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ABSTRACT

Few antibiotics are left that are effective againstthicillin-resistantStaphylococcus
aureus(MRSA) and even strains resistant to these adgeaie been isolated. Previous
studies have identified five distinct MRSA clonoggy) which are present globally. No
comprehensive national study has previously beatemimken to investigate the MRSA
types in South Africa, and this study was aimeelatidating the genotypic population
structure of South African MRSA isolatessSmd digested genomic DNA, separated by
pulsed-field gel electrophoresis, was used to cbarge 349S. aureussolates, obtained
from various state and private diagnostic laborasor PFGE results were complemented
with those ofspatyping and staphylococcal cassette chromosoree(SCGneq typing
results. Two-hundred-and-five different PFGE patewere identified, which were
grouped into twenty-four clusters. Three were méjeeages, containing more than 20%
of the isolates with a similarity cut-off of 70%@nly thirty-severspatypes were identified
(fourteen novelspatypes), which clustered into sspaClonal Complexes after BURP
analysis. SC@ec types I-IV were identified, including variants efch type. Data
suggest that the Archaic clone (RSAQ5), oldesthefépidemic clones, represents one of
the major clones in South Africa. Strains thatevpart of this complex (n=98 (28.2%);
t064; SCCnec type Ipls) clustered together with strain E2125/ATCC BAA-8851;
SCQmectype I). Another major complex, RSA16 (n=90 (26)7 t012; SC@nectype
[I/1IB) possessed a single-locus variant (SL3fatype and the same or a SLV SGEc
types as EMRSA-16 (t018; S@t&ctype II). The third major complex, RSA03 (n=74

(21.2%); t037; SC@ectype HI/IIIE), had similarspaand SC@nectypes to control strain

Vi



ANS46 (t037; SC@ectype Ill). One MRSA and twelve MSSA isolates weaxiso
identified as carrying genes for the toxin Pantalevitine leukocidin, which was

confirmed by DNA nucleotide sequencing.
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CHAPTER 1

1 LITERATURE REVIEW

1.1 Antimicrobial Chemotherapy

Due to the ability of many micro-organisms to irffean and cause disease, it is essential
that we utilise ways to control or prevent theiowgth. Antibiotics are secondary
metabolites produced by some bacteria or mouldsatieaable to inhibit the growth of, or
kill, other susceptible bacteria. They can actumerous ways such as inhibiting bacterial
cell wall synthesis, protein synthesis, nucleidaynthesis or by disrupting certain
metabolic pathways. A few antibiotics, like polyxity B, are able to interfere with cell
membrane integrity, leading to cell leakage andrdeBlowever, due to the misuse of
antibiotics, many susceptible bacteria have suta&sadapted to the antibiotics. This
misuse also places many bacteria under selectesspre to develop different mechanisms

of resistance against certain classes of antilsiotic

1.1.1 Mode of action of antibiotics

1.1.1.1 Inhibition of cell wall synthesis

The cell wall determines the shape of bacteriaredsemycoplasmas and certain

Archaebacteria have cell membranes and not celswahe cell wall is usually a rigid



structure, maintaining cell rigidity and preventiogmotic lysis. Cell wall structures of
some bacteria are; (1) recognised by the human mersystem; and (2) can contribute to
bacterial pathogenesis. The cell wall also seages barrier, preventing the entry and exit
of most molecules. Many key enzymes involved ihwaell synthesis are inhibited by

antibiotics.

Inhibitors of the cell wall usually have a very hitherapeutic index. This is due to the
presence of a unique structure in the bacterialnadl not found in eukaryotic cells, called
peptidoglycan (PG) (Figure 1.1), which also aidghe maintenance of bacterial cell wall
rigidity. PG is composed of an alternating seoksvo major subunitd\-acetylmuramic
acid (NAM) andN-acetylglucosamine (NAG). NAM and NAG are joinexvalently,
forming a glycan chain. A string of four aminod@ssia tetrapeptide chain, is attached to
each NAM molecule. The formation of cross-linkagesveen tetrapeptide chains joins
adjacent glycan chains together to form a singleeoube. The tetrapeptide chains are
joined directly in Gram-negative bacteria, whileGram-positive bacteria, they are usually

joined indirectly though a peptide interbridge.

The cell walls of Gram-positive bacteria (Figur)lare usually characterised by a
relatively thick layer of peptidoglycan that islfupermeable to many substances, such as
sugars, amino acids and ions. Attached to thehPgugh covalent bonds to NAM are

teichoic acids. They are composed of chains @nangon subunit, either ribitol-phosphate



Figure 1.1:
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or glycerol-phosphate, and various sugar®-@anine are usually attached to them. Some
of these are linked to the cytoplasmic membraneaaedalled lipoteichoic acids. Gram-
negative bacteria have a far more complex cell (idgjure 1.3). Only a thin layer of PG
is present, covered on the outside by the outerbrame, a unique lipid bi-layer in which

lipopolysaccharides proteins, such as porins, argeelded.
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Figure 1.2:  Graphic representation of a Gram-positive cell Wallt is composed of
many sheets of interconnected glycan chains, wdniehnterconnected to

form the thick peptidoglycan molecule.

Murein monomer precursor (MMP) is produced instie dell, attached to the cytoplasmic
membranes’ lipid carrier undecaprenol, and modifigdhe sequential addition of five
glycines and one amino-sugar molecule, NAM, androydation at thé®-glutamic acid

residue. The completed murein monomer (MM) is thansferred to the outer surface of



the cytoplasmic membrane to form a linear nascénctlfain. This is achieved through the
polymerisation of 10-20 MMs between their sugardess by the enzyme
transglycosylase (TG). The PG is then convertemlarmeshwork by the transpeptidase,
penicillin-binding protein (PBP), by cross-bridgingscent polypeptide chains. The two
amino acid residud3-alanylD-alanine at the tip of MM are recognised by PBPicivh
cleaves between them. The penultiniatalanine is ligated to the pentaglycine chain of

the nearby PG chain (cross-bridge formafitn)
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Figure 1.3: Schematic representation of the Gram-negativeaalf®. Only one or two
sheets of interconnected glycan chains make upapgdoglycan molecule.
The PG layer is surrounded by the outer membrahghws a typical

phospholipid bilayer.



1.1.1.2 Inhibition of protein synthesis

The prokaryotic 70S ribosome, composed of a 30SaasalS subunit, differs enough in
structure from the eukaryotic 80S ribosome to alfmunerous antibiotics to inhibit
prokaryotic protein synthesis. The 30S ribosomblsiit is the target for the
aminoglycosides and the tetracyclines. Aminoglises bind irreversibly to the subunit,
causing it to distort and malfunction. The inia&t of transcription is blocked and
misreading of MRNA occurs. The tetracyclines bienkrsibly to the subunit and block
tRNA attachment to the ribosome, thus preventirgggan synthesis progression. The
macrolides, chloramphenicol, lincosamides, oxarotides and streptogramins all target
the 50S ribosomal subunit. The continuation otgirosynthesis is also inhibited by the
macrolides, by reversibly binding to the subur@hloramphenicol acts through preventing
the formation of peptide bonds, leading to prossinthesis blockage. The lincosamides
inhibit the continuation of protein synthesis, vehil is thought that the oxazolidinones

inhibit protein synthesis initiatidh

1.1.1.3 Disruption of metabolic pathways

The folate inhibitors, sulphonamide and trimethopmhibit different steps in the pathway
that initially lead to folic acid synthesis anddlly to the synthesis of a coenzyme required
for nucleotide biosynthesis. Sulphonamide is stmatly similar to a substrate in the folic
acid biosynthesis pathway, para-aminobenzoic &&B@A). This results in the

competitive inhibition of the enzyme that normdlinds PABA. The enzyme that



catalyses a metabolic step following the one inbibby sulphonamides is inhibited by

trimethoprint®.

1.1.1.4 Inhibition of nucleic acid synthesis

The supercoiling of closed circular DNA within thacterial cell is maintained by a group
of enzymes called the topoisomerases. These eszgraenhibited by ciprofloxacin and
ofloxacin, which are fluoroquinolones. During rieption and transcription, the strain
caused by the localized unwinding of DNA is relidtbrough the action of the enzyme
DNA gyrase, or topoisomerase Il, by breaking theADdtrands and then rejoining them.

Prokaryotic RNA is blocked from initiating transation by the rifampicins.

1.1.1.5 Disruption of the plasma membrane

Polymyxin B, a common ingredient in first-aid skimtments, damages the bacterial
membranes. After binding to the membranes of Gnagative bacteria, their permeability

is altered, which leads to the leakage of cellatantent and eventually cell dedth



1.1.2 Mechanisms of antimicrobial resistance

Spontaneous mutations in existing genes or theisiign of new genes can lead to
antimicrobial resistance. Point mutations can leeithe alteration of the drug target, thus
rendering the antimicrobial compound inactive. teger, it is more difficult for an
organism to develop resistance if the antimicrobaahpound has more than one target.
Several different mutations are required to retiderdrug ineffective. Resistance genes
can be acquired e.g. through the transfer of aypthf'om one organism to the other or the
acquisition of a transposon. Many of these plasmart transposons confer resistance to
more than one antibiotic. Resistance occurs ettireugh the production of drug
inactivating enzymes, alterations in the targetauole, decreased uptake of the drug or

increased elimination of the driig

1.1.2.1 Drug-inactivating enzymes

A drug can be chemically modified by a specificyane in such a way as to render it
ineffective. Bacteria that synthesise the enzyemgqillinase are resistant to the antibiotic
penicillin, while the enzyme chloramphenicol acetyisferase chemically alters the

antibiotic chloramphenicdi.



1.1.2.2 Alteration in the target molecule

A specific target molecule inside the bacteriuragssally recognised and bound by an
antimicrobial drug, interfering with its functiorA mutation can lead to minor structural
changes in the target, which can prevent the ciug binding. For example, changes in

the ribosomal RNA prevent macrolides from interfgrivith ribosomal functionir.

