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Staphylococcus aureus in animals

e Mastitis in ruminants
— highly contagious: biosecurity
— culling (multiple quarters, old cow, ...)

e Locomotorical disorders and abscesses
— rabbits
— Other species

e Surgical site infections
— horses
— small companion animals



rmeat(n)icillin oft rmarkat: 1959
MIRSA: 198!

MIRSA bovine mastitis report: 1972
CA-MR3SA: 1990

FIA-IVIRSA In compzanion animals: 2000
Vancornycin VRSA: 2002

MIRSA swine 3T393: 2005

MIRSA livestock CC3938: 2007
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Netherland2005:

Untypeable with gold standard: PFGE
UT-MRSA or Non typeable (NT-MRSA)



Untypable PFGE strains

e ‘Gold standard’ failed for MRSA

y

Voss e.a., EID 2006



Multi-Locus Sequence Typing
(MLST)

arcC arok glpF gmk pta tpi yqiL

ST133 6 66 46 2 7 50 18
ST131 40 66 46 2 7 50 18
ST132 6 67 46 2 7 50 18
ST410 6 66 46 43 7 14 18
ST672 6 66 46 67 90 50 18

Smyth et al., 2006

Van Loo et al., EID 2007



Typing the short sequence repeat region (ssr) of
the protein A gene (spa typing )

Clonal Complex by MLST includes different Spa types (e.g.
t034; 1108 all elemnt of CC398 vs ST398)

« Figure 4. spa tying of animal-associated S. aureus s  trains.

« Panel (A) shows the results of spa gene PCR. The generated PCR products vary in
size according to the numbers of repeats present in the spa gene. The MLST types of
the strains are indicated in parentheses. The 1-kb, 500-bp and 200-bp bands in the

ladder (top to bottom) are indicated with arrows.

Smyth et al., 2006



2007 Pig farms

Among 127 farm workers and their contacts
on 50 pig farms in 2007, 37.8% (48/127)
had nasal or skin lesion colonization with
MRSA.

MRSA carriage was associated with close
contact with pigs, dogs, and horses and,
paradoxically, with the use of protective
clothing.

Denis et al., 2009



Epidemiology CC398

Farmers positive (38%), seldom sick
Open farms (94 %) > closed (56%) farms

(Denis e.a. 2009)
Chain — piglet producers — fattening farms

Oral group treatments (Tetracyclines)

(Vanduijkeren e.a., 2007;)

)










Proportion of MRSA isolates resistant to
antibiotics, Swine farms, 2007




Antimicrobial consumption 50 fattening swineherds

>

-

Timmerman e.a. 2006 PrevVetMed



Antibacterial Drugs for Therapeutic Use in Food
Animals, Netherlands, 1997-2005

Source: MARAN 2005 report.




Antimicrobial consumption (tonnes)

Consumption of Prescribed Antimicrobials and
Growth Promoters in Animal Production and
Prescribed Antibacterials in Humans,

Denmark, 1990-2006
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O Prescribed human antibacterials, all other

O Prescribed human tetracyclines

m Antimicrobial growth promoters

o Prescribed veterinary antimicrobials, not specificed

O Prescribed veterinary other (incl. quinolones)

W Prescribed veterinary aminoglycosides

O Prescribed veterinary macrolides and similar

O Prescribed veterinary beta-lactams (incl.
cephalosporins)

m Prescribed veterinary trimethoprim and sulfonamides

m Prescribed veterinary tetracyclines
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Source: DANMAP, 1997-2007.

Courtesy: D. Monnet







Vanderhaegen et al.

Resistance profile, Multi-Locus Sequence Type (MLST), spa- and Staphylococcal Cassette Chromosome (SCC)mec-
type per MRSA strain in study

. Strain  Type mastitis Resist.profile &——spa MLST SCCmec?t
. 1 Subclinical AG, TET, TMP t011 398 IVa
. 2 Clinical AG, TET, TMP t011 398 IVa
. 3 Subclinical AG, ML, LM, TET, TMP 1011 398 IVa
. 4 Subclinical LM, CIP, TET, TMP t011 398 \%

. 5 Subclinical TET t567 398 NT

. 6 Subclinical AG, ML, LM, TET, TMP 1011 398 IVa
. 7 Subclinical LM, CIP, TET, TMP t011 398 \%

. 8 Clinical AG, ML, LM, TET, TMP 1011 398 IVa
. 9 Subclinical KAN/TOB, ML, LM, TET, TMP  t011 398 \%

. 10 Subclinical AG, ML, LM, TET, TMP 1011 398 \%

Subclinical TET t011 398 V
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In-herd prevalence of MRSA.

