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Antimicrobial Resistance

Evolution of  the Antibiotic Era  

2005  
Niche drugs
MRSA
VRE

2006
MDR –GNB
ESBL’s

2010
Targeted Delivery Drugs
- aerosolized amikacin

3000+ug/ml in lung
- inhaled ciprofloxacin
- others (?)

Clostridium difficile

Antimicrobial Resistance: 2005-2010+

Resistant

Organisms  

Patient

Enterobacteriaece
P. aeruginosa
Afermentors
Staph CoN
S. aureus - MSSA

- MRSA
- GRSA

Enterococcus – VRE
ESBL+

Environment Patients Health Care Providers

MICU

SICU

Neurology

Oncology

Dialysis

Emergency
Community

S. pneumoniae - PRSP
S. pneumoniae - FQR*
S. aureus – MRSA, FQR
H. influenzae - TMP/SMX R
E. coli - Amp R, TMP/SMX R; ESBL+

Long Term Care
Enterobacteriaece - ESBL+

*Older agents, i.e. ciprofloxacin, levofloxacin
Blondeau, JM, 2009

Animal-Human
Interactions
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Antimicrobial Resistance: 2005-2010+

Resistant

Organisms  

Patient

Enterobacteriaece
P. aeruginosa
Afermentors
Staph CoN
S. aureus - MSSA

- MRSA
- GRSA

Enterococcus – VRE
ESBL+

Environment Patients Health Care Providers

MICU

SICU

Neurology

Oncology

Dialysis

Emergency
Community

S. pneumoniae - PRSP
S. pneumoniae - FQR*
S. aureus – MRSA, FQR
H. influenzae - TMP/SMX R
E. coli - Amp R, TMP/SMX R; ESBL+

Long Term Care
Enterobacteriaece - ESBL+

*Older agents, i.e. ciprofloxacin, levofloxacin
Blondeau, JM, 2017

Animal-Human
Interactions

ANTIMICROBIAL MECHANISMS 
OF RESISTANCE

BACTERIAL CELL

DNA

(Topoisomerases)

ALTERED
PENICILLIN BINDING

PROTEINS

Beta-lactams

ENZYME PRODUCTION
(Beta-lactamase)

NUCLEUS

ALTERED TARGET PROTEINS

RIBOSOMES
Macrolides
-azalides

-triamilides

EFFLUX

Quinolones

Beta – lactams: 
penicillins, 
cephalosporins, 
carbapenems, 
monobactams

Macrolides, quinolones

Enzamatic inactivation
-Chloramphenicol
-aminoglycosides

Blondeau, 1998; updated 2009

Decreased uptake/
altered membrane permeability
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The Superbug Challenge
Acronym Definition Screening BacteriaSignificance
CRE Carbapenemase Carb resistant Kleb, Pseud, Entero R to carbapenems

resistant Entero

ESBL Extended spectrum R to 3rd gen E. coli, Kleb. Spp. R to most
beta-lactamase cephalosporins*        Enterobacteriaceae      cephalosporins

MRSA methicillin R R to oxacillin S. aureus R to all
S. aureus PCR – mec A beta-lactams**

Chromo agar
Cefoxitin R

VRE vancomycin R Van screen plate Enterococcus spp. R to vancomycin

Enterococcus PCR-van genes

chromo agar

VISA Vancomycin inter reduced S to Van S. aureus reduced S to van

S. aureus

VRSA Vancomycin R resistance to Van S. aureus R to vancomycin

*cefotaxime, cefpodixime, ceftriaxone, ceftazidime
** penicillins, cephalosporins, carbapenems, monobactams

Blondeau, JM, 2013, STAT – Steps to Antimicrobial Therapy, Companion Animals, 
2nd Edition: North American Compendium

