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Staphylococcus aureus isolated from bloodstream infection
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Abstract

Introduction: Staphylococcus aureus bacteremia causes signifi-
cant morbidity and mortality, mainly by methicillin-resistant
S. aureus (MRSA). Currently, vancomycin is the main choice
for the treatment of infections by MRSA. Broth microdilution
(BMD) remains the gold standard for measuring vancomycin
MIC. However, most clinical laboratories employ practical
methods in the routines, but these methods may not deter-
mine accurate vancomycin MIC values. Objectives: This study
aimed to evaluate the accuracy of VITEK®2, Phoenix® and
Etest® methods against BMD. Materials and Methods: A total
of 78 strains (27 methicillin-sensitive S. aureus and 51 MRSA)
were isolated from bloodstream infections. The vancomycin
MIC was determined following CLSI and the manufacturers’
recommendations. We also performed SCCmec typing, in
order to identify their vancomycin MIC ratio values. Results:
Most of all isolates showed values of MIC =1 ug/mL by BMD
and Phoenix® while Etest® and VITEK® 2 determined the ma-
jority with MIC =1.5 and 0.5 ug/mL, respectively. Thus, Etest®
and VITEK® 2 tended to overestimate and underestimate,
respectively, the MIC values. Three MRSA isolates that were
vancomycin susceptible by the BMD were vancomycin-in-
termediate by Etest®. The SCCmecII (39%) and IV (51%) were
the most frequent, and there was no relationship between the
type of SCCmecand the MIC values. Conclusions: The results
showed that vancomycin MICs vary according to the test
method. It is essential that clinicians consider the differences
in MICresults determined by different methods, since the MIC
value is generally the parameter used by clinicians to select
the appropriate therapy.

Descritores: Staphylococcus aureus; Vancomycin; Bloodstream
infection.

Introduction

Staphylococcus aureus is a leading cause of bactere-
mia, with an estimated mortality of 20%.! Bacteremia
caused by methicillin-resistant S. aureus (MRSA) is
associated with poorer clinical outcomes, showing
morbidity and mortality higher than methicillin-sen-
sitive S. aureus (MSSA) bacteremia.?

The resistance to methicillin is mediated by ac-
quisition of the mecA gene, which is located within
the mobile genetic element Staphylococcal Cassette
Chromosome mec (SCCmec). Currently, many types
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of SCCmechave been described; among these, SCCmec
types I-V are the most frequently reported.3*

The recommended antimicrobials for the treat-
ment of bacteremia caused by MSSA include B-lact-
amase-resistant penicillins such as methicillin, and
vancomycin is the standard first-line treatment for
MRSA bacteremia.’

While vancomycin non-susceptible strains remain
rare, an increasing proportion of MRSA isolates with
high MICs have been observed within the susceptible
range around de world, including Brazil (vancomycin
MIC creep).%” However, the interpretation of literature
on vancomycin MIC creep is complicated by inconsis-
tencies of susceptibility testing methods.® It has been
suggested that there is an increased risk of treatment
failure in MRSA bacteremia caused by strains with
reduced vancomycin susceptibility,’® although con-
flicting results have been published.""> The differences
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of these findings can be explained by the methodology
performed to determine MIC, because the differencesin
methodology are well known to affect the MIC value
and, simultaneously, can have significant consequenc-
es for patients®

Different methodologies are available to measure
vancomycin MICs. According to CLSL" broth microdi-
lution (BMD) is considered the gold standard for mea-
suring vancomycin MIC. However, BMD is commonly
regarded as a laborious and expensive method that is
rarely performed in routine diagnostics.® Therefore,
most clinical laboratories use strips with antimicrobial
concentration gradient and automated systems to per-
form susceptibility testing to determine vancomycin
MIC. However, these alternative methodologies to
BMD may not be sufficiently accurate, compromising
the patients’ clinical outcome, since the determination
of vancomycin MIC can influence the agent used to
treat MRSA infection.16

