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This study investigated “creep” in vancomycin and daptomycin MICs among methicillin-resistant Staphylococcus aureus
(MRSA) isolates from blood cultures over a 5-year period in a hospital in the United Kingdom, using different susceptibility test-
ing methods. Trends in vancomycin and daptomycin susceptibility were evaluated by using Etest performed prospectively on
isolates in routine clinical practice from December 2007 to December 2010 (n � 102). Comparison was made to results from pro-
spective testing of subcultures at the Scottish MRSA Reference Laboratory, using an automated system (Vitek 2) and retrospec-
tive testing (Etest and CLSI reference broth microdilution [BMD] method) of stored isolates from 2006 to 2010 (n � 208). Spear-
man’s rank correlations revealed a significant increase in vancomycin MIC (P � 0.012) and a significant decrease in daptomycin
MIC (P � 0.03) by year of study for Etest results from the time of isolation. However, neither trend was replicated in MICs from
automated or retrospective testing. The Friedman test revealed a significant difference between vancomycin MICs obtained from
the same samples by different testing methods (�2 [3 degrees of freedom] � 97; P < 0.001). MICs from automated testing and
Etest analysis of stored isolates were significantly lower than those from Etest analysis at the time of isolation for both antibiotics
(P < 0.001). Effects of storage on the MIC appeared within the first 6 months of storage. Inconsistent evidence on vancomycin
MIC creep and the relevance of the MIC to clinical outcome may arise from differences in susceptibility testing methods, includ-
ing storage of isolates. There is a need to standardize and streamline susceptibility testing of vancomycin against MRSA.

Methicillin-resistant Staphylococcus aureus (MRSA) is an im-
portant community and hospital pathogen which, when iso-

lated from blood, carries a high mortality rate despite appropriate
first-line antimicrobial therapy (4, 24).

Resistance to vancomycin in MRSA (MIC of �2 mg/liter) re-
mains infrequent, but there is growing evidence in the literature
that vancomycin may be ineffective against an increasing propor-
tion of isolates with MICs between 1 and 2 mg/liter (5, 18, 28).
This has been demonstrated by the emergence of strains of inter-
mediate resistance, i.e., hetero-VISA (vancomycin-intermediate
S. aureus) and VISA strains, and of increasing proportions of
MRSA isolates with high MICs within the susceptible range, the
so-called vancomycin MIC “creep” (13, 17, 28, 30). The creep
phenomenon has not been reported consistently (7, 13, 28), but it
is concerning because vancomycin still remains the cornerstone of
therapy for many serious MRSA infections (7, 14).

Vancomycin use against methicillin-susceptible S. aureus
(MSSA) is associated with worse outcomes than beta-lactam ther-
apy, but with limited superior alternative treatment options for
MRSA, it has been postulated that the vancomycin MIC may have
a role in the clinician’s decision to continue to use this drug as
therapy (5, 15, 16). Studies evaluating whether an in vitro vanco-
mycin MIC can be used to predict clinical success or failure have
not been able to give definitive answers (7, 15, 26). Equally, since
outcomes often remain poor despite a vancomycin MIC in the
susceptible range (MIC of �2 mg/liter), there has been a sugges-
tion of lowering the clinical breakpoints further (5), and a shift in
MIC population distributions may have important implications
for the incidence of treatment failure beyond individual risk as-
sessment.

However, the interpretation of literature on vancomycin MIC

creep is complicated by inconsistencies in and limitations of sus-
ceptibility testing methods. In many of the reported studies look-
ing at in vitro susceptibility data, MIC testing was performed ret-
rospectively on isolates retrieved from storage, not at the time of
isolation of the organism, and often this is not made explicitly
clear (1, 7, 8, 10, 12, 13, 15, 16, 18, 19, 25, 27, 28, 30, 31, 32, 34, 35).
It has been demonstrated that certain organisms can become
more susceptible when stored (3, 22), and it is possible that this
phenomenon, together with differing methodologies, may explain
some of the conflicting results in the literature (9).

