
Dr. Pierre Charlebois, DVM, DACVECC
April 26th, 2026

Antimicrobial resistance, 
stewardship and updated 
veterinary guidelines



Disclaimer

• I am not an infectious disease specialist, nor a microbiologist!

• I am going to discuss this from a practicing clinician with an interest in:
• Antibiotic stewardship
• Decreasing cost of care and polypharmacy
• Improving patient care

• Antimicrobial resistance (AMR) will be meaning antibacterial resistance 
for this lecture



Topics

• Antimicrobial resistance (AMR)
• One health concern
• Review of resistance, emerging resistance patterns

• Antimicrobial stewardship
• Human perspective
• Veterinary perspective

• Recent/new veterinary guidelines
• Surgical antimicrobial prophylaxis
• Aspiration pneumonia/pneumonitis
• Canine acute diarrhea



World Health Organization

• Antimicrobial resistance is in the top 10 major public health 
threat facing humanity

• Evidence suggests that resistant bacteria can be transferred 
between humans, food animals and companion animals

• ~ 4.7 million annual death related to AMR, predicted ~10 million 
by 2050



Antimicrobials 
resistance
• Pre-dates discovery of 

antibiotics – resistance can be 
found in 30,000 years old 
permafrost bacterial samples!

• Discovered penicillin in 1928
• ~20 classes until 1960, 
• Few new Abx class found in 

the last ~30 years...





Lariocidin, McMaster University, 2025



Antimicrobial resistance
Mechanisms

• Natural/intrinsic
• Mycoplasma naturally resistant to B-

lactams
• Aerobic bacteria resistance to 

metronidazole
• Anaerobic bacteria resistance to 

aminoglycosides



Antimicrobial resistance
Mechanisms

• Natural/intrinsic
• Adaptive

• Transient & reversible resistance induced by 
stressors, especially sublethal drug 
concentration



Antimicrobial resistance
Mechanisms

• Natural/intrinsic
• Adaptive
• Acquired (horizontal gene transfer vs 

mutation/vertical inheritance)
• Drug inactivation/modification (e.g. B 

lactamases)
• Efflux pumps
• Inhibition of drug uptake
• Modification of target site





Terminology
• Multi-drug-resistant (MDR) 

bacteria
• Resistant to 3 or more classes

• Extensive drug-resistant (XDR) 
bacteria

• Resistant to all but 1-2 classes

• Pan-resistant bacteria
• Resistant to ALL classes of 

antimicrobial



Antibiotic resistance
Emerging resistance genees

Gram (-)  B-lactamases

AmpC – AmpC beta-lactamases

ESBL - Extended-spectrum beta lactamases

CRE - Carbapenem-resistant enterobacteriales

Gram (+)  Modified target site

MRSP - Methicillin resistant Staph. 

Pseudointermedius

VRE – Vancomycin- resistant enterococci



Antibiotic resistance genes

• Cell wall synthesis inhibitors
• B-lactams

• Penicillin
• Cephalosporins (5 generations)
• Carbapenems (meropenem, imipenem)

• Glycopeptide (Vancomycin)
• Nucleic acid synthesis inhibitors

• 30s (Aminoglycosides, tetracyclines)
• 50s (Macrolides, chloramphenicol, clindamycin, linezolid) 

• DNA gyrase and topoisomerase IV inhibitor
• Fluoroquinolones

• Metabolic pathway inhibitors
• Folate synthesis inhibitor (Sulfonamides, TMS)

AmpC
ESBL
CRE
MRSP
VRE



Antibiotic resistance genes

• Cell wall synthesis inhibitors
• B-lactams
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• Glycopeptide (Vancomycin)
• Nucleic acid synthesis inhibitors

• 30s (Aminoglycosides, tetracyclines)
• 50s (Macrolides, chloramphenicol, clindamycin, linezolid) 

• DNA gyrase and topoisomerase IV inhibitor
• Fluoroquinolones

• Metabolic pathway inhibitors
• Folate synthesis inhibitor (Sulfonamides, TMS)

AmpC
ESBL
CRE
MRSP
VRE

**not inhibited by B-lactamase inhibitor 
(clavulanate / sulbactam)
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Antibiotic resistance genes

• Cell wall synthesis inhibitors
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• Carbapenems (meropenem, imipenem)
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CRE
MRSP
VRE

**often carries other resistance genes



Antibiotic resistance genes

• Cell wall synthesis inhibitors
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UTI





Multi Drug Resistant 
MRSP



Antibiotic 
stewardship
How can we be better?



