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Overuse and misuse of antimicrobials
(Treatments, growth factors, prophilaxy...)

!

Emergence of MDR strains
Major public health problem
possible transmission Animals — Humans

!

ONE HEALTH
Global approach of interphase Humans-Animals-Environment

Spread of carbapenemase-producing
Enterabacteriaceae, 2018

Situation in the equine industry?
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Pipeline

2006 — 2016
25,813 isolates* from all regions of France
From 1,895 (2016) to 3,058 (2012) per year

Identification
(API, VITEK, MALDI-TOF)

Antimicrobial susceptibility testing
(EUCAST recommendations)

* Recovered from horses with suspected bacterial infection (with no prior antimicrobial treatment)



What pathogens were found?

Strep. C

other
33%
(n=8,979)

R. equi
2%
(n=462)

NN

K. pneumoniae
2%
(n=626)

/ I (n=5,159)

Enteroobacter P. aeruginosa
3% 4% S. aureus
(n=878) (n=1,034) 8%

(n=2,012)



From what origins?

Other .
17% Respiratory

(n=4,529) e
(n=9,512)

Cutaneous
16%
(n=4,083)

Streptococcus (group C)
Escherichia coli
Staphylococcus aureus

Pseudomonas aeruginosa B Respiratory

Genltal [ Cutaneous
30% Enterobacter spp [ Genital
(n=7'689) H Other

Klebsiella pneumoniae

Rhodococcus equi

Other bacteria




Group C Streptococci

% of resistant Streptococcus (group C)
e Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Antibiotic category -
Number of strains (n) | 383 464 554 627 671 703 811 680 768 771 692
PEN 0.0 0.4 0.2 0.0 0.0 0.1 0.1 0.0 0.1 0.0 0.1
- AMP/AMOX 0.0 0.2 0.2 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.7
Penicillins
OXA NT NT NT NT NT NT 0.1 0.0 0.1 0.0 0.1
AMC 0.0 0.2 0.2 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.7
Cephalosporins 3rd CEF 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
4th CEQ 0.0 0.0 0.2 0.0 0.0 0.0 0.2 0.1 0.0 0.0 0.1
STRHC 7.0 7.3 6.1 5.9 7.0 6.4 49 5.9 34 6.2 5.5
Aminoglycosides KANHC NT NT NT NT NT NT 4.7 5.3 3.6 6.9 53
GENHC 1.0 2.4 1.6 0.8 2.7 2.7 2.3 1.8 1.2 0.8 0.6
Tetracyclines TET/OT** 222 334* 338 340 258% 441* 453 |75 615% 639 821 |
Macrolides ERY 8.6 144* 56* 13.2* 6.7* 9.1* 6.0 6.5 6.6 8.8 11.1
Rifampicin RIF** 0.5 1.1 0.5 0.6 0.4 1.0 0.1* 0.0 0.3 04 155*
Sulphonamides SUL/SXT** 1.0 6.0* 14.8* 1.4* 0.6 1.6 23.1*  0.1* 1.0* 0.0* 4.8*

R<10% 10<R<30% 30<R<50% [R550%

Mainly from genital and respiratory origins

Penicillins remained active

High % of Tetracyclines resistances (from genital origin)
Natural low level of resistance to Aminoglycosides (high concentration discs used)

S. equi subsp. zooepidemicus
S. equi subsp. equi (respiratory tract,
strangles)



Escherichia coli

% of resistant Escherichia coli

Antibiotic category Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Number of strains (n) 350 419 479 521 467 528 577 490 491 493 344

Penicillins AMP/AMX 40.6 33.9 31.3* 39.7* 40.0 39.5

AMC 289 23.6 48.6* 25.1* 43.6* 454 46.1 32.8* 349 314

. 3rd CEF 3.4 6.7* 8.6 8.6 8.8 10.8 10.2 9.8 11.2 6.7* 6.1

Cephalosporins

4th CEQ** 1.4 6.0* 8.4 8.3 7.9 10.6 9.9 9.2 11.0 6.9* 5.8

STR** | 771 819 883 948 90.4* 636* 761* 651* 593 361 331

Aminoglycosides KAN NT NT NT NT NT NT 253 249 214 89 90

GEN 5.7 8.1* 9.4 11.5 10.5 15.9* 11.8 11.6 10.4 6.9 6.1

AMK** 3.4 3.8 2.7 3.8 3.4 0.6* 0.5 1.6 1.0 0.4 0.0

Tetracyclines TET/OT 214 20.8 228 26.3 240 239 241 204 214 245 20.6

Sulphonamides SUL/SXT** 246 267 271 284 261 292 [627% 25.1* 301 282 314

NAL NT NT NT NT NT NT 7.1 10.0 8.1 6.7 4.9

] ] FLU** 77 17.2* 6.1 7.7 8.1 7.8 6.1 6.3 6.5 6.1 4.9
Quinolones/Fluoroquinolones

ENO 4.0 5.0 5.0 4.6 6.0 6.3 5.9 5.5 6.1 5.3 3.2

MAR 3.4 3.8 3.5 3.8 4.3 4.9 4.7 3.5 5.1 3.7 2.9

R<10% 10<R<30% 30<R<50% [R=50%.

