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WHO priority list of antibiotic resistant bacteria …
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http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
Published: 27 Feb 2017; Last accessed: 21 Oct 2017

http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/


WHO priority list of antibiotic resistant bacteria:
Methodology (in short) …

• 8 experts (infectious diseases, clinical microbiology, R&D, public health and infection control) 

• Multi-criteria decision analysis (MCDA) technique using both expert opinion and 
evidence-based data

• Prioritization through:
1. Selection of antibiotic-resistant bacteria to be prioritized; 
2. Selection of criteria for prioritization; 
3. Data extraction and synthesis; 
4. Scoring of alternatives and weighting of criteria by experts; and 
5. Finalization of the ranking of pathogens.

• Criteria: 
– all-cause mortality, 
– healthcare and community burden, 
– prevalence of resistance, 
– 10-year trend of resistance, 
– transmissibility, 
– preventability in hospital and community settings, 
– treatability 
– current pipeline.
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http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
Published: 27 Feb 2017; Last accessed: 21 Oct 2017

http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/


WHO priority list of antibiotic resistant bacteria:
the proposals (in short) …
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http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
Published: 27 Feb 2017; Last accessed: 21 Oct 2017

http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/


Pseudmonas aeruginosa
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https://www.youtube.com/watch?v=8E3_e1TWac4
Last accessed: 21 Oct 2017

https://www.youtube.com/watch?v=8E3_e1TWac4


Pseudmonas aeruginosa
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https://www.youtube.com/watch?v=8E3_e1TWac4
Last accessed: 21 Oct 2017

Key points for this lecture:
• ubiquitous organism, widely distributed in nature.1

• most prevalent aerobic non-fermenter Gram-negative 
bacteria  identified as the causative pathogen in 
nosocomial infections.2

• through high genomic plasticity, it can survive in a wide 
range of environmental habitats (reservoirs)3 including 
medical devices (with long-term transmission).

• intrinsically resistant to many antibiotics (double 
membrane and efflux), limiting potential therapies to 
carboxy- and ureido-penicillins, groupe 3-5 
cephalosporins, carbapenems, monobactams, 
aminoglycosides, fluoroquinolones, polymyxins.2

• BUT has developed mechanisms of resistance to all of 
these !

1 Henry & Speert: Pseudomonas. Manual of clinical microbiology. 10th ed 2011 ASM Press Washington, DC
2  Wisplinghoff. Pseudomonas aeruginosa and Other Pseudomonas spp. Infectious Diseases 4th Edition, 2017. 

Available on line at https://expertconsult.inkling.com/read/
3. Mathee et al. Proc Natl Acad Sci USA. 2008:105:3100-3105 – PMID 18287045

https://www.youtube.com/watch?v=8E3_e1TWac4
https://expertconsult.inkling.com/read/
https://www.ncbi.nlm.nih.gov/pubmed/?term=18287045


10 Nov 2017 Middle East Anti-Infectives Forum 8

P. aeruginosa in Europe between 1997 and 2005

Mesaros et al. Clin Microbiol Infect. 2007;13:560-778 - PMID 17266725

https://www.ncbi.nlm.nih.gov/pubmed/?term=17266725
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P. aeruginosa in Brussels in 2007-2009

Riou et al. Int J Antimicrob Agents IJAA 2010;36:513-522 – PMID 20926262
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The problem of multiresistance for P. aeruginosa
1. Piperacillin-tazobactam

European Centre for Disease Prevention and Control. Antimicrobial resistance surveillance in Europe 2015. Annual Report of the European 
Antimicrobial Resistance Surveillance Network (EARS-Net). Stockholm: ECDC; 2017. 
Available from http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2015.pdf (Last accessed: 20 Oct 2017)

http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2015.pdf
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The problem of multiresistance for P. aeruginosa
2. Fluoroquinolones

European Centre for Disease Prevention and Control. Antimicrobial resistance surveillance in Europe 2015. Annual Report of the European 
Antimicrobial Resistance Surveillance Network (EARS-Net). Stockholm: ECDC; 2017. 
Available from http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2015.pdf (Last accessed: 20 Oct 2017)

http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2015.pdf
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The problem of multiresistance for P. aeruginosa
3. carbapenems

European Centre for Disease Prevention and Control. Antimicrobial resistance surveillance in Europe 2015. Annual Report of the European 
Antimicrobial Resistance Surveillance Network (EARS-Net). Stockholm: ECDC; 2017. 
Available from http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2015.pdf (Last accessed: 20 Oct 2017)

http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2015.pdf
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The problem of multiresistance for P. aeruginosa
4. multiresistance

European Centre for Disease Prevention and Control. Antimicrobial resistance surveillance in Europe 2015. Annual Report of the European 
Antimicrobial Resistance Surveillance Network (EARS-Net). Stockholm: ECDC; 2017. 
Available from http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2015.pdf (Last accessed: 20 Oct 2017)

3 or more
of these

http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2015.pdf
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What are the outcomes of MDR in severe infections?