(This paper was presented in part at the 21st European Con-
gress of Clinical Microbiology and Infectious Diseases, 7 to 10
May 2011, Milan, Italy [3a].)

MATERIALS AND METHODS
Aims and study design. This study aimed to assess the possibility of van-
comycin MIC creep among MRSA isolates from blood cultures obtained
over a 5-year period in a teaching hospital in the United Kingdom. We
also evaluated trends in daptomycin susceptibility. Second, we sought to
identify trends and differences in MICs for both antibiotics by using dif-
ferent susceptibility testing methods.

We evaluated vancomycin susceptibility by Etest performed prospec-
tively on isolates as part of routine clinical practice starting from mid-
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December 2007. Results were compared firstly with those from prospec-
tive testing of nonfrozen subcultures at the Scottish MRSA Reference
Laboratory (SMRSARL) by use of an automated system (Vitek 2), avail-
able beginning November 2008. Second, results from Etest at the time of
isolation were compared with those obtained retrospectively by two
methods (Etest and CLSI reference broth microdilution [BMD] method),
using stored isolates from the period 2006 –2010. Trends in daptomycin
susceptibility were also evaluated by Etest at the time of isolation (from
mid-December 2007) and on stored isolates.

Study population and data collection. The Aberdeen Royal Infirmary
(ARI) is a tertiary referral center and teaching hospital in North East
Scotland, serving a population of 500,000. All MRSA blood culture iso-

lates from ARI between 1 January 2006 and 31 December 2010 were iden-
tified from microbiology laboratory records. Any repeat isolates from a
patient within 14 days were excluded, as this would be consistent with a
treatment course for a single episode of bacteremia.

Laboratory methods. Original MIC values, obtained by Etest (AB
bioMérieux) at the time of isolation, were recovered from laboratory re-
cords. All other tests were performed on isolates recovered from storage in
Cryobank storage containers (Mast Diagnostics) at �70°C. All isolates
recovered from storage were subcultured twice prior to any method of
susceptibility testing.

Susceptibility testing at the SMRSARL, Glasgow, United Kingdom,
was performed using a Vitek 2 instrument with commercially available
Staphylococcus cards (GPS-538; AB bioMérieux). Isolates were sent away
on slants and subcultured once but were not frozen prior to susceptibility
testing.

For retrospective testing, Etest was performed per the manufacturer’s
guidelines, using Mueller-Hinton agar (Oxoid), and tests were read blind
in duplicate. For prospective testing, Etest was performed as described
above as part of the routine laboratory diagnostic service, so results were
read only by the biomedical scientist on duty that day. The BMD method
was performed with Mueller-Hinton broth (Fluka Analytical, Sigma-
Aldrich) and 11 incremental dilutions of vancomycin, from 0.25 to 8.0
mg/liter (0.25, 0.375, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, and 8.0 mg/liter
[as in the Etest]). The CLSI-recommended reference strain S. aureus
ATCC 29213 was used as the control with every set of tests. MICs derived
from the Etest or BMD method were also converted to doubling dilutions
(i.e., dilutions of 0.0625, 0.125, 0.25, 0.5, 1.0, and 2.0 mg/liter) by round-
ing up intermediate dilutions.

Strain data were obtained from the SMRSARL. Isolates were typed by
the methods routinely used by the reference laboratory at the time they
were received. Methods varied slightly, but nearly all isolates had extended
antibiogram and urease testing and either pulsed-field gel electrophoresis
(PFGE) or spa typing. Provisionally, most isolates could be assigned phe-
notypically to a known group, and this was confirmed by the PFGE pat-
tern having fewer than three band differences from a known isolate of the
group or the spa type being linked to a known isolate by BURP (based
upon repeat pattern) analysis using Ridom software. A subset of isolates,
including representatives of all groups and all isolates with unusual phe-
notypes or PFGE patterns, were subjected to multilocus sequence typing
(MLST) to assign the groups to MLST clonal complexes (CCs).