1.1.2.3 Decreased uptake of drug

Small hydrophobic molecules are selectively allowednter a cell through porin proteins
in the outer membranes of Gram-negative bact€ertain drugs can be prevented from
entering the cell through alterations in theseginst The effect of the drug is avoided by

preventing entry of the drdy

1.1.2.4 Increased elimination of the drug

Efflux pumps transport hazardous molecules outadlla The overall capacity of an
organism to eliminate a drug can be altered thrabghncreased expression of these
pumps, thus allowing the organism to withstand éigtoncentrations of the drug. The
array of drugs that can be actively pumped outatem be influenced by structural changes
of the pumps, potentially enabling the organismisdoome resistant to several different

drugs®.



1.1.3 Emergence of resistance

The fact that numerous different bacterial specdresdyding those that are responsible for
causing disease in humans, have the ability tetrése inhibitory action of antimicrobial
substances has become a problem of global con&asistance not only continues to
spread in the hospital setting but also in the comityg setting. The pathways by which
resistance has come about play an important raletermining the appropriate control
measures. However, these pathways differ betwifemeht organisms and settirfgs

During the past few decades, there has been awidddncrease in the frequency and
spectrum of infections caused by antibiotic resistaicro-organisms. A combination of
microbial characteristics, the selective press@i@tmicrobial use and social and
technical changes enhancing the transmission wtaes$ organisms can lead to an increase
in resistance. The acquisition of resistance-eimgpgenetic material, transferred from
other bacteria, or mutational changes lead to ¢lyeiaition of resistance. The excessive
use of antibiotics in human health-care and anfewds, increased use of invasive devices
and procedures, an increased number of susceptbts and lapses in infection control

practices have led to the development and spreadtiffiotic resistant organisrfs

Genes coding for resistance mechanisms, whicméggrated by recombination into a
number of classes of naturally occurring gene esgio@ cassettes, are then disseminated
in the microbial population through transductioansformation and conjugation, i.e.
horizontal gene transfer mechanisms. The widedprsa of antimicrobial agents within
the hospital and for immunocompromised patientelsalected for multidrug-resistant
organisms, such as methicillin-resist&taphylococcus auresIRSA), vancomycin-

resistant enterococci (VRE) and extended-spectreiar-lactamase (ESBL) producing
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Gram-negative bacilli. The application of stricepention strategies should be enforced to
prevent the emergence of multidrug-resistant bectard the spread of resistance genes.
These strategies include alterations of antibitnéatment regimes, infection prevention
and control, and the control of horizontal transiois of organism, both in the hospital

and community settirtd

The problem of resistance has two main componéhfshe antibiotic, which inhibits
susceptible organisms and selects for resistaainsms, (2) the specific genetic resistance
determinant present in the organism, which is setkly the antibiotic. Only when these
two components come together in a specific envirmtror host does drug resistance
emerge. More than fifteen classes of antibiotigsteand their targets are involved in
essential physiological or metabolic functions atteria. Not one of these classes has
been able to escape a resistance mechanism. &lod msllions of kilograms of
antimicrobials yearly drives the problem of resisethrough the elimination of

susceptible strains and selection of the resistaeg".
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1.2 p-Lactam Antibiotics

The most varied and widely used group of antimiishis theB-lactam antibiotics. Since
the discovery of benzylpenicillin in 1928 by Alexdar Flemming and its first clinical use

in 1940, a vast number of both natural and syntleetmpounds have been described based
upon penicillins’ active structure, tifielactam ring. Fifty percent of all systemic
antimicrobial use is accounted for by fliieactams. Their low toxicity and the

availability of so many derivatives have contrililite their succes§ The penicillins and
cephalosporins are the most commonly yséattam drugs, which also includes the
monobactam and the carbapenems. These drugstsba@me chemical structure, namely
thep-lactam ring. Th@-lactam ring, bearing structural similarity to thermal substrates

of PBPs, binds to the PBPs, which are consequeathpetitively inhibited.

1.2.1 Penicillin

Each member that is a part of the penicillin fansihares a common moiety, namely 6-
aminopenicillanic acid (6-APA). By changing thdesichains in the laboratory, derivatives
with different characteristics can be created. uNatpenicillins are the penicillins
produced by the mouldenicillium chrysogenumThese are narrow spectrum antibiotics,
effective against Gram-positive bacteria and somarGnegative cocci. These include
penicillin G (benzylpenicillin) (Figure 1.4) andmeillin V. The latter is more acid-stable

and is better absorbed when taken orally
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1.2.2 Methicillin

Through the addition of certain side chains to@h&PA nucleus, numerous penicillin
derivatives resistant to staphylococgdactamases have been produced. The first of
these, dimethoxybenzylpenicillin, or methicillinigEre 1.4), requires parenteral
administration and is unstable in gastric acidnuinber of acid-stable compounds were
subsequently developed eg. cloxacillin, oxaciliml &dlucloxacillin, which remain in
widespread use. Staphylococfdhctamases are prevented from attaching by tree sid
chains of these drugs. However, these compourdsaruseful against species other than

staphylococci and have lower inherent activity thanzylpenicillit*.

CH;—CO—HNy_ /8

ov N\L
CO,H

Benzylpenicillin

OCH,
“OCH, ’
o N\
CO,H
Methicillin

Figure 1.4: The chemical structures of benzylpenicillin and miHin >°.
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1.3 Staphylococci

Members of the genustaphylococcuare Gram-positive cocci, occurring singly, in pair
tetrads and short chains, but appear predominangsape-like clusters. Staphylococci
are non-motile, non-spore forming and are usuatglase-positive. They are also
typically unencapsulated, or capsule formatiommstéd. Aerobic conditions favour fast
and profuse growth as most species are facultahaerobes, except f8 saccharolyticus
andS. aureusubspanaerobiuswhich are anaerobic and frequently catalase-negjat
The skin and mucous membranes of humans and anameafsequently inhabited by
staphylococci. The coagulase-positive speSiesureusand two coagulase-negative
speciesS. epidermidiandS. saprophyticuare among the staphylococci most frequently

seen in human infectiofis

1.3.1 Staphylococcus aureus

Among the staphylococcg. aureuss the most important human pathogen. It is foind
be widespread in nature and colonises the anteai@s of 20-40% of adults. It can also
colonise the intertriginous skin folds, the perimeuhe axillae and the vagin&. aureuss
frequently part of the normal human microflora @ad cause significant opportunistic
infections apart from the usual infections assedatith this bacterium, e.g. folliculitis,
furuncles and carbuncles, impetigo, mastitis, mgitig) pericarditis and pulmonary

infectiond ™.
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The organism possesses several virulence factarsdlise disease. These virulence
factors are not found in . aureusstrains. The organism can cause toxic epidermal
necrolysis through the production of certain toxdéaied exfoliatins or epidermolytic
toxins (ET-A and ET-B), and it can cause food poisg by producing enterotoxins
(Enterotoxins A through E, H and I). It also prods toxins belonging to a group
collectively known as pyrogenic toxin superantigeremnely the staphylococcal
enterotoxins (SE) and toxic shock syndrome tox{(i8ST-1). These toxins have the
ability to stimulate T lymphocyte proliferation \witut regard for their antigenic
specificities. Panton Valentine leukocidin (PVIodg-hemolysin, which create pores in
the membranes of polymorphonuclear leucocytes (PIViis two other toxins that can

also be producéy
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1.4 Methicillin-Resistant Staphylococcus aureus (MRSA)

The introduction of methicillin, the first penigilase-resistant semi-synthetic penicillin,
into clinical practice in 1959 and 1960 solved pneblem of penicillinase-producirtg)
aureusstrains, which were very common in health carétirtgons at that time.
Unfortunately,S. aureusstrains resistant to methicillin were identifidchast immediately
in 196F". These were initially regarded as laboratory pnezrma of limited clinical

significance.

Methicillin resistance was observed in coagulaggahee staphylococci before it was
reported foIS. aureus Resistance to methicillin was heterogenousenattginal strains
isolated, but this could be increased severalligld single passage in methicillin. Unlike
the laboratory-resistant strains, which were aemtuland grew poorly, naturally resistant
strains showed normal growth and virulence. Tist fnajor nosocomial epidemic caused
by a methicillin-resistarfs. aureusstrain was described in 1963This strain, isolated

from an infant treated with penicillin caused tlgath of one child and infected staff and

children in different wards.

Five epidemic MRSA (EMRSA) clones have been idetdif Reported in 1989 in Spain
for the first time, the Iberian clone has also biglemtified in Portugal, Italy, the United
Kingdom, Germany, Belgium, Switzerland and Frantke Brazilian clone was first
described in Brazil in 1992 and thereafter in PgatuArgentina, Uruguay and Chile, while
the Hungarian clone was identified in Hungary amgdven. The New York/Japan clone
was described in New York, Pennsylvania and Japad992, the Paediatric clone was

first reported in a paediatric hospital in Portygaldd has since then been found in the
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USA, Poland and Argentina. The first MRSA straolated was a member of the now

extinct Archaic clone. The Iberian clone is a dirdescendant of the Archaic cléhe
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1.5 Methicillin Resistance

The gene that confers resistance to methicillin@her penicillinase-resistaftlactam
antibiotics,mecA,is carried on a genetic element called staphylcaiozassette
chromosomeanec(SCAneq. All the different SC@ectypes and variants share the same
chromosome integration sitat{Bscg in the ORF X geneoffX) and common structural
features , such as conserved terminal invertecatep&5bp direct repeats at the integration
junction points, conserved genetic organisatiomagdahemecAgene, and the presence of
cassette chromosome recombinase) (gene&"?> Differences in the sizes of the types are

mainly due to the presence of type-specific DNAgBS.

