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We screened for heteroresistant, vancomycin-intermediate Staphylococcus aureus (hVISA) among clinical
isolates of methicillin-resistant S. aureus collected from three hospitals (two urban teaching hospitals and one
community hospital) in the Detroit metropolitan area over a 22-year period. The Macro Etest method was used
to screen all available isolates. Confirmation of hVISA-positive screens were confirmed by population-area
under the concentration-time curve (AUC) analysis. A total of 1,499 isolates revealed hVISA/VISA rates of
2.2/0.4% (n = 225; 1986 to 1993), 7.6/2.3% (n = 356; 1994 to 2002), and 8.3/0.3% (n = 917; 2003 to 2007).
Population-AUC analysis confirmed 92.6% of the hVISA-positive strains determined by the Macro Etest
method. For the isolates with known sources (1,208), the predominant source of hVISA was blood (60%),
followed by lung (21%), skin and wound infections (14%), abscess (1%), and other (4%). The percentage of
hVISA-positive strains appeared to increase as a function of the vancomycin MIC. Staphylococcal cassette
chromosome mec (SCCmec) typing revealed that the majority (56.9%) of the hVISA strains were SCCmec type
IT and 39.4% were type IV; the majority of these strains were collected from 2000 to 2007. Our data indicate
that the prevalence of hVISA may be increasing. Based on the association of vancomycin treatment failure in

patients with hVISA, surveillance of hVISA strains is warranted.

The prevalence of methicillin-resistant Staphylococcus au-
reus (MRSA) has continued to increase at a dramatic rate in
recent years (20, 21). This organism is associated with higher
rates of morbidity and mortality than methicillin-susceptible
strains (16). Vancomycin is the primary treatment for this
pathogen; however, the increasing use of this agent for a vari-
ety of gram-positive organisms, including MRSA, contributes
to the growing burden of nonsusceptible strains in both the
community and hospital settings (17). Unfortunately, vanco-
mycin-intermediate S. aureus (VISA) and heteroresistant
VISA (hVISA) strains have now been reported and are asso-
ciated with vancomycin treatment failures (7, 10, 27). Although
the presence of VISA is routinely screened for on the basis of
the vancomycin MIC exceeding the breakpoint for susceptibil-
ity (27, 33), screening for hVISA is not routinely performed
(15, 33, 37). The reasons for this discrepancy include the fact
that the vancomycin MIC for these strains determined by rou-
tine testing is reported to be in the susceptible range. Screen-
ing for hVISA requires additional testing to reveal its heterovari-
ant phenotype, and these methods are more labor-intensive and
costly then routine susceptibility testing. In addition, the methods
used for evaluating hVISA are not standardized. Despite these
shortcomings, there is a growing need to begin screening for this
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organism on the basis of an increasing number of reports of
vancomycin treatment failure for patients (2, 4, 12, 13, 19, 24).

The objectives of the present study were to screen and char-
acterize clinical isolates of MRSA demonstrating heteroresis-
tance to vancomycin from a collection of isolates spanning a
22-year period.

(This report was presented in part at the 17th European
Congress of Clinical Microbiology and Infectious Diseases,
Munich, Germany, March 2007 [abstr. 302].)

MATERIALS AND METHODS

Bacterial isolates. MRSA isolates from 1986 to 2007 in the Detroit metropol-
itan area were collected from Detroit Receiving Hospital and Henry Ford Hos-
pital, Detroit, MI, and William Beaumont Hospital, Royal Oak, MI, and from
the SENTRY Antimicrobial Surveillance Database on the basis of oxacillin
resistance and year (as available). These isolates were part of collections that had
been previously used for surveillance studies by investigators in the area or by the
SENTRY Surveillance Program. Mu3 (archetype hVISA) (11) was used as the
control strain for population analysis profile (PAP)-area under the concentra-
tion-time curve (AUC) ratio determination. The infection source of the derived
organisms was identified when available. All susceptibility testing and hVISA,
VISA, and molecular testing were completed by the Anti-Infective Research
Laboratory for the purpose of this investigation during a 1-year time period.