Statistical analysis. (i) MIC creep. The mean MIC, MIC range,
MIC50, MIC90, and percentage of isolates with an MIC above the median
MIC in the baseline year (2006 for BMD and Etest analysis of frozen
samples and 2007 [December only] for contemporaneous Etest analysis)
were calculated by year. Temporal trends in vancomycin and daptomycin
MICs were explored by graphing MIC population distributions for each
year by each testing method. Trends were assessed formally by nonpara-
metric (Spearman’s �) correlation (MIC versus year of isolate) and

FIG 1 Vancomycin MIC population distribution for each year of available
isolates for Etest at the time of isolation (a), Etest on frozen isolates (b), and
BMD analysis of frozen isolates (c).

FIG 2 Vancomycin MIC trends (2007 to 2010) obtained by Etest at the time of
isolation.
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Mantel-Haenszel �2 tests of linear association (% of MIC above the me-
dian MIC in the baseline year versus year of isolate).

(ii) Temporal trends in MRSA strain distribution. To investigate the
possibility of clonal expansion explaining patterns of susceptibility, iso-
lates were summarized by year and MLST clonal complex. Antibiogram
data were also summarized as percentages of isolates resistant to beta-
lactam and non-beta-lactam antibiotics by year. Temporal trends were
assessed by Mantel-Haenszel �2 tests of linear association. Given the num-
ber of isolates available, it was not possible to formally model the effects of
temporal trends in strain distribution on MIC creep. However, differ-
ences in vancomycin or daptomycin MIC distribution by strain for each
testing method were assessed by Kruskal-Wallis tests, with post hoc com-
parisons of individual strains by Mann-Whitney U tests.

(iii) Comparison of MICs by method. MICs obtained by different
testing methods (contemporaneous Etest, automated testing by Vitek 2,
Etest analysis of frozen samples, and BMD analysis of frozen samples)

were compared for periods when Etest analysis at the time of isolation and
automated testing were routine. Differences in MIC results returned by
the four different methods were initially explored by graphing the per-
centages of MICs from one method against differences in vancomycin
increments (per Etest strip or doubling dilution) for the MICs returned by
an alternative method. A difference of zero indicated no difference. The
Friedman test was then used to compare MICs from the same isolates
obtained by different testing methods (� � 0.05). Post hoc analysis to
explore comparisons between methods was done by Wilcoxon signed
rank tests, with a Bonferroni adjustment for multiple comparisons (� �
0.0083). Differences in daptomycin MICs obtained by Etest at the time of
isolation or on stored samples were explored by the Wilcoxon signed rank
test.

All analyses were repeated using data converted to doubling dilutions.
Results were very similar and conclusions were unchanged, so the results
are reported (unless stated otherwise) from the analysis of data in their

TABLE 1 MRSA MIC (mg/liter) statistics for vancomycin and daptomycin, 2006 to 2010

Drug and test Year
No. of
isolates Mean MIC (95% CI)

Modal
MIC MIC range

No. (%) of isolates with
MIC � baseline year
median MICc MIC50 MIC90

Vancomycin
Etest at time of isolation Total 99 1.08 (1.01–1.14) 1 0.50–1.5 30 (29) 1 1.5

2006a

2007a 4 0.94 (0.74–1.14) 1 0.75–1.0 1 1
2008 49 1.06 (0.97–1.15) 1 0.50–1.5 13 (25) 1 1
2009 31 1.04 (0.93–1.05) 1 0.50–1.5 8 (26) 1 1
2010 15 1.23 (1.03–1.44) 1.5 0.50–1.5 9 (56) 1 1.5

Vitek automated testing
at time of isolation

Total 50 0.56 (0.51–0.61) 0.5 0.5–1.0 6 (12) 0.5 1.5
2006b

2007b

2008b 5 0.70 (0.36–1.04) 0.5 0.5–1.0 0.5 1
2009 30 0.52 (0.48–0.55) 0.5 0.5–1.0 1 (3) 0.5 0.5
2010 15 0.60 (0.49–0.71) 0.5 0.5–1.0 3 (20) 0.5 1