Contributors to resistance

n Overuse
n Non-clinical use
n Under dosing
n Prolonged therapy
n Incorrect therapy
n Ease of use (minimal 

side effects)
n Patient expectations

n Susceptibility testing –
underestimates

n Breakpoints ?
n Laboratory
n clinical

n Prophylactic use 
without clear benefits

n Empiric use in non-
critically ill patients
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n Concentration-dependent
n Peak/MIC >8 - 12
n AUC/MIC = AUIC

n >125 Gram –
n ~30-50 Gram + (??)*

n >100 Gram +**
n AUC/MPC = 22***

n AUIC-PMA
n Time-dependent

n T > MIC; 40-50%

MPC = Mutant Prevention
Concentration

*Schentag et al, (2001), CID; 32 (Suppl. 1):S39-46.  Drusano et al (2001), CID; 32:2091-2092.  Schentag et al (2001), CID 
(Response); 33: 2092-2096.

**File et al (2009), for human pathogen S. pneumoniae, reported that patients with an acute exacerbation of chronic 
bronchitis were statistically less likely to progress to pneumonia if the AUIC was >100.  Int J Antimicrob Agents 33, 
58-64 (2009).

***Oloffson et al (2006), J Antimicrob Chemother; 57(6):1116-1121.

PK/PD Relationships: Surrogate markers

Blondeau, updated, 2009

>109105102

Bacterial Burdens during Infection

Blondeau 2013

CFUs/ml

In pneumococcal pneumonia, the total number of bacteria may be as high as 1010 to 1012.  
Frisch et al.  J. Exp. Med. 1942; 76:505-510. 

Bingen et al., Eur J Clin Microbiol Infect Dis 1990;9:278-281
-2x10 to 4x109 CFU/ml in CSF
-H. influenzae type B, N. meningitidis , S. pneumoniae, E. coli K1, S. agalactiae
had bacterial counts >107CFU/ml

Fagon et al., Am Rev Resp Infect 1990;142:1004-1008
-102 to 107 CFU/ml in PBS from patients with ABECB
-Haemophilus influenzae at <107 CFU/ml
-Streptococcus pneumoniae at <107 CFU/ml

Feldman, J of Pediatr 1976;88:549-552
-4.5x103 to 3x108 CFU/ml in CSF
-”persistence of + culture may be related to large initial concentrations of 
bacteria”
-”relative resistance in vitro … large initial concentrations of bacteria”
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>109105102

Bacterial Burdens during Infection

Blondeau 2013

MIC 
Testing

CLSI 
Breakpoints

oral systemic

PK/PD 
modelling

topical

Over-estimate Under-estimate

PK/PD Modelling

CFU/ML

Mutant Prevention Concentration 
(MPC)

n MPC defines the antimicrobial drug concentration 
threshold that would require an organism to 
simultaneously possess two resistance mutations for 
growth in the presence of the drug
n Prevents the selection of first step resistant mutants
n MIC of most resistant cell in the bacterial population
n Applies only to organisms deemed susceptible by current 

CLSI guidelines             

Blondeau, 2016
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MPC Measurement

Y. Dong et al. (1999) Antimicrob Agents Chemother. 43:1756 – 8.
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Method: 
Agar dilution as for 
MIC but apply 1010

cells rather than 105MIC

First-step mutants

MPC

Log Concentration 
(Fluoroquinolone)

1

10-8
0

How Many Bacterial Cells Should We Test to 
Determine Susceptibility?

Numbers that may not represent 
bacterial burdens during infection

Numbers representing bacterial burdens 
during infection  

i.e. MIC Testing

i.e. MPC Testing

Blondeau, JM, 2012
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Resistance development

Suitable
gene complex

Mutation or uptake of 
resistance plasmids

Selection pressure

Survival in specific 
ecosystem

Spread to the 
environment

Wiedemann B. Clin. Microbiol. Infect. 
2006; 12(Suppl. 8):9-14.

