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Background

» Etiology

Genus: Staphylococcus
Species: Staphylococcus aureus
Gram positive cocci bacterium
Coagulase positive

Normal inhabitant of skin and/or nose of healthy people and
animals

No detrimental risks to IiImmunocompetant host

Severe infection or death in immunocompromised host
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Background

= 1[e][e]s)Y,
Methicillin (Oxacillin)-resistant Staphylococcus aureus (MRSA)

« MRSA as well as other Staphs spp expressed an altered penicillin-binding
protein (PBP2a) that is encoded in the mecA gene

 The PBP2a binds beta-lactams with lower avidity than normal PBP, which
results in resistance to all 3-lactam antimicrobial agents
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Background

» Normal Cell Wall Activity
of Staphs

Penicillin Binding Protein
PBP
(Transpeptidase)

Cross link aa’s of sugar chains
to form 3D structure of
peptidoglycan layer

Bacteria Cell Wall
Biosynthesis

Bacteria Growth
and Multiplication

http://www.biochem.arizona.edu
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Background

Common B-lactam antibiotics

> Antimicrobial activity of ~peniin 2 Calport

a. Narrow spectrum penicillins b. First generation
i. benzathine penicillin cephalosporins
ﬂ_lactam drugs ii. benzylpenicillin i. cefalexin
(penicillin G) ii. cephalothin
iii. phenoxymethylpenicillin iii. cefazolin
(penicillin V) . Second generation
iv. procaine penicillin cephalosporins
e NG . . . . Narrow spectrum penicillinase- i. cefaclor
Penicillin Binding Protein resistant penicillins i cefuroxime
i. methicillin iii. cefamandole
PBP ii. dicloxacillin . Second generation
iii. flucloxacillin cephamycins
- Narrow spectrum p-lactamase- i. cefotetan
(Transpeptldase) resistant penicillins ii. cefoxitin
i. temocillin . Third generation
. Moderate spectrum penicillins cephalosporins
i. amoxicillin (Broad spectrum)
ii. ampicillin i. ceftriaxone
- g . . Broad spectrum penicillins ii. cefotaxime
i. amoxicillin+clavulanic iii. cefpodoxime
Disruption of peptidoglycan am . cefpodoxim
g . Extended Spectrum Penicillins . Fourth generation
SyntheSIS i azlocpillin cephalogporins
ii. carbenicillin (Broad spectrum and
iii. ticarcillin beta-lactamase
iv. mezlocillin stability)
v. piperacillin i. cefepime
Trigger Bacteria 1. cefpirome
. . Carbapenems (Broadest spectrum of 4. Monobactams
AutOIyS|S beta-lactam antibiotic) i. aztreonam
i. imipenem (with (Azactam®)
cilastatin)
ii. meropenem 5. Beta-lactamase inhibitors
. . ertapenem (Bind to beta-lactamases)
BaCterlaI Death . faropenem i. clavulanic acid

. . doripenem ii. tazobactam
(BaCtenCIdal) iii. sulbactam
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Background

> Antimicrobial Resistance FE B

to pf-lactam drugs (MRSA) B &

Protein — PBP2a

Altered Penicillin Binding II
(Transpeptidase)

Cross link aa’s of sugar chains
to form 3D structure of
peptidoglycan layer

Bacteria Cell Wall
Biosynthesis

Bacteria Growth
and Multiplication

http://www.biochem.arizona.edu
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MRSA
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Methicillin (Oxacillin)-resistant Staphylococcus aureus (MRSA)

e mecA gene Is contained in a “mobile” genetic element: SCCmec
o Staphylococcal cassette chromosome mec

e SCC types: | toV
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mec complex
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MRSA
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* MRSA can be isolated from dogs, cats, horses, pigs, and other
animals

» Methicillin-resistant S. intermedius (MRSI)

* Methicillin-resistant S. schleiferi (MRSS) subspecies coagulans
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COLONIZED VS. INFECTED



MRSA

> Colonization vs. Infection

e Colonized individuals can carry the organism but show no
clinical signs or symptoms of infection, and can harbor the
organism for many months

= Dogs and other animals have not shown long term
colonization (this is a human pathogen)***

= Maybe different in pigs and horses...

* Infected individuals are showing clinical manifestations or
negative health effects due to the presence of the
microorganism

= Animals can get infected!!
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IS MRSA IMPORTANT?



