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Background: We evaluated the performance of the BD MAX StaphSR Assay (SR assay; BD, 
USA) for direct detection of Staphylococcus aureus and methicillin resistance not only in S. 
aureus but also in coagulase-negative Staphylococci (CNS) from positive blood cultures. 

Methods: From 228 blood culture bottles, 103 S. aureus [45 methicillin-resistant S. au-
reus (MRSA), 55 methicillin-susceptible S. aureus (MSSA), 3 mixed infections (1 
MRSA+Enterococcus faecalis, 1 MSSA+MRCNS, 1 MSSA+MSCNS)], and 125 CNS (102 
MRCNS, 23 MSCNS) were identified by Vitek 2. For further analysis, we obtained the cycle 
threshold (Ct) values from the BD MAX system software to determine an appropriate cutoff 
value. For discrepancy analysis, conventional mecA/mecC PCR and oxacillin minimum in-
hibitory concentrations (MICs) were determined. 

Results: Compared to Vitek 2, the SR assay identified all 103 S. aureus isolates correctly 
but failed to detect methicillin resistance in three MRSA isolates. All 55 MSSA isolates 
were correctly identified by the SR assay. In the concordant cases, the highest Ct values 
for nuc, mecA, and mec right-extremity junction (MREJ) were 25.6, 22, and 22.2, respec-
tively. Therefore, we selected Ct values from 0-27 as a range of positivity, and applying this 
cutoff, the sensitivity/specificity of the SR assay were 100%/100% for detecting S. aureus, 
and 97.9%/98.1% and 99.0%/95.8% for detecting methicillin resistance in S. aureus and 
CNS, respectively.

Conclusions: We propose a Ct cutoff value for nuc/mec assay without considering MREJ 
because mixed cultures of MSSA and MRCNS were very rare (0.4%) in the positive blood 
cultures.
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INTRODUCTION

The observation of gram-positive cocci in clusters from positive 

blood cultures provides only a presumptive identification of 

Staphylococcus spp. Confirmatory identification and susceptibil-

ity testing of Staphylococci recovered from blood cultures re-

quire about 48 hr, delaying the administration of pathogen-di-

rected therapy, promoting the unnecessary use of vancomycin, 

http://crossmark.crossref.org/dialog/?doi=10.3343/alm.2017.37.1.39&domain=pdf&date_stamp=2016-11-01


Lee J, et al.
Evaluation of BD MAX Staph SR assay

40    www.annlabmed.org https://doi.org/10.3343/alm.2017.37.1.39

and increasing the pressure to select resistant organisms [1]. 

Although coagulase-negative Staphylococci (CNS) are generally 

considered normal skin flora, these microbes can also cause bac-

teremia in critically ill patients [2], especially causing catheter-

related infections [3]. Thus, rapid and accurate detection of 

methicillin resistance is also needed.

The BD Max Staph SR assay (BD Diagnostics, Sparks, MD, 

USA) is a fully automated, qualitative, in vitro diagnostic test for 

the direct detection of Staphylococcus aureus and methicillin-

resistant S. aureus (MRSA) from nasal swabs. The kit targets 

mec right-extremity junction (MREJ) (containing the right-ex-

tremity of SCCmec and orfX, chromosomal S. aureus gene), the 

nuc gene encoding a thermostable S. aureus nuclease, genes 

for methicillin resistance mecA/mecC, and includes a sample-

processing control. MREJ detection distinguishes MRSA infec-

tion from mixed infections of methicillin-susceptible S. aureus 

(MSSA) and MRCNS. For instance, to be MRSA-positive, sig-

nals for both mecA/mecC and MREJ should be positive, and the 

nuc gene target may or may not be detected since in rare in-

stances, the nuc gene may be absent in MRSA [4]. A positive 

result for mecA and nuc genes accompanied by a negative MREJ 

result indicates a mixed infection of MSSA and MRCNS. The kit 

detects 11 of 21 types of MREJ (type i, ii, iii, iv, v, vi, vii, ix, xiii, 

xiv, and xxi), which represents most mecA- and mecC-harboring 

MRSA strains [1, 5]. A positive result of S. aureus and mecA/
mecC indicates MRSA. The assay uses TaqMan probes labeled 

