@SciMedCentral JSM Microbiology

Research Article

Evaluation of the Accuracy of
Phenotypic Methods for the
Detection of Heteroresistant
Vancomycin-Intermediate
Staphylococcus aureus (hVISA)

Silveira ACOY?*, Da Cunha GR?, Caierdo J*, De Cordova CMM?,
and d’Azevedo PA!

!Department of Health Sciences, Federal University of Health Sciences of Porto Alegre,
Brazil
2Department of Pharmaceutical Sciences, Regional University of Blumenau, Brazil

Abstract

The detection of hVISA is challenging because these strains are susceptible to
vancomycin in vitro (minimum inhibitory concentration (MIC) < 4 pg/ml) and are
therefore categorized as susceptible by the usual laboratory methods. A total of 124
methicillin-resistant Staphylococcus aureus (MRSA) isolated from hospitals in the state of
Santa Catarina, southern Brazil, with vancomycin MIC between 0.5 and 2 ug/mlL were
evaluated. The Etest glycopeptide resistance detection (GRD) was done according to
the manufacturer’s instructions. Etest macro method was performed using 2.0 McFarland
inoculum on BHI agar plates, using vancomycin Etest strips. Heteroresistant was defined
as MICs for vancomycin of > 8 pg/mL. Population analysis profile-area under the
curve (PAP-AUC) was performed as described by Wootton et al., of the 124 MRSA
tested, 21 (16.9%) had positive results for at least one hVISA detection tests. Twelve
were confirmed as hVISA (prevalence of 9.7%). The Etest GRD had a sensitivity of
66.7% and specificity of 97.3%. For the Etest macro method sensitivity was 75% with
a specificity of 94.6%. The screening with Brain Heart Infusion agar (BHI) showed a
sensitivity of 90.9% and specificity of 93.8%. PAP-AUC confirmed 12 (8.8%) as hVISA,
with ratios of 0.93 to 1.17. The methods used routinely to detect vancomycin resistance
vary in sensitivity and specificity, and may fail to detect hVISA. The combination of the
three methods may be the best alternative, since the ones with vancomycin MIC < 4
Mg/mL, may have hetero-resistance. The correct characterization of hVISA may impact
directly in the therapeutic success.
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Clinical and Laboratory Standards Institute; ATCC: American
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INTRODUCTION

Vancomycin-intermediate Staphylococcus aureus (VISA),
a phenotype characterized by cell wall thickness, is becoming
increasingly common during prolonged therapy with

glycopeptides[1].

Colonies of heteroresistant vancomycin-intermediate
S. aureus (hVISA) are heterogeneous in appearance and
pigmentation, giving the impression of contamination and
potentially confusing microbiologists [2]. The mechanism of
hVISA resistance is associated with the activation of cell wall
synthesis, which increases the production of waste mucopeptide
andreduces the amount ofantibiotic thatreaches the site ofaction,
resulting in cell wall thickening and subsequent sequestration of
the drug[3]. It has been speculated that hVISA may be a precursor
of VISA; after prolonged exposure to antimicrobials, the selection
of a homogenous population of hVISA cells may occur, leading to
the expression of a VISA phenotype [4].
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The detection of hVISA is challenging because these strains
are susceptible to vancomycin in vitro (minimum inhibitory
concentration (MIC) < 2 pg/mL) and are therefore categorized
as susceptible by the usual laboratory methods. However, the
presence of a subpopulation representing 1 in 10° bacterial cells
that can grow in the presence of 4 pg/mL vancomycin may lead to
treatment failure in patients treated with vancomycin [5,6].

A meta-analysis published in 2011 revealed that the
rates of treatment failure (designated as persistent infection
or bacteremia) related to hVISA were 2-fold greater than to
infections caused by vancomycin-susceptible S. aureus (Odds-
Ratio: 2.37, 95 % CI: 1.53-3.67) [6]. Therefore, the development
of accurate and practical methods for the detection of hVISA is of
increasing importance [7].

