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Objectives

• To summarize the scope of the problem of AMR
• To inspire the intent to change/reevaluate/improve 

prescribing practices
• To provide tools to use antimicrobials more 

effectively
• Antimicrobial mechanisms of action and resistance
• Introduction to intrinsic resistance



The Post-Antibiotic Era 

https://amr-review.org/

Estimated Attributable
Deaths in 2050



Current Threats



Broad spectrum β-lactamases



Methicillin-resistant Staph aureus



Emerging Resistance Concerns

• ESKAPE organisms
• Enterococcus faecium

• (VRE, penicillin resistance)
• Staphylococcus aureus (pseudintermedius)

• (MRSA, MDR)
• Klebsiella pneumoniae 

• (ESBL, CPO, aminoglycoside, fluoroquinolone)
• Acinetobacter baumannii

• (Carbapenems and colistin)
• Pseudomonas aeruginosa

• (CPO, MDR, PanR)
• Enterobacter spp.

• (ESBL, CPO, MDR, PanR)

VRE – vancomycin resistant Enterococcus, MDR – multidrug resistant, ESBL – extended 
spectrum β-lactamase, CPO – carbapenemases producing organism, PanR – pan drug resistant.



Emerging Resistance in Canada



Changing Resistance?



Where Does Resistance Come 
From?
• Natural phenomenon!

• Soil organisms survive in an environment that contains 
antimicrobial compounds

• Enteric organisms need to survive in the presence of bile acids

• Resistance to every drug that has, is or will be used in the 
future already exists
• Drug resistance is often a byproduct of something else

• ANY/ALL drug use (appropriate or inappropriate) results in 
selection pressure
• If you use a drug it better be worth it!



The Pre-Antibiotic Era

• Largely powerless to stop invasive infections
• Interesting accounts of infectious disease in conflict 

settings (WW1)
• Infected wounds progressed

• Cut = infection = sepsis = death
• Quiescent tubercles ubiquitous in urban areas
• Sexually transmitted infections were ‘moral’ rather than 

medical issues 
• Occurred at a rate of 272/1,000 soldiers in US army in WW1

Importance of antibiotics cannot be overstated… estimate to have 
led to 10 year increase in life expectancy!



The Dark Ages

Mercury based preparations for the treatment of venereal disease. Specimen 
photographed at the State Library of Victoria, Melbourne Australia. 



Fleming's Observation



The Finding that Changed it All

Ernst Boris Chain Sir Howard Florey



History of Drug Discovery



Resistance Follows Usage

https://www.cdc.gov/drugresistance/about.html



How Antibiotics Work 

• Attack physiological processes unique to bacteria
• Inside/Outside

• Cell wall
• Cell membrane

• Central Dogma
• Nucleic acids

• Nucleic acid synthesis
• DNA metabolism
• RNA polymerase

• Protein synthesis
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How Bacteria Resist

• Decreased permeability
• Active Efflux
• Enzymatic Degradation/Alteration
• Target Modification
• Alternate Pathways
• Resistance by Absence

Prevent entry
Pump out

Destroy
Disguise

Do something else

Bacteria can deploy these strategies intrinsically or 
after gaining genetic competence

Lacking target



Where Resistance Comes From

A G CT T C TG
A G CCT GA A

A G CT C TG
G CCT GA A Mutation
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Words of Wisdom for New Tools

“It is a neck-and-neck race in which many of us tend 
to underestimate the opponent.  Staphylococci will 
not be defeated by the haphazard use of each new 
antibiotic.  As new antibacterial agents are 
discovered, let us use them with discrimination.”