with fluorescent dyes and the amount of fluorescence detected 

in the optical channels is directly proportional to the quantity of 

the corresponding probe that is hydrolyzed. It indicates S. au-
reus and MRSA positivity if a fluorescent signal is detected for 

both MREJ and mecA or mecC. The assay indicates S. aureus 

positivity and MRSA negativity when a fluorescent signal is de-

tected for the nuc gene target only, or if signal is detected for 

nuc and mecA/mecC in the absence of MREJ (indicative of a S. 
aureus strain co-colonized with MRCNS). This assay is Confor-

mité Européene (CE) marked and U.S. Food and Drug Adminis-

tration (FDA)-cleared for the direct detection and differentiation 

of S. aureus and MRSA from nasal swabs. 

In this study, we analyzed the performance of the BD MAX 

StaphSR Assay (SR assay) for detecting S. aureus and methicil-

lin resistance not only in S. aureus but also in CNS from positive 

blood culture broths. 

METHODS

A total of 228 consecutive positive blood culture broths (aerobic/

anaerobic bottles), one per patient, showing growth of gram-pos-

itive cocci in clusters were collected from two hospitals in Korea 

(Seoul St. Mary’s Hospital and Uijeongbu St. Mary’s Hospital) 

from January to October 2015. Bacterial species were identified 

with a Vitek 2 system and/or Vitek-MS system (bioMérieux, Lyon, 

France). A 0.5-mL aliquot of positive blood culture broth was 

taken after the bottle was flagged positive, stored for up to 72 hr 

at 4°C prior to testing, and 10 μL was used for the BD Max SR 

assay. The remaining broths were frozen at -70°C for further 

analysis. The number of collected blood culture broths was con-

trolled to represent S. aureus and CNS in approximately equal 

numbers.

For conventional susceptibility tests, specimens were subcul-

tured on 5% sheep’s blood agar plates in a 35°C incubator for 

18-24 hr, and antimicrobial susceptibility tests were performed 

with the Vitek 2 system. For discrepant cases, latex agglutina-

tion for PBP2a and oxacillin minimum inhibitory concentrations 

(MICs) were determined by the agar dilution method according 

to the CLSI guideline (M100-S25) [6], and conventional PCR for 

mecA/mecC was performed according to the protocol recom-

mended by the European Union Reference Laboratory; antimi-

crobial resistance [7]. After discrepancy analysis, the sensitivity 

and specificity of the SR assay was calculated. The 95% confi-

dence interval (CI) of the rate was calculated with the Clinical 

Calculator 1 (http://vassarstats.net/clin1.html). This study was 

based on the analysis of remaining samples from clinical tests, 

and the institutional review board approved this study.

RESULTS

1. Vitek 2 and SR assay
Among the 228 blood culture bottles tested, 103 S. aureus [45 

MRSA, 55 MSSA, 3 cases of mixed infections (1 MRSA+Entero
coccus faecalis, 1 MSSA+MRCNS, 1 MSSA+MSCNS)], and 125 

CNS (102 MRCNS, 23 MSCNS) were identified by Vitek 2. The 

SR assay identified all 103 S. aureus isolates and their methicillin 

susceptibility correctly. None of the 125 CNS cases were mis-

identified as S. aureus. Of the 45 MRSA cases identified by Vi-

tek 2, 42 cases were identified as MRSA but three were misiden-

tified as MSSA by the SR assay. All 55 MSSA were identified by 

Vitek 2 and the SR assay. Therefore, compared with the Vitek 2 

results, the agreement rate for S. aureus identification was 100% 

and that for MRSA and MSSA were 93.5% (43/46, which in-

cludes a mixed infection of MRSA) and 100% (57/57), respec-

tively. During the evaluation period, invalid results due to PCR 

inhibition were not observed in any case.
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2. Ct values of S. aureus
For further analysis, we obtained Ct values from the BD MAX 

system software. Ct values range from -1 (meaning negative) to 

various positive Ct values. The Ct values for the nuc target were 

<27 for all 103 S. aureus-positive broths (range; 15.6-25.6); for 

the 125 CNS cases, the Ct value was -1 for 123 cases; and for 

the remaining two cases, it was 34.1 and 35.9 (Fig. 1). 