Tedja, et al. Am J Infect Control. 2014;pii: S0196-6553(13)01428-4. 
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Outcomes of MDR in VAP?

Tedja, et al. Am J Infect Control. 2014;pii: S0196-6553(13)01428-4. 

P = 0.006
N = 107

1.0

0.8

0.6

0.4

0

Pr
op

or
tio

n 
su

rv
iv

in
g

0 10 20 30
Days after VAP diagnosis

MDR-O Non-MDR-O

Survival after diagnosis of ventilator-associated pneumonia. Time to death is 
shown, censored by hospital discharge. NDR-O, multidrug-resistant organism.

0.2



Outcomes of MDR in VAP?
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Tedja, et al. Am J Infect Control. 2014;pii: S0196-6553(13)01428-4. 
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I guess such a 
difference would 

command a very high 
price for a novel 

antibiotic…
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What happens if you are inadequate...

Tumbarello, et al Intensive Care Med. 2013;39:682-92
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What happens if you are inadequate...

Tumbarello, et al. Intensive Care Med. 2013;39:682-92

P = 0.006
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Kaplan-Meier analysis revealed significantly lower ICU survival rates in 
patients who received inadequate initial antibiotic therapy (P = 0.006)



What for neutropenic patients ?
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Righi e al. J Antimicrob Chemother. 2017;72:668-677 - PMID 27999023

https://www.ncbi.nlm.nih.gov/pubmed/?term=27999023


Carbapenem resistance of Gram-negative bacteria in 
neutropenic patients across the world
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Righi e al. J Antimicrob Chemother. 2017;72:668-677 - PMID 27999023

https://www.ncbi.nlm.nih.gov/pubmed/?term=27999023


Resistance of Gram-negative bacteria and of Pseudomonas
spp to antipseudomonal antibiotics in neutropenic patients
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Righi e al. J Antimicrob Chemother. 2017;72:668-677 - PMID 27999023

Righi e al. J Antimicrob Chemother. 2017;72:668-677 - PMID 27999023

https://www.ncbi.nlm.nih.gov/pubmed/?term=27999023
https://www.ncbi.nlm.nih.gov/pubmed/?term=27999023


What are the risks of carbapenem resistance for 
neutropenic patients ?
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Righi e al. J Antimicrob Chemother. 2017;72:668-677 - PMID 27999023

risk of 
resistance due 
to previous 
exposure to  
carbapenems

risk of 
mortality in 
association 
with 
carbapenem
resistance

https://www.ncbi.nlm.nih.gov/pubmed/?term=27999023
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Emergence of
resistance

during treatment

Riou, et al. Int J Antimicrob Agents. 2010;36:513-22 

initial

isolate

Last

P. aeruginosa successive clonal 
isolates from the same patient
(all patients treated with large 
doses of 1 to 3 antibiotics)

- D0: initial isolate
DL: last isolate obtained

- individual values with geometric 
mean (95 % CI)

- S (lowest line) and R (highest 
line) EUCAST breakpoints

* p < 0.05 by paired t-test (two-
tailed) and Wilcoxon non-
parametric test 

a p < 0.05 by Wilcoxon non-
parametric test only

Note: stratification by time between 
D0 and DL gave no clue (too low 
numbers)
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Emergence of resistance during treatment if persistent

Kiem & Schentag. Infect Chemother. 2013;45:283-91

• 3 clinical trials (US – 1984-1993) 
with PK/PD optimized dosages

• 146 bacterial strains from 76 
patients

• non-eradicated strains (71%) 
already had or developed 
resistance 
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Emergence of resistance during treatment 
if persistent ore relapse

• 3 clinical trials (US – 1984-1993) 
with PK/PD optimized dosages

• 146 bacterial strains from 76 
patients

• non-eradicated strains (71%) 
already had or developed 
resistance 

Kiem & Schentag. Infect Chemother. 2013;45:283-91

Microbiological outcomes Susceptible Resistant Development of resistance Total

Enterobacter spp.a
Eradication
Persistence
Relapse
Colonization

4
0
0
0

0
0
0
2

1
3
2
0

12
5
3
2
2

Pseudomonas spp.d
Eradication
Persistence
Relapse
Colonization

7
4
1
1

1
4
0
0

0
9
4
0

31
8

17
5
1
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What can we do ?
• Ceftozolane may help for P. aeruginosa (with tazobactam) 1,2

• Newly approved β-lactamase inhibitors (avibactam, vaborbactam)
may restore susceptibility to ceftazidime to a high proportion of Gram-
negatives including P. aeruginosa 1,3

• Combining antibiotics (based on checker board 4) or associating of 
glycopeptides with colistin for ≥ 5 days 5 could help

• Extended infusion (of cefepime) may improve mortality, and 
decrease mean length of stay and hospital costs 6

• Continuous infusion may be a promising approach in severely-ill 
patients 7 ... but may not solve the problem of emergence of 
resistance... (see next slide)