Antimicrobial agents and susceptibility testing. Vancomycin analytical pow-
der was obtained from Sigma Chemical Company, St. Louis, MO. Teicoplanin
analytical powder was provided by Sanofi-Aventis. Stock solutions of each anti-
biotic were prepared fresh at the beginning of each week and kept frozen at
—4°C. MICs and minimum bactericidal concentrations (MBCs) were determined
for each isolate in duplicate by microdilution techniques with an inoculum of 5 X
10° CFU/ml according to the Clinical and Laboratory Standards Institute guide-
lines. Aliquots (5 pl) from clear wells were plated onto tryptic soy agar plates for
the determination of the MBC, and all samples were incubated at 35°C for 24 h.
Isolates for which the vancomycin MICs were 4 to 8 ug/ml were considered VISA
according to the Clinical and Laboratory Standards Institute guidelines (5).
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MET and modified PAP-AUC ratio. The Macro Etest (MET) was performed
on all strains according to the manufacturer’s manual (EAS 003; AB Biodisk,
Solna, Sweden) with brain heart infusion (BHI) agar. Briefly, several colonies
were picked and suspended in normal saline to obtain a 2-McFarland-standard
bacterial density. One hundred microliters of this suspension was evenly spread
onto a 90-mm BHI (Difco, Detroit, MI) agar plate and allowed to dry. Vanco-
mycin and teicoplanin Etest strips (AB Biodisk, Solna, Sweden) were applied to
the surface of the BHI agar (Difco, Detroit, MI) in parallel but in opposite
directions, and the plates were incubated at 35°C for 48 h. Zones were read at
complete inhibition while carefully observing for visual hazy growth and micro-
colonies. A strain was considered positive for hVISA if microcolonies were
detected at =8 pg/ml for both vancomycin and teicoplanin or at =12 pg/ml for
teicoplanin alone (37). All strains positive for hVISA from this method were then
further evaluated via PAP-AUC analysis. The modified PAPs were determined
as previously described (34, 37). Briefly, organisms were cultured in supple-
mented Mueller-Hinton broth from an overnight growth, adjusted to a 10%-
CFU/ml density, and spiral plated (Don Whitley Scientific Limited, West York-
shire, England) onto BHI agar (Difco, Detroit, MI) plates containing 0, 0.5, 1,
1.5, 2,3, 4, and 8 pg/ml vancomycin. Colonies were counted after incubation for
48 h at 35°C. The resulting numbers of CFU per milliliter were plotted against
the vancomycin concentration. The AUC for each strain was determined by the
trapezoidal rule with SigmaPlot 9.0 (Systat Software, Inc., Richmond, CA). Each
strain was run in conjunction with Mu3 as the control hVISA strain. A ratio was
then calculated by dividing the AUC of the test strain by the AUC of Mu3. The
PAP-AUC criteria for determination of hVISA have been previously described
and are based on ratios of =0.90 for hVISA and =1.3 for VISA (36). The
performance of the MET method for detecting hVISA was compared to the
PAP-AUC ratio results.

SCCmec, Panton-Valentine leukocidin, and accessory gene regulator (agr)
group and function. The staphylococcal cassette chromosome mec (SCCmec)
type was determined for all hVISA strains as previously described (38). Detec-
tion of the lukS-PV and [ukF-PV genes was performed as previously described
(18). The accessory gene regulator group and function were also determined for
all hVISA strains. The agr group was determined by multiplex PCR as described
by Peacock et al. (26). The expression of the agr gene cluster was determined by
delta hemolysin production as described by Sakoulas et al. (29).

Statistical analysis. Vancomycin MIC trends over the 22-year period were
assessed by linear regression and nonparametric correlation (Spearman’s p).
Statistical significance was defined as a P of <0.05.

Skin/Wound

Other
FIG. 1. Known infection sources of the isolates in this study (all isolates, n = 1,208; hVISA isolates, n = 86).

Abscess

RESULTS

A total of 1,499 nonduplicate clinical isolates were collected
over a 22-year period. The sources of 1,208 of these clinical
isolates were identified and were similar between hVISA (n =
86) and non-hVISA strains (n = 1,102). Although blood was
the most common source of hVISA, the isolates identified as
hVISA were proportionally distributed among the various
sources (Fig. 1). Of the 1,499 strains, 112 hVISA strains were
identified by MET and confirmed by PAP-AUC ratio methods.
The percentages of hVISA and VISA strains from 1986 to 2007
ranged from 2.2 to 8.3% and from 0.3 to 2.3%, respectively
(Fig. 2). The PAP-AUC ratio analysis method confirmed
92.1% of the hVISA strains identified by the MET screening
method. Molecular typing of the strains revealed that 56.9% of
the hVISA strains identified were SCCmec type II, of which
53.2% belonged to agr group II. Of interest, 38.4% were
SCCmec type IV (37.2% Panton-Valentine leukocidin posi-
tive), with 63.2% belonging to agr group I, indicating that some
hVISA strains potentially came from the community. The ma-
jority (40/43) of hVISA strains that were SCCmec type IV were
identified between the years 2000 and 2007. The agr function
was absent or severely diminished in 21.2% of hVISA strains
identified. There were a total of 14 strains identified as VISA
on the basis of a vancomycin MIC of 4 to 8 pg/ml (MIC = 4
pg/ml; n = 13). Eleven were determined as hVISA on the basis
of the PAP-AUC ratios, which ranged from 0.9 to 1.25. Two
VISA strains were identified on the basis of their PAP-AUC
ratios (1.42 [MIC = 4 pg/ml] and 1.54 [MIC = 8 pg/ml],
respectively). The primary source of the VISA strains (on the
basis of MIC definition) was blood (12/14).