For the 45 cases of MRSA-only identified by Vitek 2, the Ct 

value of mecA ranged from 1 to 22.2 for all the 45 cases; the 

range of Ct values of MREJ was 16.1-22 for the 42 cases; and 

-1 in three MRSA cases (Fig. 2).

For the three isolates showing MREJ Ct values of -1, the oxa-

cillin MICs were ≥64 μg/mL for all the three isolates and they 

were positive for mecA. Therefore, the false negative results in 

three isolates were due to false negative MREJ signals. We sent 

these samples to BD for MREJ typing, but these isolates were 

untypable. Taking together the Ct values from the concordant 

cases, the highest Ct values for nuc, mecA, and MREJ were 25.6, 

22, and 22.2, respectively.

For the 55 MSSA cases identified by Vitek 2, the Ct values of 

mecA were -1 for 44 cases and 24.9-38 for 11 cases. The Ct 

values of MREJ were -1 for 45 cases, 27.8-36.5 for nine cases, 

and one isolate showed a Ct value of 17.6. (Fig. 2). However, all 

cases yielded a result of -1 for either mecA or MREJ, indicating 

a negative result for methicillin resistance by the SR assay. The 

results of mecA PCR and oxacillin MIC of the 11 cases are sum-

marized in Table 1. Two isolates (strains 43 and 119) were mecA-

positive, oxacillin susceptible (their mecA Ct values by the SR 

assay were 26.8 and 32.3, respectively), and one isolate (strain 

no. 120) was mecA-positive oxacillin-heteroresistant (Ct value 

Fig. 1. Distribution of Ct values of nuc gene among the S. aureus and coagulase-negative Staphylococci (A) and mecA/mecC among meth-
icillin-resistant and methicillin-susceptible coagulase-negative Staphylococci (B). The nuc gene assay perfectly distinguishes CNS from SA. 
Note that most of MRCNS reveal Ct value under 27.
Abbreviations: Ct, cycle threshold; SA, Staphylococcus aureus; CNS, coagulase-negative Staphylococcus; MSCNS, methicillin susceptible CNS; MRCNS, 
methicillin resistant CNS.
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Fig. 2. Distribution of MREJ (A) and mecA/mecC (B) Ct values among methicillin-resistant and methicillin-susceptible S. aureus. Note that 
there are MREJ negative MRSAs.
Abbreviations: Ct, cycle threshold; SA, Staphylococcus aureus; MSSA, methicillin susceptible SA; MRSA, methicillin resistant SA; MREJ, mec right-extremity 
junction. 
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Table 1. Characteristics of strains identified as MSSA by Vitek 2, but with positive mecA/mecC Ct values according to the SR assay

Isolate No. Final result† Vitek 2 result
SR assay result Conventional 

mecA PCR result
Oxacillin MIC 

(µg/mL)SR assay result MREJ nuc gene mecA/mecC

2 MSSA MSSA SA+  MSSA- -1 19.4 31.4 N 0.5
43 MRSA MSSA SA+  MSSA- -1 19.3 26.8 P 0.5
46 MSSA MSSA SA+  MSSA- -1 17.4 36.9 N 0.5
79 MSSA MSSA SA+  MSSA- -1 17.1 31.4 N 0.25
94 MSSA MSSA SA+  MSSA- -1 17.2 33.7 N 1
96 MSSA MSSA SA+  MSSA- -1 16.9 37.1 N 0.5
100 MSSA MSSA SA+  MSSA- -1 18.3 24.9 N 0.5
119 MRSA MSSA SA+  MSSA- -1 16 32.3 P 0.25
120 MRSA MSSA SA+  MSSA- -1 16.8 26.6 P 8, hetero-R*
127 MSSA MSSA SA+  MSSA- -1 16 36.7 N 0.25
198 MSSA MSSA SA+  MSSA- -1 17.1 38 N 0.5