1. General review: Wright et al. Clin Microbiol Infect. 2017;23:704-712 - PMID 28893690.
2. ceftozolane/tazobactam product information: https://www.merckconnect.com/zerbaxa/overview.html
3. avibactam/ceftzidime product information: https://www.allergan.com/assets/pdf/avycaz_pi

vaborbactam/meropenem product information: https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/209776lbl.pdf
4. Nakamura et al. J Infect Chemother. 2014;20:266-269 - PMID 24486172
5. Petrosillo et al. Antimicrob Agents Chemother. 2014;58:851-858 - PMID 24277037
6. Bauer.et al. Antimicrob Agents Chemother 2013;57:2907-2912 - PMID 23571547
7. Van Herendael et al. Ann Intensive Care. 2012;2:22 (23 pages) - PMID 22747633

Dulhunty et al. Clin Infect Dis. 2013;56:236-244 - PMID 23074313
Lee et al. Eur J Drug Metab Pharmacokinet. 2017; Epub ahead of print - PMID 29027128

https://www.ncbi.nlm.nih.gov/pubmed/?term=28893690
https://www.merckconnect.com/zerbaxa/overview.html
https://www.allergan.com/assets/pdf/avycaz_pi
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/209776lbl.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=24486172
https://www.ncbi.nlm.nih.gov/pubmed/?term=24277037
https://www.ncbi.nlm.nih.gov/pubmed/?term=23571547
https://www.ncbi.nlm.nih.gov/pubmed/?term=22747633
https://www.ncbi.nlm.nih.gov/pubmed/?term=23074313
https://www.ncbi.nlm.nih.gov/pubmed/?term=29027128
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Bolus / Continuous infusion and resistance

Felton et al Antimicrob Agents Chemother 2013;57:5811-5819 – PMID 24002098

Felton et al Antmicrob Agents Chemother 2013;57:5811-5819

https://www.ncbi.nlm.nih.gov/pubmed/?term=24002098
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What do we need for efficacy ?

Felton et al Antimicrob Agents Chemother 2013;57:5811-5819 – PMID 24002098

https://www.ncbi.nlm.nih.gov/pubmed/?term=24002098
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What do we need for suppression of resistance?

Felton et al Antimicrob Agents Chemother 2013;57:5811-5819 – PMID 24002098

Will you ever 
be able to 
achieve such 
high Cmin
blood levels ?

https://www.ncbi.nlm.nih.gov/pubmed/?term=24002098
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Staphylococcus aureus

http://www.microbewo
rld.org/index.php?opti
on=com_jlibrary&vie
w=article&id=7611

http://www.microbeworld.org/index.php?option=com_jlibrary&view=article&id=7611


The S. aureus saga: from the origins to penicillin
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1884:
First distinction between S. 
aureus and S. albus by 
Friedrich Rosenbach 

1881:
First observation of 
staphylococci in pus
by Alexander Ogston

"Micrococci so 
deleterious when 
injected are 
seemingly harmless 
on the surface of 
wounds and ulcers".
Br Med J 
1881;1:369e375

1914-1918: 
Half of the casualties 
in the trenches of the 
First World War were 
due to septic wound 
infections with S. 
aureus. 

1940-45: 
the production process 
for penicillin (then still 
universally active 
against the bacterium*) 
was a military secret

* the original 
observation of Fleming 
(1928) was made on S. 
aureus



The S. aureus saga: from penicillin to methicillin 
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1944: 
First description of a 
β-lactamase in 
S. aureus *

* The first description of a 
β-lactamase was made in 
1940 in E. coli
(Nature 146, 837 (28 
December 1940) 

1950-70: 
almost all strains of 
S. aureus produce a 
β-lactamase

Lee, S. (2008). State of C2/C3 substituents of 
?-lactam antibiotics in the β-lactam ring 
cleavage by β-lactamases. PHILICA.COM 
Article number 122. 

1960: 
introduction of 
methicillin … and 
emergence of 
resistance to 
methicillin in 1961



The S. aureus saga: from methicillin to vancomycin
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Kirst et al. Antimicrob Agents Chemother. 1998: 42:1303-4. 

1980's:
Large scale 
re-introduction of 
vancomycin *

* Vancomycin was described in 1955-57
(Antibiot Annu. 1955-1956;3:606-322 and 1956-57;4:75-122) 

1970's:
Spreading of 
methicillin 
resistance
In hospitals

1997:
Strains with 
reduced 
susceptibility to 
vancomycin
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Vancomycin (in the good old time)
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Vancomycin: emergence of the VISA strains…
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Howden et al. Clin Microbiol Rev. 2010;23:99-139 - PMID 20065327

Example of the cell wall and capsule changes that occur in hVISA and VISA strains in paired isolates 
from patients with persistent infections.
Top: significant cell wall thickening in VISA strains compared to VSSA strains;
Bottom : increases in the expression of capsule by using an anticapsule type 8 immunoblot

https://www.ncbi.nlm.nih.gov/pubmed/?term=20065327


Example of the cell wall and capsule changes that occur in hVISA and VISA strains in paired isolates 
from patients with persistent infections.
Top: significant cell wall thickening in VISA strains compared to VSSA strains;
Bottom : increases in the expression of capsule by using an anticapsule type 8 immunoblot

