ANTIBIOTIC RESISTANCE OVERVIEW — ARE WE HEADING

TOWARDS A POST ANTIBIOTIC ERA?
NIELS H@IBY

KMA-RH: en antibiotikapolitik skal sikre effektiv behandling og
forhindre resistensudvikling fra vugge —— _I_



Optimal antibiotika behandling

* Forebyggelse af resistensudvikling -
hos den zetiologiske bakterie



Korrelation mellem forbrug af penicillin og
resistensudvikling hos Pneumokokker i Europa



Resistensudvikling efter antibiotika
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Days of p lactam use in the six months before the swab

Penicillin resistance in pneumococcus isolates taken from children,
and p lactam use in the six months before swab collection
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med beta-lactam
antibiotika

Penicillin-resistens hos
Pneumokokker (N=456) efter
penicillin behandling a
forskellig varighed

VUGGESTUE-
BORNEHAVEINFEKTIONERNE!



International spredning af en multiresistent klon af S. pneumoniae med
mennesker. Det samme ggr sig geeldende med resistente zoonotiske
bakterier (E. coli, Salmonella spp.) som spredes via menneskers
tarmflora/feeces og med fgdevarer



Van Boeckel et al. Global antibiotic consumption 2000 to 2010: an analysis of
national pharmaceutical sales data. Lancet Infect. Dis. 14.742-50; 2014



Stichele et al: Hospital consumption of antibiotics in 15 European
countries: results of the ESAC retrospective data collection (1997-2002).
JAC 58:159-167; 2006
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Figure 1. Antibiotic use and distribution over main classes in hospital care (HC)
in Europe (2002). Note: data from Finland include primary healthcare centres
and nursing homes.
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Figure 1. Total outpatient antibacterial use in the United States and 27 European countries in 2004 (total use for Greece, Iceland, and Bulgaria,
2002 data for Poland, and 2003 data for Italy). DDD, defined daily dose; MLS, macrolides, lincosamides, and streptogramins; TMP, trimethoprim.
*Includes amphenicols (JO1B), aminoglycosides (J01G), combinations of antibacterial agents (JO1R), and other antibacterial agents (J01X).

Goossens et al. Comparison of outpatient systemic antibacterial use
in 2004 in the United States and 27 European countries. CID

44:1091-95; 2007
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Scand. J. Infect. Dis. 38:597-603; 2006 (questionary to 3000 persons in
2003, Copenhagen, Frederiksborg, Fyn, Aarhus)
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Figure 1. Reported reasons for using prescribed antibiotics in adults (# =399) and children (n =164) grouped by site of infection. There
may be more than 1 site of infection per person.



Antibiotikaresistens i Danmark

e Sjxldent MRSA (methicillin-resistente S. aureus, 1-2%)
e Sjaeldent penicillin-, macrolid- og tetracyklin-resistente S. pneumoniae

* Sjaeldent plasmid associeret extended spectrum B-lactamase (ESBL),
aminoglycosid og florquinolon resistens - men stigende!

* Sjezeldent S. pyogenes Gr. A resistens
* Sjeeldent H. influenzae resistens

MEN

e Ofte p-lactamase producerende S. aureus

e Ofte ampicillin-, sulfa- og trimethoprim resistens i E. coli
e Ofte MRSE (methicillin-resistente S. epidermidis)

e Ofte p-lactamase producerende M. catarrhalis



DANMAP 2014

1 stamme var
hajresistent
(MIC>2ug/ml),
resten var
intermedizer
resistente (MIC
0,1,-1,0 pug/ml),
hvor klinisk effekt
kan opnas med
hgjere beta-
lamtamantibiotika
dosis



Resist. Blodisol.
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Oppliger et al. Appl. Environm. Microbiol. 78:8010-14; 2012



MRSA er ikke multiresistente — de er faktisk lette at behandle,
afggrende er det at den empiriske behandling er deekkende!