MRSA

» Epidemiology
- Occurrence — Human side

 The estimated number of people developing a serious
MRSA infection (i.e., invasive) in 2005 was about 94,360

* Approximately 18,650 persons died during a hospital stay
related to these serious MRSA infections
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MRSA

> HA-MRSA VS. CA-MRSA

Hospital-associated MRSA (Hospital-acquired MRSA)

* Increasing prevalence (CDC):
1971: 2 % => 2004. 63 % => 2007:
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MRSA

» Epidemiology
- Occurrence — Human side

» Approximately 25% to 30% of the US population is
colonized in the nose with Staph bacteria (normal flora)

e According to CDC approximately 1% of the US
population is colonized with MRSA

* Up to 4.6% of inpatients at US health care facilities are
colonized/infected (APIC, Am J Infect Control. 2007 Dec)
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MRSA

» Epidemiology
- Occurrence — Animal Side

- It Is In general unknown...
* Few MRSA epidemiological studies
- Mostly cross sectional
- Associated with outbreaks in veterinary clinics

- Target specific group of animals
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MRSA

» Epidemiology

- Occurrence — Animal Side

- 14% MRSA In patients with S. aureus infections at 7
veterinary teaching hospitals Middleton etal. 2005

- 1% nasal MRSA carriage rate in dogs in referral
hOSpitﬂ'S Hanselmann et al. 2005

- 4.7% i1solation rate of MRSA in screened horses rising to
12% using targeted surveillance Weese etal. 2005

- 0.6% MRSA carriage in dogs rising to 8% in dogs clinically
assessed as suspect cases Abbott etal. 2006

- Approx. 0.48% of equine cases presented at veterinary
teaching hospital infected with MRSA Cuny etal. 2006

- 2.7 % of MRSA colonization rate in horses admitted to a
veterinary teaching hospital Weese etal. 2006
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MRSA

» Epidemiology
- Occurrence — Animal Side (Preliminary Data)

- OSU-VTH
» 2004-2006 (3 year retrospective study)

— The Ohio State University Veterinary Hospital’s
Clinical Microbiology Laboratory

— 53 MRSA out of 109 S. aureus samples

— 48.6% of all S. aureus identified were methicillin
resistant

— Distribution of MRSA by species:
» Dogs: 33/53 MRSA (63 %)
» Horses: 16 /53 MRSA (30 %)
» Cats:  3/53 MRSA (6 %)
» Llamas: 1/53 MRSA (2 %)
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MRSA

» Epidemiology
- Occurrence — Animal Side (Preliminary Data)

— OSU-VTH
» 2004-2006 (3 year retrospective study)

* Proportion of MRSA and S. aureus by species:
— Dogs: 33 MRSA /53 S. aureus (62 %)
— Horses: 16 MRSA /32 S. aureus (50 %)
— Cats: 3MRSA/ 7S. aureus (43 %)
— Llamas: 1 MRSA/ 3S. aureus (33 %)
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MRSA

» Epidemiology
- Occurrence — Animal Side (Preliminary Data)

— Private Diagnostic Laboratory in Ohio
e Jan 2001- Jan 2004 (3 year retrospective study)

— 30529 Submissions => 636 S. aureus
— 22 MRSA out of 301 S. aureus tested

— 7.3% of all S. aureus tested were methicillin resistant
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MRSA

» Epidemiology
- Occurrence — Animal Side (Preliminary Data)

— Private Diagnostic Laboratory in Ohio

e Jan 2001- Jan 2004
— Distribution of MRSA by species:
» Dogs: 16 /22 MRSA (72 %)
» Cats: 5/22 MRSA (23 %)
» Horses: 1/22 MRSA ( 5 %)

— Proportion of MRSA and S. aureus by species:
» Dogs: 16 MRSA /172 S. aureus (9 %)
» Cats: 5 MRSA/ 87 S. aureus (6 %)
» Horses: 1 MRSA/ 25 S. aureus (4 %)
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MRSA

» Epidemiology
- Occurrence — Animal Side (Preliminary Data)

— Prospective Study at OSU

 November 2007 to present
— Total dogs sampled to date: 220
— Total MRSA positive dogs: 15 (6.85%)

.......................
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ZOONOTIC POTENTIAL



MRSA

Animal Species Occupation/Condition Zoonotic

NS Author/Year
Transmission?
Feline Rehab Geriatric Ward Suspected Scott et al., 1988

Canine Nurse/Nursing Home Cefai et al., 1994
Equine Veterinary Personnel ] sequinetal., 1999

