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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


What shall we do ?

• Present and discuss the main mechanisms of resistance of S. 
pneumoniae to "guidelines" antibiotics

• Showing what MIC distributions are and mean in terms of 
interpretation of susceptibility

• A quick discussion about breakpoints (EUCAST vs CLSI) and its 
impact on epidemiological surveys

• Changes (or no change) of fluoroquinolone susceptibility and the 
reasons thereof

• Activity of fluoroquinolones on S. pneumoniae biofilm formation and 
disruption, and clinical implications
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Is resistance of S. pneumonia a problem ?

Van Bambeke F, et al. Drugs. 2007;67:2355-82 – PMID: 17983256 

Colonies of 
S. pneumoniae

CDC Public Health 
Image Library

http://phil.cdc.gov/phil 

https://www.ncbi.nlm.nih.gov/pubmed/?term=17983256
http://phil.cdc.gov/phil


16-12-2016 The role of fluoroquinolones in managing S. pneumoniae 6

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 F, et al. Drugs. 2007;67:2355-82 – PMID: 17983256 
See also Lismond, et al. J Antimicrob Chemother. 2011;;66:948-51 – PMID: 21393137. , Lismond, et al. Intern J Antimicrob Ag. 2012;39:208–16 – PMID:: 22245497

https://www.ncbi.nlm.nih.gov/pubmed/?term=17983256
https://www.ncbi.nlm.nih.gov/pubmed/?term=21393137
https://www.ncbi.nlm.nih.gov/pubmed/?term=22245497
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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

MIC data from a presentation at 
ECCMID 2015 
(Tulkens et al. e-poster EV0153)
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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

MIC data from a presentation at 
ECCMID 2015 
(Tulkens et al. e-poster EV0153)

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

MIC data from a presentation at 
ECCMID 2015 
(Tulkens et al. e-poster EV0153)

http://www.eucast.org/
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amoxicllin vs.
S. pneumoniae (n = 136)
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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

MIC data from a presentation at 
ECCMID 2015 
(Tulkens et al. e-poster EV0153)

http://clsi.org/
http://www.eucast.org/


Breakpoints ?
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Vérité en-deçà des 
Pyrénées, erreur au-delà.



A few words about breakpoint setting…

• The USA story…
– Historically, most breakpoints were set by the US National 

Committee for Clinical Laboratory Standards (NCCLS) but were 
often much too high (due to Industry pressure)

– Since 2006, the US FDA has reasserted its right to set breakpoints, 
and this is for all new antibiotics (starting with tigecyclin…).  Those 
are included in the "Product Information" (PI; "label") and are official 
US breakpoints

– As a consequence, the NCCLS was no longer considered "national" 
and changed its name (into Clinical Laboratory Standard Institute 
[CLSI]) and has no right to define official US breakpoints1
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1 Access to CLSI breakpoints is not free and must be subscribed to (http://www.clsi.org).  The "21st Century Cures Act", which passed the US House 
on July 7, 2015 and is now in the US Senate proposes to establish a public web site with all official US breakpoints 

http://www.clsi.org/


A few words about breakpoint setting…
• In Europe

– the European Committee for Antimicrobial Susceptibility Testing 
(EUCAST; created in 1997) sets breakpoints in cooperation with the 
European Medicines Agency (EMA).  Those become official 
breakpoints (included in the Summary of Product Characteristics 
(SmPC; "label") 2 in  the 28 EU member states plus the 3 EEA 
countries (Norway, Iceland and Liechtenstein)

– most EUCAST breakpoints for antibiotics approved before 2005 
are (considerably) lower than those historically proposed by 
the NCCLS, and, for antibiotics approved after 2005, often close 
(but lower) than those decided by the US FDA

– Beyond EU + EEA, EUCAST breakpoints are increasingly used in 
other parts of the world (see map)
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2 Access to EUCAST breakpoints and the corresponding rational documents is free (http://www.eucast.org)  

http://www.eucast.org/


Implementation of EUCAST breakpoints, April 2016 
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http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Statistics/EUCAST_status_Europe_April_2016.pdf

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Statistics/EUCAST_status_Europe_April_2016.pdf
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A first analysis of susceptibility  of 
Belgian S. pneumoniae: CAP (2008-2010)
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less 
susceptible 

strains full 
resistant 
strains

Consequences: 

1. use higher doses (or more frequent administration) of amoxicillin (1g q8h)

2. do NOT use macrolides in monotherapy ! 