Etest on frozen isolates Total 206 0.65 (0.62–0.69) 0.5 0.25–2.0 90 (43) 0.5 1
2006 62 0.64 (0.57–0.70) 0.5 0.25–1.5 27 (44) 0.5 1
2007 48 0.72 (0.61–0.83) 0.5 0.38–2.0 21 (44) 0.5 1.5
2008 49 0.65 (0.59–0.71) 0.5 0.25–1.5 24 (48) 0.5 1
2009 31 0.60 (0.53–0.66) 0.5 0.38–1.0 12 (39) 0.5 0.75
2010 16 0.63 (0.51–0.74) 0.5 0.38–1.0 6 (38) 0.5 1

BMD analysis of frozen
isolates

Total 206 1.02 (0.97–1.07) 1 0.5–2.0 48 (23) 1 1.5
2006 62 1.06 (0.97–1.16) 1 0.5–2.0 15 (24) 1 1.5
2007 48 0.97 (0.87–1.06) 0.75 0.5–1.5 11 (23) 1 1.5
2008 49 0.97 (0.90–1.05) 1 0.5–1.5 8 (16) 1 1.5
2009 31 1.12 (0.97–1.27) 0.75 0.5–2.0 12 (39) 1 1.5
2010 16 0.97 (0.84–1.11) 1 0.5–1.5 2 (13) 1 1.5

Daptomycin
Etest at time of isolation Total 93 0.18 (0.15–0.20) 0.125 0.06–0.75 26 (25) 0.125 0.25

2006a

2007a 4 0.19 (0.11–0.27) 0.19 0.13–0.25 0.19 0.25
2008 46 0.18 (0.15–0.21) 0.125 0.09–0.75 20 (43) 0.125 0.25
2009 28 0.19 (0.15–0.23) 0.125 0.06–0.5 13 (46) 0.125 0.38
2010 15 0.13 (0.09–0.16) 0.094 0.06–0.25 4 (27) 0.094 0.25

Etest on frozen isolates Total 98 0.14 (0.12–0.15) 0.125 0.047–0.5 61 (60) 0.125 0.19
2006a

2007a 4 0.13 (0.05–0.20) 0.094 0.094–0.19 0.110 0.19
2008 48 0.15 (0.12–0.17) 0.125 0.047–0.5 15 (31) 0.125 0.25
2009 30 0.14 (0.12–0.15) 0.125 0.064–0.25 9 (29) 0.125 0.19
2010 16 0.10 (0.08–0.12) 0.094 0.05–0.19 1 (6) 0.094 0.125

a Etest analysis was not routine before December 2007.
b Vitek automated testing was not routine before November 2008.
c The baseline year was taken to be the first full year of data (2008 for Etest at time of isolation and Etest on frozen isolates for daptomycin MIC and 2009 for Vitek 2 automated
testing).
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original form (with intermediate dilutions per Etest increments). All data
were entered and analyzed in SPSS 19.0.

RESULTS

In the 5-year study period, a total of 208 MRSA blood culture
isolates were identified. It was possible to retrieve 99% of the orig-
inal isolates from storage for further susceptibility testing. MICs
from Etest analyses performed at the time of isolation were avail-
able for isolates from December 2007 (n � 102 [49%] for vanco-
mycin and n � 93 [45%] for daptomycin). MICs from automated
testing (Vitek 2) were available for 50 isolates (24%).