The determination of the MIC value is generally
the parameter used by clinicians to select the appro-
priate therapy, which further emphasizes the impor-
tance of an accurate MIC value. Thus, a more robust
evaluation of the alternative methodologies to BMD
isneeded, since it influences the patients’ clinical out-
come.”® In addition, specific organism characteristics,
for example, SCCmec types, are linked with elevated
vancomycin MIC*

Therefore, the aim of this study was to evaluate the
accuracy of several methods in the determination of
vancomycin MIC among clinical MRSA/MSSA isolate
from bloodstream compared against a BMD standard.
Wealso performed SCCmectyping in order to identify
their vancomycin MIC ratio values.

Materials and methods

Bacterial isolates

A total of 78 S. aureus strains, including 51 MRSA
and 27 MSSA, isolated from bloodstream were per-
formed; only one isolate per patient was included.
All isolates were obtained from patient monitoring
at Hospital Universitario Pedro Ernesto (HUPE) of the
Universidade do Estado do Rio de Janeiro, over a period
of three years. The isolates were identified by VITEK® 2
(GP ID card, BioMérieux, France) as S. aureus and were
confirmed by classical methodology.20 Resistance to
methicillin was performed using cefoxitin (Becton,
Dickinson and Company, Sparks, USA) by disk diffusion
test (CLSI, 2019).14
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Vancomycin MIC determination

Vancomycin susceptibility testing was performed
by microdilution test, as a gold standard (CLSI, 2019).14
MIC was also evaluated by commercial methodologies:
Phoenix® (BD Diagnostics, United Kingdom) version
V6.21A, the panel type PMIC/ID-89 with vancomycin
range from 0.5 to 16 ug/mL, VITEK® 2 (BioM¢érieux,
France) software version 06.01, the card type AST-P585
with vancomycin dilutions range from 1 to 16 ug/mL,
and Etest® (BioMérieux, France) gradient strips range
from 0.016 to 256 ug/mL.

S. aureus ATCC 29213 and Enterococcus faecalis
ATCC 29212 were applied as control quality.

Molecular typing (SCCmec)

Molecular characterization of SCCmec(typesI-V)
was carried for all MRSA isolates, by multiplex PCR
analysis, as previously described.?!

Statistical analysis

Comparisons between groups were made with
descriptive statistics, on the basis of mean, standard
deviation, and coefficient of variation. Before statisti-
cally testing, the Kolmogorov-Smirnov test was used
on evaluating the variables for normal distribution.
Because the samples were not normally distributed,
statistical analysis was performed using the non-para-
metric Kruskal-Wallis test and Dunn’s post-test for
comparisons between groups. Differences were con-
sidered significant at p < 0.0S. Statistical analyses were
performed with GraphPad Prism version 8.0 (GraphPad
Software Inc.,, San Diego, USA). In addition, the concen-
tration required to inhibit 50% (MIC,,) and 90% (MIC,,)
of the isolates were calculated for each method. In
comparison with BMD, categorical agreement between
the test methods was assessed as per CLSI14 breakpoint
(£ 2 ug/mL) and suggested breakpoint by the clinical
good outcome studies of <1 ug/mL.22%

Results

Table 1shows vancomycin MIC values for the four
methods. Overall, by BMD, all except one isolate (MIC
= 2 ug/mlL) had MICs <1 ug/mL. Similarly, all isolates
had MICs <1 pug/mL by VITEK® 2. On the other hand,
Phoenix® and Etest® had MIC values >1ug/mlL, with a
frequency of 9% and 63% in all isolates tested, respec-
tively. In the MSSA group, only Etest® determined MIC
values>1ug/mL. Notably, all isolates determined with
MIC >1pg/mL by BMD and Phoenix® belonged to the
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MRSA group. Altogether, BMD and Phoenix® tended
to determine values of MIC =1 ug/mlL, while VITEK®
2 and Etest® determined the majority with MIC = 0.5
ug/mL and 1.5ug/mL, respectively. Three MRSA isolates
that were vancomycin susceptible by the BMD method
were vancomycin-intermediate by Etest® MIC>2 ug/
mL). Allisolates had an MIC, and MIC, of <1ug/mL for
BMD, Phoenix®and VITEK® 2, except the MRSA group
for the Phoenix®, which had MIC,, of 2 ug/mL. On the
other hand, the Etest® was the only method that had
values of MIC,, and MIC,,> 1 ug/mL.