Vancomycin: emergence of the VISA strains…
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Howden et al. Clin Microbiol Rev. 2010;23:99-139 - PMID 20065327

Changes associated with the VISA phenotype. In vancomycin-intermediate cells (Vanr), the rate of diffusion 
of vancomycin molecules to the septal tip is decreased, lowering the effective concentration of antibiotic that 
reaches the lipid-linked peptidoglycan precursor (lipid II) at the site of cell wall synthesis

https://www.ncbi.nlm.nih.gov/pubmed/?term=20065327


Vancomycin: the risk of elevated MICs
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CI: confidence interval; df: degrees of freedom; MIC: minimum inhibitory concentration; MRSA: methicillin-resistant Staphylococcus aureus; OR: 
odds ratio 

Van Hal SJ, et al. Clin Infect Dis 2012;54:755–771.
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Vancomycin in 2011

0 6 12

co
nc

. (
m

g/
L)

 a
t 3

th
 V

A
N

 d
os

e 
(V

A
N

 B
ID

 1
g 

q1
2h

) 

Time (h)

Clin Infect Dis. 2011 Feb 1;52(3):285-92. 
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Vancomycin
in 2013



Increased dosages of vancomycin lead to more toxicity
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1. Cano EL, et al. Clin Ther 2012;34(1):149‒157; 2. Kullar R, et al. Pharmacotherapy 2012;32(3):195‒201; 3. Lodise TP, et al. Clin Infect Dis 
2009;49:507‒514
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25-30 mg/L

400

Vancomycin: will continuous infusion help ?
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Moise-Broder et al. Clin Pharmacokinet. 2004;43:925-42

efficacy

Ingram, P. R. et al. J. Antimicrob. Chemother. 2008 Jul;62 (1): 168-71.

toxicity

Css vancomycin  > 28 mg/L en 
increased nephrotoxicity risk
[OR 21.236; P = 0.004]
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Staphylococcus aureus and linezolid
1996:
First 
description of 
linezolid

2007:
Resistance to 
linezolid by 
mehylation (cfr)

Toh et al. Mol Microbiol. 2007;64:1506-14. 

1998-2002:
Resistance to 
linezolid by target 
mutation
(remains rate)



The S. aureus saga: emergence of linezolid resistance
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Ikeda-Dantsuji et al. Antimicrob Agents Chemother. 2011;55:2466-2468 - PMID 21357291

Ribosomal mutations and heteroresistance

https://www.ncbi.nlm.nih.gov/pubmed/?term=21357291


Ikeda-Dantsuji et al. Antimicrob Agents Chemother. 2011;55:2466-2468 - PMID 21357291

The S. aureus saga: emergence of linezolid resistance
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Ribosomal mutations and heteroresistance

cfr+ mediated resistance (ribosomal methylation – plasmid mediated)

Zeng et al. BMC Microbiol. 2014;14:151 (pages) - PMID 24913069

https://www.ncbi.nlm.nih.gov/pubmed/?term=21357291
https://www.ncbi.nlm.nih.gov/pubmed/?term=24913069
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Warning: Methicillin resistance and co-resistance

MRSA

Daptomycin

Aminoglycosides

Fluoroquinolones

Glycopeptides 
(Vancomycin)

Tetracyclines

Macrolides

Rifampicine

+ sélection of strains with decreased susceptibility to other molecules 
(linezolid, quinupristin-dalfopristin, …)

co-resistance

Cantón & Ruiz-Garbajosa Curr Opin Pharmacol. 2011;11:477-485 - PMID 21840259

https://www.ncbi.nlm.nih.gov/pubmed/?term=21840259


Methicillin / vancomycin / linezolid 
non-susceptible S. aureus: what wan we do ?
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Agent Dose Notes
tigecycline 100 mg 50 mg/q12h • IV only

• dose limited due to tolerance

daptomycin 4 – 6 mg/kg Q24h IV • bactericidal
• doses uncertain (myopathies if )

ceftaroline 600 mg every 12 h IV • bactericidal
• IV only and requires compliance

telavancin
oritavancin * 
dalbavancin *

10 mg/kg qD
1200 mg once
1000 mg + 500 mg at day 
7

• bactericidal (VISA and VRSA not susceptible !)
• IV only
• telavancin: nephrotoxicity and teratogenic risk
• convenient use but long infusion time (1-3h)
• prolonged tissue accumulation (risk ?)

delafloxacin * 300 mg every 12h IV
450 mg every 12h PO

• bactericidal
• efficient IV  oral switch
• many severe toxicities in label (black box)

tedizolid * 200 mg qD
(IV or oral)

• active against linezolid cfr+ resistant strains
• efficient IV  oral switch
• better tolerance than linezolid

* approved after publication of the IDSA guidelines (notes based on analysis of the official US and EU labels [no EU label for delafloxacin])

Adapted from the IDSA guidelines (Stevens DL, et al. Clin Infect Dis 2014;59:e10‒52 – PMID 24973422.)

https://www.ncbi.nlm.nih.gov/pubmed/?term=24973422
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Streptococcus pneumoniae

Colonies of 
S. pneumoniae

CDC Public Health 
Image Library

http://phil.cdc.gov/phil 

http://phil.cdc.gov/phil
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Do we have a problem ?