Mainly from genital origin (51%)

Around 40% of resistance to Amoxicilline
High level of resistance to Streptomycin but decreased in 2015 and 2016

Less than 12% resistant to Cephalosporins and Quinolones

Gastro-intestinal disorders
Urinary tract infections
Septicemia



Staphylococcus aureus

% of resistant Staphylococcus aureus
o Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Antibiotic category
Number of strains (n) 114 163 198 190 226 253 185 178 180 186 139
PEN - 35.6% 465%* 416 323 328 443* 421 394 441 439
benicillins AMP/AMX 35.6% 46.5% 416 323 328 443* 421 389 441 432
OXA NA NR NR NR NR NR 238 135* 139 167 158
AMC** 53 1.8 12.6* 142 12.4 158 23.8% 135 139 167 15.8
2nd | FOX** NT  NT NT NT NT NT 308 174 139 183 17.3
Cephalosporins | 3rd | CEF** 09 25 11.1* 132 115 162 243* 135%* 139 167 158
ath | ceq** 18 43 91 121 115 158 243* 135* 139 167 15.1 Major cause of nosocomial and

STR** 386 313 |5Z6% 653 434* 27.3* 259 152* 150 194 209 community infections

_ , KAN NT  NT NT NT NT NT 243 185 194 258 230
Aminoglycosides

GEN** 105 7.4 152* 184 150 213 232 185 189 253 216
AMK 105 7.4 157 184 150 213 00 00 00 00 00
Tetracyclines TET/OT** 18.4 8.6%* 18.7* 18.4 17.3 16.6 28.1* 20.2 22.8 296 27.3
Macrolides ERY** 61 55 126* 105 62 59 70 34 61 48 58
Rifampicin RIF** 44 43 11.1* 74 58 103 76 28* 28 27 29
Sulphonamides SUL/SXT 09 43 111 79 49 47 92 51 33 22 65*
Fluoroquinolones ENO** 00 12 25 26 27 40 86* 45 56 38 14
MAR** 00 06 05 11 13 28 22 11 39 27 14

R<10% 10<R<30% 30<R<50% [R=50%.

Mainly from cutanous origin (41%)

High level of resistance to Penicilline or Ampicilline

MRSA (Cefoxitin or Oxacillin R) around 17% (except in 2012)
Decrease of Streptomycin resistance after 2010

Less than 30% of resistance to the other antimicrobials



Pseudomonas aeruginosa

% of resistant Pseudomonas aeruginosa

Antibiotic category Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Number of strains (n) 50 93 75 102 90 127 153 94 95 96 59

Cephalosporin 4th | CEQ** 44.0 34.7*% 41.2 344 33.1 43.8 46.8 21.9* 119
Aminoglycosides GEN 140 129 36.0* 441 20.0* | 51.2% 588 35.1* 20.0* 3.1* 102
AMK** 10.0 7.5 6.7 14.7 6.7 8.7 8.5 10.6 1.1* 1.0 0.0

Fluoroquinolones MAR 2.0 2.2 2.7 14.7* 8.9 6.3 24.2*  9.6* 3.2 3.1 1.7

R<10% 10<R<30% 30<R<50% [RS50%.

Mainly from respiratory origin (40%)

Only 4 antimicrobials clinically relevant were tested
Favorable evolution of sensitivity to these compounds

Major opportunistic pathogen

Endometritis in mares



Enterobacter spp.

F % of resistant Enterobacter spp
L Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Antibiotic category -

Number of strains (n) 59 113 103 95 80 75 110 75 69 61 38

_ 3rd [ CEF 6.8 186 184 200 100 187 282 12.0*+ 87 164 158
Cephalosporins

4th | CEQ 34 80 97 74 88* 80 118* 80 14 82 132

STR** 322 39.8 | 62.1* 642 475 333 500 293 188 262 237

Aminoglycosides KAN** NT NT NT NT NT NT 373 16.0* 101 23.0 184

GEN 3.4 17.7%* 233 189 200 240 355 16.0* 87 18.0 184

AMK 17 44 39 95 50 93 82 00* 14 66 53

Tetracyclines TET/OT** 10.2 195 437% 400 375 267 [564%| 38.7* 435* 164 21.1

Sulphonamides SUL/SXT 51 23.0* 214 189 188 200 43.6* 160 159 19.7 21.1

NAL NT NT NT NT NT NT 236 200 203 180 21.1

Quinolones/Fluoroquinolones FLU** 237 372 33.0 232 200 213 245 187 188 180 21.1

ENO 1.7 195* 146 137 100 147 200 107 87 148 7.9

MAR 00 09 29 00 00 27 18 27 00 49 26

R<10% 10<R<30% 30<R<50% [R=50%.