In the MRSA group, the mean Phoenix® vanco-
mycin MIC was 1.14 ug/mL, value closer to BMD (1.01
ug/mL). The MICs determined by the VITEK® 2 were
frequently lower, showing lower mean values. The
Etest® had a higher disagreement with the means of
MICs by BMD in the three groups (all strains, MSSA and
MRSA), while the Phoenix® system had values closer to
the BMD coefficient of variation. The Etest® presented
higher values for the coefficient of variation, showing

Table 1. Distribution of vancomycin MICs, according to the method

in Staphylococcus aureus isolated from bloodstream infection

that there was high variability of the MIC values in
relation to the reference method (Table 2).

Categorical agreements for the three methods, com-
pared to BMD, are shown in Table 3. VITEK® 2 and Phoe-
nix® showed a high level of agreement between break-
points with the gold-standard BMD assay MICs. Etest® had
agood agreement only on breakpoint <2 ug/mL.

Among the 51 MRSA isolates, 2 (4%) harbored the
SCCmec], 20 (39%) the SCCmecl, 1 (2%) the SCCmec
111, 26 (51%) the SCCmec IV and 1 (2%) the SCCmec V. It
was not possible to determine the SCCmectype of one
isolate (MRSA)(2%).

Significant differences (Kruskal-Wallis test,
P <0.0001) were detected among the four methods, in
the three groups of isolates (all strains, MSSA and MRSA).
Dunn’s nonparametric pairwise comparison, testing
after a significant Kruskall-Wallis, was calculated us-
ing BMD as the reference method. Thus, in all groups
(all strains, MSSA and MRSA), significant differences
(P <0.05) were observed between the BMD and VITEK®

No. of Isolates (%) inhibited at MIC (ug/mL) of:

Method <05 1 1.5% 2 3* 4 MIC,, MIC,,
All strains (n = 78)
::i‘;trzd”uﬁon 12(15.4) 65(83.3) - 1(1.3) - - 1 1
Phoenix® 3(3.8) 68(87.2) - 7(9) - - 1 1
VITEK® 2 65(83) 13(17) - - - - 05 1
Etest® 5(6) 24(31) 32(41) 14(18) 1(1) 2(3) 1 15
MSSA (n = 27)
E:i‘ztrzd“uﬁon 11(41) 16(59) . 1(1.3) . - 1 1
Phoenix® 3(11) 24(89) - 7(9) - - 1 1
VITEK® 2 23(85) 4(15) - - - - 0.5 1
Etest® 4(15) 10(37) 11(41) 2(7) - - 1 15
MSSA (n = 51)
rBr:icc):teriIution 12) 49(%6) . 1(2) ) ) 1 1
Phoenix® - 44(86.3) - 7(13.7) - - 1 2
VITEK® 2 42(82) 9(18) - - - - 05 1
Etest® 1(2) 14(27) 21(41) 22(24) 1(2) 2(4) 15 2

Legend: MRSA: Methicillin-Resistant Staphylococcus aureus; MSSA: Methicillin-Susceptible S. aureus; MIC: Minimum Inhibitory
Concentration; MIC, : concentration that inhibited growth of 50% of isolates; MIC,: concentration that inhibited growth of 90%

of isolates; * concentration present only on the Etest®.
Authorship: The authors (2020).
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Table 2. Descriptive statistics of all MICs determined by each method