Lismond et al. Int J Antimicrob Agents. 2012;39:208-16 - PMID: 22245497

https://www.ncbi.nlm.nih.gov/pubmed/?term=22245497


Breakpoints differences between EUCAST and CLSI
for S. pneumoniae and fluoroquinolones *
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antibiotic
EUCAST CLSI

S R S R

ciprofloxacin ≤ 0.125 > 2 a -- b

ofloxacin ≤ 0.125 > 2 a ≤ 2 ≥ 8

levofloxacin ≤ 2 > 2 ≤ 2 ≥ 8

moxifloxacin ≤ 0.5 > 0.5 ≤ 1 ≥ 4
a For EUCAST, wild type S. pneumoniae are not considered susceptible to ciprofloxacin or ofloxacin and are therefore 

categorised as intermediate.
b no longer included in the 2015 CLSI edition; was ≤ 1 and ≥ 4 in the 2004 NCCLS recommendations
c For EUCAST, breakpoints of levofloxacin are based on high dose therapy (500 mg x 2)
d For CLSI, S. pneumoniae susceptible to moxifloxacin cannot be assumed to be susceptible to levofloxacin.

* Sources:
- The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for interpretation of MICs and zone diameters. Version 6.0, 2016. 

http://www.eucast.org
- M100-S25Performance Standards for Antimicrobial Susceptibility Testing; Twenty-Fifth Informational Supplement, Wayne, PA 19087 USA, 2015. 

http://www.clsi.org

http://www.eucast.org/
http://www.clsi.org/
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A first analysis of susceptibility  of 
Belgian S. pneumoniae: CAP (2008-2010)
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close to the 
limit ! larger 

safety 
margin

Consequences: 

1. levofloxacin should better be used at 750 mg QD or 500 mg BID

2. but, actually, we do not use much any more for respiratory tract infections

Lismond et al. Int J Antimicrob Agents. 2012;39:208-16 - PMID: 22245497

https://www.ncbi.nlm.nih.gov/pubmed/?term=22245497


Susceptibility and serotypes/serogroups (CAP)
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https://www.ncbi.nlm.nih.gov/pubmed/?term=22245497


Susceptibility and serotypes/serogroups (CAP)

16-12-2016 The role of fluoroquinolones in managing S. pneumoniae 19

Macrolides are most affected 

Lismond et al. Int J Antimicrob Agents. 2012;39:208-16 - PMID: 22245497
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https://www.ncbi.nlm.nih.gov/pubmed/?term=22245497


A second analysis of susceptibility  of 
Belgian S. pneumoniae: COPD (2006-2013)
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Vandevelde et al. Int J Antimicrob Agents 2014;44:209-17 - PMID: 25123808.
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Consequences: 

1. use certainly higher doses (or more frequent administration) of amoxicillin ( > 1g q8h)

2. STOP using macrolides in monotherapy ! 

non-
susceptible 

strains
full 

resistant 
strains

https://www.ncbi.nlm.nih.gov/pubmed/?term=25123808


A second analysis of susceptibility  of 
Belgian S. pneumoniae: COPD (2006-2013)
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Vandevelde et al. Int J Antimicrob Agents 2014;44:209-17 - PMID: 25123808.

Consequences: 

1. levofloxacin starts lagging beyind and gets very close even to CLSI breakpoint

2. moxifloxacin is not immune but still shows a much wider safety margin 
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https://www.ncbi.nlm.nih.gov/pubmed/?term=25123808


You can get resistance to moxifloxacin …
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You can get resistance to moxifloxacin …
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You simply 
expose them 
to sub-Mic 

concentrations



More on acquisition of resistance to fluoroquinolones …
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More on acquisition of resistance to fluoroquinolones …
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Resistance acquisition by lineage
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increases 
are 

stepwise
over wild 
type MIC

level



But resistance did not emerge in the 
community in Belgium … 
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Ceyssens et al. PLosOne 2016;11:e0154816 - PMID: 27227336

https://www.ncbi.nlm.nih.gov/pubmed/?term=27227336


But resistance did not emerge in the 
community in Belgium … 

16-12-2016 The role of fluoroquinolones in managing S. pneumoniae 28

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

Longitudinal surveillance study (1995–2014) on 
fluoroquinolone resistance (FQ-R) among Belgian non-
invasive Streptococcus pneumoniae isolates between 1995 
through 2014 (n = 5,602). 