Reference methods used to evaluate susceptibility, such
as broth microdilution, fail to detect hVISA, partly due to the
small size of the inoculum, the relatively poor growth of hVISA
on Mueller-Hinton agar, and the short incubation period of
only 24 hours. The inoculum size is critical for the detection
of subpopulations of resistant cells. In addition, hVISA strains
are characteristically slow growing, with thicker cell walls and
unique pleomorphic characteristics, and produce colonies of
varying sizes and nutritional requirements [8].

Other screening methods, such as the macro Etest, Etest
glycopeptides resistance detection (GRD) and agar screening,
use enriched media, a denser bacterial inoculum (2 McFarland
scale) and prolonged incubation (48 hours) but have variable
sensitivity and specificity; thus, it is difficult to obtain an accurate
diagnosis using a single test. Because hVISA is a heterogeneous,
minority subpopulation, there are no reliable molecular markers
to detect hetero resistance [9].

Population analysis profile-area under the curve (PAP-AUC)
has been the most reliable and reproducible approach and is
considered to be the gold standard for hVISA confirmation. PAP-
AUC was specifically designed for discriminating hVISA and VISA.
This method analyzes the presence of different subpopulations
using serial concentrations of vancomycin to quantify the
viable bacterial populations at each vancomycin concentration.
PAP-AUC is a very laborious and expensive method and is
inappropriate for routine use in clinical laboratories [10].

Knowledge of local epidemiological data and early detection
of hVISA may assist in the selection of appropriate antimicrobial
agent for treatment, decreasing the morbidity and mortality
associated with infection caused by hVISA[11].

The objective of this study was to analyze the performance
of the main phenotypic tests available to characterize hetero
resistance to vancomycin.

MATERIAL AND METHODS

Bacterial samples

We used 124 clinical isolates of methicillin-resistant S. aureus
(MRSA) obtained from various anatomical sites from patients in
three hospitals in Florianépolis and a hospital in Blumenau, all
located in the state of Santa Catarina in southern Brazil. Samples
were collected from February 2009 to February 2013. We

discarded isolates from the same patient. All isolates were used
and there was no selection bias. The biochemical identification
was confirmed by Gram, catalase, mannitol, coagulase and Dnase.

MIC determination

Vancomicin and teicoplanin MICs were determined by Etest®
(BioMérieux, Marcy I'Etoile, France), following the manufacturer’s
instruction and Clinical and Laboratory Standards Institute
(CLSI) interpretative criteria [12]. To ensure the quality and
accuracy of the test results, Staphylococcus aureus strains ATCC
29213 (MSSA), ATCC 43300 (MRSA), ATCC 700698 (hVISA) and
ATCC 700699 (VISA) were used.

Agar screening

To verify the ability of the isolates to grow in the presence of
vancomycin, BHI agar plates containing 4 pg/mL vancomycin and
16 g/L pancreatic digest of casein were used. A 10-pL aliquot of a
2.0 McFarland was inoculated on the plates and incubated at 35°C
for 48 hours. The growth of 2 or more colonies was considered to
be a positive test for hVISA [13].

Etest GRD

The Etest GRD® method (BioMérieux, Marcy I’Etoile, France)
utilizes different concentration gradients (0.5 to 32 pg/mL) of
vancomycin and teicoplanin. The inoculum was adjusted to the
0.5 McFarland standard and inoculated on Mueller-Hinton agar
containing 5% sheep blood, according to the manufacturer’s
recommendations. Readings were obtained at 24 and 48 hours
and considered to be positive for hVISA isolates with a MIC of 8
pg/mL for teicoplanin and vancomycin [14].

Etest macro method

A high bacterial inoculum (2 McFarland scale) was used to
inoculate nutritionally enriched medium (BHI), followed by
prolonged incubation (48 hours). A 200-pL aliquot of the bacterial
suspension was seeded onto a BHI agar plate. Etest®(BioMerieux,
Marcy I'Etoile, France) vancomycin strips were added, and the
plates were incubated at 35°C for 48 hours. Atest was considered
to be positive for hVISA when the MIC for teicoplanin was 12 pg/
mL or when an MIC of 8 pg/mL for teicoplanin and vancomycin
was obtained [14].

