidence interval. White fields denote
range of dilutions tested for each antimicrobial agent. MIC values higher than the highest concentration tested are given as the lowest MIC-value above the
range. MIC values equal to or lower than the lowest concentration tested are given as the lowest concentration tested.
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FIGURE 48. Prevalence of resistance to various antimicrobial agents in Enferococcus faecium isolates from caecal samples
from broiler 2002-2018. The epidemiological cut-offs used in NORM-VET 2018 were applied. * Oxytetracycline in 2002 and
2004.
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FIGURE 49. Prevalence of resistance to various antimicrobial agents in Enferococcus faecium isolates from caecal samples
from turkey 2007-2018. The epidemiological cut-offs used in NORM-VET 2018 were applied.

RESULTS AND COMMENTS

BROILER

The 2018 data showed that 45.3% of the E. faecalis and
59.8% of the E. faecium isolates from broiler caecal
samples were susceptible to all antimicrobial agents
included in the test panel.

E. faecalis: Altogether, 44.6% of the isolates were resistant
to one antimicrobial agent (mainly tetracycline or
erythromycin) and 10.1% to two (mainly tetracycline and
erythromycin. Resistance to tetracycline was the most
frequently identified resistance determinant, followed by
resistance to erythromycin.

E. faecium. Altogether, 31.5% of the isolates were resistant
to one antimicrobial agent (mainly narasin), 6.8% to two
(mainly narasin and erythromycin), and 2.0% to three
antimicrobial agents. Resistance to narasin was the most
frequently identified resistance determinant, followed by
resistance to tetracycline and erythromycin.

In total, 54.7% of the E. faecalis isolates and 40.2% of the
E. faecium isolates were resistant to at least one
antimicrobial agent, indicating a high and very high
occurrence of resistance, respectively, according to the
EFSA classification described in Appendix 6.

Compared to the data from 2014, there seems to have been
a decrease in occurrence of tetracycline resistance among
E. faecalis from 52.3% to 36.7%. This is, however, a non-
significant decrease (p=0.05) and further monitoring is
necessary to see if this is a true trend. The prevalence of
tetracycline resistance among E. faecalis is surprising, as
there is insignificant use of oxytetracycline for clinical
purposes in Norwegian broiler production. Resistance to
narasin has decreased compared to previous investigations,
for further description see textbox page 67.

None of the E. faecium or E. faecalis isolates displayed
resistance to vancomycin. Avoparcin, which induces cross-
resistance to vancomycin, was routinely used as a growth
promoter in Norwegian broiler and turkey production from
1986 until it was banned in 1995. Studies have shown that
this use has selected for an extensive reservoir of
vancomycin resistant enterococci (VRE) in Norwegian

broiler production. The reservoir persisted for many years
after the ban was implemented (see selective VRE
screening and textbox page 67).

TURKEY

The 2018 data showed that 22.7% of the E. faecalis and
12.7% of the E. faecium isolates from turkey caecal samples
were susceptible to all antimicrobial agents included in the
test panel.

E. faecalis: Altogether, 56.1% of the isolates were resistant
to one antimicrobial agent (mainly tetracycline), 18.2% to
two (mainly narasin and tetracycline), and 3.0% to three
antimicrobial agents. Resistance to tetracycline was the
most frequently identified resistance determinant, followed
by resistance to narasin and erythromycin.

E. faecium. Altogether, 50.7% of the isolates were resistant
to one antimicrobial agent (mainly narasin), 31.0% to two
(mainly narasin and erythromycin), and 5.6% to three or
more antimicrobial agents. Resistance to narasin was the
most frequently identified resistance determinant, followed
by resistance to erythromyecin, tetracycline and ampicillin.
In total, 77.3% of the E. faecalis isolates and 87.3% of the
E. faecium isolates were resistant to at least one
antimicrobial agent, indicating a very high to extremely
high occurrence of resistance, respectively, according to the
EFSA classification described in Appendix 6.