MIC creep. (i) Vancomycin. Graphs of MIC distributions
from Etest results at the time of isolation by year suggested a shift
(creep) toward higher MICs between 2007 and 2010 (Fig. 1a). In
contrast, annual MIC distributions from Etest or BMD analysis of
stored isolates appeared to be stable. Spearman’s rank correlations
confirmed a significant increase in MIC by year of study for Etest
performed at the time of isolation (P � 0.012) but not in MICs
obtained by automated testing (Vitek 2; P � 0.93) or by Etest or
BMD analysis of stored isolates (P � 0.80). Between December
2007 and December 2010 (inclusive), the mean MIC increased
1.25-fold for Etest analysis at the time of isolation. This shift is
explained largely by an increase in MICs higher than the median
MIC in 2008 (1.0 mg/liter), from 25% in 2008 to 56% in 2010 (P �
0.036) (Fig. 2).

(ii) Daptomycin. Although the proportion of daptomycin
MICs higher than the median MIC in the baseline year fell from
2008 to 2010 for both Etest at the time of isolation and Etest on
frozen isolates, the changes were not significant (Table 1 and Fig.

3). However, nonparametric linear correlations suggested a signif-
icant downward trend in MICs obtained by Etest at the time of
isolation (P � 0.03) that was not present for Etest performed on
frozen isolates (P � 0.09).

Trends in MRSA strain distribution and alternative antibi-
otic resistance. PFGE typing identified the majority of isolates as
belonging to MLST clonal complexes CC22-MRSA-IV (73%) and
CC30-MRSA-II (10%). There was a significant shift in overall
strain distribution by year (�2 [df], 26.3 [16]; P � 0.029) (Fig. 4
and Table 2). This was mostly explained by a significant increase in
isolates of the CC22-MRSA-IV group (62% in 2006 to 81% in
2011; P � 0.019) and a decline in CC45-MRSA-II strains (18% to
0%; P � 0.001).

Irrespective of the testing method, there were significant dif-
ferences in vancomycin and daptomycin MIC distributions be-
tween strains (Kruskal-Wallis test; P � 0.05). Vancomycin and
daptomycin MICs for CC45, CC5, and CC8 strains were typically
higher than those for CC22 or CC30 strains (Tables 3 and 4).
Considering these two groups, there was a notable decline in those
strains with higher MICs between 2006 and 2010 (from 23% to
0%; P � 0.001) and a relative increase in those with lower MICs
(77% to 87%) (Tables 3 and 4).

Antibiogram data revealed significant reductions in resistance
to sulfamethoxazole, kanamycin, novobiocin, and tobramycin
(P � 0.05), which have previously been attributed to regional
shifts in predominant strains from CC30-MRSA-II to CC22-
MRSA-IV (11) (Fig. 5). Patterns of resistance were otherwise
stable.

MICs obtained by different methods. We found a significant
difference in vancomycin MICs obtained for the same isolates by
four different testing methods (Friedman test �2 [3 degrees of
freedom] � 97; P � 0.001) (Fig. 6a and b). Post hoc testing re-
vealed that vancomycin MICs from Etest analysis of stored isolates
were significantly lower than those from Etest analysis at the time
of isolation (Z � �8.37; P � 0.001). In contrast, there was no
significant difference in the MICs obtained by BMD analysis of
stored isolates and those obtained by Etest at the time of isolation
(Z � �1.19; P � 0.235). Vancomycin MICs from automated test-
ing (Vitek 2) were also significantly lower than those found by
Etest at the time of isolation (Z � �5.75; P � 0.001).

Daptomycin MICs obtained by repeat Etest analysis of frozen
isolates were significantly lower than those obtained by Etest at the
time of isolation (Wilcoxon signed rank test; Z � �4.808; P �
0.001) (Fig. 6b).

FIG 3 Daptomycin MIC population distribution for each year of available
isolates for Etest at the time of isolation (a) and Etest on frozen isolates (b).

FIG 4 Trends in MRSA strain distribution, given as % of isolates per year.
Assignment of isolates to MLST clonal complexes was done as described in
Materials and Methods.
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There were no significant associations between the duration of
storage of isolates (months from initial isolation) and the differ-
ence between MICs from Etest on frozen samples and MICs from
Etest at the time of isolation for either vancomycin (Spearman’s
� � 0.089; P � 0.372) or daptomycin (� � �0.158; P � 0.138).