There are mecA-positive and oxacillin-susceptible isolates, but they are considered as MRSA. MIC criteria for MRSA is ≥4 µg/mL with oxacillin.
*hetero-R=heteroresistance; †Final results after resolving discrepancies between Vitek 2 and SR assay with conventional mecA/mecC PCR.
Abbreviations: SA, Staphylococcus aureus; MSSA, methicillin susceptible SA; MRSA, methicillin resistant SA; MREJ, mec right-extremity junction; N, nega-
tive; P, positive.
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Table 2. Performance of SR assay with new cutoff (Ct value <27) for 
detecting methicillin resistance in Staphylococcus spp.

mecA with Ct value <27,  
in S. aureus

mecA with Ct value <27,  
in CNS

Sensitivity 97.9% (47/48) 99.0% (101/102)

Specificity 98.1% (51/52) 95.8% (22/23)

Abbreviations: Ct, cycle threshold; SA, Staphylococcus aureus; CNS, coagu-
lase-negative Staphylococcus.

for mecA and MREJ was 26.6 and -1, respectively). MREJ typ-

ing of this heteroresistant isolate was MREJ type XX, which is 

not included in the SR assay. We presumed that mecA results 

from the remaining eight cases were false positive due to non-

specific amplification, and the MSSA case showing an MREJ Ct 

value of 17.6 might be an empty cassette strain. 

3. Ct values of CNS
MREJ Ct values were -1 in all 102 MRCNS cases, and the mecA 

Ct values ranged from 16.8 to 24 for 100 cases, leaving two cases 

with values of -1 and 30.1 (Fig. 1). For the isolate with a mecA 

Ct value of -1, mecA PCR was negative and the oxacillin MIC 

was 0.25 μg/mL. Therefore, it was MSCNS and misidentified as 

MRCNS by Vitek 2. For the isolate with a mecA Ct value of 30.1, 

mecA PCR was positive and oxacillin MIC was >64 μg/mL. 

For 23 MSCNS cases, all isolates showed a MREJ Ct value of 

-1, but for the mecA gene, 16 isolates showed Ct values of -1 

and the remaining seven isolates showed mecA Ct values of 21.3, 

31.1, 34.6, 35, 37.1, 37.8, and 39.2 (Fig. 1). Of these seven 

isolates, one isolate (No. 13, mecA Ct of 21.3) was mecA-posi-

tive but susceptible to oxacillin (MIC 0.25 μg/mL). 

4. Performance of SR assay
Compared with that of the conventional mecA PCR, with a Ct 

cutoff <27, sensitivity of the SR assay for methicillin resistance 

(mecA) was 98.7% [147/149, 45 MRSA+2 mecA positive MSSA+1 

heteroresistant MRSA+101 MRCNS]. The specificity for detect-

ing methicillin resistance was 97.4% (74/76, 52 MSSA+24 MS

CNS). For S. aureus, the sensitivity for detecting mecA was 97.9% 

(47/48, 95% CI 87.5-99.9%, 45 MRSA+2 mecA positive MSSA+1 

mecA positive heteroresistant MRSA), and the specificity was 

98.1% (51/52, 95% CI 88.4-99.9%). For CNS, sensitivity/speci-

ficity for detecting mecA was 99.0% (100/101, 95% CI 93.8-

99.9%)/95.8% (23/24, 95% CI 76.9-99.8%). Without applying 

the new cutoff value suggested by our study, the sensitivity and 

specificity of the SR assay for detecting mecA-positive S. aureus 

were 87.5% (42/48) and 100% (52/52), respectively (Table 2). 