Denovo Acquired

Suboptimal dosing
selects for resistance

Optimal dosing
may prevent resistance 

Wild type

1st step

1st and 2nd
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Antibiotic Selective
Pressure

Antibiotic Selective
Pressure
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Antibiotic Selective
Pressure

Case 1
n 64 yo M

n previously good health
n presented with history and 

clinical findings of CAP
n no prior hx of FQ use
n treated with Lfx 500 mg po 10d
n sputum grew S. pneumoniae

n One week after completing 
therapy
n diagnosed with recurrent 

pneumonia
n sputum grew S. pneumoniae

Davidson et al., NEMJ, 2002
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gyrA 

Pre-Tx A 1 <0.06 <0.25 -  - 

Post-Tx A 8 
 

<0.06 <0.25 S79F  S81F 

 
 

Davidson et al., NEMJ, 2002



15/05/19

11

MIC level105

106

107

108

109

MPC DYNAMICS

Increasing 
inoculum 
(cfu/ml)

Increasing 
[drug] 
(µg/ml)

Mutant selection from high density bacterial populations
where MIC drug concentrations do not block mutants

Mutant cells are blocked by MPC
drug concentrations – resistant cells from high density
populations not amplified in presence of drug

MPC
level

Immune 
system

MIC

Compromised 
immune system 
or sub-optimal 
therapy

Mutant cells 
increase –
susceptible cells 
decrease

Mutant and 
susceptible cell 
populations increase

Contributes to clearance

Schematic Model of Selective Amplification or 
Prevention of Amplification of Resistant Mutants

Colonization or 
infection with 
mutant/resistant
bacteria

MPC

Susceptible and 
mutant cells
eliminated by
drug

Mutants in
population

Mutants in
population

Mutant/susceptible 
cell numbers 
declining Blondeau, JM,  UK Vet 2012
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Time post-administration

MIC

MPC
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Mutant Selection Window (MSW)

MSW

• Above MPC – both susceptible and first-
step resistant cells inhibited – no selective 
amplification of resistance subpopulation.

• Double mutants may not be inhibited.

• Susceptible cells killed/inhibited.
• 1st step or 2nd step resistant cells not 

inhibited - selective amplification may 
occur.

• Longer times in MSW=greater risk for 
mutant selection/amplification.

Sub MIC – neither susceptible bacteria  
nor 1st step resistant mutants killed/ 
inhibited – no selective amplification of 
resistant subpopulation.

Blondeau et al, J. Chemo, 2004; Updated 2009

CENTRIFUGE**

1

MPC

0.06
0.12

0.25
0.5

16
8
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Basic Method (Varies by organism)

• Inoculate plates & incubate
• Transfer to fresh media (~100ml)
• Centrifuge and re-suspend in fresh media
• Inoculate drug containing plates with 1010 CFUs.

1. Inoculate 3* plates per organism; incubate 18-24 hrs at 
35-37ºC in O2.

2. Transfer contents of plates to flask with 100 ml fresh 
media.  Incubate 18-24 h at 35-37ºC in O2.

3. Centrifuge** culture media at 5000 xg for 30 min at 4ºC.
4. Re-suspend in 3 ml of media.
5. Inoculate drug containing plates with 1010 organisms; 

incubate for 18-24 h in O2, examine for growth, re-
incubate for 18-24 h in O2 and re-examine.  The lowest 
drug concentration preventing = MPC.

Organism # Starter Plates  Centrifugation
Inoculated*        Required**

E. coli 2-3 No
S. intermedius 2-3

No
P. multocida 3-4

No
P. aeruginosa 2-3

No
M. haemolytica 4-5 Yes
A. pleuropneumonia 7-8

1

2

3

4

5

Schematic Overview of MPC Testing
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Relationship of serum concentration of 
moxifloxacin to MPC for Streptococcus 
pneumoniae

0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5

1 6 12 18 24

Wise, R.  Clin Drug Invest 1999; 17:365-387.

Blondeau et al, ACC 2001; Hansen et al, AAC 2003; Blondeau et al, J. Chemo, 2004

MIC90 = 0.25 ug/ml

MPC90 = 1 ug/ml
Mutant

Selection
Window

Drug Concentrations at 10 hours
Bronchial mucosa 5.4 ug/g
Alveolar macrophages 56.7 ug/g
Epithelial lining fluid 20.7 ug/g

H. influenzae

Relationship of serum concentration of 
levofloxacin to MPC for Streptococcus 
pneumoniae

0

1

2

3

4

5

6

7

8

1 6 12 18 24

Fisher et al, 1999.