All of the above analyses were repeated on MIC data converted
to doubling dilutions. Results for both analysis of creep and inter-
method comparisons were very similar to those derived from data
for intermediate dilutions, and all conclusions were unchanged.

DISCUSSION

This study from North East Scotland found limited evidence of
vancomycin MIC creep in susceptibility testing performed at the
time of isolation. However, vancomycin MIC creep appears to be
an unstable phenomenon that is not necessarily reproducible in
stored MRSA isolates or even between different testing methods at
the time of isolation. In particular, evidence of creep was absent
from results from automated testing (Vitek 2) at the time of iso-
lation and both BMD and Etest methods used on previously fro-
zen isolates. Similarly, a declining trend in daptomycin MICs from
Etest at the time of isolation was not seen for frozen isolates. The
results revealed significant intermethod variation in MICs ob-
tained from the same isolates, irrespective of antibiotic. We noted
significant changes in MRSA strain during the study period, which
may have affected trends in susceptibility.

In the methodology of similar studies assessing vancomycin
MIC creep, isolates have been frozen previously (8, 13, 25, 32) or
this has not been made explicitly clear (1, 7, 12, 27, 28), though
there appears to be no correlation between known previously fro-
zen isolates and the presence or absence of creep. As far as we are
aware, there has been only one study where MIC trends have been
evaluated by BMD analysis of isolates at the time of clinical isola-

tion, and this study showed MIC creep (34). Our results show that
storage significantly affects the MIC, which in turn obfuscates
susceptibility trends. This effect was demonstrated by two antibi-
otics with divergent trends in antibiotic susceptibility: an increase
in vancomycin MICs and a decrease in daptomycin MICs over
time. The reliance on data from retrospective cohort studies may
explain some of the inconsistency in reporting of MIC creep for
vancomycin, and this certainly highlights the need for prospective
data collection (5).

We can draw no conclusions about whether the MIC at the
time of isolation is the most accurate reflection of an isolate’s
susceptibility to vancomycin, although it would seem reasonable
to assume that this MIC is the most clinically relevant. We know
that storage affects the susceptibility of MRSA; in particular, in
studying VISA and hetero-VISA, it can be necessary to use media
containing vancomycin to reinduce resistance after storage (2).
Our data suggest that changes in susceptibility occur early in stor-
age (within the first 6 months), as we found no association be-
tween the duration of storage and the disparity in MICs beyond
that reported here. Further work is ongoing to determine a poten-
tial cutoff duration for storage, before which isolates could safely
be assumed to have the same susceptibility as that at the time of
isolation.

This series suggests that BMD might be a more accurate way of
assessing frozen isolates, as it might be more representative of the
virulence of the original isolates. Unusually, this series showed a
BMD MIC higher than that obtained by Etest, which is in conflict
with most, but not all, of the literature (5, 21, 29, 33). It is possible
that this may be explained by the use of different suppliers for
Mueller-Hinton broth and agar. Since all controls were satisfac-
tory for each set of tests, we can offer no further explanation for

TABLE 2 Trends in MRSA strain distribution by yeara

Strain/clonal complex

No. (%) of isolates

P valuebTotal 2006 2007 2008 2009 2010

All strains 0.029
CC22-MRSA IV 151 (73) 38 (62) 35 (74) 40 (82) 25 (81) 13 (81) 0.019
CC30-MRSA II 21 (10) 9 (15) 4 (9) 4 (8) 2 (6) 1 (6) 0.175
CC45-MRSA II 16 (8) 11 (18) 4 (9) 1 (2) 0 (0) 0 (0) �0.001
CC5-MRSA IV 9 (4) 3 (5) 3 (6) 2 (4) 1 (3) 0 (0) 0.428
CC8/SM108/SM122 3 (1) 0 (0) 0 (0) 1 (2) 2 (6) 0 (0) 0.113
NARES (not a recognized strain) 0 (0) 0 (0) 1 (2) 1 (2) 1 (3) 2(13) 0.036
a Assignment of isolates to MLST clonal complexes was done as described in Materials and Methods.
b By Mantel-Haenszel test of linear association.