PAP-AUC

After incubation on solid medium, the bacteria were
diluted in sterile saline at dilutions ranging from 10 to 10-®and
subsequently spotted as 10-uL spots on BHI agar plates containing
0,05, 1,2, 3,4,5, 6 and 8 pg/mL of vancomycin, respectively.
The plates were incubated for 48 hours, and the colonies were
counted to determine the log, CFU/mL; these data were then
plotted on a graph as a function of the vancomycin concentration.
The AUC was calculated using thestrain Mu3 (ATCC 700698) as
a control. To confirm the designation as hVISA, the ratio of the
AUC of the isolate to that of the Mu3 strain was required to be
greater or equal to 0.9 and non-hVISA isolates had a PAP-AUC <
0.9[10,13].

RESULTS AND DISCUSSION

For the antimicrobials vancomycin and teicoplanin, all 124
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isolates were susceptible (Figure 1). All vancomycin MICs were
equal to or greater than 0.5 pg/mL, reaching 3 pg/mL for seven
isolates. To confirm these 7 isolates, the MICs were determined
by the broth microdilution. Thus, three showed a MIC of 1 pg/
mL and 4 with a MIC of 2 pg/mL. Therefore, all were considered
to be susceptible to vancomycin (MIC < 2 ug/mL).The MICs
of teicoplanin were much higher than those of vancomycin,
with MICs up to 12 pg/mL. The isolate with MIC 12 pg/mL for
teicoplanin was regarded as sensitive as the MIC obtained by
broth microdilution was 4 pg/mL (MIC < 8 pg/mL).

Screening tests for the detection of hVISA isolates were
performed. The results for the isolates that were confirmed as
hVISA are listed in Table (1).

Based on the above results, the sensitivity, specificity,
positive and negative predictive values, and accuracy of each
test were calculated (Table 2). No test yielded optimum values
for all variables; the agar screening had the best sensitivity
(90.9%) and negative predictive value (99.1%), while the GRD
had higher specificity (97.3%), positive predictive value (72.3 %)
and accuracy (94.3%). Although the Etest macro method was not
superior to the other tests, its accuracy was very similar (92.7%).

Because hetero resistance is usually associated with
previous vancomycin use, S. aureus with elevated MICs (= 2 pug/
mL) is among the main risk factors for the development of this
phenotype. The selection of an appropriate treatment strategy
depends on the methodology because the Etest has a tendency to
overestimate MICs[15].Inthisstudy, the hVISAisolateshad an MIC
> 1.5 pg/mL(Etest). Some studies [16,17] have demonstrated a
relationship between an MIC = 1.5 pg/mL and the development of
hVISA, using the Etest. Other studies using the same methodology
[18,19] have presented data demonstrating an association ofan
MIC < 1.0 ug/mL with hVISA. Thus, a higher MIC (< 4.0 pg/mL) is
associated with an increased likelihood of the hVISA phenotype.
Isolates with an MIC > 4.0 ug/mL are considered to be VISA.

Because the characteristics of hVISAare heterogeneous and
constitute a minority of the bacterial population, there are no
recommended methods for molecular detection. Phenotypic
methods with large bacterial inoculums, enriched culture
media and prolonged incubation times are needed [8]. These
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requirements can be fulfilled through the use of the three
methods utilizedin this study in combination.

The Etest GRD uses rich medium (sheep blood) and a
prolonged incubation time but a traditional inoculum (0.5
McFarland scale). Cost is a disadvantage of the Etest GRD, but
its ease of standardization justifies its use. It has a sensitivity
of 57-93% and a specificity of 82-97%, depending on the study
[13,14,20]. We observed a sensitivity of 66.7% and a specificity
of 97.3%, in agreement with international studies with larger
samples.