Method Mean (pg/mL) Standard deviation Coefficient of variation
All strains (n = 78)
Broth microdilution 0.94 0.22 23.5
Phoenix® 1.1 0.31 28.9
VITEK® 2 0.59 0.19 32.9
Etest® 1.46 0.62 42.3
MSSA (n = 27)
Broth microdilution 0.80 0.25 31.44
Phoenix® 0.94 0.16 16.95
VITEK® 2 0.57 0.18 31.53
Etest® 1.20 0.42 35.05
MSSA (n =51)
Broth microdilution 1.01 0.16 15.62
Phoenix® 1.14 0.35 30.56
VITEK® 2 0.60 0.20 33.78
Etest® 1.59 0.67 41.89

Legend: MRSA: Methicillin-Resistant Staphylococcus aureus; MSSA: Methicillin-Susceptible S. aureus; MIC: Minimum Inhibitory

Concentration.
Authorship: The authors (2020).

Table 3. Categorical agreement between Phoenix®, VITEK® 2 and Etest® compared to broth microdilution method

Breakpoints Agreement (%) Agreement (%) Agreement (%)
(ng/mL) All strains MSSA MRSA
Phoenix®

<2 100 100 100
<1 91 100 86.3
VITEK® 2
<2 100 100 100
<1 98.7 100 98
Etest®
<2 96.1 92.6 94.1
<1 333 51.9 314

Authorship: The authors (2020).

2, and between the BMD and Etest®. No statistically
significant differences were observed between the BMD
and Phoenix® (P > 0.05) (Table 4).

Discussion

The susceptibility of microorganisms to antimicro-
bials in clinical microbiology laboratories needs to be
simple, reliable, and accurate, since these microorgan-
isms influence therapeutic decision-making. Accord-
ing to CLSI,14 BMD is considered the gold standard to
determine the susceptibility of S. aureusto vancomycin;

14 bjhbs.hupe.uerj.br

however, this procedure islaborious and is not used rou-
tinely by clinical laboratories. Most clinical laboratories
use gradient MIC strips and automated susceptibility
testing to measure vancomycin MIC.® Nonetheless,
there is a subtle variability in the MIC values of vanco-
mycin obtained with different methodologies, which is
a problem, since the MIC value is one of the parameters
for choosing the therapy 2 Thus, reliable methods to test
the susceptibility of S. aureusto vancomycin are needed
to predict the appropriate clinical response.

All the isolates were susceptible to vancomycin
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Table 4. Statistical differences between the three methods
compared to broth microdilution method using Dunn’s multi-
ple comparison test

Method P-value
All strains (n = 78)

Phoenix® 0.1883

VITEK® 2 <0.0001

Etest® <0.0001
MSSA (n = 27)

Phoenix® 0.2044

VITEK® 2 0.0187

Etest® 0.0007
MRSA (n = 51)

Phoenix® 0.7435

VITEK® 2 <0.0001

Etest® <0.0001

Authorship: The authors (2020).

(MIC < 2 ug/mL) by BDM, Phoenix® and VITEK® 2;
except for Etest®, which determined three isolates with
MIC > 2 ug/mL. In this study, in all strains (n =78) van-
comycin MICs obtained by Etest® were consistently
higher (mean 1.46 ug/mlL), while VITEK® 2 had lower
MIC values (mean 0.59 pg/mL), when compared with
BDM (mean 0.94 ug/mL), demonstrating that the Etest®
and VITEK® 2 tend to overestimate and underestimate
the value of MIC, respectively. The vancomycin MIC
values obtained by Phoenix® (mean 1.1 ug/mL) cor-
related better with BMD method.