None of the E. faecium or E. faecalis isolates displayed
resistance to vancomycin. Avoparcin, which induces cross-
resistance to vancomycin, was routinely used as a growth
promoter in Norwegian broiler and turkey production from
1986 until it was banned in 1995. Studies have shown that
this use has selected for an extensive reservoir of
vancomycin resistant enterococci (VRE) in Norwegian
poultry production. The reservoir persisted for many years
after the ban was implemented (see selective VRE
screening described below and textbox page 67).
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Vancomyecin resistant Enterococcus spp. (VRE) from broiler and turkey

A total of 280 caecal samples from broiler flocks and 157 No VRE were detected. The occurrence of VRE has
caecal samples from turkey flocks were screened for the decreased significantly since 2002 (p<<0.0001). See textbox
presence of vancomycin resistant Enterococcus spp. below.

(VRE).

No vancomyecin resistant enterococci (VRE) detected in the Norwegian
poultry production for the first time since the monitoring started

The glycopeptide avoparcin was routinely used as a growth promoter in Norwegian broiler and turkey production from 1986
until it was banned in 1995. The use selected for a reservoir of vancomycin resistant enterococci (VRE) in both broilers and
turkeys. This reservoir persisted without known selective pressure for many years after the ban was implemented (documented
in previous NORM-VET reports). However, as shown in Figure 50, the occurrence of VRE in broilers has decreased
significantly the last years, i.e. from 7.5% in 2009, 15.9% in 2011, 6.7% in 2014 to 0% in 2018 (p<0.0001). There has also
been a decrease in the occurrence of VRE in turkey from 12.2% in 2013 to 0% in 2018 (p<0.0001). Although comparison of
the 2018 results with results before 2014 should be made with caution due to changes made in sampling procedure from boot
swabs mirroring the prevalence in the broiler house to caecal samples mirroring the prevalence in the animals, this is a
remarkable decline.
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FIGURE 50. Prevalence of vancomycin resistant enterococci (VRE) in Norwegian poultry production from 2009-2018. In
2018, samples from both broilers and turkey were examined. All analyses were performed by selective methods for isolation
of VRE.

The observed decline in VRE coincides in time with two interventions initiated by the poultry industry in an attempt to reduce
the occurrence of antimicrobial resistant bacteria in the Norwegian poultry population. The first intervention introduced
improved routines for cleaning and disinfection between poultry flocks with the intention to decrease the occurrence of
Escherichia coli resistant to third generation cephalosporins (1, 2). The second intervention addressed a general concern
regarding development of antimicrobial resistance due to use of narasin in the broiler production. Narasin is a coccidiostat that
was introduced as a feed additive in broilers to avoid the broilers developing coccidiosis after the ban of avoparcin in 1995. In
addition to the anticoccidial effect of narasin, it also possesses antibacterial activity. Therefore, a discontinuation of the use of
narasin as a coccidiostat feed additive was one of the targets for 2015-2020 stated in the National Strategy against antimicrobial
resistance (3). Narasin was gradually phased out from 2015, and from June 2016 broilers in Norway have been raised without
the use of coccidiostats. This has been possible due to implementation of a coccidia vaccine for all broilers.

Narasin resistance has been frequently observed among indicator enterococci from broilers and turkeys, especially among E.
faecium. As shown in this report, 24.7% of the E. faecium isolates from broilers showed reduced susceptibility to narasin in
2018, whereas 81.0% of the E. faecium isolates from turkeys showed reduced susceptibility. For broilers, this is a significant
reduction in narasin resistance compared to 2011 (p<0.01) (Figure 51), but there has been no change in occurrence of narasin
resistance in turkeys.
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FIGURE 51. Prevalence of narasin resistance among Enterococcus faecium from Norwegian broiler and turkey flocks from
2002-2018. 95% CI shown as bars.

VRE isolated from broilers and turkeys through the years in NORM-VET has solely belonged to E. faecium. All, but one VRE
isolate, have shown additional resistance to narasin. A Swedi