The Etest macro method combines the three key features for
the detection of hVISA: large inoculum, prolonged incubation
time and nutrient medium (BHI). It is a fast and simple method
that utilizes strips of vancomycin and/or teicoplanin to evaluate
glycopeptides susceptibility. This method has a sensitivity of 57-
89% and a specificity of 55-96%study [13,14,20, 21]. Our data
indicated a sensitivity of 75% and a specificity of 94.6%.

Finally, agar screening in BHI with 4 pg/ml vancomycin and
16 g/L pancreatic digest of casein can be used with an inoculum
of 0.5 or 2 McFarland standard and an incubation time of 48 hours
in enriched medium. This test yields the best sensitivity and
specificity, 91% and 94%, respectively [13], similar to the results
obtained in our study (90.9% sensitivity and 93.8% specificity).
These characteristics permit the use of this method for hVISA
screening in association with (PAP-AUC) confirmatory testing.
A disadvantage of this method is the need for standardization;
these standards must be prepared in house, and thus the
concentration of vancomycin can vary, thus negatively affecting
test performance.

Because the performance of these screening tests is
inconsistent, some authors [8,14] have recommended using
these tests in combination to improve sensitivity—a strategy that
may increase costs [14]. Alternatively, a test with high sensitivity
could be combined with a test with high specificity.

A meta-analysis published in 2012 correlated vancomycin
MIC values determined by Etest® with therapeutic failure. The
study found a significant correlation between isolates having a
MIC = 1.5 pg/mL and therapeutic failure, with an odds ratio of
1.74 (95% CI: 1.34 to 2.21; p < 0:01) [17].
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Figure 1 MIC to vancomycin and teicoplanin determined by Etest. In A, the results for vancomycin are shown. Seven isolates would be considered
VISA by the Etest methodology, but their MICs determined by the reference methodology were < 2 pg/mL. In B, susceptibility to teicoplanin is
shown, with only one isolate presenting an MIC> 8 pg/mL, which was not confirmed by broth microdilution.
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Table 1: Results of screening tests and PAP-AUC for the confirmation of
hVISA (PAP-AUC values higher than 0.9 confirm this phenotype.
H b
Isolate number screening’/ macromethod”/ AUC ratio?
GRD*
SI4 negative/positive/negative 1.14
SI11 positive/positive/positive 0.99
SI13 positive/negative/positive 1.19
L10 positive/negative/positive 0.92
L36 positive/negative /negative 1.02
L43 positive/positive /negative 0.98
L54 positive/positive/positive 1.08
L69 positive/negative /positive 0.93
L74 positive/positive/positive 1.17
L80 negative/positive /positive 1.12
L84 positive/negative /positive 1.11
L92 negative/positive /postive 0.99
a-agarscreening in brain-heartinfusion (BHI) with 4 ug/mL vancomycin
and 16 g/L pancreatic digest of casein
b— Etest macro method
¢ - Etest glycopeptides resistance detection®
4 - ratio of isolate AUC/Mu3 AUC

Table 2: Parameters of the main screening tests for the detection of
hVISA.

Methodology Sensitivity Specificity PPV® NPV® Accuracy
Etest GRD® 66.7% 97.3% 72.3% 96.5% 94.3%
Etestmacromethod 75% 94.6% 60% 97.2% 92.7%
Agar screening? 90.9% 93.8% 58.8% 99.1% |93.5%

- Positive predictive value

- Negative predictive value

°— Etest glycopeptides resistance detection®

d- Agar screening in brain-heart infusion (BHI) with 4 pg/mL
vancomycin and 16 g/L pancreatic digest of casein

Based on the results of this study and those of studies with
larger population sizes, we suggest a flowchart for screening and
confirming hVISA isolates (Figure 2). Due to its high sensitivity
and high negative predictive value, the agar screening method is
an excellent screening test because truly negative samples can be
identified. The agar screening method is a simple, inexpensiveand
easily employable method in routine diagnostic laboratories,
including small laboratories. How the entire suspected hVISA
should be confirmed by PAP-AUC, the screening agar can be an
excellent alternative.

