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Since the first isolation of low-level vancomycin-resistant S. aureus (L-VRSA, or VISA) strain Mu50, there

have been several L-VRSA strains with a similar level of vancomycin resistance reported from USA,

South Korea, France, UK, Greece, Italy, South Africa and Brazil. The subsequent worldwide isolation of

L-VRSA has confirmed that emergence of vancomycin resistance in S. aureus is a global issue. The morphology

study on sixteen L-VRSA isolates from six countries shows significant thickening of cell wall when compared to

vancomycin-susceptible strains. Vancomycin-susceptible derivatives (VRSA-P strains: P stands for “passage”)

were prepared from sixteen VRSA clinical strains by drug-free passage, and vancomycin-resistant revertants were

obtained from VRSA-P strains by one-step selection with vancomycin. Morphologic observation by transmission

electron microscopy shows that the thickening of cell wall of L-VRSA strains is lost together with loss of van-

comycin resistance (as judged by MIC values) during drug-free passage, but is regained in the vancomycin-resis-

tant revertants. A pair-wised comparison demonstrates a strong correlation between cell-wall thickness and the

degree of vancomycin resistance. Subsequently, direct evidences for the thickened cell wall as the determinant of

vancomycin resistance were obtained using experimentally prepared isogenic cells of Mu50 with different cell-

wall thickness. A study of biosynthesis, vancomycin consumption and quantitative measurement of membrane-

bound vancomycin using these preparations demonstrated that S.aureus resists to vancomycin through the novel

strategy; i.e., by thickening its cell wall. Thick cell wall significantly retards the timing that vancomycin mole-

cules reach the cytoplasmic membrane to shut down the peptidoglycan synthesis by affinity trapping vancomycin

molecules within thickened cell wall layers. In an effort to understand the genetic determinants of vancomycin

resistance, DNA microarray technique was employed to fish out several candidate genes, and their functions were

evaluated by its selective overexpression in vancomycin-susceptible S. aureus cells. The results indicated that

vancomycin resistance in S.aureus could be influenced by multiple genetic determinants. 
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Vancomycin is still a choice of treating severe MRSA infection throughout the world. However, its low

cyto-killing activity against MRSA and its low achievable tissue concentration both set limitations to

the clinical effectiveness of the drug. First of all, inability of vancomycin to kill MRSA cells allow

them to remain in the patients’ bodies even after their infections have been successfully treated after vancomycin

therapy. In this way, everyday in the world, MRSA cells survive after being exposed to and “selected” by van-

comycin, which evidently become more “resistant” to the antibiotic. The increase of vancomycin resistance

achieved in this way may not be apparent as can be appreciated easily by MIC determination, since the van-

comycin MICs for “susceptible” MRSA strains (0.5~2 mg/L*) and the available tissue concentrations (2~5 mg/L

depending on the tissue) are very close. Strains with MIC of 4 mg/L are difficult to treat as reported recently; thus

the NCCLS breakpoint for vancomycin (4 mg/L and less, as susceptible) is not valid clinically. It seems that

MRSA is increasingly “resistant” to vancomycin within the “susceptible” MIC range defined by NCCLS. Within

this groups of strains are hetero-VRSA (or hVISA), which are defined as strains that generate subpopulations of

cells with increased vancomycin resistance including those of MIC 8 mg/L (Low-level VRSA:L-VRSA or VISA)

at high frequency. First discovered in 1996, the type of vancomycin resistance seems to have become prevalent

throughout the world. With this regard, it is curious that two strains of MRSA have been identified that carried

vanA-gene plasmid. The strains called High-level VRSA (H-VRSA or VRSA) are known to have high MIC of

128 mg/L or above. This “unnecessarily” high level of vancomycin resistance for a human pathogen is reminis-

cent of the fact that the genes have been derived from the avoparcin-resistant enterococci in the animal farm.

Considering the difference in the mechanism of resistance between L-VRSA (thickening of cell wall) and H-

VRSA (altered cell-wall component, murein monomer), the latter should have less fitness cost of resistance and

grow much faster than the former. Then do we expect rapid dissemination of H-VRSA throughout the world in

the near future? Are there any other factor affecting the scenario with regard to the clinical fate of vancomycin?