Vancomycin and teicoplanin susceptibilities are shown in
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FIG. 2. Percentages of S. aureus isolates tested in the Detroit area over 22 years that were either hVISA or VISA.

Table 1. The vancomycin and teicoplanin MICs for 50 and 90%
of the strains tested and the MIC ranges were 1, 2, and 0.06 to
8 pg/ml and 0.5, 2, and 0.03 to 64 pg/ml, respectively. The
vancomycin MIC for 28.2% of the MRSA strains tested was 2
pg/ml. Overall, vancomycin susceptibility decreased over the
22-year period. The percentage of isolates for which the MIC
was 0.5 pg/ml or less decreased from 19.4% between 1986 and
1989 to 6.6% during the years 2002 to 2007, while that of
isolates for which the MIC was =1 pg/ml increased from 80.7
to 93.4% during the same time periods (Spearman’s correla-
tion, 7 = 0.97, P < 0.01; regression analysis, 7* = 0.56 and 0.98,
respectively; P = 0.04; Fig. 3). Of interest, the percentage of
hVISA strains increased in conjunction with increasing MICs
of both vancomycin and teicoplanin (Table 1). Vancomycin

TABLE 1. Percentages of hVISA by PAP-AUC at different MICs
of vancomycin and teicoplanin®

Drug and No. of hVISA Total no. of

MIC (ug/ml) isolates isolates % hVISA
Vancomycin
<0.5 0 4 0
0.5 3 94 19
1 52 858 61
2 44 381 11.6
: u 13 84.6
>4 0 1 0
Teicoplanin
<0.25 0 u .
0.25 2 271 0.7
0.5 9 578 1.6
1 31 322 9.6
2 38 123 309
: 7 16 438
4 13 23 56.5

“ For both agents, as the MIC increases, the percentage of hVISA increases.

and teicoplanin MBCs did not appear to change over time. The
vancomycin and teicoplanin MBCs for 50 and 90% of the
strains tested were 1, 2, and 0.06 to 128 pg/ml and 1, 2, and 0.06
to 64 wg/ml, respectively. Two hVISA isolates were tolerant
(MBC/MIC ratio, =32) to vancomycin, and three non-hVISA
strains were tolerant to teicoplanin. All of the tolerant isolates
were from blood and were obtained from different institutions.
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FIG. 3. Vancomycin susceptibilities determined by microtiter
methods over time. The percentage of isolates for which the MIC was
0.5 pg/ml or less (filled circles) decreased from 19.4% between 1986
and 1989 to 6.6% from 2002 to 2007, while the percentage of isolates
for which the MIC was 1 mg/liter or greater (open circles) increased
from 80.6 to 93.4% during the same time period (r* = 0.56 and 0.98,
respectively; P = 0.04).
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DISCUSSION

Infections involving hVISA are a particular problem since
these strains are reported by clinical laboratories to be suscep-
tible on the basis of current recommended breakpoints for
vancomycin and teicoplanin (6, 33). Screening for heteroresis-
tance to vancomycin or teicoplanin is not routinely performed,
and therefore the true prevalence of hVISA is unknown. How-
ever, on the basis of the limited studies available, the range is
1.67 to 27% (3, 4, 8, 19). Of interest, 11 out of 14 strains that
were considered VISA by MIC (MICs of 4 to 8 pg/ml) dis-
played heterogeneous characteristics. The MIC for the major-
ity (13/14) of these strains was 4 ug/ml. We have previously
described similar strains displaying this trait (1, 28). Although
our present investigation does not represent a true prevalence
study, the data derived from isolates sampled over the last 22
years may imply that the prevalence of hVISA is increasing.
There are several limitations that should be mentioned regard-
ing our study. First, we had limited access to information re-
garding clinical data and therefore could not evaluate patient
antimicrobial exposure or clinical outcome. In addition, al-
though the MET procedure has been found to have very reli-
able specificity (89.1%), it is possible that we missed some
hVISA stains (37). The three time periods selected to evaluate
the percentage of hVISA strains were selected on the basis of
our ability to cluster the largest numbers of isolates from those
periods where fewer isolates were available (1986 to 1993 and
1994 to 2002). Despite our efforts to control for this problem,
more isolates were available to us during the later years (2003
to 2007), so some bias may exist secondary to the larger sample
size of organisms tested during these years. Lastly, although all
hVISA strains were nonduplicate and had molecular testing
performed to identify the SCCmec type and agr group, we did
not determine if clonality existed among our hVISA strains.
Therefore, the above points should be considered when eval-
uating our data.