Two essential gene complexes are present om&G&hemecgene complex and tloer
gene complex. Theecgene complex is composed of thecAgene and its regulators,
mecRIlandmecl Theccr gene complexacrA andccrB for SCQnectype I-1V, orccrC for
SCQmectype V) is responsible for movement of S@€cthrough site- and orientation

specific integration into and precise excision afuthe S. aureushromosom@?°

All the Ccr proteins are very basic (pl 10.07-10.48d share motifs in their N-terminal
domains for site-specific recombinases of the itass/resolvase family. The deduced
polypeptide sequences of CcrA and CcrB, of each8&Dype, differ by approximately
30% from one another. However, the catalytic geresidue of the recombination active
site is conserved among the Ccr prot&ing he sizes of CcrA and CcrB are similar,
namely 448/449 amino acids for CcrA and 542 amuidsafor CcrB. Each SQ@ectype

is driven by a specific set of recombin&ses
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PBP, a transpeptidase, is one of the bacterialreegynvolved in cell wall synthesis. It
cross-bridges a nascent PG chain to pre-existilhgve# PG strands. This cross-bridging
function is inhibited by-lactam antibiotics by binding covalently to theatgtic site of
PBP. B-lactam antibiotics are the structural analogud3-afanylD-alanine. Thus, it is
expected that in the presencgdactams, PBPs bindfalactam molecule at it®-alanyl-
D-alanine recognition site. Thus, the targe-ddéictam antibiotics is PBP. The PBPs
produced bys. aureushave very high binding affinities f@rlactam antibiotics, resulting

in inhibition of cell wall synthesis leading to tdkath.

mecAencodes an alternative PBP, called PBP2'/PBP 2spart from PBP2’, MRSA also
produces an intrinsic set of four differéhtaureus®BPs (PBP1-PBP4), of which three
(other than PBP4) may be required for cell growttihen compared to the normal PBPs,
PBP2’ has extremely low binding affinities fimlactam antibiotics due to the presence of
a uniqueD-alanyl-D-alanine recognition site. This makes it veryidifft to inhibit PBP2’

with pB-lactam drugs.
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1.6 Methicillin Resistance Determinants

Five main SC@ectypes have been identified to date. $@Ctypes I, Il and Il are
mainly associated with health-care associated MREMRSA) strains. SC@ectype

IV is associated with community-associated (CA-MRS#ains, as well as with the
Paediatric clone MRSA strains. S@E€ctype V is associated with CA-MRSA strains and
has only been identified in Australia and New ZedlaNumerous variants of each type

have also been descrigéd®

Four allotypes of the ccrA and ccrB genes are fooaAl, ccrA2 ccrA3andccrA4for
ccrA; andccrB, ccrB2, ccrB3andccrB4for ccrB*. The combination of theecgene
complex class and thleer gene complex type determine the classificatioB@©@0mec

allotype. See Figure 1.5 for the five core $&ctypes.

1.6.1 SCCmectype |

SCQmectype | is + 34 000bp in size and was isolated ftbenfirst HA-MRSA isolate in
England in 1961, NCTC 10442. It has a typeeficomplex and a class fBeccomplexX®
(Figure 1.6). OnlynecAis present on this SG&ctype. Type-specific open reading

frames (ORFs) of unknown functions, except for QE&ke normally found on the left
half of this SC@nectype. A polypeptide of the Shine-Dalgarno repeatti-gene family
is potentially encoded for by CE010, and is virlp#he same as the plasmin-sensitive

surface protein (PIs), a large surface proteiS.aiureus SCGnectype | is representative
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of the Archaic clone, while SGftectype IA represents the Iberian clone. The only
difference between SGfectype | and type IA is the presence of the linesatiplasmid

pUB110 in type IA.

1.6.2 SCCmectype Il

First isolated from a MRSA strain in 1980 in Japa@Unectype Il is associated with
HA-MRSA and is + 53 000bp in size. It has a typscRcomplex and a class Wec
complex® (Figure 1.6). The plasmid pUB110 is also presenthis SC@nectype and
encodes for resistance to tobramycin and bleomygB110 is also flanked by copies of
the insertion sequence43$l Multiple resistance in this S@i&ctype (and in SC@ec

type 1ll) is achieved through the action of copp¢$S431, known to act as a chromosomal
deposit site for multiple resistance genes, dowastr of themeccomplex. pUB110 and
pT181 were acquired through homologous recombinai@nts across two431 copies.
This is supported by the presence of direct repdisth ends of both integrated plasmids.
The Kdp operon is also present, mostly as pseudsgen this SC@ectype. The Kdp
operon encodes for a potassium-dependant ATPasésaedulators. SC@ectype Il is

representative of the New York/Japan cfone
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1.6.3 SCCmec type Il

SCQmectype lll is = 66 000bp in size and was first igethfrom a MRSA strain in New
Zealand in 1985. It is only associated with HA-MR&1d has a type &r complex and a
class AmeccomplexX® (Figure 1.6). The plasmid pT181, bracketed by espif 13131 and
encoding resistance to tetracycline is found os 8CCnectype. ¥Tn554, encoding
cadmium resistance and 354, which encodes erythromycin and spectinomycirstasce
are also commonly found. Z059 is also exclusivB@nectype Ill. The deduced amino
acid sequence shows high resemblance to HsdRebtiella pneumoniaandSalmonella
enterica It is also flanked by K831 HsdR is a catalytic sub-unit of the restriction-
modification system, although, when compared taanHsdR, 300 amino acid residues

appear to be deleted at the N-termfius

Type Il SCGneccan also contain: (1) an additional unitcaf complex ¥ccr complex);

and (2) flanked between two copies oft83, the 15bp direct repeat sequence found at the
right end of SC@ec This suggests that S@@ctype lll is composed of two separate
SCQmnecelements. SCd@ectype Il is representative of the Hungarian clamel SC@nec

type IIIA represents the Brazilian clone, whichkathe pT181 insertién

1.6.4 SCCmec type IV

SCQamectype IV was first seen in two CA-MRSA strains iDQ2. This SC@ectype is
much smaller (21-24kbp) than the S@éctypes associated with HA-MRSA and only

carries thenecAgene. This SCectype has a type &r gene complex (also found in
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SCamectype I1) and a class Bieccomplex® (also found in SC@ectype 1) (Figure 1.6).
The presence of theser andmecgene complexes, also found in other $@&Ctypes,
indicates that genetic recombination events mag ltaken place, leading to the
emergence of SQ@ectype IV%. No virulence factors or other resistance gene$aand.
The lack of resistance genes is consistent withMRSA, i.e. strains are susceptible to a

variety of nonB-lactam antibiotics.

Apart from the genes required for the movemeat genes) of the element and resistance
to methicillin (mecA, the lack of function of this SGfiectype may indicate that the
element has gone through evolutionary refinemenatoy DNA resulting in methicillin
resistance. This lack of surplus function can nthkeelement more fit than other S@Ec

types as &. aureusnobile genetic element in the community.

Numerous open-reading frames (ORFs) found onr8&type | and Il are unnecessary
for the benefit of the host cell. Most are mutageattially deleted or inactive and some
can even be detrimental to the host cell, as taenpin-sensitive surface protein encoded
on SCQnectype | can interfere with fibrinogen- and fibrotieebinding properties of the
host cell. SC@ecelements associated with HA-MRSA are usually latge to the
acquisition of numerous resistance genes, whichlmagquired for survival in the
nosocomial setting where numerous antibiotics antideptics provide selective pressure.
In the community setting, higher growth rates dreldbility to better colonise humans are

more advantageous than a multi-drug resistant piee®.
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Figure 1.6: Schematic of the different classes of thecgene complex present in

staphylococdf.

CA-MRSA isolates are associated with multiple gieneackground¥. The mechanism of
transfer of SC@ectype IV remains unknown, but the presence of 8@€&Imectype in the
vast majority of CA-MRSA strains indicates the pisouous manner by which this
element spreads. In addition, its smaller sizehtrfiacilitate transfer to recipient strains by

means of a plasmid or bacteriophage.
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1.6.5 SCCmectype V

This SCGnectype was discovered in a CA-MRSA strain isolatedustralia and its
description was published in 2G84 It carries an 1831 flankedmecA(class Canec
complex) (Figure 1.6) and a single copy gene hoqu@dhat encodexcr, designated
ccrCinstead of the usuatrA andccrB genes. Numerous coagulase-negative
staphylococci, especially. haemolyticydhave been found to carry the classnistgene
complex, along with the typeder gene complexdcrC). S. haemolyticuandS.
epidemidisstrains have also been identified that carry tasscC2mecgene complex.
This is also a small element (x 28kbp) and camesther resistance genes, except for

mecK®,

SCQmectype V also possesses a set of foreign genes iegcadestriction-modification
system, which may aid in stabilising the elementrenchromosonf& The deduced

amino acid sequence of one fourth of the,N#tminus, containing the serine residue that
catalyses DNA strand exchange, is well conserveahgn®CcrB and CcrC variants. It
seems that the activities of Ccr proteins are ffetged much by the absence of some
amino acids in the COOH terminus. One aspectndjgishing SC@ectype V from
SCQmecelements I-1V is the missing characteristic ingdrtepeat sequences found at the

extremities of SC@ec.