• For many years, the switch to respiratory fluoroquinolones 
for the treatment of (a)typical pneumonia had no impact on 
FQ-R levels. 

• However, since 2011 we observed a significant decrease in 
susceptibility towards ciprofloxacin, ofloxacin and 
levofloxacin with peaks of 9.0%, 6.6% and 3.1% resistant 
isolates, respectively. 

• Resistance to moxifloxacin aroused sporadically, and 
remained <1% throughout the entire study period.

https://www.ncbi.nlm.nih.gov/pubmed/?term=27227336


Here are the distributions *…
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Graphed from numeric data in Ceyssens et al. PLosOne 2016;11:e0154816 - PMID: 27227336

* non invasive isolates collected over whole Belgium

gets 
narrower

keeps 
still wide

https://www.ncbi.nlm.nih.gov/pubmed/?term=27227336


But do you use moxifloxacin in Belgium?
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source: IMS dataview, data December 2015
(download from http://ims-dataview.software.informer.com/ ) 

Fluoroquinolones sales data
Reimbursement comparative 

data for all antibiotics 
(in the community)

2 0 0 0 2 0 0 5 2 0 1 0 2 0 1 5

8 1 9 2

1 6 3 8 4

3 2 7 6 8

6 5 5 3 6

to ta l a n t ib io t ic  p re s s u re  (a n n u a l)

y e a r
 a

n
n

u
a

l 
D

D
D

s
 x

 1
0

3

b e ta -la c ta m s

m a c ro lid e s

q u in o lo n e s

te tra c y c lin e s

Source: National Institute for Health and Disability Insurance
Tiny URL: http://tinyurl.com/hwu74sf (in French)

∼8%
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http://tinyurl.com/hwu74sf


More from Asia…
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"In conclusion, the results of this study confirmed the excellent 
activities of fluoroquinolones, including levofloxacin and 
moxifloxacin, against S. pneumoniae, H. influenzae and M. 
catarrhalis." 

we have
heard about 

this…

Zhang et al. J Glob Antimicrob Resist. 2016;5:36-41- PMID: 27436464

https://www.ncbi.nlm.nih.gov/pubmed/?term=27436464


Risks of using "low activity" fluoroquinolones
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The continuous exposure of S. pneumoniae to sub-MIC levels of ciprofloxacin  
and levofloxacin has been shown to select for efflux overexpression

Bowker et al. J Antimicrob Chemother. 2013;68:1130-8 - PMID: 23361641

https://www.ncbi.nlm.nih.gov/pubmed/?term=23361641


Risks of resistance emergence with levofloxacin
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levofloxacin 750 mg

levofloxacin 500 mg

moxifloxacin 400 mgPK Bioflo® 1000 in vitro
model simulating free drug 
serum concentrations 
associated with the oral 
administration of 
• 400 mg of moxifloxacin

once daily, 
• 750 mg of levofloxacin

once daily or 
• 500 mg of levofloxacin 

twice daily.

Adapted from Bowker et al. J Antimicrob Chemother. 2013;68:1130-8 - PMID: 23361641

https://www.ncbi.nlm.nih.gov/pubmed/?term=23361641


Risks of resistance emergence with levofloxacin
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levofloxacin 750 mg

levofloxacin 500 mg

moxifloxacin 400 mgPK Bioflo® 1000 in vitro
model simulating free drug 
serum concentrations 
associated with the oral 
administration of 
• 400 mg of moxifloxacin

once daily, 
• 750 mg of levofloxacin

once daily or 
• 500 mg of levofloxacin 

twice daily.