pigs



MICs MICs MICs MICs
E-test, Rosco diffusionszone og kleverblad (Sarcina lutea og i kryds S. aureus) p&d MSSA og MRSA Staphylococcus aureus
25-08-2014
17.10.11
McFarland E-test pg/ml | Rosco E-test Rosco MRSA MRSA MRSA MRSA
0,5,udsdet med | 52401/11 malt i mm pg/ml mélti mm | pg/ml Rosco pg/ml Rosco
vatpind 52401/11 52232/11/11 | 52232/11 E-test mélt i mm E-test malt i mm
51812/11 51812/11 54793/11 54793/11
XM Cefur 0,75/0,094pg/ml 45/32mm 0,75/0,125pg/ml 45/30mm 3pg/ml 26mm 2,0/0,5pg/ml 40/25mm
60png
PTc Pip + Tazo 1,5nug/ml 26mm 0,75/0,094pg/ml 40/32mm 16pg/ml 22mm 2,0pug/ml 26mm
100pg+10pg
PP Piperacillin 1,5png/ml Ingen tablet 0,094/0,5ng/ml Ingen tablet 64pg/ml Ikke udfort 24pg/ml Ikke udfort
MP Mero 10ng 0,047pg/ml 45/35mm 0,32/0,094pg/ml 45/35mm 0,38ug/ml 35/32mm 0,125pg/ml 40/32mm
Tz Cefta 6,0/3,0pg/ml 32/24mm 6,0/3,0png/ml 31/23mm 16pug/ml 18mm 12/6,0pg/ml 25/19mm
30pg
TX Ceftrix 3,0/0,25pg/ml 37/28mm 3,0/0,38ug/ml 35/25mm >32pg/ml 18mm >32/2pg/ml 32/18mm
30pg
XL Am+Cl 0,5pg/ml 40/32mm 0,19/0,064pg/ml 41/32mm 2pg/ml 26mm 1,0pg/ml 36/30mm
30ug+15ug
Ingen E-test 38/25mm Ingen E-test 38/30mm Ingen E-test 22mm Ingen E-test 27/23mm
ME Methi
Cefpodoxime Ingen E-test 35/23mm Ingen E-test 34/22mm Ingen E-test Ikke udfort Ingen E-test Ikke udfort
10pg
PG Penicillin 0,38ug/ml 18mm 0,023 pg/ml 44/32mm l6pg/ml 0 8ug/ml 0
Sng
Bloddyrkning, Bloddyrkning, Nasepodning, Perineum
140811-6240 111045-1098 191287-1868 podning,
P:0, ellers folsom for alt P:0, M:0, 101246-0828
folsom ellers folsom P:0, M:0,

Azithromycin:1,
Clinda:1







Appl. Envir. Microb. 81:6090-97; 2015









Optimal antibiotika behandling

* Forebyggelse af resistensudvikling -
hos den zetiologiske bakterie

* Forebyggelse af resistensudvikling -
normalfloraen er meget vigtig pga. horisontal
genoverfgrsel vha. konjugation og
transformation!



Udvikling af resistens under antibiotika
behandling

* Gennemgang af 173 studier med 14.000 patienter,
8 antibiotika klasser, 225 individuelle

behandlingsregimer

* Forekomst af resistente mikroorganismer
— 4% af alle mikroorganismer (sjeeldent)
— 6% af alle infektioner

— Hyppigere nar der benyttes monoterapi med penicillin og
aminoglycosid (p=0.0002)

— Sjeldnere med imipenem (p=0.03), aztreonam (p=0.0001)
og kombinationsterapi (p=0.001)

Fish et al. Pharmacother. 15:279-91,1995



< -
Dwyer, Collins,
Walker: Unraveling
the physiological
complexities of
antibiotic lethality.
Ann. Rev.
Pharmacol. Toxicol.
55:1-20; 2015

Jorgensen. K.M., Wassermann, T., Jensen, P.@., Wang, H., Molin, S., Hgiby,

N., Ciofu, O.: Sub-lethal ciprofloxacin treatment leads to rapid .
development of high-level ciprofloxacin resistance during long-term

experimental evolution of Pseudomonas aeruginosa. Antimicrob. Agents

Chemother.57:4215-4221; 2013.
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Figure: Ciprofloxacin concentrations in serum and sweat

Mean of ciprofloxacin concentrations in serum and sweat obtained from
axilia and volar surface of the forearm after 750 mg orally in 6 normal
persons. For comparison: MIC, of bacterial species of the skin flora
(HE/mL): S aureus: 0-5, S epidermidis: 0-25, Propionibacteérium species:
0-50, C jeikeium: 1-0. No antibacterial activity of sweat was detectable
before intake of ciprofloxacin.