Mainly from respiratory origin (48%)

Causative agent of nosocomial
infections
Pneumonia, septicemia, urinary tract
and wound infections

High level of Streptomycin resistance between 2006 and 2012. Significant decrease thereafter.
High level of Tetracycline resistance between until 2014. Significant decrease thereafter.



Klebsiella pneumoniae

% of resistant Klebsiella pneumoniae

e L Year 2006 2007 2008 2009 2010 2011 2012 2015 2016
Antibiotic category -

Number of strains (n) 55 47 63 58 64 61 66 57 31

Penicillins AMC** 182 234 143 24.1 14.1 8.2 10.6 7.0 12.9
Cephalosporins 3rd CEF 9.1 6.4 3.2 10.3 7.8 1.6 6.1 7.0 9.7
4th CEQ 5.5 4.3 1.6 1.7 6.3 1.6 4.5 7.0 9.7

STR** 400 29.8 [61.9% 724 563 | 23.0* 21.2 263  29.0

Aminoglycosides KAN NT NT NT NT NT NT 6.1 3.5 3.2
GEN 9.1 10.6 3.2 3.4 4.7 3.3 9.1 3.5 6.5

AMK 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0

Tetracyclines TET/OTC 12.7 10.6 30.2* 41.4 15.6* 16.4 273 12.3 25.8
Sulphonamides SUL/SXT** 18.2 12.8 3.2 10.3 9.4 8.2 21.2 19.3 323
NAL NT NT NT NT NT NT 13.6 5.3 19.4*

Quinolones/Fluoroguinolones FLU 3.6 12.8 1.6* 13.8* 7.8 3.3 9.1 3.5 12.9
ENO** 1.8 2.1 0.0 3.4 1.6 0.0 9.1* 3.5 9.7

MAR 0.0 0.0 0.0 0.0 1.6 0.0 6.1 0.0 3.2

R<10% 10<R<30% 30<R<50% [R>50%.

Mainly from genital origin (43%)

Evolution similar to Enterobacter spp.
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Opportunistic pathogen
Metritis, infertility, pneumonia



Rhodococcus equi

% of resistant Rhodococcus equi

Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Antibiotic category | \\ mber of strains (n) 22 3 50 4 61 70 53 43 45 33 7
Macrolides ERV** 136  00* 00 48 16 14 19 00 00 00 00
Rifampicin RIF 0.0 00 20 00 00 43 19 00 00 91 00
R<10% 10<R<30% 30<R<50% [RS50%

Rare resistances
No guideline available

1 micrometer

Jerry Sims.

Facultative intracellular pathogen
Severe pneumonia in foals



Percentage of bacteria resistant to three or more antimicrobial classes

St'(:’i Z‘z;og"s Staphylococcus aureus E. coli Enterobacterspp  Klebsiella pneumoniae
2006 20.4 43.0 34.0 20.3 18.2
2007 14.0 24.5 39.6 31.9 17.0
2008 12.3 38.4 34.2 45.6 23.8
2009 11.6 41.1 38.8 41.1 39.7
2010 6.3 27.0 334 36.3 21.9
2011 9.0 27.3 34.1 26.7 21.3
2012 13.8 27.6 314 50.9 22.7
2013 6.8 18.0 24.3 24.0 35.5
2014 6.4 20.0 23.6 24.6 22.6
2015 7.5 25.3 22.5 26.2 21.1
2016 10.7 24.5 22.7 26.3 38.7

High level of MDR!

Streptococci remained relatively susceptible
Decrease after 2012 (S. aureus, E. coli, Enterobacter) and stabilisation.

Careful to klebsiella



Take home messages

Large scale study (more than 25,000 isolates)

Study during 11 years
The most important panorama of the antimicrobial susceptibility in equine field
No therapeutic problem to fight Streptococci or Rhodococcus
MRSA: Stable since 2013 (17%)
Few choises to treat Pseudomonas aeruginosa infections but the evolution seems favorable
E. coli: 40% resistant to Amoxicillin, less than 10% were resistant to C3G or C4G (ESBL or CPE?)
« criticaly important drugs »

Close supervision is necessary to avoid a therapeutic impasse

Majority of Enterobacter spp. remained susceptible to Amikacine and Marbofloxacine



Half empty glass
Allways too much MDR

MDR: Myth or reality?

May be YES, may be NOT!
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Avoid empirical practices

Half full glass
Stable or favorable evolution
Impact of the French National ECOANTIBIO Plan
(2012-2016)

New ECOANTIBIO? Plan (2017-2021)

Need to support veterinary antimicrobial stewardship

Observe hygiene measures
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