FarmaHerd size Positive cows Positive quarters
(n cows) (n quarters) n % n %

1 63 252 4 6.3 6 1.98

2 68 272 5 7.4 5 1.83

3 77 308 3 39 3 0.97

4 51 204 0 0 0 0

5 69 276 0 0 0 0

(No. 4, history of MRSA; No. 5: negative control farm.)

The mecA gene was detected in 11 (9.3%) of the 118 S. aureus isolates



SSI & colonisation

MRSA-5, ST245 ST398

(Weese, 2006) (Witte 2006) (Hermans ea. 2008)



ST398 Horses

Prevalence at admission in veterinary clinic:
10.9%

Prevalence in stables (10, 189 horses);
0.5% (1)
Long term carrier investigation in progress

Van den Eede et al., 2009 & 2010






Human Carriage veal calf farms

Graveland et al., 2010



Animal Carriage
veal calf farms

Graveland et al., 2010



AB consumption/1000 animals/day

Type
Melkvee Zoogkoeien || Vileeskalv.
N=5 N=5 N=5
Tlooo | Tlepp | Tloop | Tlppp Tlppp | TI

Oral - - 0.77 | 0.77 \97.78 266.83
MM | 283 | 271 | 009 | 0.09% | - | -
U 0.42 0.32 0.78 1.07 - -
Par 301 | 236 | 3.78 | 215 | 6.74 | 5.21
Total 6.26 5.39 5.42 489\ 1045 | 272.0

IMM: intramammary, |U: intrauterine, Tlddd: Treatmeancidences based on
defined daily dose; Tlpdd: Treatment incidence daseprescribed daily dose



Oral antimicrobial use
5 Belgianveal calf herds

Active substance DDD Veal herds

(mg/kg) Tl oop Tl poo
Oxytetracycline 40 38.05 (7.56-133.53) 59.62 (12183.63)
Tylosin 4 23.61 (0.00-179.52) 121.72 (0.00-393.80)
Doxycycline 10 14.92 (0.00-40.94) 29.94 (0.00-7%.70
Colistin 4.6 13.75 (0.00-35.60) 22.95 (0.00-40.94)
Amoxicillin 20 3.69 (0.00-32.75) 12.00 (0.00-106) 71
Trimethoprim+sulphonamide 30 2.57 (0.00-5.04) 1{(D00-28.34)
Flumequine 18 1.19 (0.00-13.65) 3.57 (0.00-40.94)
TOTAL 97.78 266.81

DDD: defined daily dose (main indication, standdaily regimen)
Tlddd: Treatment incidences based on defined diige;
Tlpdd: Treatment incidence based on prescribey daise

Accumulation of resistance genés:coli, Enterococcus, PasteurellaceddRSA.....

Vandendriessche e.a., 2009-2010: 18/18 veal calf far ms MRSA ST398 +






LA-MRSA In poultry

* In poultry, a study revealed CC398 to be
present in 2/14 randomly selected broliler
farms (14.3%), but it was not found in 10
layer farms (Persoons et al., 2009)

o Similarly, Nemati et al. (2008) found 5/39
broiler farms (12.8%) to be positive for LA-
MRSA (CC398).



BROILERS: Used Daily Dose versus Defined Dailly Dos e in mg/kg per compound
for all treatments registered in the 64 observed pr  oduction cycles.

Persoons e.a., submitted



Descriptive analysis

Production MRSA |TIPDD |TI Tetra/doxy
Type ST398 (/1000)

Veal calves 88-99% |266 90

Fattening pigs [46-94% |170 50

Broilers 12-14% |128 16

Dairy Cattle |<10% <6 <2

Horses 0,5-10% |? No (toxic)
Layers 0 low ?




http://www.fp7-pilgrim.eu/

1Laboratoire de Réference MRSA - Staphylocoques,

Department of Microbiology, Hopital Erasme,ULB, Brussels, Belgium



Protocol

Garcia et al., 2010




800 Veterinarians contacted
Nasal swab and
guestionnaire mailed

81.8% (654/800)
did not participated

18.3% (146/800)
nasal swab and
completed questionnaire

68.0% (100/146)
livestock contact

129% (12/100) 88% (88/100)
MRSA + MRSA —

91.6% (11/12)