Analysis of the genome sequences of the seven seg®. aureusstrains, NCTC 8325,
MSSA 476, COL, MRSA 252, MW2, Mu50 and N315, reeehihe presence bsdSand
hsdMgenes in each of the two genomic islands (Gislan&su andvSep. It seems as if

the stability of certain regions can be affectedH®yrestriction-modification systéfh
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hsdRyr, which encodes the restriction function, is freqbefdund on the seve8. aureus
genomes at the same locus, far from the two Gislafidhis suggests that the Gislands,
carrying enterotoxins and exotoxin-like genes,muogected from deletional loss through
co-repression of the modification system. A cortgket of genes involved in the type |
restriction-modification systenin$dR hsdSandhsdM is carried on SCRectype V.
SCQamecV is the only SC@ecelement irS. aureughat carries genes for a restriction-
modification system. A SCC in strain MSSA 476 (S¢)Calso possesses a complete set
of genes involved in the restriction modificatiors®em. Data obtained from phylogenetic
trees and codon usage patterns showed that thietieatmodification systems encoded
by SCGzsand SCnectype V are different from those encoded by gdrsR,,, hsdS
andhsdMon theS. aureugienome, suggesting that those elements evolveiffénent

species and were transferredtoaureusy horizontal transféf.
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1.7 Origins and Evolution of Methicillin-Resistant Staphylococcus aureus

1.7.1 Origins of methicillin-resistant Staphylococcus aureus

MRSA arose through the acquisition of the staphytoal cassette chromosomec
(SCAmeq. Within SCGneg many ORFs are found with atypical codon-usagtepst

and skewed G+C content at tH& @don positions, which is indicative of the rataty
recent acquisition of SG@eccompared to other genes on ;heaureuschromosome. The
location of the integration site, being so closéh®origin of replication, might have
strategic significance. This allows for usefulibitic resistance genes, acquired from
other bacterial species, to be quickly taken acagmbf byS. aureus These genes would
have a bigger likelihood of being present in nurmercopies due to the uncoupled nature
of DNA replication and cell division. The ineffemt translation of gene products, linked

to atypical codon-usage patterns, is partly comaieasfor by the high copy numBr

Conserved among all types of S@€celements is thecr gene complex, composed of the
ccrA andccrB genes and surrounding ORFs. Three homologuesafdiccr gene are
found and 3 corresponding S@€celements have been identified for HA-MRSA, each
one carrying a typical combination of threecandccr gene complexes. Type | S@@c

has a type tcr complex and a classiBeccomplex (hecland 3’ region ofnecRIdeleted;
truncated copy of IR272integrated downstream of deletion). Type Il ah@&CCmec
elements have classmrAeccomplexes with type 2 andc8r complexes, respectively. In
type 1l SCGnecanother truncatedcr gene is found together with a 15bp direct repeat

between two 1831 elements, suggesting that type 11l S8€&carose from two SCC
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elements that fused togetffer The antibiotic resistance determinants of tmegtSC@nec

elements are different as well.

It is known that the SCC elements are disseminatddly in staphylococci, includin§.
aureusbut their origin remains unknown. S@@chas never been found in a strain of any
other genera. Due to the occurrence G2I&, prevalent irStaphylococcus haemolytigus
in the class Bneccomplex, it has been proposed that &@Ctype | was transferred from
S. haemolyticuto S. aureusn the past.Staphylococcus sciugossess an intrinsic PBP to
which PBP2’ has the greatest similarity (87.8% aanid identity). No other bacterial

species has been found in which PBP2’ is part@iritrinsic set of PBBS

1.7.2 Evolution of methicillin-resistant Staphylococcus aureus

The acquisition of SC@eg which allowed foiS. aureuso become fully resistant &
lactam antibiotics, was the first common genetiergv Regarding the evolution of
clonotype II-A, the dominant clone in Japanese halspin the 1980s, at least two more
genetic events were involved. The classi@ccomplex is found in this clone. Theec
regulatory gene system does not respond well toyipdactam antibiotics and it has been
hypothesised that this is due to the inadequatadighinding specificity of the penicillin-

binding domain of MecRY.

In the 1980s numerous clinical staphylococcal ssavith class Aneccomplexes, were
isolated in Japan. These isolates, called preinilititresistantS. aureugpre-MRSA),

contained intaaneclgenes and repressed methicillin-resistance. Sthte is thought to
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be the naive precursor of modern MRSA. It has lmbmerved that most strains with type
Il or Il SCCmeccomplexes (containing the classeccomplex) have mutations in either
themeclgene or in the operator region of thecAgene (where binding occurs with the

Mecl repressor protein).

Hetero-MRSA was dominant in Japan in the early $988y the end of the 1980s most
hetero-MRSA strains disappeared and the clonalresipa of homo-MRSA has since
become evident. In the early 1980s the numberREM strains with diverse genetic
backgrounds increased drastically. The third g cephalosporins were launched and
widely used in Japan. The overuse of these cegbaiims was stopped and otlfdactam
antibiotics, with low MIC values against hetero-M&RSvere used against MRSA
infections. These antibiotics were not potent gioagainst clonotype II-A strains and the
clonotype was converted into homo-MRSA, which akoWfor its clonal dissemination all

over Japan and it remains the dominant clone iar&gdag’.

It was found in the United Kingdom (UK) that eallfRSA isolates had similar genetic
and phenotypic properties (phage group, antibictyP&GE patterrspaAtype and MLS
type) as a group of early MSSA blood isolates.sEhuiggested that the methicillin-
susceptiblestaphylococcus aureMISSA) isolates examined were the descendents of a
strain that served as the first recipientradcAin Europe. The majority of MSSA isolates
had similar PFGEspaA and multi-locus sequence type (MLST) as the dredlone.

Two other MSSA isolates showed PFG&paA and MLS types similar to the Paediatric
and the New York cloné$ suggesting that these clones receivedrtbeAgene

independently.
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1.8 Molecular Characterisation of Micro-Organisms

Due to the increase in the frequency of infecticaissed by MRSA in both nosocomial
and community settings, fast and precise charaetion of isolates is required. Enough
information must be generated to be able to distsigand reliably group
epidemiologically related from unrelated strainshia case of an outbreak, to permit the

implementation of appropriate infection control m@aS$>.

Numerous typing techniques are available to thdespiologist for the discrimination of
MRSA strains. Performance criteria (efficacy) aodvenience criteria (efficiency) can be
used to evaluate any typing technique. Performantazia include typeability,
reproducibility, discriminatory power and agreemieetween typing techniques.
Versatility, rapidity, ease of execution and intetption are examples of convenience

criteria.

1.8.1 Macro-restriction analysis

Macro-restriction analysis (MRA) was developed Iopn8arz and Cantdt®°and is based

on the restriction of bacterial DNA with endonudes. These endonucleases recognise a
small number of sites on the bacterial chromosontg therefore they are infrequent
cutters. This generates large DNA fragments (10kBY) which cannot be separated
effectively by conventional electrophoresis. There, the electric field orientation across

the gel is periodically changed, allowing for tHieetive separation of fragments

31



according to size. This allows for the comparisbsimpler profiles and all bacteria can

theoretically be typed using this technique.

Special care must be taken to avoid mechanicatisigeaf DNA and therefore intact DNA
is required for pulsed-field gel electrophoresiB@E). The bacterial cells are embedded
in low melting temperature agarose, protectingDMNA but also allowing for the free flow
of solutions required for cell lysis, digestiona&il proteins and DNA restriction. After
restriction, the agarose plug is subjected to PFB&ore migrating to the cathode, the
fragments have to be aligned in the direction efdalectric current. The time required for
the current to align is dependent on the moleaulass of the DNA, and therefore
alteration of the direction of the electric curréating electrophoresis results in a sharper

resolution of fragments.

Larger fragments require more time to reorientagenselves in the new direction of the
electric field and migrate slower, leaving themseloto the origin, while smaller fragments
migrate more quickly due to faster re-orientatiowards the electric field. The electric
field intensity, angle of the current and frequemath which the current alternates, length
of run time and electrophoresis temperature areagibles that can affect fragment

separation.

To separate DNA fragments, numerous techniqueawaiéable involving a pulsed field
system. The most common ones are FIGE (field-sigargel electrophoresis) and CHEF
(contour-clamped homogenous electric field), thtefanvolving the alternating of the
angle of the electric current. FIGE is simplesslexpensive and best for the separation of

fragments from 0.1 to 200kb. The electric fieléiernated between forward and reverse
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directions where the forward pulse lasts threegitoager than the reverse pulse. CHEF is
best for the separation of fragments up to 3Mbe 3ystem consists of a hexagonal
arrangement of electrodes, which is used for timeigaion of uniform electric field at
angles of 120°. The fragments thus move in agéttdine with little or no distortion.
PFGE is currently the “gold-standard” for MRSA tygiand has been compared to
numerous other techniques. The discriminatory pasvequal to and in many cases
superior to phenotypic techniques as well as teragenotypic techniques such as
ribotyping, RAPD (random amplified polymorphic DNACR-RFLP and inter-E56
PCR®. Results obtained are also more reliable thasetiobtained by REA (restriction
enzyme analysis), as there is very little or neriigrence from plasmid DNA. The
fragments generated after digestion of the plasmedar too small to affect the profile. A
number of restriction endonucleases have beerdidsi&Smad has been shown to provide
good results. All strains are typeable using émsyme and standard strains are

reproducible after extensive sub-culturihg

However, there are a number of disadvantages assdavith PFGE, namely the long
time it takes to obtain a result, the techniquat®lr intensiveness and the high cost of
reagents. Specialised electrophoretic equipmeads@srequired, which is also expensive.
Inter-laboratory comparisons can also be quiteadilf, as slight differences in
electrophoretic conditions can alter the distanaeedled by fragments. This can
complicate the comparison between isolates runnuhtferent electrophoretic conditions
or on different gel€. Computer-aided analysis and the use of a coatganism or
molecular weight marker on each gel assist withgansons and a standardised
interpretation scheme has been published to daterthe genetic relatedness between

straing®,
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If the restriction patterns of isolates have theniital number of bands and the bands
migrate the same distance, the isolates can bededjas genetically indistinguishable.

The isolates are considered to represent the saaie. slsolates whose PFGE pattern

differs by 2 to 3 bands are considered to be cjasthted, as theses changes are consistent
with a solitary genetic event such as a point nmadr an insertion or deletion of DNA.

If the isolates’ PFGE pattern differs by changesststent with 2 autonomous genetic
events, resulting in 4 to 6 band differences, @r@yconsidered to be possibly related.
Changes consistent with 3 or more independent geenvtnts will usually result in 7 or

more band differences. The isolates are considerbd unrelated if this is the c%e

These criteria have been simplified in Table 1.lbwe

Table 1.1:  PFGE pattern interpretation criteria accordingémoveret af.

