
Drugs, Bugs and Pugs: 
Antimicrobial Resistance in Pets and 

the People That Love Them
Stephen Cole VMD, MS, DACVM

Assistant Professor of Microbiology
University of Pennsylvania, School of Veterinary Medicine



Outline

Carbapenem-resistant Enterobacterales

ESBL-producing Enterobacterales

MRSA

Extensively-drug resistant Campylobacter

VRE

C. difficile

Antifungal resistant organisms



• 13 YO FS Great Dane

• Hx: Megaesophagus

• Lethargic w/ obvious increased 
respiratory rate & effort

• Notable PE Findings: T-104.2 F 
and crackles in cranioventral 
thorax on auscultation.

• Radiographs suggestive of  
aspiration pneumonia

• Hospitalized in ICU and begin 
empiric antimicrobial therapy with 
IV ampicillin/enrofloxacin

Samantha



Samantha- Day 4

• Initial Culture result

• Beta hemolytic Streptococcus 

•  No clinical or radiographic 
improvement noted.

• Re-anesthetized for additional 
endotracheal wash for culture.

• Empirically switched to 
clindamycin and ceftazidime.



2nd Culture Results:

Samantha- Day 6



• 10 YO MC Rottweiler admitted on 
same day as Samantha

• Housed in ICU following 
adrenalectomy (pheochromocytoma).

• Following surgery had persistent fever 
and dyspnea despite antimicrobial 
therapy. 

• Culture of  lung tissue yields:

Bruno



• 9 YO FS Beagle mix presented to 
cardiology service for recheck 
following pacemaker placement and 
ICU stay.

• Suffered AKI during procedure from 
prolonged anesthesia (suspected).

• Urinalysis recheck revealed +++ 
bacterial rods.

Culture yields:

Della



• 10 YO FS Poodle with history of  
laryngeal paralysis presented to IM 
service for recheck following 
hospitalization for aspiration 
pneumonia. 

• Static clinical signs with radiographic 
progression.

• Anesthetized for endotracheal wash 
for culture.

Talia



What are CP-CRE?
CRO

CPO
CRE

CPE

Gram Negative bacteria that 
are resistant to a carbapenem 
drug (ertapenem, imipenem, 
meropenem)

CP-CR- Escherichia coli
CP-CR- Klebsiella pneumoniae
CP-CR- Enterobacter cloacae



Why do CPE Matter?
• Carbapenems are a drug of last-resort for the treatment 

of multi-drug resistant Gram-negative infections.

• Typically resistant to MOST/ALL of the antimicrobials 
that would be used to treat infections.

• Considered one of the most URGENT threat with 
regards to AMR bacteria by CDC.

• Reportable in many jurisdictions.

• Deadly- Mortality rates can range from 60-90% in 
bacteremic patients. 



Human 
Medicine- 
Primarily 
Hospital 
Acquired 

Infection (HAI)



CP-CRE have been 
reported rapidly and 
globally in animals

• Sellera 2021



Outbreaks will 
happen in 
veterinary 
facilities



Clinical Epidemiology Study

Lavigne SH, Cole SD, Daidone C, Rankin SC. Risk 
Factors for the Acquisition of a blaNDM-5 
Carbapenem-Resistant Escherichia coli in a 
Veterinary Hospital. J Am Anim Hosp Assoc. 2021 
May 26;57(3).



Antimicrobial Stewardship



CPO’s in Companion Animals

Sellera FP, Da Silva LCBA, Lincopan N. Rapid spread of critical priority carbapenemase-producing pathogens in companion animals: a One 
Health challenge for a post-pandemic world. J Antimicrob Chemother. 2021 Aug 12;76(9):2225-2229.



How Prevalent are CPE?

5/2393
(0.21%)

Image generated in BioRender



Whole Genome Sequencing Reveals ‘One Health’ Clusters

Louisiana
13 SNPs

???/Minnesota
15 SNPsNY/NJ/PA

3 SNPs

MI/TX/PA
14 SNPs

Equador/PA
38 SNPs



CRPA in Dogs One Health Investigation

VIM-GES-CRPA



0 SNPS

5 
SNPS

0
 SNPS

Massachusetts 
Investigation

A known cluster of 3 
people in MA with no 
known epidemiologic 

connection.



Interview Results
• Before interview 

determined all 3 people 
lived in the same county 
(same as Vet Hospital 
with outbreak).

• All 3 people had pets 
who had been seen at 
the same referral 
veterinary hospital with 
ongoing outbreak.
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ESBL in Pets

• 6.8% colonization rate globally based 128 
studies

• Outcomes of infections/clinical relevance are 
poorly described in veterinary medicine.

• Range of clinical disease and severity seen at 
Ryan Vet Hospital (UPenn).

• May drive the use of carbapenems in veterinary 
medicine.

• Hx of Abx and Raw Food Diets are Risk Factor



 200 products 
 61 brands/companies
 102 frozen/98 freeze-dried 
 20 suppliers
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Methicillin 
Resistant 
Staphylococcus 
aureus



MRSA – Human to Animal



MR S. pseudintermedius

• Clinically equivalent disease to MSSP- DIFFERENT FROM MRSA

• Not accurate to say “The MRSA of dogs”

• Methicillin-resistance rates are higher in S. schleiferi



How common is MRSA in Dogs and 
Cats?
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https://www.wormsandgermsblog.com/2019/12/articles/animals/dogs/outbreak-report-1-campylobacter-from-puppies/
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Vancomycin Resistant Enterococcus 
in Animals

E faecalis and E faecium 
are among the most 
common organisms 

isolated from companion 
animal clinical specimens.  

Our laboratory has never 
seen a VREF.  Vancomycin 

rarely used.

Reports in the literature 
are common in 

surveillance studies.



Prevalence of VRE?

• High variability amongst prevalence studies  (22 studies included)

• Estimated pooled prevalence of 14.6% (18.6% in dogs)

• Most recent in USA (2012) from resident cats in Vet hospitals – single cat with a E. faecalis non-transferable 
vanB gene.
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Clostridiodes difficile 
in Animals

Role in canine and feline diarrhea is 
poorly characterized. 

Neonates seem most likely to be 
colonized in several studies.

Living with owners given antibiotics and 
immunocompromised owners are risk 
factors for shedding.

Horses typically have livestock associated 
ribotypes, Cats and Dogs with human 
ribotypes.
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Antifungal Resistant Pathogens



Final thoughts



Why Does It Matter?
• Potentially important reservoir for community 

transmission of CPOs

• Pet care is an important and growing industry

• Pets help us live happier and healthier lives
• Physical activity
• Social connection
• Maintain Routine
• Companionship

• Americans live closely and intimately with our pets



• Infection prevention (and resources for 
it) has not grown with the size of 
complex veterinary referral networks

• Overall awareness of veterinarians 

• Veterinary laboratories may not always 
test carbapenems/test for 
carbapenemases and flag/report results

Challenges in Vet Med

• Haenni et al. 2022
• ESBL/AmpC/CRE

• Admission 4.8% (6/125) 
• Discharge 24.8% (31/125)

• Dazzio et al. 2021
• 28.3% of animals became colonized with an 

MDRO during hospitalization
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