CONCLUSIONS

We conclude that the detection of hVISA, although challenging,
is essential to the selection of the correct antibiotic therapy and
the replacement of vancomycin with some other drug, such as
linezolid or daptomycin. The methods used routinely to detect
vancomycin resistance vary in sensitivity and specificity, and
may fail to detect hVISA. The appropriate use of screening tests
will depend on the prevalence rates of hVISA in each institution,
and the use of a single screening test will yield poor results. A
viable alternative would be to establish a flowchart for processing
samples that includes a choice of tests that are suitable for
routine epidemiology and are inexpensive. The combination of

MRSA Infections

|

Lower Respiratory Tract
Abscess
Osteomyelitis
Blood

\am

Vancomycin MIC 21.5 pg/mL (Etest)

-

| Screening for hvISA

-

Agar Screening
BHI agar with
4 pg/mL vancomycin
16 g/L pancreatic digest of casein
0.5 McFarland
Droplet of 10 pL

Growth - 2 or more colonies

Confirm hVISA by PAP-AUC
{reference laboratory)

Considerer changing
therapy

Figure 2 Flowchart for hVISA screening. Assuming that hVISA is
more common in chronic infections and/or anatomical regions with
high bacterial inoculum, it is likely that bone and lung infections are
a major cause of hVISA infections. Because bloodstream infections
are those with the highest mortality rates, the criteria of anatomical
site and vancomycin MIC can be used to indicate the need for hVISA
screening tests. Isolates with an MIC < 1.5 pg/mL can be excluded
because they are associated with a lower prevalence of hVISA. The
agar screening test should be used, and positive results should be
reported to the doctor immediately to permit a change in therapy.
Because performing PAP-AUC as a confirmatory test is impractical for
routine laboratories, suspected hVISA isolates should be referred to a
reference laboratory (adapted from [8,14,21]).

the three methods may be the best alternative because the ones
with vancomycin MIC < 2 pg/mL, may have hetero resistance and,
in these cases, the correct characterization of hVISA may impact
directly in the therapeutic success.

ACKNOWLEDGEMENTS

The authors thanks to Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES), Conselho Nacional de Pesquisa
e Desenvolvimento Tecnol6gico(CNPq) and Fundagdo de Amparo
a Pesquisa do Rio Grande do Sul (FAPERGS) for financial support.
Thanks to Laboratério Santa Luzia (Cassia Zoccoli and Nina
Tobouti) and Laboratério Santa Isabel (Reginaldo Simdes (in
memorian) and Marcelo Molinari) for the granting of clinical
samples.

REFERENCES

1. Howden BP, Stinear TP, Allen DL, Johnson PDR, Ward PB, Davies JK.
Genomic analysis reveals a point mutation in the two-component
sensor gene graS that leads to intermediate vancomycin resistance in
clinical Staphylococcus aureus. Antimicrob Agents Chemother. 2008;
52:3755-3762.

2. Severin A, Shang WW, Keiko T, Tomasz A. Penicillin-binding protein
2 is essential for expression of high-level vancomycin resistance and

JSM Microbiology 4(1): 1031 (2016)

4/5


https://www.ncbi.nlm.nih.gov/pubmed/18644967
https://www.ncbi.nlm.nih.gov/pubmed/18644967
https://www.ncbi.nlm.nih.gov/pubmed/18644967
https://www.ncbi.nlm.nih.gov/pubmed/18644967
https://www.ncbi.nlm.nih.gov/pubmed/18644967
https://www.ncbi.nlm.nih.gov/pubmed/15561827
https://www.ncbi.nlm.nih.gov/pubmed/15561827

Silveira et al. (2016)
Email: alessandrocosilveira@gmail.com

@SCiMCdCentrai

cell wall synthesis in vancomycin-resistant Staphylococcus aureus
carrying the enterococcal vanA gene complex. Antimicrob Agents
Chemother. 2004; 48: 4566-4573.