What is the optimal 
duration of 
antibiotics?

Somewhere between 
“long enough to reduce bacterial 

load” 
and 

“short enough to minimal 
selective pressure”



[…] durations of antibiotic therapy for most bacterial 
infections are based on the fact that the week has 7 days 
in it, resulting in traditional 7- to 14-day antibiotic courses. 
And the modern week has 7 days in it because the Roman 
Emperor Constantine the Great said so in 321 CE . Had 
Constantine chosen a 4-day week, providers would likely 
routinely prescribe 4- to 8-day courses of therapy.

Dr. Spellberg, CMO, Los Angeles General Medical Center.



Antimicrobial stewardship
Optimal use of antibiotics

• No such thing as “long enough to avoid resistance”

• Each dose is a pressure that will select for resistance

• Important to review often our Abx use in order to:
•  limit development of AMR
•  Improve patient outcomes



Antimicrobial stewardship
Optimal use of antibiotics

Remember that resistance  ≠ equal pathogenicity!

AMR is a higher risk for neonates, elderly, immune compromised 
(cancer, diabetics, etc)

• Associated with higher morbidity, mortality, cost of care



Human perspective

1. Shorter treatment duration:
• Reduces pressure for resistance, improves compliance, reduce cost and 

reduce adverse effects
• In ICU – prescribed Abx with a timeline

• Right dose and route
• Under dose increases resistance pressure due to sub lethal 

concentration
• Overdose increases risk of toxicity
• Initial CRI of some drugs provides better treatment outcome

• Clinical reasoning
• Right drug, dose, duration
• Avoid pitfalls – “don’t rock the boat”, “quick and safe drugs”, “satisfy 

patient”
• In hospital – daily review of drugs for de-escalation



Dr. Spellberg, CMO, Los Angeles General Medical Center.



Human perspective

1. Shorter treatment duration:
• Reduces pressure for resistance, improves compliance, reduce cost and 

reduce adverse effects
• In ICU – prescribed Abx with a timeline

2. Right drug, dose and route
• Under dosing increases resistance pressure due to sub lethal 

concentration
• Overdose increases risk of toxicity
• Initial CRI of some drugs provides better treatment outcome

• Clinical reasoning
• Avoid pitfalls – “don’t rock the boat”, “quick and safe drugs”, “satisfy 

patient”
• In hospital – daily review of drugs for de-escalation



World Health Organization
AWaRe – benefit, harm, risk of resistance

Amoxicillin / clav
Unasyn
Cefalexin/ 
cephazolin
Clindamycin
Doxycycline
Metronidazole

3rd gen cephalo
Fluoroquinolones
Meropenem
Vancomycin

Linezolid
Tigecycline



Human perspective

1. Shorter treatment duration:
• Reduces pressure for resistance, improves compliance, reduce cost and 

reduce adverse effects
• In ICU – prescribed Abx with a timeline

2. Right drug, dose, duration and route
• Under dosing increases resistance pressure due to sub lethal 

concentration
• Overdose increases risk of toxicity
• Initial CRI of some drugs provides better treatment outcome

3. Clinical reasoning
• Avoid pitfalls – “don’t rock the boat”, “quick and safe drugs”, “satisfy 

patient”
• In hospital – daily review of drugs for de-escalation



Antibiotic use 
Human

• Ontario, Canada 2016 – 5.6 million outpatient Rx, 10,616 clinicians
• Median duration was 7-8 days
• >30% were more than 8 days