Category Number of fragment differences
Indistinguishable 0
Closely related 2-3
Possibly related 4-6
Unrelated >7

1.8.2 spatyping

DNA sequencing has the advantages of speed, unaousglata interpretation, ease of
use, ease of interpretation, standardisation anglgiity of large-scale database creation

and is a powerful approach to strain typing.

A highly polymorphic sequence within the X regicomposed of repeats of 24 base pairs,

is found within the protein A gene 8f aureus The function of this region might be that a
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longer X region could result in better exposur¢hef Fc-binding domains of protein A.
This would facilitate the colonisation of host sués and could contribute to the epidemic

phenotype associated with some MRSA strains

Most epidemic clones usually have more than sespeats, whereas most non-epidemic
clones usually have seven or fewer reggatShespagene harbours a number of
functionally distinct regions and is composed gragimately 2150bp. The regions are
the Fc-binding domain and the X region (Figure .1.7he X region is divided into the X

region (short sequence repeat region) and thegon, a cell wall attachment sequence.

1095F 1517R

|—S-E-D-A-B-C X X, j—{

Figure 1.7: Map of theS. aureus’rotein A gene. The boxes represent gene segments
encoding the signal sequence (S), the immunogloliaibinding regions

(A-D), a region homologous to A-D (E) and the CO@¥minus (XJ°.

DNA sequencing of the polymorphic Xr short sequence repeat (SSR) region ofpiae\
gene (protein A), ospatyping, is currently employed as an alternativgirtg techniqu¥'.
Deletions and duplication of repetitive units amdnp mutations within a repeat are the
main ways from which diversity of the SSR ariseelW¢onserved regions flank the X

region coding sequence in tipaAgene. This allows for direct sequence typingrafte
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amplification with PCR.spatyping is very rapid and convenient for outbreakeistigation

in both the hospital and community setting sincly arsingle locus is involved

The X region of protein A has a variation rate (gepeed) that despite its high degree of
polymorphism is slow enough to provide discrimioatsuitable for outbreak
investigation, or for strain collections gathereithvm a short period of time, restricted to
one locatiofi’. However, for long-term surveillance or studiemparing distant lineages,
spatyping should be complemented with other typinghteques, such as macro-

restriction analysts.

Ridom StaphType (Ridom GmbH, Wirzburg) is a sofemaiol that allows for rapid repeat
determination, data management and retrieval afidwing automatic quality control of
DNA sequence chromatograms, an Internet-basednassig of newspatypes. The

repeats are assigned an alphanumeric code anddiread the specific repeats determines
thespatype. A considerable degreesgfagene repeat number variations are found within
a given sequence type (ST) by multi-locus sequgymrg (MLST), which suggests that in

certain instancespatyping provides greater resolution than MLST.

However, the consensus is still that PFGE is sapéwispatyping and MLST in terms of
the discriminatory powerspatyping cannot be considered a portable tool, bezdue
technique is hampered by the lack of generallylalika software tools for repeat
identification and by the lack of consensus on nepeat angpatype assignmeht

The three modules of Ridom StaphType (Figure Ir&pasequence editor, a database and
a report generator. After the input sequence kas provided, the software assigns a

quality value to each base called, which correspaadhe sequence error probability.
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Thereafter thesparepeats are automatically detected andsgaype assigned. A
versatile graphic user interface allows for the namediting of sequences where required.
The software searches for signature sequencegbtiie 5’ and 3’ positions, at the correct
distance to ensure leading and ending repeatsoflexoluded irspatype assignmentspa
type results and any epidemiologically relevanbinfation can be stored in relational
database systems. Any information can be expanteab-delineated files after retrieval
with Boolean searches. Different configurable ré&poan also be created that are stored

internally as read-only filég
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Figure 1.8: Screen shot of the Ridom StaphType software. Aeatice base quality-
based sequence editor, a database and a reporagerieot shown)

module are featuréd

37



Ridom StaphType employs numesigarepeat and type codes. The software synchronises
with an associated website, functioning as thevaource for all newparepeat/type

codes, directly via the http protocol or via a-slased system (e.g. E-mail). This ensures
uniform code terminology usage. To allow for theaf designation of new /unidentifiable
spatypes/repeats, all nesparepeats/types that meet quality criteria (5'/3nsityres are
unambiguously detectedpatypes are deduced from chromatograms) can be émaedfto

the server during synchronisation.

Repeats and types detected by others are trargtertee Ridom StaphType client
software, from the time when the last synchronisaticcurred

(http://www.ridom.de/spaservér/sparepeat sequences (FASTA format) ayyges can be

downloaded from the website (http://www.ridom.desgrvery and are accessible to any

person. It is possible to submit chromatogramsesisparepeats/types for inclusion in
the reference database; therefore, users not wpwkith Ridom StaphType have access to

the same uniform terminolody
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1.9 MRSA in South Africa

During 1985, MRSA was isolated from 18% of 2 68% pwabs and 25% of blood cultures
at Tygerberg Hospital, Cape Tofiin In the Republic of South Africa (RSA), the Nauib
Antibiotic Surveillance Forum (NASF) observes, pdes and publishes information
regarding antimicrobial resistance patterns. Dat@btained from academic teaching
hospitals and private diagnostic microbiology latories. Thirty-six percent of 1566.
aureus samples tested at the Johannesburg Hospital i8 2@e methicillin/oxacillin

resistant (personal communication, Prof. A.G. D&@D CMID).

Baseline data established by The Pan-European Amtimal Resistance Using Local
Surveillance (PEARLS) study during 2001-2002 of MR&nd other antibiotic resistant
bacterial species showed that South Africa had &Mcidence of 33.3% Analysis of
epidemic MRSA strains from 20 countries identifledlistinct MRSA clones globaffy.
After studying a very limited number of samplestadabtained have shown that the South
African isolates belonged to the clonotype I-A grpthe oldest MRSA strain, which dates
back to the 1960s. This clonotype is representedNBTC 10442 (Archaic clone).

However, only one South African MRSA strain wasjeated to analysis.

It is very important to determine clonal dominamt@ country over time, as virulence and
pathogenic factors are specific to each clonotype.a study by Zinret al. in 1996,
methicillin resistance irStaphylococcus auretis South Africa was found to be 39%
Several of the clones were identified as intermaticepidemic MRSA by pulsed-field gel

electrophoresis.
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Twenty-six percent (61/233) &. aureussolates collected from 14 health institutions in
KwaZulu-Natal (KZN) province were resistant to nieilin, oxacillin and cefoxitirt>.
ThemecAgene was also detected in all isolates, confirm@sigstance. Forty-eight of the
MRSA isolates (78.7%) were recovered from woundas) 9.8% (n=6) from sputum,
3.3% (n=2) from otitis media and 1.6% (n=1) eadmiiblood sample, urine, eye-related
infection and endotracheal aspirate. The MRSAatesl were categorised into 12
antibiotypes with 41% (n=25) of the isolates shaitime same antibiotype (peniciffin
gentamiciff, erythromycif, tetracycling, trimethoprink and rifampiciff). After Alul
digestion of the coagulase gene PCR product, 5 RELP patterns were identified for the
61 MRSA isolates, of which the majority (67.2%)tloé isolates were represented by a
single pattern. It was noted that isolates hattregsame RFLP pattern shared a common

antibiotype.

The first report on the molecular characterisatiod confirmation of mannitol-negative
MRSA in South Africa was published in 2086 Publications on mannitol-negative
MRSA are rare and the prevalence is unknown intgafrica. The isolates were
confirmed to bes. aureusdy PCR targeting theucgene. SC@ectyping also revealed
that all five isolates carried a S@@clV. All isolates were resistant to penicillin,

oxacillin, gentamicin, tetracycline, trimethopriradmamethoxazole and rifampicin.

In 2005, a 67-year old male presented with reldgseays after treatment with
vancomycin for a MRSA ventriculitis. At the timémlapse, MRSA (with a vancomycin
MIC of 4mg/l by E-test) was cultured from CSF saespl Therapy with linezolid and
intraventricular vancomycin was initiated. Thelae was found by the E-test to have

sub-populations with a vancomycin MIC of 8mg/l antkicoplanin MIC of 12mg/l. The
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strain was also found to have a population anajysile very similar to that of MU3, a
hetero-vancomycin-intermediate resist8tdphylococcus auregVISA) strain. The
patient made a successful recovery. It is beligkiatithis was the first documented case
of clinical infection by a hVISA strain in South #da®. However, no molecular

information was obtained for this strain.

No comprehensive study has been completed so favastigate and determine the
molecular epidemiology and clonal prevalence of MRS South Africa. Only 54 isolates
were tested for methicillin resistance during tlEARLS study. A moderate number of
samples (n=236) were tested for methicillin resiséain the Zinn study. Only two
samples were subjected to MRA. No generalisedlasions could be drawn and the data

available is not representative of the true nabfifdRSA in South Africa.

A nationwide study with sufficient samples woultbal for the molecular elucidation of
clonotypes of each province, permitting both naland international comparisons. It is
imperative to build up a continuous national sutaece database becauSeaureuss a
global public health problem. The molecular epid#ayy is usefull in establishing how

the organism is spread and how it can be controlled
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1.10 Other Virulence Factors

Numerous bacterial surface components (capsulgsgotharides and protein A),
including those molecules that recognize adhesi@gixnmolecules (clumping factor and
fibronectin binding protein), together with extrakar proteins (coagulase, hemolysins,
enterotoxins, toxic-shock syndrome toxin (TSSTJpbatins and Panton-Valentine
leukocidin (PVL)) are involved in the pathogenicitf/Staphylococcus auretsfections?.
However, it is difficult to assess the exact rdi¢hese different virulent factors in invasive

infections.