Adapted from Bowker et al. J Antimicrob Chemother. 2013;68:1130-8 - PMID: 23361641

those 
strains 
show 
efflux

https://www.ncbi.nlm.nih.gov/pubmed/?term=23361641


Risks of resistance emergence with levofloxacin
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Bowker et al. J Antimicrob Chemother. 2013;68:1130-8 - PMID: 23361641

Conclusions:
• "Levofloxacin dosing regimens with low AUC/MIC ratios select for efflux 

pump overexpression, leading to fluoroquinolone resistance. 
• Levofloxacin dosing may select for gyrA mutations, inducing moxifloxacin 

resistance. 
• These data confirm that a fluoroquinolone AUC/MIC ratio of > 100 is 

required for prevention of emergence of resistance."

https://www.ncbi.nlm.nih.gov/pubmed/?term=23361641


What do you mean by an AUC/MIC ratio > 100 and  
why does it impact on emergence of resistance ? 
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What do you mean by an AUC/MIC ratio > 100 and  
why does it impact on emergence of resistance ? 
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What do you mean by an AUC/MIC ratio > 100 and  
why does it impact on emergence of resistance ? 
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Moxifloxacin  400 mg 1x/d
• AUC [(mg/l)xh] = 48
 MIC max: 0.5

Levofloxacin  500 mg 1x/d 
• AUC [(mg/l)xh] = 47
 MIC max: 0.5
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moxifloxacin EUCAST (n = 26846)
levofloxacin EUCAST (n = 85564)

20.1% of 
the isolates

98.5% of 
the isolates

Pharmacokinetic data:
• from the corresponding Summary of Product characteristics
• see also Van Bambeke et al. Clin Microbiol Infect. 

2005;11:256-80 - PMID: 15760423

MIC data from EUCAST MIC data base (2016)
(http://mic.eucast.org/Eucast2/ )

https://www.ncbi.nlm.nih.gov/pubmed/?term=15760423
http://mic.eucast.org/Eucast2/
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Resistance of S. pneumoniae to 
levofloxacin in the Eurasia * 

- 4% for penicillin-resistant S. pneumoniae in China 1

- 8.6 % (6/70) in adults in China 2

- 4.7 % in Korea, Hong-Kong and Taiwan, in association with previous 
treatment with fluoroquinolones, cerebrovascular disease, and 
healthcare-associated infection 3

- 16.2 % in Russia (n=148; EUCAST breakpoints; no resistance to 
moxifloxacin) 4

- 30 % in Malaysia (n=19) 5

- 2.6 % (n=608; serotype 11A) 6 and 2% (n=208)7 in single hospitals in 
South Korea

- increase of non-susceptible isolates (from 1.6 to 4.6%) and decrease 
(to 1.5%) in a Taiwan Hospital 8

1 Jones et al. Diagn Microbiol Infect Dis. 2013;77:258-66
2  Guo et al. Eur J Clin Microbiol Infect Dis 2014;33:465–70
3 Kang et al. Eur J Clin Microbiol Infect Dis. 2014;33:55-9
4 Biedenbach et al. Infect Dis Ther 2016;5:139–153
5 Akter et al. Malaysian J Pathol 2014;36:97-103
6 Park et al. Emerg Infect Dis. 2016;22:1978-1980
7 Kim et al. Diagn Microbiol Infect Dis. 2016;86:181-3
8 Chen et al. J Microbiol Immunol Infect. 2016;pii: S1684-

1182(16)30044-5 [Epub ahead of print]
* CLSI breakpoints (MIC > 8 mg/L) unless indicated otherwise
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Resistance of S. pneumoniae to 
levofloxacin in the Eurasia * 

- 4% for penicillin-resistant S. pneumoniae in China 1

- 8.6 % (6/70) in adults in China 2

- 4.7 % in Korea, Hong-Kong and Taiwan, in association with previous 
treatment with fluoroquinolones, cerebrovascular disease, and 
healthcare-associated infection 3

- 16.2 % in Russia (n=148; EUCAST breakpoints; no resistance to 
moxifloxacin) 4

- 30 % in Malaysia (n=19) 5

- 2.6 % (n=608; serotype 11A) 6 and 2% (n=208)7 in single hospitals in 
South Korea