This man discovered the mode of action of penicillin

and died from invasive pneumococcal infection …

http://www.cip.ulg.ac.be/newsite/pdf/jmghuysen.pdf 

http://www.cip.ulg.ac.be/newsite/pdf/jmghuysen.pdf
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A quick survey of the main (common) bacterial causative organisms

CAP and HCAP

Outpatient, no sigificant comorbidity Streptococcus pneumoniae
Mycoplasma pneumoniae, Chlamydophila pneumoniae, 
Haemophilus influenzae, 
Legionella spp., Mycobacterium tuberculosis, endemic fungi)

Outpatient, comorbities or HCAP with 
no resistance risk factors

Drug resistant Streptococcus pneumoniae (DRSP)
Enteric Gram-negative; anaerobes (with aspiration)

Inpatient, with comobidities or HCAP with no 
resistance risk factors

Streptococcus pneumoniae (including DRSP), 
Haemophilus influenzae, 
Mycoplasma pneumoniae, C. pneumoniae, Legionella spp.
Enteric Gram-negatives, anaerobes, others…

Severe CAP, with no risks for Pseudomonas 
aeruginosa

Streptococcus pneumoniae (including DRSP),
Haemophilus influenzae,
Mycoplasma pneumoniae, Legionella spp., 
Staphylococcus aureus
Gram-negative bacilli,  others

Severe CAP, with risks for P. aeruginosa, 
or HCAP with resistance risk factors

All of the above pathogens, plus P. aeruginosa

Infectious Diseases (Cohen, Opal & Powderly, eds), 3d edition, Elsevier 2010, 
• Niederman M.: Community-acquired pneumonia (chapter 27) ) 
available on line at  http://www.expertconsultbook.com)

http://www.expertconsultbook.com/
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Streptococcus pneumoniae resistance

Van Bambeke F, et al. Drugs. 2007;67:2355-82. 
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Streptococcus pneumoniae: main mechanisms of 
resistance

Antibiotic class Mechanism Genetic support Drugs affected Consequence
β-lactams  Affinity of 

PNP1a, PBP2x 
and PBP2b

mosaic genes all (variable 
extent)

 susceptibility

Macrolides Methylation of 23S 
rRNA

erm(B) all except 
ketolides unless 
multiple mutations

full resistance

active efflux mef(A) 14- and 15-
membered ring

moderate (?) 
resistance

Fluoroquinolones  affinity to DNA-
gyrase/topisomer-
ase complex

point mutations all 
(variable extent)

full resistance if 
several mutations

active efflux (pmrA)
patA-patB

gatifloxacin, 
gemifloxacin 1

 susceptibility

Tetracyclines ribosomal 
protection

tet(A), tet(O) all except 
glycylcyclines

Full resistance

Sulfonamides  of inhibition of 
dyhydropteroate 
synthase

repetition of 
codons for  
aminoacids

all Full resistance

1 also norfloxacin and ciprofloxacin (not recommended)

Adapted from Van Bambeke, et al. Drugs. 2007;67:2355-82
See also Lismond, et al. JAC. 2011;66:948-51, Lismond, et al. Intern J Antimicrob Ag. 2012;39:208– 16 



Resistance of S. pneumoniae to penicillins:
European data
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Resistance of
S. pneumoniae
to penicillins * 

Lismond et al., in preparation 
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*Analysis of resistance to 
penicillins (with CAP as main 
indication) in surveillance 
systems or publications 
(S. pneumoniae)

• EARSS: European Antimicrobial 
Surveillance system

• TRUST: Tracking Resistance in the United 
States Today 

• GLOBAL: Global Landscape On the 
Bactericidal Activity of Levofloxacin

• ECCMID: abstracts of the 18-20th 
European Congress of Clinical 
Microbiology and Infectious Diseases

Most studies used CLSI 
(non-meningitis) breakpoints

CAP: community acquired pneumonia
CLSI: Clinical and Laboratory Standards Institute (http://clsi.org)

http://clsi.org/
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But which breakpoints do we need to use ?

Good Evil

To be honest, I always wondered ...
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amoxicllin vs.
S. pneumoniae (n = 136)
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MIC distribution is a continuous variable…

MIC  minimum inhibitory concentration
CAP  community-acquired pneumonia
COPD  chronic obstructive pulmonary disease

• Belgian isolates 
collected between 
2009 and 2012 
from patients with 
confirmed cases 
of CAP

• the high MICs of 
amoxicillin is 
driven by isolates 
from patients with 
past COPD

Tulkens, unpublished 
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amoxicilin vs.
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MIC distribution is a continuous variable…

EUCAST: European Committee  on Antimicrobial Susceptibility Testing (http://www.eucast.org)  
MIC: minimum inhibitory concentration
CAP:  community-acquired pneumonia
COPD:  chronic obstructive pulmonary disease

