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ABSTRACT RESULTS

Table 1: Presence or absence/divergence of adhsins in Canadian epidemic and sporadic MRSA strains
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Bac.kground: Surve1.llance of Canadian MRSA 1s01ate_:s colle.cted since 1995 has 1@ent1ﬁed 10 epidemic strains (CMRSA-1 t.0 10) and JA0095 - Protein A precursor . . . . . . . . . . . . . i ‘ ‘ | m | ” ‘ ‘ ‘ ‘ | ‘ I “ ‘ I ‘ ‘ ‘ ‘ H | ‘ “ I CIMESA 1
various sporadic strains (##S-####) currently present in hospitals and the community. In order to better understand the genetic content SJA0608  sdiC sdrC protein i . . i . i . y . . y il ) i ‘ ‘ ‘ CIESA 0
of these strains, we have used microarrays to compare their genomes to that of the fully characterized MRSA strain COL. SA0609  sdiD sdrD protein itk . . i . i . y . T y i . i | | |
Methods: Genomic DNA was fluorescently labelled using random primed labelling. DNA from each of the strains, along with COL SA0610  sdiE sdrE protein + + + + + + + ¥ + + ¥ + II | | ‘ ‘ ‘ ‘ ‘ | ‘ w ‘ ‘ ‘ ‘ ‘ | ‘ CMRSA 4
was hybridised to arrays containing 2740 of the open reading frames (ORFs) from COL. Data was processed with the ArrayPro, secretory extracellular matrix and H ‘ ‘ ‘ ‘ ‘ ' ‘ | | | | | ‘| ‘ ‘ ‘ | 005-1653
GACK and GeneMaths computer programs. Macrorestriction digest patterns were generated with pulsed-field gel electrophoresis SAS5S  s5p plasma binding protein I i I I i y | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ I ‘ ‘ ‘ ‘ ‘ | CRMESA T
(PFGE) using Smal and analyzed using Bionumerics software. Multi-locus sequence typing (MLST) was preformed as described at SALI68  fib fibrinogen-binding protein I I I f I I I I f f I I f I S ‘ | ‘ ‘ CMESA B
http://www.mlst.net. fibrinogen-binding protein precursor 5 — I | ‘ ‘ H ‘ ‘ ‘ ChMBESA 3
Results: Results indicate that there are currently no ORFs whose presence or absence can predict whether a strain 1s epidemic, SALI60  fib related protein _ I f _ I f f _ f f f _ f I ‘ I CMESA G
sporadic, nosocomial or community acquired. Analysis of toxin content showed that CMRSA-1, 2, 4, and 8 as well as 025-0250 carry fibronectin-binding protein A- ‘ ‘ CMBESA 11
fewer toxins than CMRSA-3, 5, 6, 7, 9, 10 and the 3 other sporadic strains. Comparison of array data with PFGE and MLST create QA0 - related f f I I f f f f f I \ ‘ CMESA 5
sl%ghtly different phylogenies. Though many of the strains have similar genome sizes, some sh.are less genetic content in common SAIS2) ey elastin binding protein ' ' ' I I ! I ' ' f ‘ | | ‘ ‘ ‘ | ‘ ‘ ‘ ‘ ‘ ‘ ‘
with COL whep compared to others: For examp}e, both CMRSA 1 and 3 have genomes of appro?(lmgtely 2400 kl? but QMRSA-I oply SA2509 fnbB  fibronectin binding protein B ¥ ¥ ¥ ¥ ¥ ¥ ¥ } ‘ | ‘ | J ‘ | ‘ ‘ ‘ 4495- 1050
shares 81% of its genetic content with COL while CMRSA-3 shares 92%. The same pattern exists in the spora}dlc strains, suggesting R Ly . _ L _ L L _ _ L L ; L & ‘ ‘ ‘ ‘ H ‘ Uo=-1344
there may be significant genet'lc content not represented on the array but present in some Canadian MRSA. This may also account for SA%5)  clfB clumping factor B ' s ' ' s ' ' ' ' ' ' s ' ' | ‘ N25-0250
d1fferen(?es when compared Wl'[.h molecular typing methods. | | | SA2688 iR intercellular adhesion reeulator ¥ + + ¥ + + + ¥ - - | - - - ‘ I ‘ “ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ChRESA 2
Conplusmns: From this analysis, there are no ORFs whose presence or absence can dlfferentlat§ between t‘he various types of MRSA SA2680  icad el i . . . . . . . . . . . , , . : UL . UHIEE i S : . . : LB : - _
stra.ms. PFGE, MLST and arrays create different phylogenetic patterns that may be due to unique genetic content of experimental SA2600 icaD ool st s s s s s ' | ' s | s ' s ' SA0001  SCCmec Bacteriophage L54a SA2740