MRSA ST398 8.4% (1/12)

MRSA ST45

32.0% (46/146)
no livestock contact

4.3% (2/46) 95.7% (44/46)
MRSA + MRSA-

1 MRSA ST1
1 MRSA ST5

Garcia et al., 2010

Staphylococcus
aureus : 36% (53)

MRSA: 9.6% (14)

MRSA ST398:
7.5% (11)



14 MRSA Isolates from 146 Belgian
Veterinarians

ST spa type SCCmec No isolates Resistance phenotype LA contact
type (>50% isolates)
ST398 t011 \Y, 5 GEN, TOB, KAN, ERY, CLI, CIP, TET YES
\Y 3 TET
t034 v 1 ERY, CLI, TET YES
t1451 Vv 1 ERY, CLI, TET YES
16408 v 1 GEN, TOB, KAN, ERY, CLI, CIP, TET YES
ST1 t127 v 1 KAN, ERY, TET NO
ST5 t002 I 1 TOB, KAN, TET, FUS NO
ST45 t038 v 1 CIP YES

Garcia C., Antoine J. et al., 2010






House of Lords: 17 Maart 1998

« 3.14 As NOAH rightly observe (p 199), many
problem pathogens, e.g. MRSA, have nothing
to do with animals or food ; and much of the
food-poisoning which is the cause of widespread
concern both here and in the USA is not caused
by resistant organisms. However, animal
antibiotics are implicated In the rise of resistance
In some strains of Salmonella, Campylobacter,
Enterococcus, and E. coli; we consider each of
these below.



Conclusions

- Oral group treatments: co-selection

- commensal flora= underdosing, compliance?

- Alibi for indiscriminate use of older compounds
- Occupational hazard >>food consumption

(ex. milk & soft cheeses)

- Screening upon admission of people coming In
live contact with pigs and cattle (especially veal!)

- MRSA tetracycline & trim resistant = suggestive




MRSA In animals

Boudewijn.Catry@wiv-isp.be
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MRSA In Food? 2007



MRSA In Food? 2007

1 84% ST398

Methodoloav!!! www.vwa.nl/cdlpub/servliet/CDLServlet?p_file_id=25663
ethodology!!!



retall meat products

MRSA ST5, Not ST398!

(despit_e presence in Weese et al., 2010
Canadian Herds:



Pig density Belgium

Ribbens e.a., 2008



Human infections with MRSA ST398 in Belgium

8 B B -

Reference Laboratory for Staphylococci - MRSA

Courtesy: Prof. Dr. O. Denis



2002-2005 Belgium

e 639 cows
e 397 CNS; 146 S. aureus

CLSI (31°C) all resistance in S. aureus were intermediate susceptible



Dose effect relationship resistance
 Adjustable!
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Gandolf e.a. 2005

OBJECTIVE: To determine plasma concentrations of enrofloxacin and the
active metabolite ciprofloxacin after p.o, s.c., and i.v. administration of
enrofloxacin to alpacas. ANIMALS: 6 adult female alpacas. PROCEDURE: A
crossover design was used for administration of 3 single-dose treatments of
enrofloxacin to alpacas, which was followed by an observational 14-day
multiple-dose regimen. Single-dose treatments consisted of i.v. and s.c.
administration of injectable enrofloxacin (5 mg/kg ) and p.o administration
of enrofloxacin tablets (10 mg/kg ) dissolved in grain to form a slurry. Plasma
enrofloxacin concentrations were measured by use of high-performance
liquid chromatography. The multiple-dose regimen consisted of feeding a
mixture of crushed and moistened enrofloxacin tablets mixed with grain.
Behavior, appetite, and fecal quality were monitored throughout the 14-day
treatment regimen and for 71 additional days following treatment. RESULTS:
Mean half-life following i.v., s.c., and p.o. administration was 11.2, 8.7, and
16.1 hours, respectively. For s.c. and p.o administration, mean total
systemic availability was 90.18% and 29.31%, respectively; mean maximum
plasma concentration was 3.79 and 1.81 microg/mL, respectively; and area
under the curve (AUC) was 50.05 and 33.97 (microg x h)/mL, respectively.
The s.c. or p.o administration of a single dose of enrofloxacin yielded a ratio
for AUC to minimum inhibitory concentration > 100 for many grampositive
and gram-negative bacterial pathogens common to camelids.



