
Antimicrobials: a true ONE 

HEALTH issue: 

Background from a Medical 

Perspective 
Herman Goossens  

Department of Medical Microbiology 

Vaccine & Infectious Disease Institute 

University of Antwerp, Belgium 



Resistance among the  

Gram-positives 



Gram positives  

0

50

100

1940 1950 1960 1970 1980 1990 2000 2010 2020

P
r
o

b
le

m
s

 w
it

h
 R

e
s

is
ta

n
c

e

Penicillin 

Vancomycin 

Gentamicin 

Erythromycin 

Chloramphenicol 

Tetracycline 

MRSA 

ŷCoNS 

infections 

VRE 

CA-MRSA 

ȸ-lactamase +ve 

S. aureus 

Tigecycline 

Synercid 

Linezolid 

Daptomycin 

LOW 

HIGH 

VISA 

VRSA 

CA-MRSA? 



Staphylococcus aureus : Proportion of Invasive 

Isolates Resistant to Methicillin (MRSA), 2009  

 

Source: EARS-Net, 2010. 

The symbols č and Ď indicate a significant increasing or decreasing trend for the period 2006-2009, respectively. These trends were calculated on 
laboratories that consistently reported during 2006-2009. 



Antibiotic  use management teams  

1st Camp 2005  

2d Camp 2007  

3d Camp 2009  

MRSA new guidelines  

National surveillance MRSA, Bea Jans 
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Counts of MRSA Bacteraemia  

Oct 2005 to June 2009 
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* DATA ARE PROVISIONAL NOT FOR WIDER CIRCULATION

BBC World news 

 A. Pearson and colleagues (HPA, Sept 2009)  
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Alcohol Hand Rub Liquid Soap

Combined

Estimated Average Procurement of Alcohol Hand Rub and 

Liquid Soap in ml/bed-day, 2004-2007 in 148 acute NHS Trusts   

Å3- fold increase in 
combined use to 60 

ml per pt -day  

 

ÅAnalysis shows highly 
significant association 

between each ml of 
AHR used and 1% 

drop fall in MRSA BSI  

Stone S et al. ECCMID 

2009 (abstract O140) 
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The Gram-Negatives ... are Back! 
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Multiple Mechanisms of Resistance in  

Gram-Negative Bacteria 

Peleg AY & Hooper DC, N Engl J Med 2010; 362 (19): 1804-13 



Classification of ɓ-Lactamases 

Class A Class B Class C Class D 

Metallo-ɓ-Lactamases (MBLs) 

Å PC  

Å SHV-1, TEM-1, 2 

Å SHV->1 

Å TEM->2 

Å CTX-M 

Å PER 

Å VEB 

Å CARB 

Å RTG 

Å CepA  

Å SME  

Å IMI 

Å SME 

Å NMC 

Å IND 

Å KPC 

Å GES 

Å BIC 

Å IMP 

Å VIM 

Å KHM 

Å SPM 

Å GIM 

Å SIM 

Å NDM 

Å AIM 

Å DIM 

Å BEL 

 

Å AmpC 

Å CMY 

Å ACT 

Å DHA 

Å ACC 

Å FOX 

 

Å OXA-1, 10,  

Å OXA-11, 15  

Å OXA-23/27 

  24/40 

  48, 51/66/69 

  58, 143 

ESBL 

Carbapenemases 

Bush & Jacoby, Antimicrob Agents Chemother 2010; 54: 969 ï 76 

Patel & Bonomo, Expert Rev Anti Infect Ther 2011; 9: 555 - 70 



43.5% 

1.2% 

Resistance to Carbapenems among  

K. pneumoniae, EARS-net 2009 



Resistance to Carbapenems among  K. pneumoniae in 
Tzaneio General Hospital of Piraeus, Athens, Greece  

K. pneumoniae BSI 2008-2010

CarbS; 

24; 22%

VIM; 34; 

31%
KPC; 53; 