• Estimated that ~30-50% of Abx prescribed may not be necessary
•  No indications, not following guidelines, excessive duration, inappropriate dosing



Antibiotic use 
Veterinary

• Prescribing practices in small animal ECC (2020)
• Cornell university (2017 data)

• 45% had no evidence of infection
• 34% UTI treated appropriately (55% did not submit a culture)
• 7% pneumonia appropriate  (93% did not submit a culture)

• Free urine C&S improved prescription practices in Australia (JVIM 
2026)

• Lower rate of empirical antibiotics
• Shorter duration and lower tier antibiotic selection



Updates on 
veterinary 
antimicrobial 
guidelines
Surgical antimicrobial prophylaxis 
(SAP)
Pneumonia
Canine acute diarrhea



Surgical 
antimicrobial 
prophylaxis
~15% of all antibiotic use in 
animals



Surgical antimicrobial prophylaxis (2025)



Surgical antimicrobial prophylaxis - SAP

• Members, including:
• Surgery (10), internal medicine (5), pharmacology (2), infectious disease 

specialist (1), microbiologist (1), epidemiology (1).

• Evidence based guidelines that
• Compare benefits and harm based on scoping review of 

all current veterinary literature (systematic review, meta-
analysis), and;

• Human SAP guidelines to fill gaps as low level evidence



Surgical antimicrobial prophylaxis - SAP

• Describes clean, clean-contaminated & contaminated 
procedures

• Did NOT include dirty procedures in these guidelines (ocular, dental, 
wounds, etc)

• Recommendations for peri & post-operative use
• Peri-operative (2h before, up to 24h)
• Post operative (beyond 24h)

• Used “threshold” to make recommendations
• 5-25% reduction in risk, as believed to be worth it by practitioners



SAP – Clean 
Spay/neuter

• Low baseline risk of SSI (around 0 – 1.7% without SAP) (excluding laparoscopic (28.6%)

• SAP currently used in 30-40% of neuters in UK/Australia (2017)

• Absolute risk reduction was ~ 11-27 SSI / 1000 patients



SAP – Other clean procedures
Splenectomy, dermal mass, gastropexy

• 25% UK vets used SAP for 1cm dermal mass (2012)

• Very low evidence due to lack of studies

• Generally low SSI risk, like neuters/spays



SAP – Clean-contaminated
Urologic procedures

• Generally low risk of SSI
• Conditional: Can use if suspect UTI



SAP – Clean-contaminated
GI procedures – enterotomy, R&A without sepsis

• Conditional: Against peri-op Abx for gastrotomy alone

• Lower bacterial burden with normal gastric pH

• More amenable to surgical technique to reduce risk of contamination



SAP – Contaminated 
Soft tissue

Daily review: BAR? Eating? non painful? incision clean?

Unknown optimal duration but 3-5 days likely more than adequate

• Note, humans recommend 48h only



Bacterial 
pneumonia



Bacterial pneumonia – Human side
Community acquired pneumonia (CAP)  

American thoracic society and infectious disease society 
guidelines for community acquired pneumonia (2019):

• Duration guided by clinical status
• 5 days for immunocompetent patients 

• If no resolution, consider resistance, empyema, lung abscess, etc

Side note: recommend against recheck radiographs 
• Limited evidence of clinical usefulness
• In past, used to detect lung malignancies hidden by pneumonia, which 

were mostly in smokers or ex-smokers



Bacterial pneumonia – Human side
Community acquired pneumonia (CAP) 

• 9 RCT,  11,143 patients aged 2 to 59 
months

• Non severe CAP

3–5 days of treatment is non inferior to 10 days
• Similar treatment failure rate
• Decreased gastro-intestinal side effects



Bacterial pneumonia – Veterinary side
Aspiration pneumonia/bronchopneumonia

• Traditionally 3-6 weeks, 1-2 weeks            
past normal CXR 
 No evidence to support this
 Recheck radiograph?     . 