TABLE 3 Comparison of vancomycin MICs by strain and testing methoda

Strain/clonal complex No. (%) of isolates

Median (IQR) vancomycin MIC (mg/liter)b

Etest at time of isolation Etest on frozen isolates BMD analysis of frozen isolates

CC22-MRSA IV 151 (73) 1.0 (1.0–1.5) 0.5 (0.5–0.75) 1.0 (0.5–1.0)
CC30-MRSA II 21 (10) 0.75 (0.75–1.0) 0.5 (0.5–0.75) 0.75 (0.5–1.0)
CC45-MRSA II 16 (8) 1.5 (—) 1.0 (0.75–1.0) 1.5 (1.5–2.0)
CC5-MRSA IV 9 (4) 1.5 (—) 1.0 (1.0–1.5) 1.5 (1.0–1.5)
CC8/SM108/SM122 3 (1) 1.5 (—) 1.0 (—) 1.5 (—)
a All strains were compared by the Kruskal-Wallis test, and the P values were 0.001, �0.001, and �0.001 for Etest at time of isolation, Etest on frozen isolates, and BMD analysis of
frozen isolates, respectively. CC22/CC30 and CC45/CC5/CC8 strains were compared by the Mann-Whitney U test, and the P values were �0.001 and 0.007 for Etest on frozen
isolates and BMD analysis of frozen isolates, respectively.
b IQR, interquartile range. —, numbers were too small for valid calculation.
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this discordant result. In our data, the BMD MIC obtained from
frozen isolates was closer to the original MIC obtained by Etest at
the time of isolation than the Etest MIC obtained from frozen
isolates.

Contention remains regarding the appropriate vancomycin
breakpoint for S. aureus, and the clear differences in MIC values
highlighted here, not only by methodology but also for isolates
from storage versus those at the time of isolation, may cloud this
issue further (5). For many laboratories, automated systems are in
routine use for assessing the antibiotic susceptibility of MRSA,
possibly with very few centers additionally employing either Etest
or BMD as part of routine benchwork. These issues need to be
addressed in order for both accurate and reproducible assess-
ments to be made. Differences in methodology are well known to
affect the MIC. In this setting, even small changes could have
significant consequences because of the narrow therapeutic win-
dow of vancomycin. If we used the proposed breakpoint of 1 mg/
liter by Etest on our prospectively collected data, the percentage of
resistant isolates would increase from 25% to 56% over the period
represented by the study (5). Automated systems return vanco-
mycin MICs below the breakpoint (MICs of �2 mg/liter) that are
known to be unreliable predictors of clinical response (5, 29, 33).
Consistent with this, our study showed large disparities between
results obtained by a Vitek 2 instrument and those obtained by
Etest at the time of isolation.

As yet, only Spanish guidelines have addressed the potential
role of vancomycin MIC in the treatment of MRSA, but this may

change as increasing evidence of clinical failure associated with
MRSA strains that have elevated MICs within the susceptible
range is gathered (6). Notably, the Infectious Diseases Society of
America (IDSA) guidelines currently suggest that the MIC is irrel-
evant in determining the continued use of vancomycin for any
infections caused by MRSA when the MIC is within the suscepti-
ble range (15). Any change in therapy should be the clinician’s
decision, based on the clinical response to treatment. Unfortu-
nately, the IDSA guidelines do not detail which methods should be
employed for susceptibility testing. We recommend that if any
guidelines incorporate a requirement for MIC testing for vanco-
mycin treatment, these would need to detail specific methods, not
merely breakpoints.