DISCUSSION

The BD MAX SR assay was excellent for detecting S. aureus ir-

respective of the presence of a mixed infection. Currently, the Ct 

values of the tests are not shown in the result report of the SR 

assay. In this study, we obtained Ct values from BD and found 

that the Ct value distribution for the nuc gene was clearly sepa-

rate, and the highest Ct value among the S. aureus was 25.6 in-

cluding mixed infections. This is in line with another study where 

the Ct values for the nuc target were <27 for all MRSA-positive 

blood cultures [8]; therefore, we selected a Ct value <27 to in-

dicate positivity. 

The SR assay makes use of the combined interpretation of 

two targets [SCCmec-orfX (MREJ) and mecA/mecC] to differen-

tiate MRSA colonization and mixed colonization of MSSA and 

MRCNS in nasal swab specimens. However, from the positive 

blood culture broths, mixed cultures of S. aureus and CNS were 

observed only in two cases (0.9%) and despite the high oxacillin 

resistance rate (about 60%) among CNS in our hospital, a mixed 

case of MSSA and MRCNS was observed only once (0.4%). 

MREJ was not detected in 6.7% (3/45) of MRSA isolates in this 

study, which is in line with a previous study from the U.S. where 

8.3% (3 of 36) of MRSA from positive blood cultures were strains 

with MREJ types that could not be detected by the BD GeneOhm 

Staph SR assay [1]. In an Australian study, the sensitivity of the 

BD GeneOhm Staph SR for detecting MRSA was 50%, based 

on the prevailing SCCmec types, and they recommend the nuc/
mec assay, because MREJ detection will always be vulnerable 

to epidemiological variations [9]. In addition, in the nine MSSA 

cases, MREJ showed a positive signal although the Ct values 

were >27. Our results agree with those reported by Thomas et 
al [9], and we presume that the use of two targets (nuc and 

mecA) excluding MREJ will increase the sensitivity in detecting 

MRSA in positive blood cultures without decreasing specificity. 

To our knowledge, this is the first study to investigate the use-

fulness of the SR assay in detecting methicillin resistance in CNS 

from blood culture broths. With the Ct value positivity range of 

0-27, the sensitivity and specificity for detecting oxacillin resis-

tance was very high for both S. aureus and CNS. The newly sug-

gested cutoff value provided enhanced sensitivity compared 

with that by the results of the current SR assay. Considering the 

fact that CNS also causes bacteremia in immune- compromised 

patients, this could be very useful for managing them. 

We also found that 2% (2/100) of S. aureus and 0.8% (1/125) 

of CNS cases were mecA-positive and oxacillin-susceptible. The 

mecA Ct values of these isolates were 24.9, 26.8, and 21.3. In 
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Taiwan, among S. aureus with oxacillin MICs of 2 and 1 μg/mL, 

as determined by the Sensititre broth microdilution test, 57.1% 

and 3.3% were mecA-positive, respectively, and belonged to a 

dominant Taiwan C-MRSA clone (clonal complex [CC]59); most 

of them were the SCCmec type V [10]. In a recent study from 

the U.S., the prevalence of mecA-positive, oxacillin-susceptible 

S. aureus was approximately 3% and the rate of reversion to re-

sistance was at a modest frequency (approximately 10-7), which 

is the same order of magnitude as the frequency of spontane-

ous resistance to drugs like rifampicin [11]. Although combina-

tion therapy using a β-lactam and a second antibiotic suppress-

ing the small revertant population may be superior to vancomy-

cin, mecA-positive MSSA can revert to MRSA [11] and current 

guidelines recommend that these strains be reported as resis-

tant. Further studies are needed for the appropriate treatment of 

infections caused by these strains. 

In conclusion, with the Ct range of 0-27 for positivity by the 

nuc/mec assay, the SR assay is useful for the rapid detection of 

not only MRSA but also MRCNS in blood cultures. We suggest 

not using the MREJ target because it is vulnerable to epidemio-

logic variation and co-infection with CNS is rare in positive blood 

cultures. In addition, for the accurate detection of mecA-posi-

tive, oxacillin-susceptible isolates, genotypic detection of mecA 

is needed. 
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