EUCAST 
wild type 

population

• Belgian isolates 
collected between 
2009 and 2012 
from patients with 
confirmed cases 
of CAP

• the high MICs of 
amoxicillin is 
driven by isolates 
from patients with 
past COPD

Tulkens, unpublished 

http://www.eucast.org/
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amoxicllin vs.
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MIC distribution is a continuous variable…

EUCAST 
wild type 

population

EU clinical 
breakpoints

S ≤ 0.5 – R > 2 *

EUCAST: European Committee  on Antimicrobial Susceptibility Testing (http://www.eucast.org)  
MIC: minimum inhibitory concentration
CAP:  community-acquired pneumonia
COPD:  chronic obstructive pulmonary dosease

* non-meningitis

• Belgian isolates 
collected between 
2009 and 2012 
from patients with 
confirmed cases 
of CAP

• the high MICs of 
amoxicillin is 
driven by isolates 
from patients with 
past COPD

Tulkens, unpublished 

http://www.eucast.org/
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amoxicllin vs.
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MIC distribution is a continuous variable…

EUCAST 
wild type 

population

EU clinical 
breakpoints

S ≤ 0.5 – R > 2 *

CLSI clinical 
breakpoints

S ≤ 2 – R ≥ 8 *

CLSI: Clinical and Laboratory Standards Institute (http://clsi.org)  
EUCAST: European Committee  on Antimicrobial Susceptibility Testing (http://www.eucast.org)  
MIC: minimum inhibitory concentration
CAP:  community-acquired pneumonia
COPD:  chronic obstructive pulmonary disease

* non-meningitis* non-meningitis

• Belgian isolates 
collected between 
2009 and 2012 
from patients with 
confirmed cases 
of CAP

• the high MICs of 
amoxicillin is 
driven by isolates 
from patients with 
past COPD

Tulkens, unpublished 

http://clsi.org/
http://www.eucast.org/
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Warning about breakpoints (EUCAST vs. CLSI)
for S. pneumoniae (non meningitis)

• With the [new] CLSI breakpoint (MIC ≥ 8 mg/L ), very few isolates 
will be defined as resistant….

• In fact, most experts believe that CAP caused by organisms with a 
penicillin MIC of 4 mg/L or higher (still an uncommon finding), can 
lead to an increased risk of death.1

• For that reason, Europe has set its "R" breakpoint at > 2 mg/L.2

• Dosage adaptation over the original 250 mg BID is necessary 
for isolates with MIC between 0.25 and 2 mg/L 
(  0.5 g TID, 1 g TID, or extended-release forms …) 

1. Feikin DR, et al. Am J Public Health 2000;90(2):223-9.
2. EUCAST clinical breakpoints (http://www.eucast.org) 

(accessed 20/04/2014)

CLSI: Clinical and Laboratory Standards Institute 
EUCAST: European Committee  on Antimicrobial Susceptibility Testing
MIC: minimum inhibitory concentration
CAP: community acquired pneumonia
R: resistance
BID: twice daily; TID: 3 times daily

http://www.eucast.org/
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EUCAST calculations of target attainment rate
for amoxicillin against S. pneumoniae
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By increasing the dose and multiplying the number of daily 
administration, you may cover bacteria with MIC up to 8 mg/L… 

but the total daily dose will be very high and 

* for f T >MIC = 40%

Graph prepared from data in http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Rationale_documents/Amoxicillin_rationale_Nov2010_v_1.0.pdf

90 %

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Rationale_documents/Amoxicillin_rationale_Nov2010_v_1.0.pdf


More potent β-lactams may help when 
amoxicillin fails…
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S. pneumoniae (all; n = 136)
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*  isolates collected between 2009 and 2012 
obtained from patients with confirmed 
cases of CAP (clinical and radiological 
criteria) and seen at the Emergency 
Departement of 4 hospitals (1 in East-
Flanders, 1 in North Brussels, 1 in South-
East Brussels, 1 in Hainaut)

N.B. the high MICs of amoxicillin in this 
collection (with 11 % of the strains for 
which the MIC of amoxicillin is > 2 mg/L) 
is largely driven by recent isolates from 
patients who had suffered from episodes 
of COPD before having contracted a CAP.

Tulkens et al. 26th ICC, 2013 and unpublished
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Resistance of
S. pneumoniae
to macrolides
and tetracyclines * 

Lismond et al., in preparation 

*analysis of resistance to 
erythromycin and doxycycline 
(with CAP as main indication) in 
surveillance systems or 
publications
(S. pneumoniae)

• EARSS: European Antimicrobial 
Surveillance system

• PROTEKT: Prospective Resistant 
Organism Tracking and Epidemiology for 
the Ketolide Telithromycin

• TRUST: Tracking Resistance in the United 
States Today 

• GLOBAL: Global Landscape On the 
Bactericidal Activity of Levofloxacin

• Riedel: Eur J Clin Microbiol Infect Dis. 
2007 Jul;26(7):485-90.

