
Spectrum of vancomycin and 
susceptibility testing

Olivier Denis
Service de Microbiologie

Laboratoire de bactériologie
Service de Microbiologie

Hôpital Erasme



Glycopeptides

• Vancomycin
– 1958 < Amycolatopsis orientalis
– High toxicity  limited use until the end of 1970s
–  infections with Gram positive 
– Emergence of multi-R Gram positive but still vancoS
– Oral vancomycin use and better formulation

• Teicoplanin
– End 1970s < Actinoplanes teichomycetus
– Only in Europe

• Avoparcin
– 1970: Growth promoter for livestock animals
– Forbidden in 1997 in Europe following the emergence of glycopeptide 

resistant enterococci



Mode of action of glycopeptides

• Interfere with cell wall synthesis
– Binding to terminal D-alanine-D-alanine at the end of 

pentapeptide
– Inhibition of transglycosylation by preventing incorporation 

of new subunits into the growing cell wall

• Spectrum of antimicrobial activity
– Restricted to Gram-positive organisms including 

Staphylococci, Streptococci, Enterococci, Clostridium
– Inherently resistant: Lactobacillus, Leuconostoc, Pediococcus

and Erysipelothrix spp, … and few species of Enterococci
– Inactive against Gram-negative bacteria
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Glycopeptide breakpoints
for Staphylococci

 MIC (mg/L) for  

 Vancomycin Teicoplanin 

 S I R S I R 

EUCAST 2  >2 4  >4 

CLSI for S. aureus 2 4-8 16 8 16 32 

CLSI for CoNS 4 8-16 32 idem 

BSAC  4  8  4   8 
 

 

http://www.eucast.org/clinical_breakpoints/
CLSI 2014 M100-S24



Definitions for glycopeptide
non-susceptible S. aureus

• According to the mechanism of resistance
– VanA-mediated high-level glycopeptide resistance
– Non-VanA-mediated low level resistance to glycopeptide

 GISA and hGISA for isolates with non-VanA-mediated low-level resistance

• Glycopeptide resistant S. aureus (GRSA)
– Isolates with high-level resistance to vancomycin (MIC >8 mg/L). 

• Glycopeptide intermediate S. aureus (GISA)
– Isolates with low-level resistance to vancomycin (MIC 4 - 8 mg/L). 

• Heterogeneous glycopeptide intermediate S. aureus (hGISA)
– Isolates susceptible to vancomycin (MICs ≤2mg/L) but with 

subpopulations (1 in 106 cells) with vancomycin MIC >2 mg/L by 
population analysis

http://www.eucast.org/expert_rules/



Population analysis
VSSA, hVISA, VISA et VRSA
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• Genetic environment
– Multiple point mutations leading to modified peptidoglycans synthesis 

including walkR, vraSR, yvqF and rpoB
– Directly or indirectly involved with biosynthesis/metabolism of the cell 

wall including systems controlling the transcription of genes in its 
synthesis

– No van genes and not linked to methicillin resistance
•  Thickness of cell wall

–  synthesis of peptidoglycan,  autolytic activity,  residues D-Alanyl-D-
Alanine 

Absorption of GLYCOPEPTIDES into bacterial cell wall before extern 
membrane surface

 Low level resistance and reversible
Teicoplanin > vancomycin 
MIC to vancomycin 4 – 8 mg/L

Gardette J et al. J Clin Inverst. 2014
Hiramatsu K. 2001. The Lancet Infect. Dis. 1:147

Mechanism of low level resistance





Denis O. et al. JAC 2002;50:755



Epidemiological and clinical 
characteristics of VISA infections

• Epidemiology
– Emergence of teicoplanin resistant strains in 1990s
– Worldwide dissemination but at low frequency (<1%)

• Clinical aspects
– Asymptomatic carriage
– From skin and soft tissue infections to endocarditis
– Persistence of infection ++++
– High mortality but no necessary linked to VISA

• Host factors 
– Comorbidities ++++
– Foreign bodies, undrained abscess, immunosuppression (diabetes, renal 

failure, neoplasia,…)
• Factors linked to glycopeptides

– Previous treatment (1 week to 1 year) for long period, often intermittently

Kaatz G.W. et al. 1990. J Infect. Dis.162:103
Fridkin SK. et al. 2003. Clin. Infect. Dis. 36:429
Geisel R. et al. 2001. European J Clin. Microbiol. 2001:685



Mechanism of high level resistance
• Transfer of Tn1546 carrying vanA gene

– E. faecalis  S. aureus 
• Modification of peptidoglycan synthesis

– Substitution of D-Ala-D-Ala by D-Ala-D-Lac
–   affinity to vancomycin 103

• High level resistance
– Vancomycin >> teicoplanin
– MIC vancomycin > 16-256 mg

• Frequency
– Only about 30 cases reported from USA, India, Iran, Brazil and Portugal

Gould IM Lancet Infect. Dis 2012 







Challenge for detection of glycopeptide
resistance in Staphylococci

• Disk diffusion
– cannot be used for GISA and hGISA detection

• Detection of hGISA
– As proven difficult
– Divided into screening and confirmation
– Screening: macromethods, GRD, agar screen
– Reversible



MIC determination for GISA and GRSA

• Broth microdilution = gold standard

• May also be determined by
– Gradient strip methods (E-test), agar dilution and 

automated systems
– E-tests show MICs with 0.5-1 two-fold dilution steps higher 

than broth microdilution
– Isolates with MICs >2 mg/L should be referred to the NRC
– hGISA not detected by MIC determination 