Canine/Feline Confirmed Simoons-Smit et
al., 2000
e anan, 200
Transplant Recipient)
cnelFelne 00
Nuttall, 2004

e R
al., 2004
e M o0h
al., 2004
Canine/Feline/Equine/Rabbit/Seal/Psittacine O’Mahoney et al.,
2005
e e
2005
enieene e
2005

Equine Veterinary Personnel/Horse-Handlers Weese et al., 2005
Canine/Feline Household/Community Suspected/(Confirmed) Weese, 2005

Canine Household van Duijkeren et al,
2005

Canine/Feline Veterinary Personnel/Household Suspected Weese et al., 2006

Feline Household Suspected Vitale et al., 2006
Feline Morris et al., 2006

Kellie Hough, DVM, MPH-VPH 2007

Published Reports of Suspected and Confirmed Zoonotic Transmission of Methicillin-
Resistant Staphylococcus aureus
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MRSA

> Zoonotic Transmission

Main concerns:

1) Reverse Zoonosis

2) Direct Zoonosis (Reservoirs for humans)

a) Disease causation

b) Human re-infection => Treatment failure
3) Animal to animal transmission

4) Sentinel
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MRSA

> Zoonotic Transmission

1) Reverse Zoonosis
(Zooanthroponotic transmission)

- Human (colonized or infected) transmits MRSA to dogs,
horses, or other domestic animals

* Induces clinical infections in animals, which can result In
animal health outbreaks

* [nfections occur post-surgery or post-diagnostic
procedures in horses and dogs from colonized surgeon

and/or veterinary staff

* 11 equine patients with postprocedural MRSA
Infections => Veterinary hospital staff was the
prlmary source Seguin et. al., JCM, 1999
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MRSA

> Zoonotic Transmission
2) Direct Zoonosis

a) Disease causation

e |nfected/colonized animals can serve as the source of
MRSA to humans

 Foal (+ mare) had MRSA infection at arrival Veese etal. VM 2006

- 3 veterinary students were clinically affected
after direct contact

- 10 other students and veterinary personnel were
colonized

- SCCmeclV, PVL negative, multidrug resistant
(4): oxacillin, erythromycin, tetracycline, and
gentamicin
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MRSA

> Zoonotic Transmission
2) Direct Zoonosis

b) Human re-infection (reservoir)

* Colonized/infected animals could be responsible for
recurrent infections in humans

 Associated with MRSA treatment failure Manian, CID, 2003

Diabetic with chronic renal failure (husband)
Diabetic and kidney transplant recipient (wife)

Failed treatment to MRSA Infections Iin 3
opportunities

Healthy 18-month-old female Dalmatian was
colonized with MRSA
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MRSA

» Zoonotic Transmission
3) Animal to animal transmission

 The infected animal transmits the MRSA to other animals

e Transmission between domestic pets in households and
Veterinary settings Weese et.al., VM, 2006; Weese et. al. JAVMA, 2007
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MRSA

> Zoonotic Transmission
4) Sentinel role
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MRSA

> Zoonotic Transmission

Animals species:

 Dogs

e Cats
e Horses
e Cattle
e Pigs

* Rabbit

® S h ee p Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 13, No. 12, December 2007
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TO TREAT OR NOT TO TREAT



MRSA

> Treatment

To Treat or Not to Treat?

Development of Decolonization/Therapy
Guidelines for Veterinarians Dealing with
Methicillin-Resistant Staphylococcus aureus
Positive Dogs



MRSA

> Treatment

MRSA
Positive Dog

Infected Colonized
Dog Dog
Treatment is To treat or not

Recommended to treat?
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MRSA
Colonized Dog

Healthy Not
Dog “Healthy” Dog

Surgical
Need

N
Low Risk High Risk
Family/Individual Family/Individual

No Consider
Decolonization/ Decolonization

Therapy
“Necessary”

Medical
Need

Low Risk High Risk
Family/ High Family/ High
Risk Animal Risk Animal

Routine
Surgical Need

Invasive/ High Risk
Surgical Need

Consider Recommend
Decolonization Decolonization

A T
Low Risk High Risk Low Risk High Risk
Family/ Family/ Family/ Family/

Individual

Individual Individual Individual

No Consider Consider Recommend
Decolonization/ Decolonization Decolonization Decolonization
Therapy

“Necessary”
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MRSA

1. Do you or anyone living in your household have any of the following
medical conditions?

O
g

L
<

HIV/AIDS

I [

Renal Failure | []

< | <
& |3
N
Z | Z
o o

Diabetes | [ ]

MRSA Risk Checklist O

2. Are you currently receiving chemotherapy or other immunosuppressive
drugs (prednisone, steroids, etc.)?

<
]
0
Z
o

<
]
0
z
o

O
S
O
g

for Identification of

Have you or anyone in your household been under several antibiotic
(antimicrobial) treatment in the last 12 months?