A study in the USA has made a comparative anal-
ysis between commercial methodologies, including
Phoenix®, Etest® and VITEK® 2, with the standard
BMD methodology for measuring MIC vancomycin
of 200 MRSA isolated from blood, 10 more control
strains.25 In their study, the results showed that 60%
of the isolates submitted to Etest® presented MICs
with 1 more dilution than the MICs determined by
BMD; while VITEK® 2 and the Phoenix® systems were
more likely to underestimate the MIC by 1 dilution
at 32.3% and 26.7% of isolates, respectively. Similar to
the current study, VITEK® 2 and Etest® also tended
to underestimate and overestimate MIC values in 74%
(58/78) and 68% (58/78) of the isolates, respectively;
however, the Phoenix® system tended to overestimate
MIC in 20% (18/78) of isolates. Likewise, Rybak et al.,
in their study also reported that Phoenix® (66.2%) was
the method with the highest agreement with the MIC
values by the reference method.?®

In the current study, we showed that the MICs
determined by VITEK® 2 tends to present values of

in Staphylococcus aureus isolated from bloodstream infection

0.5 ug/mL (65/78, 83%), while Etest® tended to result
values >1ug/mL (49/78, 63%), disagreeing with the gold
standard methodology, which tended to report values
equal to 1 ug/mL (65/78, 83.3%). Similar to BDM, the
Phoenix® system tended to have MIC equal to 1ug/mL
(68/78,87.2%). A study also reported that the majority of
vancomycin MICs determined by VITEK® 2 and Etest®
had values of 0.5 ug/mL and 1.5 ug/mlL, respectively;
however, the Phoenix® system tended to determine
MIC of 0.5 ug/mL.> Reports are conflicting about the
performance of the Phoenix® system compared to the
standard BMD method.”

The only isolate (MRSA) with MIC = 2 ug/mL by
BDM was determined with MIC of 1 ug/mL by VITEK®
2 and Phoenix®, and when tested with Etest®, the
isolate had MIC of 3 ug/mL. A previous study that
determined the vancomycin susceptibility of 129
S. aureus isolates from the CDC (Centers for Disease
Control and Prevention) collection showed that Etest®
and the Phoenix® system tended to categorize VSSA
(vancomycin-susceptible S. aureus) strains as VISA
(vancomycin-intermediate S. aureus), while VITEK®
2 tended to categorize VISA strains as VSSA.28 Changes
in vancomycin MIC, even if small, could have rele-
vant consequences for patients, due to the narrow
therapeutic window of vancomycin or the incorrect
categorization of MIC, such as determining VSSA a
strain that is VISA3

Our results show the risk of the VITEK® 2 auto-
mated system in underestimating MIC values, espe-
cially when there are VISA subpopulations (hVISA
- heteroresistant vancomycin-intermediate S. aureus).
Underestimating MIC values can lead to severe thera-
peutic results or risk of failure, since clinicians do not
normally change therapy for isolates with MICs<1ug/
mL of vancomycin.?® Vancomycin MIC in MRSA with
values between 1-2 ug/mL is more likely to result in
treatment failure with vancomycin due to the possible
presence of VISA subpopulations, considering alterna-
tive therapies in patients with persistent infections,
such as bacteremia. Since hVISA is associated with poor
results, it is of great importance that amethodology has
the capacity to distinguish MIC values between 1 and
2 ug/mL of vancomycin.?>3

If the cut-off point for S. aureus susceptibility to
vancomycin was adjusted down to <1 ug/mlL, which
is the cut-off point suggested by the studies for better
clinical results,” only 37% of the isolates (29/78) would
be categorized as VSSA by Etest®. In contrast, 98.7%
and 100% of the isolates submitted to Phoenix® and
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VITEK® 2, respectively, would be categorized as VSSA.
Thus, possibly, less than half of the patients would
be indicated to start treatment with vancomycin
when using Etest® to determine MIC; conversely, if
using Phoenix® and VITEK® 2 systems, all patients
would have a high chance of starting treatment with
vancomycin. Similar results were found in a previous
study, in 359 isolates (MRSA and MSSA), which when
assuming MIC <1ug/ml, 96% and 16% of patients, re-
spectively, would receive treatment with vancomycin
when using VITEK® 2 and Etest® to determine the
vancomycin MIC2!