Bacterial pneumonia – Veterinary side
Aspiration pneumonia/bronchopneumonia

•  ISCAID respiratory guidelines (2017)
• No treatment, or amoxicillin, ampicillin

• Cephazolin + enrofloxacin if septic
• 10-14 day duration, re-evaluate and assess based on clinical, 

hematology, radiographs

• Vet Clin Small Animal – Pneumonia (2020)
• Re-evaluation 10-14 days
• Recheck CXR “useful to document resolution before or within 1week of 

discontinuation
• No justification/evidence for benefit



• Week 1,3 & 5  CRP, CXR, POCUS, examination
• 70% discontinued Abx at 1 week, 30%  at 3 weeks

 CXR and LUS helpful for diagnosis, but not for de-escalation



Pneumonia in dogs and cats (2026)

Study outcome
• No clinical difference between shorter (10-14d) and longer (21-

28d) of antibiotics for pneumonia in dogs, but studies were 
limited

• No studies in cats



Canine acute 
diarrhea
CAD



Canine acute diarrhea

• 50-65% are prescribed antimicrobials, despite evidence for lack of 
efficacy

• Metronidazole and amoxi/clav



Metronidazole
2025

• Rationale for use (with overlap):
• 64% for anti-inflammatory or immunomodulatory 

properties
• 38% for suspect / confirmed susceptible infection
• 26% for systemic disease
• 26% for protozoal infection
• 19% because previous positive outcome
• 9% practice / owner expectations



Canine acute diarrhea

• 50-65% are prescribed antimicrobials despite evidence for lack of 
efficacy

• Metronidazole and amoxi/clav

• Harmful effects of drugs used for CAD
• Adverse effects – hyporexia, diarrhea, vomiting, neurological signs. 

• Diarrhea reported in ~56% of healthy dogs given metronidazole

• Dysbiosis for weeks to years – drug, duration, individual factors
• Resistance – Clavamox may increase amoxicillin resistant E.coli, for at 

least 3 weeks



• Every other day rectal testing for bacterial resistance
• Risk factors explored: demographic, housing, service, drugs 

received, surgery done, procedures done, inserted tubes 

B lactams and metronidazole were only associated factor



Canine acute diarrhea (2024)

• 18 veterinary specialist group
• IMED, gastro-enterology, infectious disease, microbiology, pharmacology, 

epidemiology, public health

• Acute diarrhea (<7 days), regardless of cause
• 3 severity population, each divided hemorrhagic or not



ENOVAT - Canine acute diarrhea

• Consulted pDVM and dog owners for critical outcomes



ENOVAT - Canine acute diarrhea
Mild

“[…] high certainty evidence that antimicrobials do not confer a 
clinically relevant effect in dogs with acute diarrhoea and mild 
disease, whether or not blood is present in the stools



ENOVAT - Canine acute diarrhea
Moderate

“[…] high certainty evidence that antimicrobials do not confer a 
clinically relevant effect in dogs with acute diarrhoea and moderate 
disease, whether or not blood is present in the stools



ENOVAT - Canine acute diarrhea
Severe

• May present critically ill, or failed time and fluid therapy alone
• Suggest IV antibiotics 

• Ampicillin, amoxi-clav, TMS for non critical illness, 
• 4 quadrants for critical illness or risk of resistance (Aminopenicillins or clinda + 

Fluoroquinolone or aminoglycoside)



ENOVAT - Canine acute diarrhea
Duration

• No studies of short (<7d) vs long duration
• No consensus on duration of Abx for bacteremic/septic dogs

• In people, 5-7 days is non inferior to 10-14d and the Society of critical care 
medicine recommend shorter in people



Any questions?

Thank you for your time…!