H Ig h VS . LOW R IS k . Have you or anyone in your household ever received an organ transplant?
Have you or anyone in your household underwent a surgical procedure or

I nd iVid uaI/ Fam i Iy . hospitalize within the past year?

Are you or anyone in your household planning on undergoing a surgical
procedure within the next year?

O O
g| &

O
g

(N I N
= | 3 =
O
&

Have you or anyone in your household recently had or is planning on
undergoing an invasive medical procedure (dialysis, catheterization,
injections, etc) within the next year?

O
>
O
g

If you have answered Yes to any of
the questions, it is recommended
that the individual/family physician is
consulted to discuss necessary
precautions to prevent a MRSA
infection or transmission of this
infectious agent.

Are you or anyone in your household currently pregnant or planning on
becoming pregnant or planning on becoming pregnant within the next year?

O
g

Do you or your pets frequently visit a family member/close friend in a
nursing home or hospital setting?

. Do you ever allow your pet(s) to spend time with anyone with any of the
above mentioned diseases or conditions?

O
g

. Do you or anyone in your household work in a nursing home, or medical /
veterinary facility?

O
g

O
g

[=}
le5s)



MRSA
Colonized Dog

Healthy Not
Dog “Healthy” Dog

Surgical
Need

N
Low Risk High Risk
Family/Individual Family/Individual

No Consider
Decolonization/ Decolonization

Therapy
“Necessary”

Medical
Need

Low Risk
Family/ High
Risk Animal

High Risk
Family/ High

Risk Animal
y e

Consider Recommend
Decolonization Decolonization

Invasive/ High Risk
Surgical Need

A y
Low Risk High Risk Low Risk High Risk
=Y Family/ =Y Family/
Individual Individual Individual Individual

Routine
Surgical Need

No Consider Consider Recommend
Decolonization/ Decolonization Decolonization Decolonization
Therapy

“Necessary”
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MRSA

MRSA
Colonized Dog

Healthy
Dog

Low Risk High Risk
Family/Individual Family/Individual

No Consider
Decolonization/ Decolonization
Therapy
“Necessary”

Advise Physician consultation

Prove colonization (2-4 weeks)

Unknown human status
MRSA negative dog

Unknown human status

MRSA positive dog

MRSA positive human
MRSA positive dog

MRSA negative human
MRSA positive dog

No Decolonization
“Necessary”

Consider
Decolonization
(possible failure)*1

If human is treated,
parallel decoloniza*2

Recommend
decolonization

*1 if owner is MRSA positive, the success rate of the decolonization could be low
*2 If physician treats the owner, then we should treat the dog in parallel including

environmental management
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MRSA
Colonized Dog

Healthy Not
Dog “Healthy” Dog

Surgical
Need

N
Low Risk High Risk
Family/Individual Family/Individual

No Consider
Decolonization/ Decolonization

Therapy
“Necessary”

Medical
Need

Low Risk
Family/ High
Risk Animal

High Risk
Family/ High

Risk Animal
y e

Consider Recommend
Decolonization Decolonization

Invasive/ High Risk
Surgical Need

A y
Low Risk High Risk Low Risk High Risk
=Y Family/ =Y Family/
Individual Individual Individual Individual

Routine
Surgical Need

No Consider Consider Recommend
Decolonization/ Decolonization Decolonization Decolonization
Therapy

“Necessary”
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FINAL MESSAGE



MRSA IS out there
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MRSA
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UESTIONS???

Armando E Hoet, DVM, PhD, DACVPM
hoet.1@osu.edu

e

Veterinary Preventive Medicine
The Ohio State University
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http://cph.osu.edu/

MRSA

e Short background on MRSA
e Incidence In the US
 Animals at risk

How do pets acquire MRSA?

Originally human source or developing in pets?
Owner has MRSA how do they prevent transmission to
their pets?

Pet has MRSA how do they prevent transmission to
humans?

Should their pets be tested?

Should their pets be treated?

Should the pet be treated if it is not clinical?
Should other pets in house be tested and treated?
Should owner be tested?
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