Recent articles evaluating the necessary pharmacokinetic/
pharmacodynamic (PK/PD) targets also suggest that the proba-
bility of attaining the appropriate area under the concentration-
time curve (AUC)/MIC ratio of �400 is the best predictor of
outcome with vancomycin (14, 23). The likelihood of attaining
this is considerably decreased as the MIC approaches 2 mg/liter,
with the associated nephrotoxicity one would expect from the
larger doses required (14). As more data become available, the
AUC/MIC ratio may become incorporated into routine practice.
However, our study suggests that interpretation in clinical prac-
tice and research should take into account the MIC testing method
used.

We are aware that this study has limitations. A small sample
size and limited clinical and therapeutic data did not permit
meaningful exploration of correlations between MIC and clinical
outcome. Evidence of actual vancomycin use was available for 128
(62%) patients, although it is likely that a proportion of those for
whom treatment was not detailed (n � 60 [38%]) may have re-
ceived vancomycin in line with the hospital’s empirical antibiotic
guidelines. We did not seek to prove the reproducibility of MIC
results for each of the testing methods, which may limit conclu-
sions about intermethod differences in MICs. However, duplicate
and independent readings of MIC results, with good agreement,
suggested limited interobserver variation (data not shown). Fur-
thermore, tests of difference suggested systematic differences be-
tween results returned by different testing methods that were not
accounted for by variation in MICs within each testing method.

We were able to obtain only limited data on PFGE typing and
characterization of trends in strain distribution. Previous work
has shown that North East Scotland saw a relatively rapid change
in strain distribution, from a predominance of CC30/E16 to
CC22/E15 strains, from 2003 to 2007 (11), which appears to have

TABLE 4 Comparison of daptomycin MICs by strain and testing methoda

Strain/clonal complex No. (%) of isolates

Median (IQR) daptomycin MIC (mg/liter)b

Etest at time of isolation Etest on frozen isolates

CC22-MRSA IV 151 (73) 0.125 (0.094–0.19) 0.125 (0.094–0.125)
CC30 (ST36)-MRSA II 21 (10) 0.25 (0.125–0.25) 0.125 (0.094–0.19)
Weighted avg (CC22 and CC30) 0.125 (0.094–0.19) 0.125 (0.094–0.19)
CC45 (ST45)-MRSA II 16 (8) — —
CC5-MRSA IV 9 (4) 0.250 (—) 0.19 (0.125–0.19)
CC8/SM108/SM122 3 (1) 0.250 (—) 0.19 (0.19–0.25)
Weighted avg (CC45, CC5, and CC8) 0.250 (0.125–0.250) 0.19 (0.125–0.19)
a All strains were compared by the Kruskal-Wallis test, and the P values were 0.047 and 0.012 for Etest at time of isolation and Etest on frozen isolates, respectively. CC22/CC30 and
CC45/CC5/CC8 strains were compared by the Mann-Whitney U test, and the P values were 0.004 and 0.003 for Etest at time of isolation and Etest on frozen isolates, respectively.
b IQR, interquartile range. —, numbers were too small for valid calculation.

FIG 5 Percentages of isolates resistant to antibiotics by year and antibiotic.
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been sustained. Given the associations between strain and MIC,
clonal expansion may have implications for trends in susceptibil-
ity. The higher MICs obtained for CC45 are convergent with a
large proportion of VISA isolates described for the related USA600
lineage (20). The decline in strains with higher MICs in our study
may offer an explanation for increasing susceptibility of MRSA
isolates to daptomycin. However, it suggests an opposing pressure
to described increases in vancomycin MICs. Nevertheless, without
detailed typing throughout the study period, we were unable to
rule out the possibility of dissemination of subtypes within strains
(e.g., CC22) which may account for vancomycin MIC creep.

This study highlights the need to increase awareness among
clinicians of the importance of the vancomycin MIC in treating
MRSA infections, as well as the problems in its interpretation. Our
findings suggest a need to streamline susceptibility testing, and
perhaps to lower vancomycin breakpoints further, to avoid clini-
cal failure and the increased risk of mortality. As the MIC becomes

increasingly crucial in treatment decisions, the issue of MIC dis-
crepancies for isolates after storage and for measurements by dif-
ferent methods will benefit from further prospective study.
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