Dr. Mary Barber - 1955

https://www.youtube.com/watch?v=plVk4NVIUh8



Evolutionary Power

Human 
Generations Since 
Species Origin

Bacterial 
Generations in 
Antimicrobial Era

Time ~2 Million Years ~80 Years
Generation 
Length 25 Years 20 Minutes

Generations 80,000 2,102,400



Antimicrobial Use Animals



Antimicrobial Use Dogs and Cats



Antimicrobial Use Dogs and Cats

• Large study out of UK
• 216 practices

• >400,000 dogs 
• >200,000 cats



How Canada’s AMU Compares

We’re somewhere in the middle, so 
there’s probably room to improve



β-lactams

• Inhibit cell wall synthesis
• Bind to penicillin binding proteins

• Transpeptidases and carboxypeptidases
• Prevent final stage of peptidoglycan synthesis

• Super family of antimicrobials
• Penicillins 
• Cephalosporins
• Carbapenems
• β-lactamase inhibitors



β-lactam Basic Structure

Penicillins Cephalosporins

MonobactamsCarbapenems



β-lactams - Penicillins

Staphylococcus

Streptococcus

Enterococcus

Escherichia

Pseudomonas

Penicillinase-
stable penicillin Wimpy

Anaerobes

oxacillin, methicillin, 
cloxacillin, flucloxacillin
No Gram-negative, anaerobic or enterococcal 

coverage



β-lactams - Penicillins

Staphylococcus

Streptococcus

Enterococcus

Escherichia

Pseudomonas

Penicillin

Wimpy

Anaerobes

penicillin G, penicillin 
V, procaine penicillin

Gram-positives aerobes, wimpy Gram-
positive and negative anaerobes



β-lactams - Penicillins

Staphylococcus

Streptococcus

Enterococcus

Escherichia

Pseudomonas

Aminopenicillin

Wimpy

Anaerobes

amoxicillin, ampicillin
Same as penicillin + improved Gram-negative 

coverage. Resistance increasingly 
encountered in common organisms



β-lactams - Penicillins

Staphylococcus

Streptococcus

Enterococcus

Escherichia

Pseudomonas

Ureidopenicillin

Wimpy

Anaerobes

piperacillin
Enhanced Gram-negative spectrum, including 

most Enterobacteriaceae and susceptible 
Pseudomonas aeruginosa



β-Lactams/Inhibitor Combinations

• Currently available:
• Clavulanic acid (amoxicillin + clavulanic acid)
• Sulbactam (ampicillin + sulbactam)
• Tazobactam (piperacillin + tazobactam)

• Act by irreversibly binding to the serine catalytic 
site of certain bacterial β-lactamases
• Only active against Class A enzymes 
• NOT ALL β-LACTAMASES can be inhibited



β-lactams - Cephalosporins

1st Generation cefazolin, cephalexin, 
cefadroxil

Primarily active against Gram-positives, 
moderate Gram-negative activity if 

susceptible 

Anaerobes

Staphylococcus

Streptococcus

Pseudomonas

Escherichia

Wimpy

Escherichia

Narrow 
Spectrum β-
lactamases

SPICE



β-lactams - Cephalosporins

2nd Generation cefuroxime, cefaclor
Improved Gram-negative spectrum, 

somewhat less Gram-positive

Anaerobes

Staphylococcus

Streptococcus

Pseudomonas

Escherichia

Wimpy

Escherichia

Narrow 
Spectrum β-
lactamases

SPICE



β-lactams - Cephalosporins

3rd Generation cefovecin, ceftiofur, 
ceftriaxone

Further enhanced Gram-negative activity, 
some have good activity against Staph, Strep.

Anaerobes

Staphylococcus

Streptococcus

Pseudomonas

Escherichia

Wimpy

Escherichia

Narrow 
Spectrum β-
lactamases

SPICE

Only certain 3rd generation cephalosporins have 
good activity against Gram-positives, can anyone 

think of an example? Be aware of your target 
organism and the spectrum of activity of your drug.



β-lactams - Cephalosporins

4th Generation cefepime,
Highly active against Gram-negatives, good 

activity against Gram-positives 

Anaerobes

Staphylococcus

Streptococcus

Pseudomonas

Escherichia

Wimpy

Escherichia

Narrow 
Spectrum β-
lactamases

SPICE

Generally speaking, as we increase generation we get 
improved activity against Gram-negatives and increasing 

resilience to β-lactamases.



