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Introduction

Ventilator-associated pneumonia (VAP) is one of the
most representative conditions of the contemporary pa-
thology related to hospitalisation, invasive therapeutic
devices and aggressive antibiotic use. With an incidence
of 8–28% among ICU patients and an attributable
mortality ranging largely between 14 and 47% [1]
according to the underlying pathology, VAP has been
extensively investigated over the past decade. One of the
cornerstones of this condition is an early and adequate
antibiotic treatment, which has proven to reduce mortality
[2] and length of ICU stay [3], as well as to prevent
resistance emergence [4].

In their contribution to “Intensive Care Medicine”,
Kollef et al. provide interesting information on the
clinical cure and mortality rates in ventilator-associated
pneumonia by Gram-positive organisms under treatment
with linezolid or vancomycin [5]. This study represents a
retrospective analysis of 544 VAP cases extracted from
two previous clinical trials including, respectively, 396
and 623 patients with nosocomial pneumonia [6, 7].
When only MRSA cases were taken into account,
linezolid was associated with significantly higher rates
of clinical cure (62.2 vs 21.2%; p=0.001), survival (84.1
vs 61.7%; p=0.02) and eradication (60.5 vs 22.9%;

p=0.001), compared with vancomycin. Facing these
striking differences, some compulsory questions arise:
(a) Why are we (still) treating MRSA with vancomycin?
and (b) Who is to blame for its modest antimicrobial
efficacy?

The first suspect: multi-drug resistant S. aureus

Microorganism’s resistance to antibiotics is the most
common reason for failure to cure an infection. Methi-
cillin-resistant S. aureus is accumulating evidence con-
cerning mechanisms of resistance acquisition, spreading,
clinical outcome, and urges for new therapeutic tools. S.
aureus showed an increasing resistance to methicillin
over the past four decades, approaching 55% in United
States [8] and 59.6% in Europe [9]. The prevalence of
MRSA in VAP represents approximately 50% of the
episodes due to S. aureus [1], which is the leading
microorganism responsible for nosocomial pneumonia,
isolated in 20–31.7% of cases [1, 10]. S. aureus-related
mortality appears to be significantly higher in patients
with VAP by MRSA (RR 20.7; 95% CI 2.78–154.35) [11]
and MRSA bacteremia (OR 1.93; 95% CI 1.54–2.42;
p<0.01) [12], although MRSA strains are not more
virulent than the susceptible isolates. Melzer et al. [13]
showed recently that in 815 patients with nosocomial S.
aureus bacteremia, the rates of disseminated infection
were similar for MRSA and MSSA (7.1 vs 6.2%; p=0.6),
whereas the attributable mortality rate was significantly
higher in patients infected by MRSA (11.8 vs 5.1%;
p<0.001).

The MRSA strains have the particularity to develop
multiple antibiotic resistance, such as up to 80% macro-
lide resistance and 90% quinolone resistance [14]. Fur-
thermore, the intensive use of glycopeptide as the only
therapeutic option for MRSA during the past years has led
to the emergence of isolates with reduced susceptibility to
vancomycin (VISA/VRSA) and teicoplanin. Glycopep-
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tide-intermediate S. aureus (GISA) are selected by long-
term glycopeptide usage but also by beta-lactams and
fluoroquinolones [15].

Since the first strain with reduced susceptibility to
vancomycin has been reported in Japan in 1996, approx-
imately 21 resistant strains have been identified world-
wide, the majority being actually GISA isolates, with a
MIC<32 mg/l [16]. The first documented case of VRSA
(vancomycin MIC>128 mg/l and teicoplanin MIC 32
mg/l), containing the vanA vancomycin resistance gene
presumably transferred from enterococci, was described
in 2002 in the United States [17]. This strain, although
resistant to glycopeptide and beta-lactams, was suscepti-
ble to several antibiotics such as trimethoprim/sul-
phamethoxazole, which was actually used for treating
the patient. Another phenomenon recently described is the
hetero-VRSA, a precursor strain with low vancomycin
MIC (MIC�4 mg/l), which contains a subpopulation of
cells with intermediate susceptibility (MIC between 4 and
32 mg/l) that acquires full resistance under vancomycin
treatment [18], although this hypothesis has not been
proven by in vitro experiments [19]. The prevalence of
hVISA is extremely variable, ranging between 0% (USA)
and 20% (Japan), depending on definition and methodol-
ogy [16]. Because its detection is encompassed by
technical difficulties, the real prevalence of vancomy-
cin-resistant strains is probably higher but still is far from
being the main responsible factor for treatment failure.
Although a higher attributable mortality has been reported
in patients with hVISA compared with those infected by
vancomycin susceptible MRSA (63 vs 12% in a study by
Fridkin et al. [20] and, respectively, 85.5 vs 70% in a
retrospective study on surgical patients [21]), the actual
minimal incidence of VISA/GISA cannot be the only
causative factor of vancomycin inefficacy.

Indeed, the studies by Rubinstein et al. [6] and
Wunderink et al. [7], which were providing the data for
the analysis by Kollef et al. [5], do not mention any
baseline resistance of S. aureus to vancomycin nor new
resistance acquisition during treatment with vancomycin.
These findings support the hypothesis of actual lack of
impact of vancomycin resistance in the treatment failure.
Other factors should be responsible.

