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METHODS AND SYSTEMS FOR THE DETECTION OF METHICILLIN 
RESISTANT STAPHYLOCOCCUS AUREUS 

Technical Field 
Aspects of the present disclosure relate to techniques for the detection of Staphylococcus 
aureus (SA), methicillin resistant Staphylococcus aureus (MRSA) and methicillin resistant 
bacteria that are non SA and uses thereof for diagnostic purposes. 

Background 
Methicillin resistant Staphylococcus aureus (MRSA) infection is a serious problem faced by 
hospitals all over the world. Outbreaks can result easily from an infected individual patient, 
and cannot be contained easily by antibiotics. Immuno-suppressed individuals as well as 
young children and elderly persons are the most susceptible to the risks of such an infection, 
which can result in death within hours of first exposure to ,1he bacteria. Thus, early detection 
of an'infected individual is crucial for both effective patient'management and containment of 
an outbreak. 

In US 7,838,221, there is disclosed SCCmec right extremity junction (MREJ) sequences for 
the detection and/or identification of MRSA, and Staphylococcal chromosomal cassette 
(SCCmec), methicillin/oxacillin resistance (mecA) and open reading frame of unknown 
function (OrfX) are targeted regions for the detection of MRSA and SA. In US 2008/0038737 
Al, methods and apparatus for carrying out multiple amplification reactions in a single 
reaction chamber are disclosed, and in which the mecA, OrfX and Staphylococcal protein A 
(spa) regions are targeted. The commercial assay kit namely Xpert™ MRSA/SA SSTI Assay 
(Cepheid) target the spa, mecA and SCCmec sites and can only identify MRSA and SA, 
albeit simultaneously. Similar current methods also cannot be applied for direct detection of 
either MRSA, SA or even other strains of methicillin-resistant bacteria from nonsterile 
specimens without the previous isolation, capture or enrichment of MRSA or SA. There is 
hence an unmet need for a fast and effective test kit which can differentiate MRSA from both 
non-MRSA as well as other bacteria that are MR. 
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Summary 
In accordance with a first aspect of the disclosure, there is disclosed a process for the 

detection of at least one of Staphylococcus aureus (SA), the antibiotic resistant forms thereof, 

and the antibiotic resistant forms of other bacteria comprising obtaining a sample, the 

5 extraction of nucleic acids from the sample and bringing the extracted nucleic acids into 

contact with a first primer pair complementary to a targeted segment of the attBscc gene, a 

second primer pair complementary to a targeted segment of the mecA gene, and a third 

primer pair complementary to a targeted segment of the OrfX gene. There is further an 

amplification of the targeted segment in each of the attBscc, OrfX and mecA genes to an 

10 extent that would be sufficient for detection of a presence of the targeted segment if at least 

one of the three genes are present in the extracted nucleic acids from said sample, followed 
by the detection of the presence of the targeted segments of nucleic acids to determine the 

presence of at least one of Staphylococcus aureus (SA), the antibiotic resistant forms thereof, 
and the antibiotic resistant forms of other, bacteria in the sample. 

15 

In accordance with a second aspect of the disclsoure, there is disclosed one or more portions 

of a test kit for the detection of the presence of at least one of SA, the antibiotic resistant 

forms thereof, and the antibiotic resistant forms of other bacteria in nucleic acids extracted 
from a sample. The kit includes means for exposing the extracted nucleic acids with a first 

20 primer pair complementary to a targeted segment of the attBscc gene, a second primer pair 

complementary to a targeted segment of the mecA gene, and a third primer pair 

complementary to a targeted segment of the orfX gene. 

Description of Drawings 
25 FIG. 1 is a diagram showing fluorescent emission levels corresponding to amplified products 

at 520nm. 

FIG. 2 is a diagram showing fluorescent emission levels corresponding to amplified products 

at 556 nm. 

30 
FIG. 3 is a diagram showing fluorescent emission levels corresponding to amplified products 

at615nm. 
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FIG. 4 is a diagram showing an enbodiment of representative real-time PCR running 
conditions. 