References
• Jessen LR, &al; ESCMID Study Group for Veterinary Microbiology (ESGVM), European Network for Optimization of 

Antimicrobial Therapy (ENOVAT). European Network for Optimization of Veterinary Antimicrobial Therapy (ENOVAT) 
guidelines for antimicrobial use in canine acute diarrhoea. Vet J. 2024 Oct

• Allerton F & al.; European Network for Optimization of Veterinary Antimicrobial Therapy (ENOVAT) guidelines and the 
ESCMID Study Group for Veterinary Microbiology (ESGVM). European Network for Optimization of Veterinary 
Antimicrobial Therapy (ENOVAT) 2025 guidelines for surgical antimicrobial prophylaxis in dogs and cats. J Small Anim 
Pract. 2025 Dec 23

• Emdin F & al. Shorter versus longer durations of antibiotic treatment for pneumonia in dogs and cats: a systematic 
review and meta-analysis. J Am Vet Med Assoc. 2026 Jan

• Chien S, Cole SD, Dietrich J, Redding LE, Hsieh E. β-Lactam and metronidazole administration are risk factors for 
carbapenemase-producing Enterobacterales acquisition in hospitalized dogs. Am J Vet Res. 2025 Dec 10

• Dear JD. Bacterial Pneumonia in Dogs and Cats: An Update. Vet Clin North Am Small Anim Pract. 2020 Mar;50(2):447-
465

• Lappin MR, Blondeau J, Boothe D, Breitschwerdt EB, Guardabassi L, Lloyd DH, Papich MG, Rankin SC, Sykes JE, 
Turnidge J, Weese JS. Antimicrobial use Guidelines for Treatment of Respiratory Tract Disease in Dogs and Cats: 
Antimicrobial Guidelines Working Group of the International Society for Companion Animal Infectious Diseases. J Vet 
Intern Med. 2017 Mar;31(2):279-294

• Weese JS, Blondeau J, Boothe D, Guardabassi LG, Gumley N, Papich M, Jessen LR, Lappin M, Rankin S, Westropp JL, 
Sykes J. International Society for Companion Animal Infectious Diseases (ISCAID) guidelines for the diagnosis and 
management of bacterial urinary tract infections in dogs and cats. Vet J. 2019 May;247:8-25

• Wald-Dickler N, Spellberg B. Short-course Antibiotic Therapy-Replacing Constantine Units With "Shorter Is Better". 
Clin Infect Dis. 2019 Oct 15;69(9):1476-1479. 



References
• Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K, Cooley LA, Dean NC, Fine MJ, Flanders SA, Griffin 

MR, Metersky ML, Musher DM, Restrepo MI, Whitney CG. Diagnosis and Treatment of Adults with Community-
acquired Pneumonia. An Official Clinical Practice Guideline of the American Thoracic Society and Infectious 
Diseases Society of America. Am J Respir Crit Care Med. 2019 Oct 1;200(7):e45-e67.

• Belay WY, Getachew M, Tegegne BA, Teffera ZH, Dagne A, Zeleke TK, Abebe RB, Gedif AA, Fenta A, Yirdaw G, Tilahun A 
and Aschale Y (2024) Mechanism of antibacterial resistance, strategies and next-generation antimicrobials to contain 
antimicrobial resistance: a review. Front. Pharmacol. 15:1444781. doi: 10.3389/fphar.2024.1444781

• Williams DJ, Creech CB, Walter EB, Martin JM, Gerber JS, Newland JG, Howard L, Hofto ME, Staat MA, Oler RE, 
Tuyishimire B, Conrad TM, Lee MS, Ghazaryan V, Pettigrew MM, Fowler VG Jr, Chambers HF, Zaoutis TE, Evans S, 
Huskins WC; The DMID 14-0079 Study Team. Short- vs Standard-Course Outpatient Antibiotic Therapy for 
Community-Acquired Pneumonia in Children: The SCOUT-CAP Randomized Clinical Trial. JAMA Pediatr. 2022 Mar 
1;176(3):253-261. doi: 10.1001/jamapediatrics.2021.5547. PMID: 35040920; PMCID: PMC8767493.