1.10.1 Panton-Valentine leukocidin (PVL)

Panton-Valentine leukocidin (PVL) is a toxin fouméinly in CA-MRSA and it is
estimated that less than 5% of @llaureusstrains carry the genes encoding for PVL
production. There is no published recordsofiureusstrains from South Africa that
encode the different subunits of PVL. PVL is pafrthe family of synergohymenotropic
toxins, which also hostshemolysin and other leukocidins such as bovinkdeidin R,
and is able to damage the membranes of erythroaypfiost defence celfs Two non-
associated classes of secretory proteins, S aact Bynergistically to cause membrane
damage.LukS-PVandlukF-PV, the S and F class proteins specific to PVL, aoelypced
by all PVL-producing strains. Purified PVL is leatkxic to rabbit and human
polymorphonuclear cells and macrophages by meapesrefproduction. When injected
intra-dermally in rabbits, it also induces sevaftammatory lesions, leading to capillary

dilatation, chemotaxis, PMN infiltration and kargleexis and skin necrosis.
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The production of PVL is usually associated witlaists causing direct invasion and tissue
destruction, including primary community-associgi@@umonia, severe necrotic skin
infections, furuncles and cutaneous abscesseain$trausing secondary infection after
skin injury, hospital-associated pneumonia, infecgndocarditis, and mediastinitis,
urinary tract infections, TSS or enterocolitis natiy lack gene for PVL, and therefore

PVL is typically associated with CA-MRSA strainsdamot HA-MRSA strains.

The role of PVL in the pathogenesis of CA-MRSA wested recently in mice infection
models, which was used to compare the virulend&vif-positive with PVL-negative
strains. However, mice sepsis models (to invetgigamulence) showed the PVL-negative
strains were significantly more virulent than a Pptsitive genetically similar strain. A
mouse skin-infection model was used to test thityato cause abscesses and/or
dermonecrosis, and showed that a mouse infectédanVL-negative strain had a greater
average abscess volume when compared to a moesteithiwith a PVL-positive strain.
After infection with PVL-positive strains, more meibiad dermonecrotic abscesses than
mice infected with PVL-negative strains. There wiiially no difference in the

virulence of isogenituk-S/F-PVknockout strainsApvl). It seems as if the genetic

makeup of each strain plays a bigger role in viroée rather than PVL as a single téXin
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CHAPTER 2

2 STUDY AIM AND OBJECTIVES

2.1 Aim of the Study

This study was undertaken to elucidate the molece@demiology and clonality of
methicillin-resistanStaphylococcus aureyMRSA) strains in South Africa, using macro-
restriction analysis (MRA) with pulsed-field geleetrophoresis (PFGE) argpa (protein

A gene) typing. The isolates were collected betw&egust 2005 and November 2006.

2.2 Study Specific Objectives:

1. Obtain MRSA isolates from centres across SouthcAfri

2. Distinguish between health-care-associated- andnuomty-associated MRSA
isolates, based on molecular characterisation.

3. Perform molecular fingerprinting of isolates usirf)) MRA with PFGE; and (2)
spatyping.

4. Compare the genomic profiles of the MRSA straingleétermine their relatedness
and to establish which clone(s) is/are dominant.

5. Compare the genomic profiles of South African MRS#ains (obtained by PFGE

andspatyping) with available profiles of internationalijportant clones.
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6. Screen all isolates by the polymerase chain rea¢B&€R) technique for the toxin

Panton-Valentine leukocidin (PVL).
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CHAPTER 3

3 MATERIALS anD METHODS

3.1 Sample Collection

Various diagnostic laboratories across the countrse approached to assist with the
collection of isolates. A complete list of all tloratories, including the number of
isolates collected is shown in Table 3.1. Samplkection commenced on 1 August 2005
and ended on 30 November 2006. All laboratorieewequested to collect only one
isolate per patient in order to avoid repeats. [@beratories were supplied with semi-
solid agar vials, which were stab-inoculated witl various strains as they were isolated.
Each semi-solid agar vial was assigned a speaificher. The laboratories completed an
information sheet, corresponding to the numbegassi for each semi solid agar vial. The
information sheet is given in Appendix B (p. 128thical clearance (M01-05-07) was
obtained from the University of the Witwatersrandnin Research Ethics Committee
(Medical) to (1) collect patient isolates (M05045and (ii) obtain patient age and gender

(M010507). Refer to Appendix L (p. 179) for a nafBouth Africa.

3.2 Chemicals, Reagents, Media and Kits

All chemicals and reagents used in this study wéamnalytical or molecular grade. The

composition of all media is given in Appendix A (20). All media used for bacterial
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growth was obtained from Diagnostic Media ProdybtslP) (NHLS, Sandringham, South

Africa). Lists of the composition of all bufferseagiven in section 3.10.

Centres across South Africa that participated encibilection ofS. aureus

Table 3.1:
isolates.
. : Number collected
Province Centre name City/Town Total MRSA
Tshwane Academic Hospital, .
NHLS Pretoria 15 13
Gauteng New JoharlllnHeEgurg Complex, Johannesburg 15 12
Van Drimmelen Johannesburg 15 14
Ampath Pretoria 14 14
Limpono NHLS Polokwane 30 24
Pop Ampath Polokwane 9 5
NHLS Witbank 11 10
Mpumalanda NHLS Nelspruit 10 9
P g NHLS Ermelo 10 4
Ampath Nelspruit 17 6
Northern Cape NHLS Kimberley 39 29
NHLS Welkom 11 6
Free State Universitas Hospital, NHLS Bloemfontein 16 12
Ampath Bloemfontein 18 13
NHLS Rustenburg 13 10
North West NHLS Klerksdorp/ 13 10
Tshepong
Lancet Johannesburg 2 1
Eastern Cape NHLS Port Elizabeth 30 22
P Ampath Port Elizabeth 27 25
Ampath Durban 45 34
Kwazulu-Natal RK Khan Hospital Durban 15 9
NHLS George 12 11
Western Cape| Groote Schuur Hospital, NHLS$ Cape Town 15 1%
Pathcare Cape Town 30 29
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3.3 Strains and Growth Conditions

The bacterial strains used in this study as conticd listed in Table 3.2. All strains were
incubated overnight on 5% blood agar plates aridml brain heart infusion (BHI) broth
at 37°C. Prior to any analysis, bacterial isola¢egived that were mixed after plating on
5% blood agar plates were plated out on eitherbldgd agar plates supplemented with

nalidixic acid and colistin; or (2) Chapman’s ag&tes (Mannitol salt agar plates).

3.4 Phenotypic Characterisation

All bacterial isolates received were identified @ating using the DNase test. This test
was performed on DNA agar plates according to thiéajines of Konema.
Deoxyribonuclease, or DNase, is an enzyme prodog&] aureughat cleaves DNA. The
DNA present in the agar is hydrolysed by the DNdéisess enzyme is produced by the
organism. After incubation of the DNA agar pldtes plate is flooded with 1M HCI,
which precipitates any unhydrolysed DNA, producthgudiness. A zone of clearance is

visible where the DNA has been hydrolysed.
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Table 3.2:

Bacterial strains used as controls during thisystud

MetHS

SCCmec

Designation type Spa type Application Reference(s)
ANS46 R [l t037 SC@ectype Il control; PFGE 42, 43, 44
BK2464 R Il t002 SC@ectype Il control; PFGE 42,43, 44

MW2 R \Y 1128 SCnectype IV control; PFGE, PVL PCR (+) control 42, 45
STA61 R I t001 SC@ectype | control; PFGE; Phenotypic characterisa{idbNase); | This study
Antibiotic susceptibility testingspaAPCR (+) control.
ATCC BAA-38 (E2125) R I t051 PFGE 43
HPV107 R IA t051 PFGE 42, 43, 44
ATCC 6532 S None NA Antibiotic susceptibility tesgi This study
NCTC 8325 S None NA Size standard for PFGE 43

Meth = Methicillin; R = Resistant; S = SusceptiddGE = Pulsed-field gel electrophoresis; NA = Biailable
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3.4.1 DNase test

Eight to ten isolates were tested for DNase pradngier DNA plate by drawing
horizontal and vertical lines on the agar plateating small squares. A knov aureus
strain, STA61, was included with every plate a®sitpve control. Each square on the
plate was inoculated with a single colony of eatiiate. The plate was aerobically
incubated overnight at 35£2°C. After incubatior tilate was flooded with 1M HCI, left
to stand for a minute following which excess HCkveiscarded. A zone of clearing

around the inoculum was taken as a positive result.

3.5 Antibiotic Susceptibility Testing

3.5.1 Kirby-Bauer disk diffusion antibiotic susceptibility method

Resistance to methicillin was tested using the Blawuer disk diffusion antibiotic
susceptibility method according to the guidelinethe CLSI (January 2008) The test
was performed usinguy oxacillin antibiotic disks (Oxoid, Hampshire, Wi Kingdom)
on Mueller-Hinton agar plates supplemented withI28€l. The interpretive criteria of
the CLSI forStaphylococcus aurewgere used to establish the antibiotic susceptytlf
the isolates. Refer to Appendix C (p. 124) fooeplete table regarding the zone

diameter interpretive standards ftaphylococcuspp.

Briefly, a single colony was suspended in 1ml sgladjusted to a 0.5 MacFarland

standard and spread evenly with a sterile cottabsmto the agar plate surface. After the
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surface of the agar plate had dried for about 5 thimantibiotic disk was placed on the
inoculated plate and incubated for 24 hours aeralbjl at 37°C. The results were
interpreted by measuring the zone diameters wéhattl of sliding callipers, including the

disk diameter.