47%



Treatments of last resort for 

infections with ESBL and 

carbapenemase-producing 

Gram-negatives 



Tigecycline 

ÅThe first marketed member of glycylcyclines 

Å9-t-butylglycylamido derivative of minocycline 

ÅEvades common tetracycline efflux pumps and ribosomal 

protection mechanisms 

BUT: 
ÅBacteriostatic mode of activity  

ÅMany small observational studies 

ÅNot good levels in blood 

ÅActive against Enterobacteriaceae and Acinetobacter, but not 

against Pseudomonas 

ÅVariable clinical effectiveness against Acinetobacter 

ÅEmergence of resistance during treatment 

 



Colistin  

ÅOld (1950ies) bactericidal drugs, used as a prodrug (Colistin 

methanesulfonate, CMS)  

ÅAbout 10 x more active against Gram-negative than Gram-

positive bacteria 

BUT: 

Å Inherent resistance: Burkholderia cepacia, Serratia, Proteus, 

Bacteroides fragilis  é and most Gram-negative cocci  

ÅCMS is a very inefficient prodrug (5 ï 15% converted to colistin) 

Å Insufficient plasma concentrations, even at steady state 

ÅRenal toxicity in up to 20% of patients 

ÅEmergence of resistance during treatment 



Resistance among KPC-Producing K. pneumoniae in Tzaneio 
General Hospital of Piraeus, Athens, Greece  

Colistin resistance May 08- Oct 10: 27.8 % (41/180)  

Non susceptibility to tigecycline: 2.8% (5/180) 

Colistin Resistance (%) among KPC-KP (2 years), Tzaneio Hosp
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Emergence of High Levels ESBL Producing Gram-

negative Bacilli in the Asia-Pacific Region 

Hawser et al, Antimicrob Agents Chemother 2009; 53: 3280 - 4 



ÅblaNDM-1 (New Delhi Metallo-1): 
ï Swedish patient of Indian origin who traveled to New Delhi 

ï Acquired UTI in India 

ï New Metallo-ɓ-Lactamase (MBL) gene 

ï Can hydrolyze all ɓ-lactams except aztreonam 

ï Located on a 180-kb (K. pneumoniae) & 140-kb plasmid (E. coli): 

ÅCMY-4 broadspectrum beta-lactamase 

ÅGenes inactivating ciprofloxacin, erythromycin, rifampicin, chloramphenicol, and 

aminoglycosides 

ÅEfflux pump genes 

ÅGrowth promotors genes that increase transcription 

ï Potential for fast (global) spread 

 

New Delhi Metallo-1: 

The Mother of all ɓ-Lactamases? 

Yong D. et al, Antimicrob Agents Chemother 2009; 53 (12): 5046-54 

ñThe rapid dissemination 

of the blaNDM-1 carrying 

plasmids among clinical 

bacteria would be a 

nightmare scenarioò 



NDM-1 among Outpatients 

ÅObjective: to study the prevalence of carbapenemase-

producing Enterobacteriaceae in Pakistan 

ÅStool samples from 200 distinct patients in Rawalpindi, 

Pakistan 

Å64 carbapenemase-positive isolates; only NDM-1 found 

ÅSpecies: 

ïE. coli: 30/64 isolates 

ïEnterobacter cloacae: 21/64 isolates  

ÅPrevalence: 

ï Inpatients: 19/70 (27.1%) 

ïOutpatients: 18/130 (13.8%) 

 

Perry et al, J Antimicrob Chemother epub July 2011 
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Fig. 1. Carbapenemase-producing Enterobacteriaceae isolated in the UK (ARMRL referrals) 

Carbapenemase-Producing 

Enterobacteriaceae in the UK 



Why Are the Gram-negatives Worse?  

Because They Have More Sex... 



ÅblaCTX-M-15: 
ïLocated on multiple plasmids belonging to the incompatibility group 

IncFII 

ïblaCTX-M-15 mostly downstream ISEcpI 

ïMultidrug co-resistance: 

ïblaOXA-1 

ïblaTEM-1 

ïaac6ô-Ib-cr (aminoglycoside acetyltransferase) 

ïtet(A) (tetracycline efflux protein), é 

ÅMLST clone ST131 
ïDisseminated by a widespread, successful clone: Serotype O25:H4-