• ECCMID: abstracts of the 18th European 
Congress of Clinical Microbiology and 
Infectious Diseases

Most studies used CLSI breakpoints
• erythromycin: S ≤0.25 – R ≥1
• Doxycycline: S ≤0.25 – R ≥1
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Are macrolides still useful ?

• not as only agents if resistance rates > 20 % 1

• but if used in combination with β-lactams to 
– act againts organisms with low susceptibility to β-lactams

(Mycoplasma, Chlamydia, Legionella) 2 when these are expected to be 
present and important (to be discussed)

– to provide a so-called "antinflammatory activity"
(highly discussed 3, but possible development with 
non-antibiotic derivatives [see next slide]). 

1 a value often considered as being a critical threshold in a context of empirical therapy
(Limond, et al. Int J Antimicrob Agents. 2012;39:208-16) 

2 Baum: Mycoplasma and Ureaplasma / Stamm & Bateiger: Chlamydia and Chlamydophila  / 
Edelstein & Cianciotto: Legionella / In Mandell, Douglas, and Bennett’s Principles and Practice of Infectious Diseases, 7th edition
available on line at https://expertconsult.inkling.com (accessed: 4 April 2014)

3 Spagnolo, et al. Eur Respir J. 2013;42:239-51

https://expertconsult.inkling.com/
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Anti-inflammatory action of "macrolides" ?

Mencarelli et al. Eur J Pharmacol. 2011;665:29-39
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Global Resistance of S. pneumoniae: 
additional information

• Resistance to β-lactams and macrolides may be higher 
in children1

• Global resistance rates in Asia may be worse than 
currently reported
– Erythromycin: > 70% of clinical isolates resistant2

– High prevalence of penicillin resistance if using “old” CLSI or 
EUCAST breakpoints3

1. Diekema, et al. Int. JAC. 2002;20:412-8 / Brown & Farrell. JAC. 2004;54 Suppl 1:i23-9.2 / Hoban, et al. Int. J. Infect. Dis. 2005; 262-273 / Sanchez et al. Rev. 
Esp. Quimioter. 2007;20:421-8 / Lee et al Int J Antimicrob Agents. 2013;42:395-402.

2. Jean & Hsueh. Int J Antimicrob Agents. 2011;37:291-5 / Nickerson et al Lancet Infect Dis 2009;9:130-5.
3. Song, et al. Clin Infect Dis 1999;28:1206-11 / Song et al Antimicrob Agents Chemother 2004;48:2101-7 / Mendes et al Antimicrob Agents Chemother. 

2013;57:5721-6.      
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Global Resistance of S. pneumoniae: 
additional information

• Resistance to β-lactams and macrolides may be higher 
in children [1]

• Global resistance rates in Asia may be worse than 
currently reported
– Erythromycin: > 70% of clinical isolates resistant [2].
– High prevalence of penicillin resistance if using “old” CLSI or 

EUCAST breakpoints [3,4] 

1. Diekema, et al. Int. JAC. 2002;20:412-8 / Brown & Farrell. JAC. 2004;54 Suppl 1:i23-9.2 / Hoban, et al. Int. J. Infect. Dis. 2005; 262-273 / Sanchez et al. Rev. 
Esp. Quimioter. 2007;20:421-8 / Lee et al Int J Antimicrob Agents. 2013;42:395-402.

2. Jean & Hsueh. Int J Antimicrob Agents. 2011;37:291-5 / Nickerson et al Lancet Infect Dis 2009;9:130-5.
3. Song, et al. Clin Infect Dis 1999;28:1206-11 / Song et al Antimicrob Agents Chemother 2004;48:2101-7 / Mendes et al Antimicrob Agents Chemother. 

2013;57:5721-6.      

APAC: Asisa/Pacific [Australia, Hong Kong, India, Indonesia, Japan, South Korea, Malaysia, New Zealand, Philippines, Singapore, Taiwan, 
Thailand
RRS: Regional Resistance Surveillance programme
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Resistance of S. pneumoniae to fluroquinolones
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*analysis of resistance of 
erythromycin and doxycycline 
(with CAP as main indication) in 
surveillance systems or 
publications
(S. pneumoniae)

• GLOBAL: Global Landscape On the 
Bactericidal Activity of Levofloxacin

• LEADER: Linezolid Surveillance 
Program

• MYSTIC: Meropenem Yearly 
Susceptibility Test Information Collection

• SENTRY: Antimicrobial Surveillance 
Program (2005–2006)

• TEST: Tigecyline Evaluation 
Surveillance Trial

• ECCMID 08-09 : abstracts of the 18th 
and 19th European Congresses of 
Clinical Microbiology and Infectious 
Diseases

Most studies used CLSI breakpoints
• levofloxacin: S ≤2 – R ≥8
• doxycycline: S ≤1 – R ≥4

Lismond et al., in preparation 

CAP:  community-acquired pneumonia
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Resistance of S. pneumoniae to fluoroquinolones

• Several countries noted no or little resistance over time 
if used appropriately even with relatively large use