Vancomycin MICs generated by Etest® were
consistently higher in the current study, according
to other studies showing that Etest® MICs tend to be
higher than BMD MICs.!%%2% The falsely elevated MIC
of vancomycin may influence the clinicians to use
another antimicrobial to replace vancomycin, and in
another scenario, with the precise MIC value, vanco-
mycin would be the first treatment choice.3* Although
new anti-staphylococcal antimicrobials have recently
been developed, such aslinezolid, vancomycin still re-
mains the main therapeutic choice, mainly due to the
low cost and the large number of clinical trials when
compared to the new drugs.

Only 23.1% (18/78) and 26.9% (21/78) isolates agreed
with the values obtained by the BMD reference method
when the isolates were tested with the VITEK® 2 and
Etest® respectively. However, when tested with Phoe-
nix®, 78.2% of the isolates were concordant with the
values obtained by the BMD. There is no fully reliable
method for determining the vancomycin MIC; howev-
er, BMD remains the apparently most reliable method;
yet, BMD is not routinely used in clinical laboratories.
This method has a two-fold serial dilution method,
which may not be able to detect subtle changes in the
vancomycin MIC.3 In this study, Phoenix® is a better
method to determine vancomycin MICs compared
to VITEK® 2 and Etest®. However, the vancomycin
MIC values consistently higher by Etest® appear to be
more reliable in predicting response to vancomycin
treatment.¥* Etest® is based on a continuous gradient
with half-dilution values (i.e. 1.5 ug/mL). It is suggested
to measure isolates with elevated vancomycin MIC
(within susceptible range) with a second alternative
method, such as Etest®; thus assisting recommendations
for antibiotic therapy.3¢-#

The majority of the MRSA isolates carried SCCmec
type II (n= 20; 39%) or type IV (n= 26; 51%). Likewise,
a study carried out at a Brazilian university hospital,
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which typed 31 isolates from patients with MRSA
bacteremia, showed that 48% and 52% of the isolates,
respectively, were classified as SCCmeclland IV.¥ There
was no association with a high vancomycin MIC and
the type of SCCmec, since 99% of MICs by BMD had
values <1ug/mL. Nevertheless, 36 MRSA isolates (36/51)
had MIC > 1 ug/mL by Etest®; of these isolates, 44%
(16/36) carried SCCmec type 1. A study with 188 pa-
tients with MRSA bacteremia found that isolates with
reduced susceptibility to vancomycin (MIC by Etest®
>1ug/mL) were significantly associated with SCCmec
IT compared to isolates without reduced susceptibili-
ty to vancomycin.” On the contrary, another study
found no associations between SCCmec with elevated
vancomycin MIC and increased mortality in patients
with MRSA bacteremia.

Alimitation of our study is that we did not evaluate
clinical outcomes among the methodology used in this
work. We also did not evaluate the hVISA detection
in our isolates. It is known that hVISA interferes neg-
atively in the treatment of patients with bacteremia,
and that these isolates are often not detected by the
methodologies commonly used to determine MIC,
and the use of the population analysis profile-area
under the curve (PAP-AUC) method is an expensive
and laborious procedure.

Conclusion

In summary, the results of the current study
demonstrate that vancomycin MICs vary according
to the test methodology. VITEK® 2 and Etest® tend to
underestimate or overestimate, respectively, the value
of MIC, differing significantly from BMD (P < 0.05).
The Phoenix® system showed MIC values closer to
BMD, no significant differences found between these
methodologies (P >0.05). These methodologies are not
equivalent to BMD; therefore, they do not accurately
replace the gold standard methodology. Therefore, it is
important to have alternatives to measure the results
of MRSA isolates with MIC between 1 and 2 ug/mL of
vancomycin, in order to detect hVISA isolates. The de-
tection method Etest® for resistance to glycopeptides is
considered areasonable methodology to the PAP-AUC
method and simple to detect hVISA/VISA in routine
laboratories.*

Itis essential that clinicians consider the differences
in MICresults determined by different BMD substitute
methodologies, and that awareness of the type of
methodology used in the clinical laboratory is relevant
before considering antimicrobial therapy for severe
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