3.6 DNA Preparations

3.6.1 Total genomic DNA isolation

In order to extract the genomic DNA, a previousiplshed “rapid lysis” procedure was
used’. Briefly, the bacterial isolates were culture@might in 10ml of BHI broth at 37°C
(shaking at 100rpm) (Incubator Shaker Series 2% Rerinswick Scientific Co. Inc,

Edison New Jersey, USA). 300ul of the overniglituca was removed and the bacterial
cells harvested by centrifugation at 16 00§ fer 2minutes (min). Cells were resuspended
in lysostaphin (50l, 100pug/ml) (Sigma-Aldrich, St. Louis, MO. USA) @mcubated for
10min at 37°C. Thereafter, pl0of Proteinase K (100pg/ml) (Merck KGaA, Darmstadt
Germany) and 150ul Proteinase K buffer were addeghin the cell suspensions were

incubated for 10min at 37°C and then boiled forami
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3.7 DNA Amplification, Electrophoresis and Analysis

3.7.1 DNA amplification and electrophoresis

Total genomic DNA was extracted as described iti@e8.5.1. All PCR reactions were
set up in a PCR laminar flow hood. PCR reactioasvperformed using a PCR thermal
cycler, either an iCycler (Bio-Rad Laboratoriesstiges, CA, USA) or a Hybaid cycler
(Hybaid Omnigene, Middlesex, England). A finalwawle of 25l was used, containing 1-
10ng bacterial DNA template, primer and 1xPromégarfiega, Madison, WI, USA) or
Roche PCR Master Mix (Roche Applied Science, Inganhis, IN, USA), with a final
MgCl, concentration of 3mM. When the Hybaid cycler wased, 3Ql of mineral oil was
pipetted over the PCR reaction, as this instrurdeat not have a heated lid. u20f the
PCR product was analysed by electrophoresis insagbetate-EDTA (TAE) agarose gel
(wt/vol) (100V) containing pl ethidium bromide (10mg/ml). A 100bp ladder (Pemm)
(Fermentas Life Sciences, Hanover, MD, USA) wasilgaised as a molecular weight
standard and all gels were visualised using a Bid-Kel Doc 1000 system (Bio-Rad

Laboratories).

3.7.2 SCCmec multiplex PCR

The SC@necstructural variant of each MRSA isolate was deteeth by employing a
previously described protoddl Eight loci (A to H) were included in this mulkgx PCR,
together with an internal positive control, thecAgene. Located downstream of il

gene is locus A, specific to S@e@ctype I; internal to th&dpoperon is locus B and is
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specific to SC@ectype lI; locus C is specific to S@actypes Il and Il and is internal to
themeclgene; locus D is present in S@€Ectypes |, Il and IV and is internal to thes
region; located in the region between integratedmid pT1258 and transposonSbd is
locus E and it is specific to S@t&ctype lI; locus F is located in the region between
Tn554 and the chromosomal right junctionarfX and is also specific for S@&clll. To
distinguish structural variant IA and IlIA, loci énd H were included, respectively. Locus
G is the left junction between431and pUB110, while locus H is the left junction
between 1831and pT181. The oligonucleotide primer sequenoggther with the

amplicon sizes are given in Table 3.3.

Total genomic DNA was extracted as described iti@e8.6.1. All PCR reactions were
set-up as described in section 3.7.1. PCR reacti@ne performed on an iCycler PCR
thermal cycler (Bio-Rad Laboratories). The priroencentrations were as follows: 400nM
of primers for loci A, C, F, pUB110 R1 and pT181;B00nM of primers for loci DmecA

and 1$131P4; 200nM of primers for loci B and E.

The cycle conditions used were as follows: iniiahaturation at 94°C for 4min, followed
by 30 cycles of 94°C for 30sec (denaturation), 5®1C30sec (annealing) and 72°C for
1min (extension). 4min at 72°C was used as tra fintension time. The PCR products

were subjected to electrophoresis as describeekctiogs 3.7.1 in a 3% TAE agarose gel.
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Table 3.3:

Oligonucleotide primer sequences used for the plakiPCR to determine

the SC@nectype of each MRSA isolate

Locus Primer Sequence (5'-3) Amplicon| Specificity
size (bp)
A CIF2 F2 TTCgAgTTgCTgATgAAgAAQY 495 I
CIF2 R2 ATTTACCACAAggACTACCAQC
B KDP F1 AATCATCTgCCATTggTgATgC 284 Il
KDP R1 CgAATgAAgTgAAAgAAAQTQgg
C MECI P2 ATCAAQACTTgCATTCAggC 209 I, 1l
MECI P3 gCggTTTCAATTCACTTQTC
D DCS F2 CATCCTATQATAQCTTggTC 342 Y
DCS R1 CTAAATCATAgCCATgACCg
E RIF4 F3 gTgATTgTTCgAgATATQgTgg 243 1]
RIF4 R9 CgCTTTATCTQTATCTATCgC
F RIF5 F10 TTCTTAAgTACACQCTgAATCg 414 1]
RIF5 R13 gTCACAgTAATTCCATCAATQC
G 1S431 P4 CAggTCTCTTCAgATCTACY 381 IA
pUB110 R1 GAgCCATAAACACCAATAgCC
H 1S431 P4 CAggTCTCTTCAgATCTACY 303 A
pT181 R1 gAAgAATggggAAAgCTTCAC
mecA MECA P4 TCCAgATTACAACTTCACCAQg 162 Internal
MECA P7 CCACTTCATATCTTgTAACg control

3.7.3 PVL PCR and nucleotide sequencing

All MRSA and MSSA isolates collected were examif@dthe presence of tHekS-PV

andlukF-PV genes, which encode the class S and class Fmsaeecific for PVL,

according to a previously described protdtolGene specific primers were used, as listed

in Table 3.4, which allowed for the co-amplificatiof lukS-PVand IlkkF-PV. Strain MW2

was used as a positive control. All PCR reactisase set-up as described in section 3.7.1,

where a final primer concentration of QM was used. PCR reactions were performed on

an iCycler PCR thermal cycler or a Hybaid cycler.
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Table 3.4:  Oligonucleotide primer sequences used for the P@Gfliication of the

lukS-PV/IukF-P\genes.

Primer Sequence (5’-3) Amplicon | Reference
name Size (bp)

luk-PV1 | ATCATTAggTAAAATQTCTggACATgATCCA 433 70

luk-PV2 gCATCAASTGTATTggATAgCAAAAGC 70

The cycle conditions used were as follows: iniiahaturation at 94°C for 2min, followed
by 30 cycles of 94°C for 30sec (denaturation), 6fIC30sec (annealing) and 72°C for
1min (extension). 4min at 72°C was used as tha fintension time. The PCR products

were subjected to electrophoresis as describeekctiogs 3.7.1 in a 1% TAE agarose gel.

PCR amplicons were sequenced as described ins&c8@ to determine the specificity
of the PCR reaction. The same primers used for B@Rlification were used for the
sequencing reactions. All DNA sequences obtaineanalysed using the online tool

BLAST, available from the NCBI website.

3.8 gpa Typing

spatyping involves the DNA sequence analysis of tblmorphic X, or short sequence
repeat (SSR), region of the protein#pé&A gene. The hyper-variable regions (HVR) of
all the MRSA isolates and only the PVL-positive MSiSolates were amplified by PCR

with previously published primer sequerédisted in Table 3.5.
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Table 3.5:  Oligonucleotide primer sequences used for the P@Gfliication of the

SSR region of thepaAgene.

Primer name Sequence (5'-3) Reference
1095F AgACgATCCTTCggTgAgC 32
1517R gCTTTTgCAATgTCATTTACTg 32

3.8.1 DNA amplification and electrophoresis

Total genomic DNA was extracted as described iti@e8.6.1. DNA isolated from
STA61 was used as a PCR control strain. All DNAohiications were the same as those

described in section 3.7.1.

The cycle conditions used were as follows: iniiahaturation at 95°C for 4min, followed
by 30 cycles of 95°C for 30sec (denaturation), 6fIC30sec (annealing) and 72°C for
45sec (extension). 10 min at 72°C was used afirthleextension time. The PCR products
were subjected to electrophoresis as describeekctiogs 3.7.1 in a 1% TAE agarose gel.
However, SYBR Green (Molecular Probes, Eugene, &) (2.5u/PCR tube (1:100))
was also used. SYBR Green (Molecular Probes)wassvisualised using a DarkReader

(Ingaba Biotechnologies, Pretoria, South Africa).

3.8.2 Nucleotide sequencing

The DNA fragments of PCR positive samples weresedand eluted using the QIAquick

Gel Extraction Kit (Quigen Inc. Valencia, CA, USAgcording to the manufacturers’
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recommendations. The eluted products’ concentratias estimated using gel
electrophoresis with a 1% TAE agarose gel (wt/aol)l G of Promega 100bp ladder as a

comparison.

Sequencing reactions were set-up as follows: 100®RELR product, 2 Big Dye

Terminator Reaction Mix (Applied Biosystems, Fostary, CA, USA), 1ul 5xsequencing
buffer (Applied Biosystems) andiRof 5uM forward primer. The reaction was made up to
10ul with distilled HO (d.H0). The cycle conditions were 96°C for 1min, falted by 25
cycles of 96°C for 10sec, 50°C for 5sec and 607CGHoin. The reaction was kept at 4°C

until it was purified using ethanol precipitation.

The reaction was made up to 10®&ith d.H,O, where after @ of 3M NaAOc (pH 4.6)
(Sigma-Aldrich) and 25@ of 100% ethanol were added. The samples were the
centrifuged at 20 80@xfor 15min. The supernatant was aspirated angl2507 0%
ethanol was added. The samples were centrifug2d 800> for 5min. The supernatant
was aspirated and the samples was left to airairg5min, following which they were
stored at -20°C until they were analysed with a&tierAnalysis System SCE2410

(SpectruMedix LLC, Pennsylvania, USA). Only these strand was sequenced.

3.8.3 Nucleotide sequence analysis

The chromatograph sequence files of the isolaéze analysed with the software package
Ridom StaphType version 1.4.1 (Ridom GmbH, Wirzb@grmany). After providing the

input sequence (FASTA, ABI or SCF format), the waite automatically detected the
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repeat units and assignedpatype. To ensure that no beginning or end repeat w
excluded, the software searched for 5’ and 3’ digneasequences at the correct distance.
With the aid of the software, a database was sé¢b-afiow for easy management of all
sequences. After all the sequences had been adalyseport was created describing each
strain and itspalD. This report was viewed in the freely avaiaBldobe Acrobat Reader

(www.adobe.comsoftware, version 7.0spaClonal ComplexesspaCC) were also

assigned using the Ridom StaphType (Ridom GmbH)vsoé package with the aid of the
built-in algorithm BURP (Based Upon Repeat PatteB)RP is an algorithm that allows
clustering ofspatypes into different groups spa<Clonal ComplexesspaCC), where the
calculated cost between members of a group wasHassor equal to 8spatypes shorter
than five repeats were excluded from analysis a®lmble deduction about ancestries can

be made from thespatypes.