Detailed Description 
5 Reference will now be made in detail to particular aspects of a representative set of 

embodiments of the present disclosure, examples of which are illustrated in the 
accompanying drawings. While the disclosure will be described in conjunction with a number 
of embodiments, it will be understood that such embodiments) are not intended to limit the 
scope of the invention to the particular embodiments. On the contrary, the disclosure is 

10 intended to cover alternatives, modifications and equivalents, which may be included within 
the spirit and scope of the invention as defined by the appended claims. Furthermore, in the 
following detailed description of embodiments in accordance with the present disclosure, 
numerous specific details are set forth in order to provide a thorough understanding of the 
present invention. However, it will be recognized by oiie of ordinary skill in. the art that the 

15 present invention may be practiced without these specific details. In other instances, well-
known methods, procedures and components have not been described in detail as not to 
unnecessarily obscure aspects of embodiments of the present invention. 

Staphylococcus aureus (SA) is a clinically significant pathogen that causes a wide spectrum 
20 of clinical manifestations, such as pneumonia, wound infections, septicemia and endocarditis. 

Beta-lactam antimicrobial agents are often used as the preferred drugs for serious SA 
infections. However, since the launch of methicillin in 1961, methicillin-resistant 
Staphylococcus aureus (MRSA) strains have evolved into notorious commuinity pathogens 
known to cause serious hospital infections worldwide (Jevons, 1961). SA acquires methicillin 

25 resistance by insertion into the chromosome of a mobile genetic element, Staphylococcal 
cassette chromosomes (SCCs). SCCs are relatively large fragments of DNA that always 
insert into the orfX gene on the SA chromosome. SCC can encode antibiotic resistance and/or 
virulence determinants, including the methicillin resistance gene (mecA). SCCs can be 
classified into Staphylococcal cassette chromosome mec (SCCmec) or non-SCCmec groups. 

30 The mecA gene encodes an additional low-affinity penicillin-binding protein, PBP2a, which 
is not inhibited by existing Beta-lactam antibiotics, i.e. resistance to B-Iactam antibiotics is 
maintained by production of PBP2a, which fails to bind methicillin and other B-lactam 
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antibiotics (Hiramatsu et al., 2001). Further, integration and excision of SCCmec by 
recombinases occur within a specific attachment site (attBscc) on the SA chromosome at the 
3 'end of the orfX (Hiramatsu et al., 2001). 

The present invention has been developed to provide a rapid and effective diagnosis of 
MRSA to facilitate or effectuate improved patient management. In addition to the more 
recent aforementioned assays for detection of MRSA, numerous molecular approaches which 
reduce the time for diagnosis of MRSA have been described in the following literature: Baron, 
1995; Francois et al., 2003; Grisold et al., 2002; Jonas et al., 2002; Kearns et al., 1999; 
Reischl et al., 2000; Shresthat et al., 2002; Tan et al., 2001. 

Disclosed herein are novel DNA sequences relating to primers and probes which are specific 
to particular target regions within the attBscc, orfX and mecA genes of SA. The attBscc site 
is found in OrfX, and is a highly conserved region across SA strains (Hiramatsu, 2001). 
attBscc contains a 15-bp sequence that, when SCCmec is integrated in the chromosome, is 
present at the chromosome-SCCmec junctions. Thus, attBscc is a site that is potentially 
highly specific to MRSA but does not appear to be exploited in current assays for the 
detection of MRSA. Other aspects of the present disclosure relate to further novel primers 
and probes derived from the novel DNA sequences. Also disclosed herein are processes for 
detecting the presence or absence of an MRSA strain in a sample comprising a mixed culture, 
such as a non-sterile specimen without a previous isolation, capture, or enrichment of One or 
more bacteria strains within. 