MIC distribution to glycopeptides for 313 
MRSA isolates, Belgian hospitals, 2011

0

10

20

30

40

50

60

70

0,06 0,12 0,25 0,5 1 2 4

Pe
rc

en
t o

f i
so

la
te

s

MIC (mg/l)

Vancomycin
Teicoplanin

Reference laboratory for MRSA , 2011

EUCAST breakpoints 2013
Vancomycin and Teicoplanin
Susceptible ≤ 2 mg/l



MIC distribution to glycopeptides for 288 
MRSA isolates, Belgian hospitals, 2013-14

Reference laboratory for MRSA , 2011

EUCAST breakpoints 2013
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Susceptible ≤ 2 mg/l



MICs to glycopeptides using E-test
O,5 McF + MH + 24h

ATCC29213 HIP5827



Macro gradient test or Macromethod

• Screening method for reduced vancomycin susceptibility
– Should not be reported as MICs
– Does not differentiate between hGISA, GISA and GRSA 

• Methods
– High inoculum (2,0 McFarland)
– Incubate on BHI agar for 48h

• Interpretation
– Teicoplanin ≥12 mg/L: GRSA, GISA or hGISA
– Teicoplanin and vancomycin 8 mg/L: GRSA, GISA or hGISA
– Teicoplanin <8 mg/L: Not GRSA, GISA or hGISA



MICs to glycopeptides using E-test
2 McF + BHI + 48h

ATCC29213 HIP5827



MIC determination for vancomycin 
by E-test  comparison of two methods,

Belgium EARSS 1999
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Glycopeptide resistance detection 
(GRD) gradient test 

• Double strip vancomycin 
and teicoplanin

• 0.5 McF on MH agar for 24 
and 48h

• Interpretation
– Positive if the GRD strip with 

≥8 mg/L for either 
vancomycin or teicoplanin 

– Suspected reduced 
susceptibility to glycopeptides



Teicoplanin screen agar

Teicoplanin screen agar
5 mg/l

• Mueller Hinton plate
• Inoculum of 2.0 McFarland 

standard
• 10 µl spotted 
• Incubation for for 24 to 48 h 

at 35°C
• Interpretation

– Positive if > 2 colonies
– Suspected reduced 

susceptibility to glycopeptides



Laboratory performance of methods for 
detection hGISA

Howden BP et al.  Clin Microbiol Reviews 2010



Confirmation test

• Population analysis profile-area under curve (PAP-AUC)
– Isolate screening positive for reduced susceptibility
– Not identified as GRSA or GISA by MIC determination

• Method
– Population analysis for vancomycin
– Determine ratio of AUC of test organism vs Mu3 (ATCC 700698)

• Interpretation
– hGISA if AUC ratio is 0.9 and vancomycin MIC is 2 mg/L



Population analysis of Belgian VISA and 
hetero-VISA strains and reference strains

Denis O. et al. J Antimicrob Chemother 2002



Detection of GRSA

GRSA

Should be confirmed by PCR for the 
presence of van genes



The walk of enterococci towards multiple 
antibiotic resistance 

Cattoir V et al. JAC 2012



Glycopeptide breakpoints
for Enterococci

 MIC (mg/L) for  

 Vancomycin Teicoplanin 

 S I R S I R 

EUCAST 4  >4 2  >2 

CLSI  4 8-16 32 8 16 32 

BSAC  4  8  4   8 
 

 

http://www.eucast.org/clinical_breakpoints/
CLSI 2014 M100-S24



Glycopeptides
• Natural phenotype 

– Susceptible except few non pathogenic species
– Intrinsic resistant chromosomally mediated: E. gallinarum and E. 

casseliflavus
• Acquired resistance phenotype

– New precursor of peptidoglycane with reduced affinity to 
glycopeptides

– Eight van genes with variable MIC to vancomycin and teicoplanin

Glycopeptide resistance in Enterococci

Glycopeptide MIC (mg/l)

vanA vanB

Vancomycin 64-1024 4-1024 

Teicoplanin 8-512 0.06-1 



Phylogenetic analysis of 11 van genes

D-Ala-D-Ser
acquired

E. faecalis
E. faecium (vanN)

Lebreton F et al. Antimicrob. Agents Chemother, 2012; 55: 4606–4612

D-Ala-D-Lac
acquired

E. faecium
Other Enterococci.

D-Ala-D-Ser
intrinsic

E. gallinarum
E. casseliflavus



Vancomycin susceptible enterococci

Vancomycin resistant enterococci



Proportion of vancomycin resistance among
E. faecium isolates from bacteraemia, 2013



Methods for detection of glycopeptide
resistance in Enterococci

• Methods
– MIC determination, disk diffusion, breakpoint agar 

method and automated system

• vanB-mediated resistance
– Detection more challenging

• Accurate identification 
– E. gallinarum or E. casseliflavus may be 

erroneously perceived as E. faecium



Reading of vancomycin 
disk diffusion tests for Enterococci

a) Sharp zone edges and 
zone diameter ≥12 mm. 
Report as susceptible.

b-d) Fuzzy zone edges 
and/or colonies within the 
zone. Report as resistant 
regardless of zone diameter 

http://www.eucast.org/expert_rules/

5 µg vancomycin
Incubation 24h

Criteria are different for CLSI



Breakpoint agar method

BHI supplemented with 6 mg/l vancomycin
10 µl of 0.5 McF suspension 

Incubation 24h at 35°C



Thank you for your attention