3. Rybak M], Steve NL, Rossi KL, Cheung CM, Sader HS, Jones RN.
Characterization of Vancomycin-Heteroresistant Staphylococcus
aureus from the Metropolitan Area of Detroit, Michigan, over a 22-
Year Period (1986 to 2007). ] Clin Microbiol. 2008; 46: 2950-2954.

4. Longzhu C, Iwamoto A, Jian-Qi L, Hui-Min N, Toshiki M, Yataro H, et al.
Novel mechanism of antibiotic resistance originating in vancomycin-
intermediate Staphylococcus aureus. Antimicrob Agents Chemother.
2006; 50: 428-438.

5. Satola SW, Lessa FC, Ray SM, Bulens SN, Lynfield E, Schaffner W, et
al. Clinical and laboratory characteristics of invasive infections due to
methicillin-resistant Staphylococcus aureus isolates demonstrating a
vancomycin mic of 2 micrograms per milliliter: lack of heteroresistant
vancomycin-intermediate S. aureus phenotype. ] Clin Microbiol. 2011;
49:1583-1587.

6. Van Hal S], Paterson DL. Systematic review and meta-analysis
of the significance of heterogeneous vancomycin-intermediate
Staphylococcus aureus isolates. Antimicrob Agents Chemother. 2011;
55:405-410.

7. Leonard SN, Rossi KL, Newton KL, Rybak MJ. Evaluation of the etest grd
for the detection of Staphylococcus aureus with reduced susceptibility
to glycopeptides. ] Antimicrob Chemother. 2009; 63: 489-492.

8. Howden PH, Davies JK, Johnson PDR, Stinear TP, Grayson ML.
Reduced vancomycin susceptibility in Staphylococcus aureus,
including vancomycin-intermediate and heterogeneous vancomycin-
intermediate strains: resistance mechanisms, laboratory detection,
and clinical implications. Clin Microbiol Rev. 2010; 23: 99-109.

9. Pitz AM, Yu F, Hermsen ED, Rupp ME, Fey PD, Olsen KM. Vancomycin-
intermediate trends and prevalence of heterogeneous vancomycin-
intermediate Staphylococcus aureus in clinical methicillin-resistant S.
aureus isolates. ] clin microbiol. 2011; 49: 269-274.

10.Wooton M, Howe RA, Hillman R, Walsh TR, Bennett PM, Macgowan
AP. A Modified Population Analysis Profile (PAP) Method to Detect
Hetero-Resistance to Vancomycin in Staphylococcus aureus in a UK
Hospital. ] Antimicrob Chemother. 2001; 47: 399-403.

11.Van Hal S], Jones M, Gosbell IB, Paterson DL. Vancomycin
Heteroresistance Is Associated with Reduced Mortality in ST239
Methicillin-Resistant Staphylococcus aureus Blood Stream Infections.
PLoS One. 2011; 6: 21217.

12.Wayne, Clinical and Laboratory Standards Institute. Performance

standards for antimicrobial
M100-S23).2013.

susceptibility testing. (Document

13.Satola SW, Farley MM, Anderson KF, Patel JB. Comparison of
Detection Methods for Heteroresistant Vancomycin-Intermediate
Staphylococcus aureus, with the Population Analysis Profile Method
as the Reference Method. Journal of Clinical Microbiology. 2011; 49:
177-183.

14.Van Hal SJ, Wehrhahn MC, Barbagiannakos T, Mercer ], Chen D,
Paterson DL, et al. Performance of various testing methodologies for
detection of heteroresistant vancomycin-intermediate Staphylococcus
aureus in bloodstream isolates. ] Clin Microbiol. 2011; 49: 1489-1494.

15.Paiva RM, Machado ABMP, Zavascki AP, Barth AL. Vancomycin MIC
for Methicillin-Resistant Coagulase-Negative Staphylococcus Isolates:
Evaluation of the broth Microdilution and Etest Methods. Journal of
clinical microbiology. 2010; 48: 4652-4654.