Haiby et al. Lancet, 346:1235,1995




Ciprofloxacin og S. epidermidis fra axillen fgr og 3 dage efter start
pa behandling med ciprofloxacin p.o. til normal KMA leege

Hgiby et al. Lancet 1997;349:167-9



Development of resistance to antibiotics occurs very
rapid in the normal flora of the skin during therapy
with antibiotics which are excreted into the sweat

MIC before treatment MIC of resistant Mean number of:

f - e —
/mlL strains . . ) . :
(Hg/ml) Resistant strains per Resistant isolates§ Days to appearance of Days to disappearance of

perscn (34 swebs) per person resistant isclates last resistant isolates
(axilla/nose) (axilla/noese) ; (axilla/nose)

013-038* Intermediate 4-121
High »32! (range 2-3) frange 3-32/3-24) frange 1-7/8-34) range 7-62/20-62)

*Sensitive to all antibiotics tested. Also resistant to methicillin, {Also resistant to methicillin, erythromycin, sulphcnamide, trimethopam, and gentamicin, 80ne swab may contain
more than one resistant isolate. |After start of treatment. * *After end of treatment.,

S. epidermidis: Development of resistance to ciprofloxacin in isolates from 6
persons treated for 7 days. Molecular mechanism: Genta: aac(6’)-aph(2”);
Meth: mecA; Ery: erm(C); Cipro: mutations in gyrA, parC, gyrB

Whole genomes sequenced by Anders Rhod Larsen & Andreas Petersen, SSI

Hgiby et al. Lancet 1997, 349,167-9






Resistensudvikling hos E. coli i tarmfloraen under peroral
ampicillinbehandling — selektion for multiresistens pa plasmider

For
beh.

Antal E. coli 22
stammer

Resistent for Ap (%) 9
Multiresistent (%) 18

Konjugativ
resistens (%) 18

Stammer med
plasmider (%) 86

Strammer med
plasmider stgrre end 73
12 Mdal (%)

Dag 1
og 2
10

20
40

20

70

60

Dag 3-5

50
50

50

83

67

Dag 6-8

50
50

50

75

75

Dag 9-11

100
100

100

100

100

Efter 11
dage
4

100
100

100

100

100

Laufs et al. Excerpta Medica ICS 477:74,1979



Resistensudvikling i orale streptokokker og
overfgrsel af resistensen til Pneumokokker ved
transformation af frigivet DNA

Fig. 2. Mosaic PBP 2B genes in
penicillin-resistant pneumococci.
The divergent regions in the PBP
2B genes of seven resistant pneu-
mococci from different countries
are shown. These regions have
been introduced from at least
three sources, one of which ap-
pears to be S. mitis. The approx-
imate percent sequence diver-
gence of the divergent regions
from the PBP 2B genes of sus-
ceptible pneumococci is shown.
The figure was drawn from data in
(20, 21).
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Resistensoverfarsel ved transformation i S. mutans, som laver biofilm pa
teender (plaques) er styret af et quorum-sensing peptid pheromone signal
system og er 10-600 x hyppigere end i planktonisk voksende bakterier

Spratt. Science 1994;264:388-93
Li et al. J. Bact. 183:897-908; 2001



e Risiko for
resistensudvikling
i de aerobe fakultative
bakterier i normalfloraen
under eller efter
behandling med
forskellige antibiotika i
standarddosering

(modificeret efter Nord et al 1986)