β-lactams - Cephalosporins

Cephamycins cefoxitin, cefotetan
Good Gram-positive and negative activity. 

Also, anaerobic coverage.
Anaerobes

Staphylococcus

Streptococcus

Pseudomonas

Escherichia

Wimpy

Escherichia

Narrow 
Spectrum β-
lactamases

SPICE



Other β-lactams

Gram -ve

Plasma
Membrane

Plasma
Membrane

Cell Wall

Gram +ve

Plasma
Membrane

Cell Wall

Bacteria

Enterococcus

Pseudomonas

Monobactams

Carbapenems

Ertapenem

Imipenem, Meropenem

Aztreonam

Only Gram-neg activity, 
including against 
Pseudomonas aeruginosa

Very broad spectrum, 
most Gram-pos, neg and 
anaerobes. Ertapenem 
has no activity against 
enterococci or 
Pseudomonas



Mechanisms of β-lactam 
Resistance

Altered Targets

β-lactamases

Decreased 
Permeability Porin Deficiencies

Enzymatic degradation
VERY common strategy 
We’ll explore in more detail because it’s one 
where you may be able to do something about it.

Enterococcus

Intrinsic R
cephalosporins

MRSA/MRSP

Methicillin 

Streptococcus

Penicillin R

Bacteria
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Negativ
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Rods

Altered PBP

Why is it particularly important for clinicians to 
understand mechanisms of β-lactam resistance?



β-lactamase Diversity

Class A

Class B

Class C

Class D

Carbapenems

Ampicillin/Amoxicillin

1st Gen Cephalosporins

Cephamycins

β-lactam + inhibitor

3rd Gen Cephalosporins

Enterobacteriaceae
including plasmid 

mediated

ESBLs

Narrow 
spectrum 
TEM SHV

KPC

NDM, VIM, 
IMP

OXA-48 like

AmpC type
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Protein synthesis inhibitors

• Bacteria a 30S and 50S ribosomal subunits
• Distinct from Eukaryotes – 40S and 60S

• Targets for many drug classes
• Tetracyclines
• Aminoglycosides
• MLSBK
• Phenicols
• Streptogramins
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Tetracyclines
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Staphylococcus MRSA/MRSP

Methicillin 

MycobacteriumStenotrophomonas

Gram -ve

Plasma
Membrane

Plasma
Membrane

Cell Wall

Broad spectrum agents. Gram positive activity 
more limited than Gram negative Resistance is 

common, so susceptibility testing essential

Rickettsia

Mycoplasma

Vibrio

Brucella

The ‘weirdos’, 
intracellular parasites, 

Mycoplasma

What does increasing
lipophilicity mean for you as 

a clinician?

Doxycycline

Minocycline

Tetracycline

Gram +ve

Plasma
Membrane

Cell Wall

Increasingly important 
as MRSP becomes more 

common

Minocycline has activity 
against Stenotrophomonas 

and Mycobacterium marinum

Binds to 30S ribosomal subunit 
reversibly - bacteriostatic



Mechanisms of Tetracycline 
Resistance
• Efflux
• Common in Gram positive and negative

• Resistance not necessarily across class... 
• If you want to use a drug test it!

• Ribosomal protection
• Very common 

• S. pseudintermedius (tetM)
• Conformational change in tetracycline binding site on 

30S subunit of ribosome
• Ribosomal mutations, enzymatic inactivation also 

occur



Aminoglycosides
Aerobes

ONLY AEROBIC BACTERIA!