- increase of non-susceptible isolates (from 1.6 to 4.6%) and decrease 
(to 1.5%) in Taiwan Hospital 8

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
4 Biedenbach et al. Infect Dis Ther 2016;5:139–153
5 Akter et al. Malaysian J Pathol 2014;36:97-103
6 Park et al. Emerg Infect Dis. 2016;22:1978-1980
7 Kim et al. Diagn Microbiol Infect Dis. 2016;86:181-3
8 Chen et al. J Microbiol Immunol Infect. 2016;pii: S1684-

1182(16)30044-5 [Epub ahead of print]
* CLSI breakpoints (MIC > 8 mg/L) unless indicated otherwise

Kang et al. Eur J Clin Microbiol Infect Dis. 2014;33:55-9
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Resistance of S. pneumoniae to 
levofloxacin in the Eurasia * 

- 4% for penicillin-resistant S. pneumoniae in China 1

- 8.6 % (6/70) in adults in China 2

- 4.7 % in Korea, Hong-Kong and Taiwan, in association with previous 
treatment with fluoroquinolones, cerebrovascular disease, and 
healthcare-associated infection 3

- 16.2 % in Russia (n=148; EUCAST breakpoints; no resistance to 
moxifloxacin) 4

- 30 % in Malaysia (n=19) 5

- 2.6 % (n=608; serotype 11A) 6 and 2% (n=208)7 in single hospitals in 
South Korea

- increase of non-susceptible isolates (from 1.6 to 4.6%) and decrease 
(to 1.5%) in Taiwan Hospital 8

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
4 Biedenbach et al. Infect Dis Ther 2016;5:139–153
5 Akter et al. Malaysian J Pathol 2014;36:97-103
6 Park et al. Emerg Infect Dis. 2016;22:1978-1980
7 Kim et al. Diagn Microbiol Infect Dis. 2016;86:181-3
8 Chen et al. J Microbiol Immunol Infect. 2016;pii: S1684-

1182(16)30044-5 [Epub ahead of print]
* CLSI breakpoints (MIC > 8 mg/L) unless indicated otherwise

Chen et al. J Microbiol Immunol Infect. 2016;pii: S1684-1182(16)30044-5 [Epub ahead of print]



16-12-2016 The role of fluoroquinolones in managing S. pneumoniae 43

Resistance of S. pneumoniae to 
levofloxacin in the Eurasia * 

- 4% for penicillin-resistant S. pneumoniae in China 1

- 8.6 % (6/70) in adults in China 2

- 4.7 % in Korea, Hong-Kong and Taiwan, in association with previous 
treatment with fluoroquinolones, cerebrovascular disease, and 
healthcare-associated infection 3

- 16.2 % in Russia (n=148; EUCAST breakpoints; no resistance to 
moxifloxacin) 4

- 30 % in Malaysia (n=19) 5

- 2.6 % (n=608; serotype 11A) 6 and 2% (n=208)7 in single hospitals in 
South Korea

- increase of non-susceptible isolates (from 1.6 to 4.6%) and decrease 
(to 1.5%) in Taiwan Hospital 8

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
4 Biedenbach et al. Infect Dis Ther 2016;5:139–153
5 Akter et al. Malaysian J Pathol 2014;36:97-103
6 Park et al. Emerg Infect Dis. 2016;22:1978-1980
7 Kim et al. Diagn Microbiol Infect Dis. 2016;86:181-3
8 Chen et al. J Microbiol Immunol Infect. 2016;pii: S1684-

1182(16)30044-5 [Epub ahead of print]
* CLSI breakpoints (MIC > 8 mg/L) unless indicated otherwise

Chen et al. J Microbiol Immunol Infect. 2016;pii: S1684-1182(16)30044-5 [Epub ahead of print]
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Resistance of S. pneumoniae to 
levofloxacin in the Eurasia * 

- 4% for penicillin-resistant S. pneumoniae in China 1

- 8.6 % (6/70) in adults in China 2

- 4.7 % in Korea, Hong-Kong and Taiwan, in association with previous 
treatment with fluoroquinolones, cerebrovascular disease, and 
healthcare-associated infection 3