MLST profile ST131 

ïCausing urinary tract infections 

ïO25:H4-ST131 not exclusively associated with blaCTX-M-15 

Pandemic Spread of blaCTX-M-15-ST131 



Plasmids Belonging to O25:H4-ST131 



Spread of MLST Clone ST131 in Canada 

Distribution of Escherichia coli MLST clone ST131 isolated 

from blood in the Calgary Health Region from 2000 to 2007 

Distribution of the different ESBL-producing Escherichia coli 

isolates recovered from blood in the Calgary Health Region 

from 2000 to 2007 

Pitout J. et al, Antimicrob Agents Chemother 2009; 53 (6): 2539-43 



     In Greece: spreading of  

ESBL and Carbapenemases   

in same clone 



Spread 

household members  

& pets 

animals 

travel 
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Å High prevalence of multidrug-resistant (MDR) bacteria in developing 

countries Ą High risk for carriage and infection 

Å French study: 24/25 adoptees (Mali) positive for ESBL-producing 

Enterobacteriaceae (E-ESBL) 

Å Transmission of E-ESBL demonstrated for 5/22 (22%) families in which at 

least one family member other than the adoptee was found positive for E-

ESBL 

Intrafamilial Transmission of ESBL-Producing E. coli and S. 

enterica among Families of Adopted Children 

Tandé D. et al, J Antimicrob Chemother 2010; 65: 859-65 



International Travel (to India...) is a Risk 

Factor for Colonization with ESBL 

Tängdén T et al, Antimicrob Agents Chemother 2010; 54: 3564-8 

Continent or region
No. of 

travelers

No. (%) of travelers 

positive for ESBL-

producing isolates

Africa 25 1(4)

Asia (India excluded) 31 10 (32)

Central America 6 0 (0)

India 8 7 (88)

Middle East 14 4 (29)

North America 2 0 (0)

South America 1 0 (0)

Southern Europe 16 2 (13)

Travel destinations of travelers who were negative for ESBL-

producing strains before the trip and rate of fecal colonization with 

ESBL-producing E. coli  strains upon return*

*: The rate of acquisition of ESBL-producing strains was highest 

for travelers visiting India (P  < 0,001)



Leverstein  et al, Clin Microbiol Infect 2011; 17: 873-80 



Conclusions 

ÅResistance due to ESBLs and carbapenemases among Gram-

negative bacilli is increasing worldwide 

ÅThis emergence is due to the global spread of highly 

transferable genes and successful clones,  

ÅThese genes are on mobile elements with resistance 

determinants to other classes of antibiotics 

ÅESBL and carbapenemases genes and strains are found in: 

ïAnimals 

ïFood 

ïHealthcare settings and outpatients 

ÅHence, control of this pandemic spead is challenging and 

therapeutic options are very limited 



Does resistance matter? 



Mortality in ESBL vs. non-ESBL Enterobacteriaceae 

Bacteraemia 

Schwaber MJ & Carmeli Y, J Antimicrob Chemother 2007; 60: 903-20 



What about new antibiotics? 



New drugs Under Development 

ÅNew beta-lactamase inhibitors 

 

ÅNew beta-lactams 

 

ÅNew aminoglycosides 

 

ÅBoron based small molecules 



New Beta-Lactamase Inhibitor: 

NXL-104 

ÅCerexa/Novoxel/AstraZeneca 

ÅActivity against carbapenem resistant 

Enterobacteriaceae 

ïMost KPC producers (not if large amounts of AmpC 

as well) 

ïAcinetobacter strains with OXA-48 

ïStrains which are carbapenem resistant due to 

porin loss plus production of an ESBL or AmpC 

ÅIn phase 3 development 

ÅBUT: No activity against MBL producers 
 



Neoglycosides: 

ACHN-490 

ÅTargeted against MDR Enterobacteriaceae 

ÅIn Phase 2 development 

ÅBUT: Producers of 16S ribosomal RNA 

methylases are typically resistant to ACHN-490 

ÅHENCE: Most MBL producers (including NDM 

producers) will be resistant to ACHN-490 

 

 

 



òIf you cannot  
measure it,  
you cannot  
 improve itó 

 
Lord Kelvin, 
1824 - 1907  



Total Outpatient Antibiotic Use in 33 European 

Countries in 2009 

Adriaenssens et al., J Antimicrob Chemother 2011; Advance Access Published November 18, 2011 