The real suspect: vancomycin, a modest drug

Treatment with vancomycin has been a continuous
subject of debate concerning pharmacodynamics, dosage,
monitoring, administration and toxicity. Cruciani et al.
reported in 1996 that 1 h i.v. infusion of 1 g dose of
vancomycin does not achieve sustained lung concentra-
tion above MIC for susceptible staphylococci over 12 h,
recommending a different modality of administration
[22]. Subsequently, Wysocki et al. compared continuous
vs intermittent infusion of vancomycin in ICU patients

with severe MRSA infection; except for some costs
considerations, no differences were found in terms of
microbiological or clinical outcome, pharmacokinetics or
safety [23]. The need for constant treatment monitoring to
maintain the optimal serum levels and to prevent toxicity
has also been a negative point of this drug. In a recent
editorial, Goldstein and Kitzis mentioned that approxi-
mately 40% of patients treated with vancomycin at
standard dose (1 g twice daily) have inadequate serum
levels [24]. Combining this information with the fact that
vancomycin concentration in the epithelial lining fluid
does not exceed 20% of the plasma levels [25], the overall
conclusion is that penetration of vancomycin into differ-
ent lung compartments is extremely poor.

Furthermore, there is a variety of situations that may
explain the low efficacy of vancomycin treatment, espe-
cially in pulmonary infections. Some combinations of
vancomycin with other largely used antibiotics (amino-
glycosides, beta-lactams) appears to be antagonistic [24].
The presence of a high inoculum of organisms, such as in
abscesses, decreases the efficacy of vancomycin because
of the non-specific affinity trapping. Foreign devices,
such as catheters, are also responsible for a reduced
activity of vancomycin, especially against GISA, and
their removal improves the clinical course [21].

Therapy of resistant staphylococci:
present and perspective

At present, there is sufficient evidence that vancomycin is
no longer a recommendable therapeutic option for pul-
monary infections, especially when MRSA is involved.

Linezolid, the first licensed member of a new class of
antibiotics, the oxazolidinones, is probably a better
alternative of vancomycin, due to its activity against
Gram-positive microorganisms, including MRSA and
GISA, and good penetration in lung compartments [26].

However, the study by Stevens et al. [27] on 460
patients with MRSA infection, including skin infection,
pneumonia, urinary tract infection and bacteremia, found
no statistical differences between linezolid and vancomy-
cin with respect to clinical cure (73 vs 73.1%) or
eradication (60.7 vs 63.2%) rates. The cases of pneumo-
nia (n=64 patients with confirmed MRSA infection at
baseline) had similar trends. In contrast, the recent
analysis of Wunderink et al. [28] shows a clear advantage
of linezolid in patients with nosocomial pneumonia by
MRSA (ITT=160, including patients with VAP analysed
by Kollef et al. [5]) regarding the clinical cure rate (59%
in linezolid group vs 35.5% in vancomycin group;
p<0.01) and the survival rate (85% in linezolid group vs
67% in vancomycin group; p=0.05). These differences
may be explained in part by the fact that the study by
Stevens et al. was not powered exclusively for pneumo-
nia, and secondly, that infections other than pneumonia
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may have a better course under treatment simply because
drug penetration (i.e., vancomycin) in the respective
tissues is better than in the lung—which has been
demonstrated for one decade already [22, 25]; thus, one
can speculate that the clear superiority of linezolid in
pneumonia studies is largely due to the poor efficacy of
the comparator. Nevertheless, there is already evidence of
linezolid-resistant strains of S. aureus in the USA and UK
[29, 30], stressing the point that this highly active drug
should be used, however, with caution, despite the
optimistic results of Kollef et al. [5].

Quinupristin/dalfopristin is a semisynthetic parenteral
streptogramin with activity against most of Gram-positive
pathogens. A multicentre study compared quinupristin/
dalfopristin and vancomycin in the treatment of nosoco-
mial pneumonia by Gram-positive pathogens [31]. Sim-
ilar clinical success rates were observed, including for
MRSA subgroup, although very low (30.9% in quin-
upristin/dalfopristin group vs 44.4% in vancomycin
group, in the bacteriologically evaluable population;
n=38), suggesting that quinupristin/dalfopristin is proba-
bly not a better option than vancomycin in these patients.
Furthermore, quinupristin/dalfopristin resistant strains of
S.aureus have been already reported, even in MRSA [32].

Tigecycline, a member of glycylcyclines, which are
novel tetracycline analogues with activity against Gram-
positive and Gram-negative aerobic and anaerobic bacte-
ria, appears to be a very active antibiotic, not only on
MRSA but also on glycopeptide-resistant enterococci and
GISA. It is currently under phase-III clinical-trial eval-
uation, including nosocomial pneumonia.

To prevent or to treat?

Since sooner or later any antibiotic against S. aureus or
other organisms is supposed to become ineffective,
mainly because of resistance development and/or intrinsic
pharmacodynamic limitations, parallel strategies to cope
with infection must be adopted. Prevention of the in-
creasing resistance of S. aureus has been shown to be a
feasible approach. Antibiotic rotation and restricted use of
antibiotics, increasing compliance in hygiene measures
and cohorting of nurses, have favourable results in
diminishing antibiotic-selective pressure and in decreas-
ing infections by resistant S.aureus [33, 34]. Moreover,
these measures are probably cheaper than any new
antibiotic and, in addition, their chance to develop
“resistance” is minimal.
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