- 16.2 % in Russia (n=148; EUCAST breakpoints; no resistance to 
moxifloxacin) 4

- 30 % in Malaysia (n=19) 5

- 2.6 % (n=608; serotype 11A) 6 and 2% (n=208)7 in single hospitals in 
South Korea

- increase of non-susceptible isolates (from 1.6 to 4.6%) and decrease 
(to 1.5%) in Taiwan Hospital 8

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
4 Biedenbach et al. Infect Dis Ther 2016;5:139–153
5 Akter et al. Malaysian J Pathol 2014;36:97-103
6 Park et al. Emerg Infect Dis. 2016;22:1978-1980
7 Kim et al. Diagn Microbiol Infect Dis. 2016;86:181-3
8 Chen et al. J Microbiol Immunol Infect. 2016;pii: S1684-

1182(16)30044-5 [Epub ahead of print]
* CLSI breakpoints (MIC > 8 mg/L) unless indicated otherwise

Chen et al. J Microbiol Immunol Infect. 2016;pii: S1684-1182(16)30044-5 [Epub ahead of print]



And briefly about biofilms…
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Growth within biofilms : 
• 3D-communities of cells embedded in a structured 

matrix 
• adhering to inert/living surfaces 
• protected from the immune system and antibiotics 

Low Temperature Scanning Electron 
Microscopy (LTSEM) of a S. 
pneumoniae R6 biofilm formed on a 
glass surface (Moscoso et al., 2006). 



And briefly about biofilms…
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http://www.slideshare.net/drsarkar/bacterial-infection-in-copd-10311586

http://www.slideshare.net/drsarkar/bacterial-infection-in-copd-10311586


Can moxifloxacin help ? …

16-12-2016 The role of fluoroquinolones in managing S. pneumoniae 47

Vandevelde et al. J Antimicrob Chemother.2015;70:1713-26 - PMID: 25712316..

https://www.ncbi.nlm.nih.gov/pubmed/?term=25712316


Can moxifloxacin help ? …
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The model:
Concentration–response 
effects of moxifloxacin on 
viability (left) and
biomass (right) of 2-day-
old naive (open symbols) 
and 11-day-old induced 
(filled symbols) biofilms 
produced from strains 
ATCC, R5 and N6

young 
biofilms:

OK !

old 
biofilms:

poor !

Vandevelde et al. J Antimicrob Chemother.2015;70:1713-26 - PMID: 25712316..

https://www.ncbi.nlm.nih.gov/pubmed/?term=25712316


An 
unanticipated 
cooperation 

…

16-12-2016 The role of fluoroquinolones in managing S. pneumoniae 49

Addition of ipratropium 
(and to some extent 
salbutamol) allow 
moxifloxacin to act on 
old (mature) biofilms
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Vandevelde et al. J Antimicrob Chemother
2015;70:1713-26 - PMID: 25712316

https://www.ncbi.nlm.nih.gov/pubmed/?term=25712316


At this point …

• Moxifloxacin shows excellent activity against S. pneumoniae, 
including isolates resistant to β-lactams and macrolides …

• There are compelling microbiological and pharmacological reasons 
to support the use of moxifloxacin over that of levofloxacin to more 
successfully fight S. pneumoniae infections... 

• Resistance of S. pneumoniae to moxifloxacin is possible, but has 
not materialized to significant extent in the clinics 
(probably due to its favourable AUC24h/MIC ratio *, which is not the case for 
levofloxacin )…

• Ipratropium and salbutamol ** may cooperate with moxifloxacin to 
eliminate S. pneumoniae biofilms.   
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*   also because of Cmax > Mutant Prevention Concentration (MPC; not shown here but ask…)
** commonly used in COPD patients for bronchodilatation



Please, ask questions …
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All slide are available on http://www.facm.ucl.ac.be Lectures

be critical,
ask for facts !

Vesalius – Anatomy *

* ANDREAE VESALII Bruxellensis Scholae "De humani corporis fabrica libri septem" is a set of books on human anatomy written by Andreas Vesalius 
and published in 1543. It represented a major advance in the history of anatomy by moving from reiteration of past statements to actual observations

http://www.facm.ucl.ac.be/
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