(Sllivan, Edlund, Nord. Effect of antimicrobial agents on
the ecological balance of human microflora. Lancet
Infect. Dis. 1:101-114; 2001)

(Rashid, Weintraub, Nord. Effect of new antimicrobial
agents on the ecological balance of human
midroflora.Anaerobe 18:249-53; 2012)



Drugs 47:520; 1994



DiNubile et al. Bowel colonization with
resistant gram-negative bacilli after
antimicrobial therapy of intra-abdominal
infections: observations from two randomized
comparative trials of ertapenem therapy. Eur.
J. Clin. Microbiol. Infect. Dis. 24:443-449;
2005






Optimal antibiotika behandling

* Antibiotika i landbruget - resistente bakterier i maden



Jens Hansens bondegard — fuld af antibiotika!

Det er nu et internationalt accepteret problem:
Collignon, P.: Resistant E. coli — we are what we eat. CID 49:202-4; 2009 (editorial)

Collignon et al.: WHO ranking of antimicrobials according to their importance in human
medicine: A critical step for developing risk management strategies for the use of
antimicrobials in food production animals. CID 49:132-41; 2009



National Geographic Magazine, March 2015
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Grave et al.: Comparison of the sales of veterinary
antibacterial agents between 10 European countries. JAC

65:2037-40; 2010



Chantziaras et al.
Correlation
between
veterinary
antimicrobial use
and antimicrobial
resistance in food-
producing animals:
a report on seven
countries. JAC
69:827-34; 2014



Chantziaras et al. Correlation between veterinary antimicrobial use
and antimicrobial resistance in food-producing animals: a report on
seven countries. JAC 69:827-34; 2014
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Kantele et al. Antimicrobials increase travelers’ risk of colonization by extended-
spectrum betalactamase-producing Enterobacteriaceae (ESBL-PE). CID 60:837-46; 201
‘Mere end 300 mio. rejsende besgger regioner med darlig hygiejne hvert ar’.

21% af 430 finske rejsende uden for skandinavien blev ESBL-PE. Hgjst i Syd@stasien
(46%), og blandt dem, der havde diarré og ogsa fik antibiotika, var det 80%. Ingen blev
Carbapenem-producerende Enterobacteriaceae koloniseret.
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Hawkey. Multidruf-resistant Gram-negative bacteria: a product of globalization. J.
Hosp. Infect. 89:241-47; 2015



Antibiotikaresistens i Danmark

e Sjeeldent MRSA (methicillin-resistente S. aureus, 1-2%)
 Sjaxldent penicillin-, macrolid- og tetracyklin-resistente S. pneumoniae

* Sjeeldent plasmid associeret extended spectrum [3-lactamase (ESBL), aminoglycosid
og florquinolon resistens - men stigende!

 Sjxldent S. pyogenes Gr. A resistens
 Sjaxldent H. influenzae resistens

MEN

* Ofte B-lactamase producerende S. aureus

e Ofte ampicillin-, sulfa- og trimethoprim resistens i E. coli
* Ofte MRSE (methicillin-resistente S. epidermidis)

e Ofte B-lactamase producerende M. catarrhalis

e ZOONOTISKE RESERVOIR AF MULTIRESISTENTE BAKTERIER FRA DANMARK OG ISAR
UDLANDET ->MADEN -> MENNESKER

 MENNESKER: STORT ANTIBIOTIKAFORBRUG TIL B@RN | VUGGESTUER/B@RNEHAVER
* F@DEVAREINDUSTRIEN: STORT ANTIBIOTIKAFORBRUG TIL SVIN, KALVE, KYLLINGER OSV.



8 basale antibiotika spgrgsmal

Hvilken type patient?

Hvilken bakterieart?

Hvilken fglsomhed/resistens?
Tilstreekkelig penetration?
PK/PD?

- A: B-lactam, glycopeptider, makrolider
koncentration > MIC 250% doserings intervallet

- B: aminoglykosider, fluokinoloner, colistin

maksimal topkoncentration
Pavirkes normalfloraen pa slimhinder og hud?
Behandlingsvarighed?
Biofilm?