Binds to 30S ribosomal subunit but also 
effects electron transport chain, DNA 

metabolism and cell membrane - bactericidal 
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Methicillin 

Bioterrorism
Zoonoses

Plague
Tularemia
Brucella

β-lactam Amikacin
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Pseudomonas

Gentamicin

Amikacin

Streptomycin

Neomycin

Spectinomycin*
*Aminocyclitol, related drug class

Mycoplasma



Aminoglycosides
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ONLY AEROBIC BACTERIA!
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Aminoglycosides
Aerobes

ONLY AEROBIC BACTERIA!
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Mechanisms of Resistance 
Aminoglycosides
• Enzymatic inactivation
• Aminoglycoside modifying enzymes
• Most common mechanism of resistance

• Decreased permeability
• Cross resistance to other antimicrobials



Phenicols Reversible binding to to 50S 
ribosomal subunit -

bacteriostatic 

Chloramphenicol

Florfenicol

Banned in food animals, rare 
idiosyncratic aplastic anemia in 

people (1:20,000-40,000) 

Anaerobes

Gram -ve

Plasma
Membrane

Plasma
Membrane

Cell Wall

Gram +ve

Plasma
Membrane

Cell Wall

Broad spectrum agents

Trueperella PasteurellaFusobacteriumActinobacillus

MRSA/MRSP

Methicillin 

An option 
for MRSP

Aplastic anemia not associated 
with florfenicol

EscherichiaStreptococcus

Bacterial conjunctivitis caused by 
variety of organisms
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MLSBK
Macrolides

Erythromycin, tylosin, 
tildipirosin, tilmicosin, 

tulathromycin 
Primarily active against Gram pos, including 
Gm pos anaerobes, gets some specific Gram 

negs.

Lincosamides Clindamycin, lincomycin
Similar to macrolides

Streptogramins Vinginiamycin
Gm pos cocci and bacilli, Gm neg cocci, 

anaerobes

Ketolides Clarithromycin
Similar to macrolides with enhanced Gm 

pos activity

Azalides Azithromycin, gamithromycin
Similar to macrolides with enhanced Gram 
neg activity including Enterobacteriaceae 

Reversible binding to to 50S 
ribosomal subunit -

bacteriostatic 
Gram +ve

Plasma
Membrane

Cell Wall

Anaerobes

Staphylococcus

Streptococcus

Mycoplasma

Brachyspira

Trueperella

Pasteurella

Actinobacillus

Clostridium
Clostridioides

Bordetella

Rhodococcus

Resistance increasingly 
common, susceptibility 
testing VERY important
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Mechanisms of Resistance MLSBK

• Target Modification
• Ribosomal methylases

• erm gene family
• Be aware of inducible resistance

• Active Efflux
• Enzymatic Inactivation Inducible clindamycin resistance in S. aureus

Detection requires specialized laboratory tests



Agents Affecting Nucleic Acids

• Agents act at many steps along the process
• Folate production
• Disrupting DNA production
• DNA organization and replication 
• RNA synthesis
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Folate Synthesis Inhibitors
Dihydropteridine

Dihydropteroate

Dihydrofolate

Tetrahydrofolate

Various Metabolic 
Products

DNA, RNA and 
Protein Synthesis

Para-aminobenzoic acid (PABA)

L-glutamate

Dihydropteroate synthetase

Dihydrofolate synthetase

Dihydrofolate reductase

H
2 N

SO
2

NH
R

H
2 N

CO
O

H

PABA
Basic 
Sulfa

Competitive Inhibition

Diaminopyrimidines

Enzymatic Inhibition

Bacteriostatic 



Folate Synthesis Inhibitors

Gram -ve

Plasma
Membrane

Plasma
Membrane

Cell Wall

Gram +ve

Plasma
Membrane

Cell WallTrimethoprim + 
Sulfamethoxazole

Broad bacterial spectrum

Notable Exceptions
Enterococci, Pseudomonas 

aeruginosa
Group A Strep (more human)

MRSA/MRSP

Methicillin 

Oldies but 
goodies!

Another option 
for MRSP

Parasites

Activity against 
some 

Protozoans and 
Toxoplasma

Mechanisms of Resistance
• Altered enzymes

• dfr genes (trimethoprim resistance)
• Gram positive and negative

• sul genes (sulfa resistance)
• Gram negative bacteria
• Often found in multi-resistant bacteria, linkage 

to other resistance genes
• Hyper-production of PABA



Nitroimidazoles (Metronidazole)
Disrupts DNA production by 

production of radical anions following 
intracellular metabolism - bactericidal

Parasites

Anaerobes

Broad spectrum 
anaerobic coverage

Clostridium
Clostridioides Brachyspira

BANNED in food animals

Trichomonas, 
Giardia, Entamoeba

Aerobes
X Activity limited 

to anaerobes!