The evaluation of hVISA prevalence is extremely important
since vancomycin therapeutic failures have been routinely re-
ported in patients with hVISA infections. Howden et al. eval-
uated the outcomes of 25 patients with hVISA infections that
included bacteremia, endocarditis, osteomyelitis, and septic
arthritis (14). Vancomycin therapy was deemed a failure in 19
(76%) of the patients, of whom 15 had detectable S. aureus
bacteremia after 7 days of therapy and 4 had S. aureus isolated
from a sterile site 21 days after vancomycin therapy. Charles et
al., in another investigation, evaluated the outcomes of pa-
tients with MRSA bacteremia over a 12-month period (4). The
presence of hVISA bacteremia was identified in five episodes
(3 patients; prevalence of 9.4%), and the outcomes of these
patients were compared to those of 48 episodes (47 patients) of
non-hVISA MRSA bacteremia. Interestingly, patients with
hVISA bacteremia were significantly more likely to have per-
sistent fever and bacteremia beyond 7 days, high-bacterial-load
infections, and initially low serum vancomycin concentrations
(<10 pg/ml). It was noted that patients failed to improve even
after a vancomycin dosage adjustment was performed to en-
sure appropriate serum vancomycin concentrations.

The fact that patients did not improve despite receiving
adjusted vancomycin dosages is important since it was previ-
ously reported that up to 74% of hVISA strains and 15% of

GLYCOPEPTIDE-HETERORESISTANT S. AUREUS 2953

wild-type MRSA strains are tolerant to vancomycin on the
basis of the MBC/MIC ratio (15). Although there was a wide
range of MBCs of both vancomycin (two isolates for which the
MBC/MIC ratio was =32, both of which were hVISA) and
teicoplanin (three non-hVISA isolates for which the MBC/
MIC ratio was >32) in our data, the MBCs of both antimicro-
bials for 50 and 90% of the strains tested were 1 and 2 pg/ml
and we did not observe a trend of an increasing MBC of either
drug over time. We found that the majority (56.9%) of the
hVISA strains were SCCmec type II and agr group II. The
SCCmec type 1II gene has been commonly associated with tra-
ditional hospital-derived strains, whereas SCCmec type IV has
been associated with community-associated MRSA. Of inter-
est, 39.4% of the hVISA strains were SCCmec type IV, which,
to our knowledge, has not been previously reported. In addi-
tion, Sakoulas et al. (30) previously reported that the majority
of the hVISA and VISA strains tested to date are from agr
group II. Patients with MRSA isolates belonging to agr group
II have been associated with vancomycin failure, although an
association with hVISA or VISA was not reported. Loss of agr
function in S. aureus strains has also been associated with
vancomycin failure or the emergence of resistance under sub-
optimal vancomycin therapy.

Two recent reports evaluating S. aureus susceptibility to van-
comycin over S5-year increments of time have both demon-
strated significant diminished susceptibility (32, 35). Similar to
these reports, we observed a decreasing susceptibility to van-
comycin in MRSA strains collected over a 22-year period. In
addition, for 26.8% of the strains we tested, the vancomycin
MIC was 2 pug/ml. There are a number of recent reports of
patients with MRSA bacteremia treated with vancomycin that
have demonstrated prolonged bacteremia, lower eradication
rates, and higher mortality rates associated with vancomycin
MICs of =1 pg/ml (9, 23, 30, 31). Mohr and Murray (22)
recently reported that for as much as 30% of the MRSA blood
isolates in a 1-year prevalence study at the Texas Medical
Center, the vancomycin MIC was 2 pg/ml. Data from a na-
tional survey examining the susceptibility of 231,000 S. aureus
strains up to 2005 demonstrated that for 16.2% of the strains
tested, the vancomycin MIC was 2 pg/ml (33). Although there
is evidence of vancomycin failure and MICs of =1 pg/ml, there
have been no attempts to determine if these failures might be
related to the presence of hVISA. On the basis of our finding
of an increasing prevalence of hVISA, continued surveillance
and evaluation of outcomes for patients with S. aureus infec-
tions as they relate to the vancomycin MIC and the presence of
hVISA seem warranted.
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