16.Musta AC, Riederer K, Shemes S, Chase P, Jose ], Johnson LB, et al.
Vancomycin MIC plus heteroresistance and outcome of methicillin-
resistant Staphylococcus aureus bacteremia: trends over 11 years. ]
Clin Microbiol. 2009; 47: 1640-1644.

17.van Hal S], Lodise TP, Paterson DL. The clinical significance of
vancomycin minimum inhibitory concentration in Staphylococcus
aureus infections: a systematic review and meta-analysis. Clin Infect
Dis. 2012; 54: 755-771.

18.Park K, Kim ES, Kim HS, Park S, Bang KM, Park HJ et al. Comparison
of the clinical features, bacterial genotypes and outcomes of patients
with bacteraemia due to heteroresistant vancomycin-intermediate
Staphylococcus aureus and vancomycin-susceptible S. aureus. ]
Antimicrob Chemother. 2012; 67: 1843-1849.

19.Casapao AM, Leonard SN, Davis SL, Lodise TP, Patel N, Goff DA, et
al. Clinical outcomes in patients with heterogeneous vancomycin-
intermediate  Staphylococcus aureus bloodstream infection.
Antimicrob Agents Chemother. 2013; 57: 4252-4259.

20.Richter SS, Satola SW, Crispell EK, Heilmann KP, Dohrn CL, Riahi F,
et al. Detection of Staphylococcus aureus isolates with heterogeneous
intermediate-level resistance to Vancomycin in the United States. ]
Clin Microbio. 2011; 49: 4203-4207.

21.Khatib R, Jose ], Musta A, Sharma M, Fakih MG, Johnson LB, et
al. Relevance of vancomycin-intermediate susceptibility and
heteroresistance in methicillin-resistant Staphylococcus aureus
bacteraemia. ] Antimicrob Chemother. 2011; 66: 1594-1599.

Cite this article

Silveira ACO, Da Cunha GR, Caierdo J, De Cordova CMM, d’Azevedo PA (2016) Evaluation of the Accuracy of Phenotypic Methods for the Detection of Heterore-
sistant Vancomycin-Intermediate Staphylococcus aureus (hVISA). JSM Microbiology 4(1): 1031.

JSM Microbiology 4(1): 1031 (2016)