Shown to reduce colonization 
resistance for important 

pathogens (Salmonella and E. 
coli) and increase intestinal 

inflammation

Metronidazole

Mechanisms of Resistance:
Reduced uptake
Efflux
Reducing the rate of reductive activation
Inactivating enzymes
Increased DNA repair



(Fluoro)quinolones
Inhibits DNA gyrase and topoisomerase IV, 

prevents replication and organization 
(supercoiling) - bactericidal

1st Generation FQ

2nd Generation FQ

Quinolones

Ofloxacin
Gm neg

Nalidixic Acid
Only Enterobacteriaceae

Enrofloxacin, ciprofloxacin
Improved Gm neg, and Gm pos spectrum

3rd Generation FQ Pradofloxacin
Broad spectrum Gm neg, pos, anaerobe

Escherichia

Pseudomonas

Gram -ve

Plasma
Membrane

Plasma
Membrane

Cell Wall

Gram +ve

Plasma
Membrane

Cell Wall

Anaerobes

Mycoplasma
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Ansamycins (Rifampin)

• Primarily for Gram-positives and some 
Mycobacteria

Preventing action of DNA-dependent RNA-
polymerase, prevents elongation of 

transcribed RNA.

Rifampicin

Staphylococcus

Rhodococcus

Mycobacterium

Never used as a monotherapy - resistance 
develops quickly. 

In people also used for prophylaxis 
following exposure to Neisseria 
meningitidis or to treat invasive 

Haemophilus influenzae or 
Streptococcus pneumoniae infections.

Mechanism 
of Resistance

1. Through mutations in the genes encoding the 
machinery for transcription



Polymyxins

• Only active against Gram-negatives

Disrupt outer membrane surrounding 
Gram negative bacteria 

Gram -ve

Plasma
Membrane

Plasma
Membrane

Cell Wall

Gram positives and 
anaerobes intrinsically 

resistant as they lack LPS 
containing membrane.Pseudomonas

Some Gram negatives are 
intrinsically resistant, 

including members of the 
Enterobacteriaceae 
(Edwardsiella spp.,

Morganella morganii, 
Proteus spp., Providentia 

spp., Serratia spp.
Mechanism not known

Polymyxin B

Colistin

These are last line of 
defense drugs against 

Gram negatives, often the 
last agents to which MDR 

organisms remain 
susceptible 

Mechanisms 
of Resistance

1. Modification of LPS - chromosomally encoded
2. Plasmid mediated - mcr-1 exact mechanism 

unknown, but this encodes a protein homologous to 
one in Paenibacillus spp. which product polymyxins



Key Definitions

• MIC (minimum inhibitory concentration)
• The lowest antimicrobial concentration inhibits growth
• By convention, a doubling dilution series 

• e.g. 0.12μg/ml, 0.25μg/ml, 0.5μg/ml, 1μg/ml, 2μg/ml, 4μg/ml 

Resistant
When a patient has an infection with a 

resistant organism, clinical failure is 
predicted when treated with a drug 

according to the label indication

Susceptible
When a patient has an infection with a 

susceptible organism, there is a high 
likelihood of clinical success when 

treated with a drug according to the 
drug label indication 



Susceptibility Test Methods

• Categorical methods
• Only tell you whether the organism is susceptible or 

resistant

• Quantitative methods 
• Yield an MIC which describes exactly how susceptible or 

resistant the isolate is
• An MIC can be translated into a categorical result

Diffusion Methods Dilution Methods
Categorical Kirby-Bauer (Disks)

Quantitative Gradient strips (E-tests) Agar dilution
Broth micro/macro dilution



Kirby-Bauer Disk Testing



Gradient Strips

MIC = 6
By convention, this 

is rounded to 8



Broth Micro-Dilution

Tetracycline

21 4 8 16

++++ No Growth

MIC = 16μg/ml



Interpretation of Tests
• Standardized interpretive criteria 

critical
• Clinical and Laboratory Standards 

Institute (CLSI) – USA
• European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) –
Europe



Interpretation of Tests



WHAT is 
definition 
based on?