Design and Synthesis of Primers and Probes 
Hie DNA sequences in the attBscc, mecA and OrfX genes of the SA genome were evaluated 
for suitable oligonucleotides for hybridization or PCR amplification by computer software 
analysis. Potential candidate oligonucleotides for the primers and probes are evaluated and 
designed for specificity by BLAST analysis on the NCBI website, and for optimal sequence 
length using Lasergene 7 software so as to prevent unwanted features such as secondary 
structures. A set of primers and probes for each of the 3 target regions attBscc, mecA and 
OrfX genes were designed to detect all 5 reported sub-types of MRSA namely NCTC10442, 
N315, 85/3907, CA05 and WIS, as shown in Table 1. "Y", "R" and "W" present in the 
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primers and probes in Table 1 each represents the degenerate bases which can be substituted 
with C or T; A or G; and A or T respectively. In some embodiments, the oligonucleotide 

sequences used for the primers and probes are as shown in Table 1, and listed as SEQ IDs 

NO. 1 - 10 in the Sequence Listing included herewith. In some other embodiments, an 

5 oligonucleotide sequence comprising a fragment Of at least 19 nucleotides of each of the 

corresponding primers and probes are used in the detection of the target regions attBscc, 

mecA and orfX. 

Each set comprising a forward primer, a reverse primer and a probe which are 

10 complementary to each of the mecA and orfX sites are designed. In the case of the attBscc. 

site, a set comprising a forward primer, two reverse primers and a probe which are 
complementary to the attBscc site are designed. The approximate amplicon size for each of 

the attBscc, mecA and orfX target regions corresponding to each of the five reported MRSA 

sub-types are as shown in Table 2. TTiree different fluorescent dyes are selected and each are 

15 used for the labelling of the probe targeting a specific region. Each probe is labeled with a 

different fluorescent dye at the 5' end. As each fluorescent dye emits fluorescence at a 

particular wavelength (channel), the simultaneous detection and differentiation of MRSA 
from other MR-microorganisms or non-methicillin resistant S A in a mixed culture sample is 

made possible. 

20 
TABLE 1 

Primer/Probe Nucleotide Sequence (5' - 3') 

AttBscc FP GGCCTGCACAAGGACGTCT 

AttBscc RP1 ACTGCGGAGGCTAACTATGTCAA 

AttBscc RP2 ACAAYCYRWTTTTTAGTTTTATTTATGA 

AttBscc Probe 
[FAM] ATTAACACAACCCGCATCATTTGATGT [BHQ1J 

mecAFP GGCTCAGGTACTGCTATCCACCCTCA 

mecA RP GTAACGTTGTAACCACCCCAAG 

mecA Probe [HEX] GAACCTCTGCTCAACAAGTTCCAG [BHQ1] 
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GGCCCATACACCAAGATAGACATC 

GGGCCAATCCTTCGGAAGATAGCAT 

[Texas Red] GTTCCAGACGAAAAAGCACCAG [BHQ2] 

Y - C/T, R - A/G, W - A/T 

TABLE2 

Target site Type(s) Strain(s) Amplicon size 
attBscc I NCTC 10442 185 

II N315 287 
III 85/3907 165 
IV CA05 287 
V WIS 165 

mecA I to V All of the above five strains 

Ito V All of the above five strains 

5 
Samples 

Samples may comprise but are not limited to: any clinical sample, any environmental sample, 

any microbial culture, any microbial colony, any tissue and any cell line. 

10 Preparation of Sample 

In some embodiments, DNA is extracted from the sample supplied using the QLAamp® 

Dneasy Blood and Tissue mini kit, as per the manufacturer's instructions. Other non-limiting 

methods of DNA extraction may also be used, as described in "PCR Protocols, A Guide To 

Methods and Applications" (ed. Innis, Academic Press, N.Y. 1990) or any other DNA 

15 extraction method generally practised by an ordinary person skilled in the art. 

DNA Amplification 

In some embodiments, real-time PCR analysis is used to amplify the nucleic acids in the 

sample. Multiplex real-time PCR analysis can be carried out according to the manufacturer's 

20 instructions using the CFX96 Real-time PCR Detection system. In an embodiment, the 

specific PCR themocycling conditions comprise 95°C for 3 mins, followed by 35 cycles of 

OrfXFP 

OrfXRP 

OrfX Probe 

299 

187 
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95°C for 15 seconds and 60°C for 30 seconds on the CFX96 Real-Time PCR Detection 
System, of which a graphical representation of the above-mentioned protocol steps is shown 
in Fig. 4. The components of the real-time PCR set-up are as shown in Table 3: 