Blondeau et al, ACC 2001; Hansen et al, AAC 2003; Blondeau et al, J. Chemo, 2004

MIC90 = 1 ug/ml

MPC90 = 4 ug/mlMutant
Selection

Window

MPC90 = 8ug/ml

H. influenzae
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T>MPC90 TMSW

Az    0                24
Cl    24                0
Er    1-5             13

p=0.03-<0.0001

T>MPC90               T in MSW
Enro ~18 hours          ~6 hrs
Ceft ?                              ?
Tul 0 hours                   >24 hrs
Til 0 hours                    >24 hrs
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Jan10th, 2019

Blondeau and Fitch, PLOS ONE, Jan, 2019
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AJVR • Vol 76 • No. 10 • October 2015

MPC 2 hrs Enro vs Til p=0.04
MPC 12 hrs Enro vs Flor, Til, Tul p<0.0001-0.0007
MPC 24 hrs Enro vs Til, Tul p=0.001-0.01
Cmax 2,4,6 12 hrs Enro vs Flor, Til, Tul p <0.0001-0.05
Cmax 12, 24 hrs Flor vs Til Tul p<0.0001-0.001
Cmax 24 hrs Enro vs Til, Tul p<0.0001

Cmax 1,2, 4, 6, 12 Enro vs Flor, Til, Tul p <0.0001-0.001
Cmax 24 hrs Enro vs Flor p=0.007
Tiss max 1, 2,4,6,12, 24 hrs Enro vs Til, Tul p<0.0001-0.02
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Cefovecin

Pradofloxacin

Doxy cycline

Cefazolin

Currently under review in Vet Dermatology….

6 hours pradofloxacin vs doxycycline p=0.0001
12 hours cefazolin, cefovecin, pradofloxacin vs doxycycline p=0.0017-p<0.0001 
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Ceph alexin

Marb ofloxacin

Prad o 76 ug/ml

Prad o 237.9 ug/ml

TMP/SMX

Log Reduction - Urinemax of E. coli against 4 drugs - Average 3 Isolates

5 minutes: pradofloxacin/marbofloxacin vs cephalexin/TMP/SMX, p<0.0001
180 minutes: pradofloxacin/marbofloxacin vs TMP/SMX, p<0.0001; cephalexin vs 
TMP/SMX p=0.0008
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3 days not inferior to 7 days
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Are all antibiotics the same…

n NO
n Bactericidal vs bacteriostatic 
n Distribution
n Serum versus tissue
n Rate of kill
n Protein binding >60%

• Could choice of antibiotic influence duration 
of therapy?
• Faster kill…shorter durations of therapy?

Because overall efficacy 
remains good for many classes 
of agents, the more potent 
drugs are given preference 
because of their benefit in 
decreasing the risk of selection 
for antibiotic resistance.

Mandell LA, Wunderink RG, Anzueto A et al. Infectious Disease Society of America/American Thoracic Society 
Consensus Guidelines on the management of community-acquired pneumonia in adults. Clin. Infect. Dis. 44(Suppl. 
2), S27-S72 (2007).

Change in Thinking!!!!!
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Zoonotic Diseases: Animal to Human
Zooanthroponosis: Reverse Zoonotic Disease Transmission; Human to Animal

Antimicrobial Stewardship and optimization of  therapy requires timely information!



15/05/19

24

Key Points
n Antibiotics impact morbidity/mortality
n Misuse/overuse contributes to antimicrobial 

resistance
n MIC testing may contribute to resistance
n Not all antimicrobials are equivalent
n Durations of therapy may be too long for 

many infectious diseases---contributions to 
resistance?

n Mixed bacterial infections…impact on 
antibiotics (ECCMID, 2019…1st abstract)

n Drug combinations?