S I R

Species Indication Dosing Regimen BreakpointDrug



Human EC

22 mg/kg 
q12 hours

11 mg/kg 
q8 hours

12.5 mg/kg 
q8 hours

11 mg/kg 
q24 hours



12.5 mg/kg 
q12 hours

15 mg/kg 
q24 hours

11 mg/kg 
q24 hours



Read the Monograph!!!!

Off label use of a product, reduces the predictive power of a susceptibility test.

ex. higher dose might result in clinical success despite resistance

ex. treating a different type of infection may result in clinical failure despite susceptibility



Resistance Defined

• Resistance can be sub-divided into intrinsic and 
acquired
• Intrinsic resistance is constitutive for an organism

• Natural “superbugs”, it’s just part of what they are

Pseudomonas 
aeruginosa =



Basic Definition – What is 
Resistance?
• Resistance can be sub-divided into intrinsic and 

acquired
• Intrinsic resistance is constitutive for an organism
• Acquired resistance is not inherent to the organism, 

these bugs have something that makes them 
“super”

Staphylococcus 
aureus 

versus

(MRSA)
=



Intrinsic resistance

• A good grasp of normal allows lab data to be 
interpreted
• What do all of those “R’s” really mean?

• Intrinsic resistance is independent of antibiotic 
exposure
• “Wild-type” phenotype
• Mycoplasma spp. intrinsically resistant to penicillin
• They lack a cell wall and therefore don’t have the drug 

target



Intrinsic Resistance
Enterobacteriaceae

ALL Enterobacteriaceae 
intrinsically Resistant to:
• Benzylpenicillin 

(original penicillin)
• Macrolides 
• Lincosamides



A group to remember

• SPICE organisms
• Serratia
• Providentia
• Indole positive Proteae*
• Citrobacter
• Enterobacter

• Produce AmpC β-lactamases
• Can become de-repressed (over-produced) with therapy

• Intrinsic 3rd generation cephalosporin resistance
• In a veterinary context I would recommend 

avoiding all β-lactams 

*Includes Proteus vulgaris and Morganella spp.



Intrinsic Resistance Non-
Fermenters  



Intrinsic Resistance 
Gram-Positives



What is Stewardship?

“The term “antimicrobial stewardship” is used to 
describe the multifaceted and dynamic approaches 

required to sustain the clinical efficacy of 
antimicrobials by optimizing drug use, choice, dosing, 

duration, and route of administration, while 
minimizing the emergence of resistance and other 

adverse effects.”



What is Stewardship?

“…a coherent set of actions which promote using 
antimicrobials responsibly… translated into context-

specific and time-specific actions.”



What is Stewardship?

• Active stewardship – changing behaviors
• Greatest impact on antimicrobial use
• Specialist consultation on patient 

management (ID specialists, pharmacists)
• Laboratory reports 

• Nudging 
• Suppressing
• Framing

• Active monitoring of antimicrobial usage 
(institutional level)
• Audit and feedback



What is Stewardship?

• Passive stewardship – providing knowledge
• Less effective
• Prudent use guidelines 
• Continuing education



Principles of Rational AMU



Principles of Rational AMU



Prescribing Decisions

• Pathogen identified (or likely pathogen)
• Susceptibility of organism
• Knowledge of local resistance epidemiology

• Animal species
• Signalment 
• Site/type of infection
• Co-morbidities
• Route of administration

• Cost
• Client compliance
• Label indication
• Withdrawal time



Prescribing Decisions

• Business factors
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• Business factors
• Fear factors
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Prescribing Decisions

• Business factors
• Fear factors
• Habitual practice factors
• Pharmaceutical factors



Drugs vs. Brands

Ce n’est pas un antibiotique
René Magritte



Drugs vs. Brands

Ce n’est pas un antibiotique

• Recognize impact of marketing
• Who only refers to a drug by the trade name?