TABLE3 

Reagent Volume 
(per reaction tube, fil) 

Reaction mix 25 
attBscc FP (lOuM) 0.75 
attBscc RP1 (lOuM) 0.75 
attBscc RP2 (lOuM) 0.75 
attBscc probe (lOuM) 0.75 
orfx FP (lOuM) 0.5 
orfx RP (lOuM) 0.5 
orfx probe (lOuM) 0.5 
mecA FP (lOuM) 1 
mecA RP (lOuM) 1 
mecA probe (lOuM) 1 
IC (internal control) FP 0.5 
IC (internal control) RP 0.5 
IC (internal control) Probe 0.5 
IC (internal control) DNA 1 
Nuclease-free water 13 
DNA Template 2 
Total 50 
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Detection of Nucleic Acids 
The detection of nucleic acids can be achieved via utilising a probe technology such as the 
TaqMan® probe technology where the probe of the target region is labeled with a reporter 
dye and a quencher. In some embodiments, the attBscc probe is labeled with 6-FAM (520 

5 nm) at the 5' end and Black Hole Quencher (BHQ) 1 at the 3' end; the mecA probe is labeled 
with HEX (556 nm) at the 5' end and BHQ 1 at the 3' end; and the OrfX probe is labeled 
with Texas Red (615 nm) at the 5' end and BHQ 2 at the 3' end, as shown in Table 1. In other 
embodiments, the attBscc probe, mecA probe and orfX probe may each be labeled with a 
different fluorescent dye , i.e. 3 different fluorescent dyes, in which each of the fluorescent 

10 dye is compatible with the corresponding probe. Upon exonuclease digestion during the PCR 
reaction cycles, the fluorescent dye is released from the quenched system and the 
fluorescence emited is detected by the fluorimeter. In the embodiments where the attBscc, 
mecA and orfX probes are labeled with the 6-FAM, HEX and Texas Red fluorescent dyes 
respectively, the detection of the 6-FAM, HEX and Texas Red fluorescences is at the 520 nm, 

15 556 and 615 wavelengths respectively. In other embodiments, depending on the other type's 
of fluorescent dyes which have been used, the detection of fluorescence emission is to be 
conducted in the corresponding wavelength channel indicated for the fluorescent dye, as per 
the specific manufacturer's instructions. 

20 The type of combination of emission(s) detected at the different wavelengths of the 
fluorescent dye tagged to the specific probe will determine the type(s) of bacteria strain(s) 
present in the sample tested, as shown in Tables 4A and 4B. The detection of fluorescence 
emission in all the 3 different wavelength channels will indicate the presence of MRSA in a 
mixed culture sample. In the absence of MRSA, the detection of an emission signal only in 

25 the 615 nm wavelength channel will indicate the presence of non-methicillin resistant SA, 
while the detection of an emission signal only in the 556nm wavelength channel will indicate 
the presence of other methicillin resistant bacteria strains that are iion-SA. Table 5 as shown 
below, is a table of results from an embodiment of the PCR step of the method, and proves 
the effectiveness in the detection of MRSA in a known pure MRSA sample (represented by 

30 A02) and known mixed culture samples of MRSA with SA, and MRSA with S. epidermidis 
(represented by A03 and A04 respectively). Table 5 also shows the effectiveness in the 
detection of a known sample of pure SA that is non-methicillin resistant (represented by A01) 
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and the detection of a known sample of a bacteria strain that is methicillin resistant such as S. 
epidermidis (represented by A06). In the case of a bacteria strain such as a known sample of 
K coli (represented by A05) which is neither methicillin resistant nor a SA strain, there is no 
signal in any of the wavelength channels. 