5/5


https://www.ncbi.nlm.nih.gov/pubmed/15561827
https://www.ncbi.nlm.nih.gov/pubmed/15561827
https://www.ncbi.nlm.nih.gov/pubmed/15561827
https://www.ncbi.nlm.nih.gov/pubmed/18632899
https://www.ncbi.nlm.nih.gov/pubmed/18632899
https://www.ncbi.nlm.nih.gov/pubmed/18632899
https://www.ncbi.nlm.nih.gov/pubmed/18632899
https://www.ncbi.nlm.nih.gov/pubmed/16436693
https://www.ncbi.nlm.nih.gov/pubmed/16436693
https://www.ncbi.nlm.nih.gov/pubmed/16436693
https://www.ncbi.nlm.nih.gov/pubmed/16436693
https://www.ncbi.nlm.nih.gov/pubmed/21325555
https://www.ncbi.nlm.nih.gov/pubmed/21325555
https://www.ncbi.nlm.nih.gov/pubmed/21325555
https://www.ncbi.nlm.nih.gov/pubmed/21325555
https://www.ncbi.nlm.nih.gov/pubmed/21325555
https://www.ncbi.nlm.nih.gov/pubmed/21325555
https://www.ncbi.nlm.nih.gov/pubmed/21078939
https://www.ncbi.nlm.nih.gov/pubmed/21078939
https://www.ncbi.nlm.nih.gov/pubmed/21078939
https://www.ncbi.nlm.nih.gov/pubmed/21078939
https://www.ncbi.nlm.nih.gov/pubmed/19136530
https://www.ncbi.nlm.nih.gov/pubmed/19136530
https://www.ncbi.nlm.nih.gov/pubmed/19136530
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/20065327
https://www.ncbi.nlm.nih.gov/pubmed/20962147
https://www.ncbi.nlm.nih.gov/pubmed/20962147
https://www.ncbi.nlm.nih.gov/pubmed/20962147
https://www.ncbi.nlm.nih.gov/pubmed/20962147
https://www.ncbi.nlm.nih.gov/pubmed/11266410
https://www.ncbi.nlm.nih.gov/pubmed/11266410
https://www.ncbi.nlm.nih.gov/pubmed/11266410
https://www.ncbi.nlm.nih.gov/pubmed/11266410
https://www.ncbi.nlm.nih.gov/pubmed/21713004
https://www.ncbi.nlm.nih.gov/pubmed/21713004
https://www.ncbi.nlm.nih.gov/pubmed/21713004
https://www.ncbi.nlm.nih.gov/pubmed/21713004
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/Bioinformatics/V1/1.2/I/Document M100-S23
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/Bioinformatics/V1/1.2/I/Document M100-S23
file:///H:/xampp/htdocs/JSCIMED/SciMed/Articles/Bioinformatics/V1/1.2/I/Document M100-S23
http://jcm.asm.org/content/49/1/177.abstract
http://jcm.asm.org/content/49/1/177.abstract
http://jcm.asm.org/content/49/1/177.abstract
http://jcm.asm.org/content/49/1/177.abstract
http://jcm.asm.org/content/49/1/177.abstract
https://www.ncbi.nlm.nih.gov/pubmed/21270232
https://www.ncbi.nlm.nih.gov/pubmed/21270232
https://www.ncbi.nlm.nih.gov/pubmed/21270232
https://www.ncbi.nlm.nih.gov/pubmed/21270232
http://jcm.asm.org/content/48/12/4652.full
http://jcm.asm.org/content/48/12/4652.full
http://jcm.asm.org/content/48/12/4652.full
http://jcm.asm.org/content/48/12/4652.full
https://www.ncbi.nlm.nih.gov/pubmed/19369444
https://www.ncbi.nlm.nih.gov/pubmed/19369444
https://www.ncbi.nlm.nih.gov/pubmed/19369444
https://www.ncbi.nlm.nih.gov/pubmed/19369444
https://www.ncbi.nlm.nih.gov/pubmed/22302374
https://www.ncbi.nlm.nih.gov/pubmed/22302374
https://www.ncbi.nlm.nih.gov/pubmed/22302374
https://www.ncbi.nlm.nih.gov/pubmed/22302374
https://www.ncbi.nlm.nih.gov/pubmed/22535621
https://www.ncbi.nlm.nih.gov/pubmed/22535621
https://www.ncbi.nlm.nih.gov/pubmed/22535621
https://www.ncbi.nlm.nih.gov/pubmed/22535621
https://www.ncbi.nlm.nih.gov/pubmed/22535621
https://www.ncbi.nlm.nih.gov/pubmed/23796929
https://www.ncbi.nlm.nih.gov/pubmed/23796929
https://www.ncbi.nlm.nih.gov/pubmed/23796929
https://www.ncbi.nlm.nih.gov/pubmed/23796929
https://www.ncbi.nlm.nih.gov/pubmed/21976769
https://www.ncbi.nlm.nih.gov/pubmed/21976769
https://www.ncbi.nlm.nih.gov/pubmed/21976769
https://www.ncbi.nlm.nih.gov/pubmed/21976769
https://www.ncbi.nlm.nih.gov/pubmed/21525024
https://www.ncbi.nlm.nih.gov/pubmed/21525024
https://www.ncbi.nlm.nih.gov/pubmed/21525024
https://www.ncbi.nlm.nih.gov/pubmed/21525024

	Evaluation of the Accuracy of Phenotypic Methods for the Detection of Heteroresistant Vancomycin-Int
	Abstract
	Abbreviations
	Introduction
	Material and Methods
	Bacterial samples
	MIC determination 
	Agar screening  
	Etest GRD 
	Etest macro method 
	PAP-AUC 

	Results and Discussion 
	Conclusions
	Acknowledgements
	References
	Figure 1
	Table 1
	Table 2
	Figure 2