strains not present on the arrays. SA2691 icaB icaB protein t + + + + + + } + + + + + - Figure 1: Microarray results for the ten CMRSA strains, as well as four sporadic strains (00S-1635, 99S-1088, 98S-1344,
SA2692 icaC icaC protein t + + t + + + } + + f + + 4 02S-0250) . White represents the presence of an open reading frame, black represents its absence or divergence. C ONC LU S ION S
INTRODUC TION Table 2: Presence or absence/divergence of exoenzymes in Canadian epidemic and sporadic MRSA strains
NAME _GENE DESCRIPTION CMRSAL CMRSA? CMRSA3 CMRSA4 CMRSAS CMRSA6 CMRSAT CMRSAS CMRSA9 CMRSAI0 98S-1344 995-1088 00S-1635 0250250 Dice (Oot:1.00%) (Tol 1.0%-1.0%) (>0.0% $>0.0%) 0.0% 100.0%! While similarities and differences exist between all Canadian MRSA strains, none are indicative

Methicillin resistance in Staphylococcus aureus emerged more than 40 years ago in the United Kingdom only SA0024 - S-nucleotidase + i + + + 0 0 + i + + + 0 + 40 50 60 70 80 90 o e w e w o o e 100 of the epidemic or sporadic nature of the strains, nor can they distinguish community associated
briefly after the introduction of methicillin (1). In the following decades methicillin-resistant S. aureus (MRSA) gigi?g CZE _ prezoifﬁais;emﬁonn i : : i : : : : : i : : : : S CMRSA5 T T T SR CMRSA strains from nosocomial strains

. . . . .o : . ursor,
strains have b.een 1der.1t1f1§d anfi bec?ome ep@emw in hosp 1t.als worldwide, and are.cul"rently among the most SA0712 g_ lipase/esterase + + + . . . . . - - - - - - CMRSA9 CMRSA 8 CMRSA 1, 4 and 8, along with 99S-1088 carry fewer toxin and virulence genes than the other
prevalent hospital acquired infections in the United States (4) with case numbers on the rise in Canada (7). SANRST - gl A + 4 4 + + + 4 4 4 + + + 4 + CMRSA3 CMRSA 4 strains studied, but again there is no notable difference between the toxin and virulence genes
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Starting in 1995, hospitals belonging to the Canadian Nosocomial Infection Surveillance Program have SALOZ8 - Serine protease t t t t t t t t t t t t t t CMRSA? CMRSA 7 . . _ o
submitted MRSA strains to our laboratory for the purpose of surveillance (7). These strains are then analyzed using Ballld e Sphoge ' i i i i i ' i i i i . i i CMRSA1 - CMRSA 6 Companspn of estimated genome S1Z€ and percentage of genes present on the array indicates that
pulsed-field gel electrophoresis (PFGE) 1n order to elucidate their relatedness to one another. In Canada, there are SAI0ST - olutamyl endopcptidase precursor -+ . . . . . . . . . . . . . CMRSA7 N | CMRSA 3 some strains may have more genetic content not represented on the array than others.
currently ten epidemic groups of MRSA. An epidemic strain 1s one which is considered to be clinically significant staphylococeal nuclease family 09S-0950 CMRSA 9 Phylogenetic analysis by arrays, MLST and PFGE create very similar dendrograms, with some
and 1s 1solated from five or more hospital sites or from three or more geographical regions across Canada (6). These SA1357 - protein + ¥ - - ¥ + + + + + + + ] CMRSA 10 minor differences. Some of these differences are most likely due to the genetic content not repre-
strains have been given the annotation CMRSA for Canadian MRSA. There are also various other strains which are SAI864 - serie protease SplF + + + + + + : : - + . CMRSA1 CMRSA 5 sented on the array. This suggests that comparative genomic hybridization experiments may not
considered non-epidemic or sporadic. Each of the ten epidemic groups contains strains which were shown to be gﬁggz ' 222;1: R e ' i ' ' i i ' ' CMRSA4 99S-1088 be an appropriate tool for determining lineages of strains.