TABLE4A 

Probe (fluorescence emission Non-methicillin 
wavelength) resistant SA 

Other methicillin 
MRSA resistant bacteria 

strains (non-SA) 

attBscc Probe (520 nm) + 
mecA Probe (556 nm) + 
orfX Probe (615 nm) + + 

Where "+" indicates emission will be detected for that bacteria strain 

TABLE 4B 

Bacteria strain type 
Wavelength of detected 
fluorescence 

Non-methicillin resistant SA 615 nm only 

MRSA 520 nm, 556 nm and 615 nm 
Other methicillin resistant 556 nm only 
bacteria strain (non SA) 
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TABLE 5 
Well Fluor Content Teqjet Sample Threshold Cycle ( C<t)) C(t) Mean C(Q 8td. Dev 
MM FAM Unkn an NTA 000 OJOOO 
MB FAM IHn MRSA 23J2 23.se aooo 
A03 FAM Unkn MRSV8A 24J6 24.99 aooo 
A04 Pill rTfn Unkn MRSA+SE 24A9 24,99 aooo 
AOS fSAII IYWI Unkn EC NA aoo aooo 
AOS RAM Urta SE NA 000 aooo 
B12 CAM ifW NTC NA ooo aooo 
A01 tec Unkn SA NA aoo aooo 
A02 hEX UHkn MRSA 23.10 23.10 aooo 
A03 HEX Unkn MRSA*SA 24.1? 24*17 aooo 
A04 HEX Unkn MRSA+SE 3430 24.20 aooo 
AOS HEX Unkn EC NA 000 aooo 
AOS HEX unn SE 3444 34.84 aooo 
B12 HEX NTC NA aoo aooo 
A01 Tews Red Unkn SA 31*44 3144 aooo 
A02 Texas Red Uikn MRSA 2145 21.25 aooo 
A03 Texas Red Unkn MRSAfSA 2225 22.25 aooo 
AM Teas Red Unkn MRSAiSE 2230 2230 aooo 
AOS TentAed Urfon EC NA 000 aooo 
AOS Texas Red Unkn SE NA aoo aooo 
B12 Texas Red NTC NA aoo aooo 

5 Detection of targeted regions may include other methods such as, but are not limited to, 
molecular beacons, amplifluors, chemiluminescence, mass spectrometry, etc. 

Representative Example 1 
As shown in FIG. 1, the primers and probe targeting the attBscc site in the multiplex assay 

10 are specific for detecting MRSA in the fluorescent channel 520 nm, in the presence of non-
methicillin resistant SA, E. coli and S. epidermidis as controls. 

Representative Example 2 
As shown in FIG. 2, the primers and probe targeting the mecA site in the multiplex assay are 

15 specific for detecting MRSA in the fluorescent channel 556 nm, in the presence of non-
methicillin resistant SA, E. coli and S. epidermidis as controls. 
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Representative Example 3 
As shown in FIG. 3, the primers and probe targeting the orfX site in the multiplex assay are 
specific for detecting SA in the fluorescent channel 615 nm, in the presence of E. coli and S. 
epidermidis as controls. 
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CLAIMS 

1. A method for the detection of the presence of at least one of Staphylococcus 

aureus (SA), the antibiotic resistant forms thereof, and the antibiotic resistant forms of 

5 other bacteria, wherein the method is for the detection of the presence of at least one of 

non-methicillin resistant SA, the methicillin resistant form thereof, and the methicillin 

resistant forms of the other bacteria, the method comprising: 

providing a sample; 

extraction of nucleic acids from the sample; 

10 bringing the extracted nucleic acids into contact with a first primer pair 

complementary to a targeted segment of the attBscc gene, a second primer pair 

complementary to a targeted segment of the mecA gene, and a third primer pair 

complementary to a targeted segment of the OrfX gene; 

amplifying the targeted segment in each of the attBscc, mecA and OrfX genes 

15 for detection of a presence of the targeted segment if at least one of the three genes are 

present in the extracted nucleic acids from said sample; and 

detecting the presence of the amplified targeted segments of nucleic acids to 

substantially simultaneously identify the presence of each of SA, the antibiotic resistant 

forms thereof, and the antibiotic resistant forms of other bacteria in the sample, wherein 

20 the SA is non-methicillin resistant SA, the antibiotic resistant form of SA is methicillin 

resistant Staphylococcus aureus (MRSA) and the antibiotic resistant forms of the other 

bacteria are methicillin resistant forms of the other bacteria. 

2. The method of claim 1, wherein the sample can be obtained from any source 

25 comprising biological cells. 