• Understanding the active ingredient is critical!
• The antibiotic is the active ingredient NOT the band

• A lot of useful information can be gained from 
pharmaceutical companies
• Critically evaluate science vs. sales



Proximate Risks of AMU

Adverse Drug Events



Adverse Drug Events

• 20% of hospitalized patients given antimicrobials 
had ADE
• 19% of ADE occurred in patients not needing 

antimicrobials



Adverse Drug Events

“… ADEs are common among inpatients receiving 
antibiotics, some of which may be avoidable with 
more judicious use of antibiotics.”
“…antibiotic-associated ADEs may not be recognized 

by clinicians because ADEs have varied 
manifestations…”



Adverse Drug Events

• >140,000 annual emergency department visits in 
the United States for antibiotic associated ADE



What Stewardship Means to Me

• Treating a diagnosis rather than a syndrome
• Concatenating laboratory evidence and your clinical 

exam into a diagnosis
• Asking questions when you need more information

• Using evidence based empiric therapy
• Likely pathogens, local resistance epidemiology

• Applying your knowledge of
• Intrinsic resistance
• Drug mechanisms of action and spectrum of activity
• Mechanisms of resistance 



What Stewardship Means to Me

• Recognizing the evolving world of infectious 
diseases
• Resistance is emerging
• Be nimble enough to adapt

• Lifelong learning - sounds cliché but:
• Professional duty
• If you’re not up to date you’re out of date

• Utilizing recognized therapeutic guidelines

https://www.canadianveterinarians.net/AMU-UAM



Applying Guidelines

• Canine urinary tract infection (sporadic cystitis)
• We’ll assume that a diagnosis has been made







When indicated, the benefits of shorter therapy include:
1. Decreased rate of adverse effects
2. Decreased super-infections 
3. Decreased antimicrobial resistance

In a veterinary context, additional benefits conceivably include:
• Increased client compliance
• Decreased cost to client



What About Feline Dentistry?

Are prophylactic drugs used?
What drugs are used?

What patients would be treated?



The Guidelines Say…

• Dental abscesses
• No antimicrobials   
• Unless evidence of cellulitis or bone involvement

• Dental prophylaxis
• No antimicrobials
• Unless history of infective endocarditis, unrepaired cyanotic congenital heart 

disease, PDA, subaortic or aortic stenosis, imbedded pacemaker leads.

• Dental extractions
• No antimicrobials
• Unless same indications as above or MARKED involvement of local soft tissue or 

concurrent involvement of bone

The use of antimicrobials is infrequently indicated –
should be the exception NOT the rule



My Take on Guidelines

• They’re a great starting point following diagnosis
• Summary of up-to-date recommendations
• Whether empiric therapy is warranted
• First line therapies
• Treatment duration

• BUT… can’t be algorithmic
• Must have a diagnosis to apply the guidelines
• Clinical skills required to integrate signalment, history, 

physical exam findings and lab results into diagnosis



When Test Result ≠ Outcome



Take Home Messages
THE EASY AND OBVIOUS

• Antimicrobial resistance is increasing
• The post-antibiotic era is on it’s way

• Treat documented (or at least infections w/ evidence!)
• Next time you think “… just in case” your next thought 

should be “…but what if?” 
• Optimize drug/dose to infection
• Familiarize yourself with relevant guidelines (CVMA, 

ISCAID, industry recommendations)
• Susceptibility profiles are highly variable, laboratory 

guidance is VERY important for aiding therapeutic 
selection



Take Home Messages
THE HARDER ONES

• Be aware of local susceptibility profiles
• Ask your lab about what’s going on locally
• Keep track of test results your clinic receives 

• ex. how often do you see MRSP?
• Use them to guide empiric therapy

• Don’t forget about intrinsic resistance
• Reflect on outcomes
• Why did that patient recover/not recover?