Example #1: Canada

Karlowski, et al. JAC. 2013;68(Suppl 1): i39–i46
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Resistance of S. pneumoniae to fluoroquinolones

• Several countries noted no or little resistance over time 
if used appropriately even in relatively large use

Source: Belgian National Institute for Sickness and Invalidity Insurance:"Tableaux de bord pharmaceutiques: Délivrances pharmaceutiques dans le 
secteur ambulant – année 2012" 
http://www.inami.be/drug/fr/statistics-scientific-information/pharmanet/pharmaceutical-tables/pdf/2012/tables2012.pdf
Last accessed: 20/01/2014

Antibiotics used in the ambulatory care in Belgium (reimbursement data [ >95% of total use])

Example #2: Belgium

http://www.inami.be/drug/fr/statistics-scientific-information/pharmanet/pharmaceutical-tables/pdf/2012/tables2012.pdf
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Has resistance to moxifloxacin materialized:
evidence for S. pneumoniae in Belgium from 1999 to 2014 *

EUCAST
breakpoint 

* Moxifloxacin was introduced in Belgiumin
2001 and became the almost only 
fluoroquinolone used for RTI since 2004

• Surveys from the Belgian Scientific Institute for 
Public Health for S. pneumoniae from 
community isolates 
(n=156 in 1999 and 312 in 2014) 

• Data available yearly for 1999 through 2014 at 
http://bacterio.wiv-isp.be/other-
activities/Streptococcus%20pneumoniae

From data of a national collection 
• Non invasive respiratory tract infections

• similar results in 2008 for a collection of S.pneumoniae
from clinically-confirmed CAP (n=132)

Similar 
curves for 

2001 
through  

2014

Vanhoof et al. 19th ECCMID, Helsinki, 2009
Ceyssens et al. 35th RICAI, Paris, 2015

Ceyssens et al. PLoS One. 2016;11:e0154816 - PMID 27227336

http://bacterio.wiv-isp.be/other-activities/Streptococcus%20pneumoniae
https://www.ncbi.nlm.nih.gov/pubmed/?term=27227336
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Resistance of S. pneumoniae to fluoroquinolones

• The situation may be different in other countries (Asia)
– 4% resistance to levofloxacin for PNRSP in China 1

– 8.6 % (6/70) in adults in China 2

– 4.7 % in Asian Countries (all cases from Korea, Hong-Kong, 
Taiwan) in association with previous treatment with 
fluoroquinolones, cerebrovascular disease, and healthcare-
associated infection 3

1. Jones RN, et al. Diagn Microbiol Infect Dis. 2013;77:258-66
2. Guo Q, et al. Eur J Clin Microbiol Infect Dis 2014;33:465–70
3. Kang CI, et al. Eur J Clin Microbiol Infect Dis. 2014;33:55-9PNRSP:  penicillin resistant Streptococus pneumoniae
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Resistance of S. pneumoniae to fluoroquinolones

• The situation may be different in other countries (Asia)
– 4% resistance to levofloxacin for PNRSP in China 1

– 8.6 % (6/70) in adults in China 2

– 4.7 % in Asian Contries (all cases from Korea, Hong-Kong, 
Taiwan) in association with previous treatment with 
fluoroquinolones, cerebrovascular disease, and healthcare-
associated infection 3

Kang, et al. Eur J Clin Microbiol Infect Dis. 2014;33:55-9

1. Jones RN, et al. Diagn Microbiol Infect Dis. 2013;77:258-66
2. Guo Q, et al. Eur J Clin Microbiol Infect Dis 2014;33:465–70
3. Kang CI, et al. Eur J Clin Microbiol Infect Dis. 2014;33:55-9

Kang et al. Eur J Clin Microbiol Infect Dis. 2014;33:55-9



Resistant S. pneumoniae: what can we do ?
1. Vaccination

effective against the serotypes covered but slow drift of resistance to not covered 
serotypes…1

2. Existing antibiotics
– β-lactams: use higher doses or more potent molecules (and avoid non-

conform generics) a,b

– macrolides: to be forgotten in monotherapy a,c

– fluoroquinolones: aim at the most potent (moxifloxacin…) and avoid the 
marginal ones (levofloxacin) a

– tetracyclines: often high resistance levels (check locally) d

– clindamycin, trimethoprim/sulfamethoxazole: check locally d

– vancomycin, linezolid, tigecycline, lipoglycopeptides, daptomycin, 
streptogramins: low levels of resistance but poorly documented 
(because not first line antibiotics) d

10 Nov 2017 Middle East Anti-Infectives Forum 73

1 Kaplan et al. Pediatrics 2010;125:429-436 - PMID 20176669 / Pelkonen et al. Emerg Infect Dis 2013;19:1041-1048 - PMID 23777752
a see slides in this presentation
b see presentation on generics
c telithromycin and solithromycin aer active againts macrolide-resistant strains but are facing toxicity (liver) issues (see FDA web site)
d not illustrated here



Do we have a conclusion ?
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Difficult and in need of major investments

Some good hopes but remain alert !

Less critical … but wait for the next problem !



I could only give an overview…
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But, ask questions…
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