3. The method of claim 1, wherein the nucleic acids comprise deoxyribonucleic 

acids (DNA). 

30 4. The method of claim 1, wherein the amplification of a targeted region in each of 

the attBscc, mecA and OrfX genes comprise running a real-time polymerase chain 

reaction procedure (real-time PCR). 
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5. The method of claim 4, wherein the real-time RT-PCR running conditions 

comprise 95°C for 3 min, 35 cycles of 95°C for 15 s and 60°C for 30 s. 

5 6. The method of claim 1 wherein prior to the step of amplifying the targeted 

.segment in each of the attBscc, mecA and orfX genes, the method further comprises 

bringing the extracted nucleic acids into contact with a first labeled probe 

complementary to a targeted segment of the attBscc gene, a second labeled probe 

complementary to a targeted segment of the mecA gene, and a third labeled probe 

10 complementary to a targeted segment of the orfX gene. 

7. The method of claim 6, wherein the first, second and third probes comprise the 

sequences SEQ ID NO. 4, SEQ ID NO. 7 and SEQ ID NO. 10 respectively. 

15 8. The method of claim 7, wherein the detection of a targeted segment comprises 

detecting the presence of the respective probe's label. 

9. The method of claim 8, wherein a fluorometer is used to detect the fluorescence 

emitted by the probe's label. 

20 

10. The method of claim 2, wherein the first primer pair comprises the sequences 

SEQ ID NO.l and SEQ ID NO. 2 or the sequences SEQ ID NO.l and SEQ ID NO. 3, 

the second primer pair comprises the sequences SEQ ID NO. 5 and SEQ ID NO. 6, and 

the third primer pair comprises the sequences SEQ ID NO. 8 and SEQ ID NO. 9. 

25 

11. A kit for the detection of the presence of at least one of SA, the antibiotic 

resistant forms thereof, and the antibiotic resistant forms of other bacteria in nucleic 

acids extracted from a sample, wherein the kit is for the detection of the presence of at 

least one of non-methicillin resistant SA, the methicillin resistant form thereof, and the 

30 methicillin resistant forms of the other bacteria in the nucleic acids extracted from the 

sample, the kit comprising: 
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means for exposing the extracted nucleic acids with a first primer pair 

complementary to a targeted segment of the attBscc gene, a second primer pair 

complementary to a targeted segment of the mecA gene, and a third primer pair 

complementary to a targeted segment of the orfX gene. 

5 

12. The kit of claim 11, wherein the kit further comprises: 

means for amplifying the targeted segment in each of the attBscc, mecA and 

orfX genes for detection of a presence of the targeted segment if at least one of the three 

genes are present in the extracted nucleic acids from said sample; and 

10 means for detecting the presence of the amplified targeted segments of nucleic 

acids to substantially simultaneously identify the presence of each of non-methicillin 

resistant SA, the methicillin resistant form thereof, and the methicillin resistant forms of 

other bacteria in the sample. 

15 13. The kit of claim 11, wherein the sample can be obtained from any source 

comprising biological cells. 

14. The kit of claim 11, wherein the nucleic acids comprise deoxyribonucleic acids 

(DNA). 

20 

15. The kit of claim 11, wherein the first primer pair comprises the sequences SEQ 

ID NO.l and SEQ ID NO. 2 or the sequences SEQ ID NO.l and SEQ ID NO. 3, the 

second primer pair comprises the sequences SEQ ID NO.5 and SEQ ID NO. 6, and the 

third primer pair comprises the sequences SEQ ID NO.8 and SEQ ID NO. 9. 

25 

16. The kit of claim 11, wherein the kit further comprises means for bringing the 

extracted nucleic acids into contact with a first labeled probe complementary to a 

targeted segment of the attBscc gene, second labeled probe complementary to a targeted 

segment of the mecA gene, and a third labeled probe complementary to a targeted 

30 segment of the orfX gene, prior to amplifying the targeted segment in each of the 

attBscc, mecA and orfX genes. 
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17. The kit of claim 15, wherein the first, second and third probes comprise the 
sequences SEQ ID NO. 4, SEQ ID NO. 7 and SEQ ID NO. 10 respectively. 