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closely related by PFGE banding patterns (8, unpublished data). Each CMRSA group has unique traits. CMRSA SAIRET serine protease SpIC . . " . . . . . . _ X 98S-1344
land 2 are the most prevalent strains, CMRSA 7 and 10 are more likely to be community acquired and are associated SAIS68 - setine protease SplB + + + + + + + + + + CMRSA8 02S-0250
with outbreaks in the community in the United States, and CMRSA 5 and 6 are associated with a single hospital site SAI869 - serine protease SplA : - - : - + + : ¥ 4 4 : ¥ ¥ 00S-1635 CMRSA 2
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PCR products (primers purchased from Sigma-Genosys, U.K.) and 70 base pair oligomers representing the complete open reading 228‘7122 "hemSi((;tiiXIHuiative" : : : . : : . : : : : : : ; CMRSA 10 B e Sprmg Harbor Laboratory 'Press, Cold Spring Harbor, USA. o
frame (ORF) set from the MRSA strain COL were spotted in duplicate onto Corning UltraGAPS (Corning Inc., U.S.A.) slides in a solu- SAQSSE  ent staphylochcai zmemtoxin _ _ . _ . . . _ _ . _ X . _ CMRSA 5 CMRSA 3 2389 95.44% 6. Simor A, qud D, Loule L, MC.G.ee.r A, Mulvey M, Willey B. 1999. Char.acterlzatlon and proposed nomencla-
tion of 50% Dimethyl Sulfoxide by the DNA core facility at the Canadian National Microbiology Laboratory, Winnipeg, MB. DNA was staphylococcal extracellular 995-1088 CMRSA 4 1859 89.569% ture of epidemic strains of methicillin-resistant Staphylococcus aureus in Canada. Can Commun Dis Rep.
extracted from all strains using methods previously described (5) and randomly fragmented by a two minute thirty second sonication. SA0887 s enterotoxin type I + + + + i + + + i ] 08S-1344 CMRSA 5 2824 97.99%, 25: 195'8- - |
DNA fragments were then labeled with using the BioPrime Array CGH kit (Invitrogen, U.S.A.) and Cy3 or Cy5 labeled dCTP (Amersham SAO907 seb  staphylococcal enterotoxin B : : + - : + : : + : : 025-0250 CMRSA 6 2492 93 929 7. Simor, AE, Ofner-Agostini M, Bryce E, Green K, McGeer A, Mulvey MR, and Paton S. 2001. The evolution
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After washing, slides were scanned using the Virtek ChipReader (Bio-Rad, U.S.A.) and subsequently analyzed using the Array-Pro SAIS81 IukS  synergohymenotropic toxin ukS ¥ n ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ Figure 2. Comparison of phylogenetic trees created from microar-  CMRSA 10 2659 97 83% tory charact.erlzatmn O_f methicillin-resistant Staphy'lococcus aureus in Canadian hospitals: the results of five

Analyzer 4.§ software package (Media Cybernetics Inc., U.S.A.), the GACK program (3) and the Gene Maths Software package (Applied SV "leukocidin pr:cErsc')'r, F subunit, ) ) ) ) ) ) ) ) + + + + + ray data (A), and pulsed-field gel electrophoresis data (B). Scale 085.1344 E76 o1 -370/ years of national surveillance 1995-1999. J. Infect Dis. 186:652-660.
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Pulsed-field gel electrophoresis (PFGE) was performed as previously described by the Centers for Disease Control and Prevention SA2160 - "hemolysin, putative” ¥ ¥ ¥ ¥ ¥ ¥ ¥ : ¥ ¥ ¥ ¥ ¥ ¥ similarity calculated on the basis of the Dice coefficient. Cluster 00S-1635 2278 90.03% Ac.knov.vledgements: We woqld 1.1ke to thank Shari Tyson and .Claude. Ouellette ofthe DNA. Core Fa01.1 ity (Natlo.nal
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Note: (+) present, (-) absent, (n/a) no data




