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The Etest glycopeptide resistance detection identified two potential heterogeneous vancomycin-intermediate Staphylococcus
aureus (hVISA) isolates from a screen of 288 methicillin-resistant Staphylococcus aureus (MRSA) isolates from patients at a Con-
necticut Veterans Hospital. However, the two isolates did not meet the criteria for hVISA by the population analysis profile-area
under the curve analysis, arguing against routine screening for hVISA in this low prevalence population.

Vancomycin is a treatment of choice for methicillin-resistant
Staphylococcus aureus (MRSA) infections, but MRSA isolates

with reduced vancomycin susceptibility are increasingly recog-
nized (11). Heterogeneous vancomycin-intermediate Staphylo-
coccus aureus (hVISA) strains contain a resistant subpopulation
(�10�5 to 10�6 CFU) yet demonstrate vancomycin sensitivity by
standard laboratory testing methods. Modified population analy-
sis profile (PAP) using the area under the curve (AUC), a labor-
intensive and time-consuming method, is the gold standard for
hVISA detection. hVISA has been associated with vancomycin
treatment failures and is also considered the precursor of
vancomycin-intermediate S. aureus (2, 3, 7, 9, 12, 13, 17).

The prevalence of hVISA ranges widely from 0 to 74%, de-
pending on the geographic location, study population, and meth-
odology (8, 11). Most studies in the United States have focused on
hVISA among isolates causing bacteremia, while only limited data
exist regarding the prevalence of hVISA from diverse infection
sites (14). This may lead to an underestimation of the true preva-
lence, as a recent study from Australia found the frequency of
hVISA among all clinical isolates of MRSA to be 48% and sug-
gested that hVISA strains are common colonizers in hospitalized
patients and are less frequently associated with invasive disease
(6). The frequency of hVISA among colonizing strains in Ameri-
can hospitalized patients has not been determined but has impor-
tant implications for infection control and ensuring appropriate
antimicrobial treatment.

We obtained 1,611 consecutive MRSA isolates from clinical
and surveillance specimens received by the Department of Veter-
ans Affairs (VA) Connecticut Healthcare System (West Haven,
CT) Clinical Microbiology Laboratory, which serves a 230-bed
hospital. Isolates were received between February 2008 and Janu-
ary 2010 and stored at �70°C prior to testing. The mean MRSA
colonization rate was 16%, and there was an average of 20 episodes
of MRSA bacteremia per year during this period. Molecular typing
using a DiversiLab Staphylococcus kt (bioMérieux) revealed a
predominance of USA100 strains. Isolates from clinical specimens
were selected from patients from whom a nasal screening isolate was
also obtained. The hVISA phenotype is thought to arise after pro-
longed periods of infection and treatment with vancomycin (5, 8),
and we hypothesized that prior studies which only examined the first
isolate during an infection may have underestimated the prevalence
of hVISA. Thus, for each patient, we examined the last received isolate
to maximize the likelihood of detecting hVISA (n � 146).

MRSA isolates were recovered from the respiratory tract
(36%), abscesses and wounds (31%), urine (15%), blood (12%),
and other sites (5%). As expected from a population served by the
VA health care system, 98% of these isolates were obtained from
male patients, with the mean age of 70 years. Thirty-eight percent
of the patients had received vancomycin in the 6 weeks prior to
collection of the tested specimen. The average number of days of
vancomycin treatment was 5.98, with a range of 1 to 33 days, and
the standard daily dose of vancomycin was 2 g.

We screened these isolates using Etest glycopeptide resistance de-
tection (GRD) strips (AB Biodisk, Solna, Sweden) according to the
manufacturer’s instructions and as previously described (19). This is
a highly sensitive and specific method for the detection of hVISA
which could be easily implemented in the clinical microbiology lab-
oratory (10, 19). hVISA Mu3 (ATCC 700698), the positive-control
organism (18), consistently gave a positive screen result.

One of the 146 tested isolates (0.7%) was positive for presump-
tive hVISA by having Etest GRD MIC values of �32 �g/ml for
teicoplanin and 3 �g/ml for vancomycin, with a standard Etest
vancomycin MIC of �4 �g/ml. The finding of reduced teicopla-
nin sensitivity without a vancomycin phenotype is not surprising,
as teicoplanin is more sensitive in the detection of the hVISA phe-
notype than vancomycin (19). This isolate was obtained from a
wound culture from a patient without documented vancomycin
exposure in the prior 6 weeks. An independent MRSA isolate ob-
tained from nasal carriage surveillance from the same patient was
also positive for presumptive hVISA.

PAP-AUC was performed on these isolates as previously de-
scribed (18) by serially diluting overnight cultures grown in Tryp-
ticase soy broth onto brain heart infusion agar plates containing
increasing vancomycin concentrations, incubating for 48 h, and
counting subsequent colonies. Although the presumptive hVISA
isolates displayed reduced vancomycin sensitivity compared to a
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vancomycin-sensitive S. aureus (VSSA; ATCC 43300) control
(Fig. 1), they did not meet the criteria for hVISA (a PAP-AUC
ratio to Mu3 of �0.9), with PAP-AUC ratios of 0.54 and 0.58 for
the nasal and wound specimens, respectively. The significance of
this phenotype in terms of the clinical response to vancomycin
treatment is unknown. Therefore, the confirmed hVISA preva-
lence as detected by Etest GRD from diverse sites of infection in
our population is 0%, with the upper 95% confidence limit being
2.2% using the adjusted Wald method (1).

To specifically investigate the prevalence of hVISA among
MRSA strains colonizing the anterior nares, we obtained 121 ad-
ditional consecutive MRSA isolates from nasal carriage screening
between 25 July and 2 October 2009 and tested the last received
isolate for each patient using Etest GRD (n � 92). An additional 50
consecutive MRSA isolates obtained from nasal carriage screening
between 6 October and 5 December 2009 were tested directly after
initial culture, without storage at �70°C, as vancomycin-resistant
phenotypes have been suggested to be unstable with potential loss
of resistance during prolonged storage (8, 15). None of these iso-
lates was positive for presumptive hVISA. Thus, the prevalence of
hVISA nasal colonization detected by Etest GRD in this popula-
tion was 0%, with the upper 95% confidence limit being 2.3%.
Similar to our results, a screen for hVISA among colonizing strains
of MRSA in American patients also found no confirmed hVISA
isolates (4). However, in this report, screening was performed by
simplified population analysis, which has reduced sensitivity
compared with Etest GRD (11, 16), making it more likely that
potential hVISA may have been missed.

While vancomycin exposure potentially selects for hVISA (5,
8), we found no hVISA isolates, even though a high percentage of
patients had prior exposure to vancomycin. We did not screen the
same patients over time, so we cannot exclude intermittent colo-
nization with hVISA. This would require prospective studies of a
cohort of patients with multiple isolates over time.

In this low prevalence population, screening for hVISA by Etest
GRD gave false-positive results that have the potential to cause an
unnecessary switch from vancomycin to an alternative agent.
Therefore, these data do not support routine screening for hVISA
by Etest GRD in low prevalence populations without a confirma-
tory method. Additional studies are required to determine the
clinical utility of routine screening for hVISA in populations with
higher point prevalence rates.
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FIG 1 Population analysis profile curves of two isolates (wound and nasal)
from a single patient that were positive for hVISA by Etest GRD. Neither was
defined to be hVISA compared to the susceptibility of the Mu3 reference
strain.
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