• Li Q, Zhou Q, Florez ID, Mathew JL, Shang L, Zhang G, Tian X, Fu Z, Liu E, Luo Z, Chen Y. Short-Course vs Long-Course 
Antibiotic Therapy for Children With Nonsevere Community-Acquired Pneumonia: A Systematic Review and Meta-
analysis. JAMA Pediatr. 2022 Dec 1;176(12):1199-1207. doi: 10.1001/jamapediatrics.2022.4123. PMID: 36374480; 
PMCID: PMC9664370.

• Bassetti S, Tschudin-Sutter S, Egli A & al. Optimizing antibiotic therapies to reduce the risk of bacterial resistance. 
European Journal of Internal Medicine, 2022; 99, 7-12

• GBD 2021 Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance 1990-2021: a 
systematic analysis with forecasts to 2050. Lancet. 2024 Sep 28;404(10459):1199-1226

• Belay WY, Getachew M, Tegegne BA, Teffera ZH, Dagne A, Zeleke TK, Abebe RB, Gedif AA, Fenta A, Yirdaw G, Tilahun A 
and Aschale Y (2024) Mechanism of antibacterial resistance, strategies and next-generation antimicrobials to contain 
antimicrobial resistance: a review. Front. Pharmacol. 15:1444781. doi: 10.3389/fphar.2024.1444781



References
• Fernandes Rodrigues N, Giraud L, Bolen G, Fastrès A, Clercx C, Gommeren K, Billen F. Antimicrobial discontinuation 

in dogs with acute aspiration pneumonia based on clinical improvement and normalization of C-reactive protein 
concentration. J Vet Intern Med. 2022 May;36(3):1082-1088. doi: 10.1111/jvim.16405. Epub 2022 Mar 29. PMID: 
35348224; PMCID: PMC9151469.

• Kranz J, Bartoletti R, Bruyère F, Cai T, Geerlings S, Köves B, Schubert S, Pilatz A, Veeratterapillay R, Wagenlehner FME, 
Bausch K, Devlies W, Horváth J, Leitner L, Mantica G, Mezei T, Smith EJ, Bonkat G. European Association of Urology 
Guidelines on Urological Infections: Summary of the 2024 Guidelines. Eur Urol. 2024 Jul;86(1):27-41. doi: 
10.1016/j.eururo.2024.03.035. Epub 2024 May 6. PMID: 38714379.





https://static.acne.org



SAP – Orthopedic procedures
Non-implant vs implant



• Culture is still gold standard but now have 
some available more rapid molecular 
testing:

• MALDI-TOF, NAAT 
• Minutes to hours

Human perspective

• Biomarkers (CRP and PCT) are used to help differential 
bacterial vs viral/nonbacterial conditions

• E.g. normal PCT in COVID19 patients differentiates bacterial co-
infection



Metronidazole
2025

• Putative immunomodulatory / anti-inflammatory is 
poorly demonstrated

• Retrospective study + questionnaire (10,000 vets 
invited,138 replies), multiple countries

• CAD 47%



Urinary tract 
infections



Urinary tract infection
Human guidelines

2024 European Association of Urology - Guidelines on Urological 
Infections

• Asymptomatic UTI 
• May have some protective effects against symptomatic infections
• Do not screen or treat in following patients:

• Regulated diabetics
• Elderly
• Renal transplants
• Patients with recurrent UTI

• Uncomplicated cystitis: 1-5 days (depending on drug used)





Urinary tract infection
Subclinical bacteriuria

 Positive urine culture, without clinical signs

• No recommendation to screen subclinical DM, cushings, etc
• No evidence of progression to cystitis
• Regardless of CFU/ml

• Treatment is not recommended even if the following apply: 
• Pyuria
• Resistant bacteria is present



Urinary tract infection
Sporadic bacterial cystitis / simple UTI

 Various lower urinary signs in healthy, normal anatomy

• 3-5 days, but 3 likely enough for most
• 1st line: Amoxicillin/TMS
• 2nd line: 3rd generation cephalosporin, fluoroquinolone

• Expect response within 48h, else reconsider diagnosis