3.9 Macro-Restriction Analysis (MRA)

In this study, MRA with PFGE was used to obtain@euaular fingerprint, or banding
pattern, of digested DNA from each isolate. TheGQODRSA PulseNet protocol was used.
The banding pattern was used to establish theedrats of the isolates. The computer
software package GelCompar Il version 4.0.0 (BioNtios, Applied Maths, Sint-
Martens-Latem, Belgium) was used to aid in the ysisilof the gel images and the

construction of UPGMA dendograms.
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3.9.1 Agarose plugs preparation

Agarose plugs were prepared for all of the MRSAaws and only the PVL-positive
MSSA isolates. Bacterial isolates were grown oigérinin 10ml BHI broth at 37°C while
shaking at 100rpm. The QR readings were taken and these were used to neartak
volumes of culture used to 1.1. This was donensuee approximately equal
concentrations of cells per plug. The requirediuad of culture was centrifuged at 20
800>g for 4min in 2ml microfuge tubes. After the supstant was aspirated, the bacterial
pellet was resuspended in 300ris-EDTA (TE) buffer and equilibrated at 37°Crfimore
than 10min. A 1.8% agarose solution (wt/vol) waedmin TE buffer, cooled and kept at
55°C. 3u lysostaphin, 1mg/ml, (Sigma-Aldrich), togetheithwB0Qul 1.8% agarose was
added to the bacterial suspension and pipettedlotk moulds. The moulds were
allowed to set at room temperature for 15min. Bloeks were pressed out into 5ml EC
lysis buffer and incubated overnight at 37°C. Hlysis buffer was replaced with TE
buffer (washing buffer) and the tubes were agitateadn orbital shaker for 30min at room
temperature. This washing procedure was repehted times. The blocks were

transferred to 2ml TE buffer (storage buffer) atated at 2-8°C.

3.9.2 Restriction endonuclease DNA digestion

A 2-3mm slice of an agarose block was cut withealscalpel, placed inside a 1.5ml
microfuge tube and covered with 20 xBuffer Tango (Fermentas Life Sciences). The
plugs were left to equilibrate at room temperaforeé30min. The liquid was removed and

200ul enzyme solution was added to cover the blocke @tzyme solution contained;20
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10xBuffer Tango and 30U &mad restriction endonuclease (Fermentas Life Scienaed
d.H,O. The plug, completely submerged in restrictiomygne mix was incubated for 3h at

37°C. Gel electrophoresis was performed immediatter the enzyme digestion.

3.9.3 Pulsed-field gel electrophoresis (PFGE)

A CHEF DR Il system (Bio-Rad Laboratories) wasdifar the electrophoretic separation
of the DNA fragments. After the restriction enzydigestion, the enzyme mixture was
aspirated from all tubes. A 1% pulsed-field ceztifagarose gel (Bio-Rad Laboratories)
(wt/vol) with 0.5xTris-borate-EDTA (TBE) buffer wasepared and left to cool to 50°C,
following which it was poured into the gel castiplgtform, making sure not to dislodge
any of the plug slices. The gel was left to setlto and the comb was carefully removed.
Two litres of 0.5xTBE was poured into the chambmet allowed to cool to 14°C an hour
before the start of the run. After the comb wasaeed, the gel was secured in the
chamber and the current-switching parameters pnogied as specified by the CDC
ORSA PulseNet protocol. The parameters were &safsi 200V (6VV/cm), 5sec initial
switch time, 40sec final switch time, buffer temgtere at 14°C and a total run time of
21h. Following electrophoresis the gel was remauvedi stained in 500ml d.B

containing 5@I ethidium bromide (10mg/ml) for 30min, followed kigstaining in d.kD

for 20min. The gel images were digitally captuusthg the Bio-Rad Gel Doc 1000

system (Bio-Rad Laboratories).
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3.9.4 Analysis of PFGE gel images

All gels were photographed with a Bio-Rad Gel DO0Q system (Bio-Rad Laboratories)
and saved as TIFF files for analysis with the Get@ar Il version 4.0.0 software package
(BioNumerics, Applied Maths). The reference stadd aureusNCTC 8325 was

included with every gel in the first, middle andtléanes. The Dice coefficient was used to
identify percent similarities and clusters wereugissed as a dendrogram created by the
UPGMA (unweighted-pair group matching analysis)met The band position tolerance
was set at 1.25% and the optimisation at 0.5%imNarity coefficient of 70%° was used

to group the strains into clusters.

3.10 Composition of Buffers Used In This Study

Table 3.6:  Stock solutions used during this study.

Stock solution Constituent(s) Directions
1M Tris-Cl (pH 8.0) 121grams (g) Tris-base| Dissolve Tris and = 42ml
d.H,O concentrated HCI (required
to achieve a pH of 8.0).
Add d.H0 to 1l
0.5M EDTA (pH 8.0) 93.05g EDTA Dissolve EDTA withHg

NaOH in d. HO. Use
NAOH to adjust pH to 8.0,
make up to 500ml with

d.H,O
5M NacCl 292g NaCl Dissolve NaCl in d.€,
make up to 1l
3M NaAOc (pH4.6) 244.8g NaAOc Dissolve NaAOc in glCH

Adjust pH with glacial
acetic acid and make up t(
200ml with d.BHO

A4

TE buffer 10ml 1M Tris-Cl (pH 8.0) | Add and make up to 11 with
2ml 0.5m EDTA (pH 8.0) d.H,O
50xTAE electrophoresis 96.8g Tris Add and makeoupQOmI
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buffer

22.8ml glacial acetic acid
40ml 0.5M EDTA (pH 8.0)

with d.H,O

10xTBE electrophoresis

43.29 Tris

Add and make up to 400m

buffer 229 boric acid with d.H,O
16ml 0.5M EDTA(pH 8.0)
5% Brij-58 5g Brij-58 Make up to 100ml with

d.H0. Brij-58 is solid at
room temperature, heat ta
65°C

5% Sodium lauroylsarcosin

e b5g Na-lauroylsarcosine

Dissolve in, and make uy
100ml with d.HO

) tO

2% Sodium deoxycholate

2g Na-deoxycholate

Disswlyand make up tg
100ml with d.HO

10% SDS 10g SDS Dissolve at 68°C. Adjust to
pH 7.2 with HCI
Table 3.7:  Working solutions used during this study.
Working solution Constituent(s) Directions
TE buffer 10ml 1M Tris-Cl (pH 8.0) | Add and make up to 1l with
2ml 0.5m EDTA (pH 8.0) d.H,O
1xTAE electrophoresis 20ml 50xTAE Add and make up to 1l with
buffer d.H,O
0.5xTBE electrophoresis 100ml 10xTBE Add and make up to 2| with
buffer d.H,O
1M HCI 86.2ml concentrated HCI Make up to 1l witiHgD

Table 3.8:  Buffers used during CHEF gel electrophoresis expents.
Buffer Constituent(s)
EC lysis buffer 6mM Tris-Cl
1M NacCl
100mM EDTA
0.5% Brij-58

0.2% Na deoxycholate
0.5% Na lauroylsarcosine

PFGE wash buffer 10mM Tris-Cl
1mM EDTA (pH 8.0)
PFGE storage buffer 10mM Tris-Cl
1mM EDTA (pH 8.0)
PFGE running buffer 0.5xTBE
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Table 3.9:  Buffer used during genomic DNA extractions.

Buffer Constituent(s)

Proteinase K buffer 0.1M Tris (pH 7.5)
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CHAPTER 4

4 RESULTS

4.1 Sample Collection

A summary of all isolate specific information, suedhcollection date, source and
molecular characteristics is listed in Appendix@ 125). Table 4.1 contains all the
relevant information pertaining to the number ahpées collected per province. A total of
432 putativeS. aureussolates were collected. Only the results forNRSA isolates
(n=337) (positive by the DNase test and resis@antethicillin) and the PVL-positive

MSSA (n=12) isolates are provided.

4.2 Patient Demographics

Table 4.2 contains all the patient demographickec@d. Only MRSA isolates and PVL-
positive MSSA isolates are included. No clinicaformation was available for three

isolates from Mpumalanga and two from the North WR¥svince.
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Table 4.1:

DNase-negative (misidentified) isolates per proginc

Number of isolates collected, displayed as numb&RSA, MSSA and

Number isolates collected

Province MRSA MSSA DNase (-) Total
Gauteng 53 3 3 59
Limpopo 29 5 5 39
Mpumalanga 29 7 12 48
Northern Cape 29 1 9 39
Free State 31 8 6 45
North West 21 1 6 28
Eastern Cape 47 6 4 57
Western Cape 55 2 0 57
KwaZulu-Natal 43 9 8 60
Total 337 42 53 432

Table 4.2:  Distribution by province of the MRSA and PVL-pos#iMSSA isolates
together with patient gender and mean patient age.
Isolates used Patient
Mean age Gender
Province < | £< =~ o = %
QNI TBI N s INA| £ S E NA N
S |22 = # P
Gauteng 53 1| 54 412 - 27 (50 27 (50) - 54
Limpopo 29 - 29| 333 7| 15(51.7) 13(448) 1(3.4)29
Mpumalanga 29 4 33 285 § 19 (57.6) 11 (33.3) 3(9)33
Northern Cape 29 - 29 358 4 22(75)9) 7 (24]1) -9 2
Free State 31 2 33 44 2 25(78[1) 7(21)9) - 32
North West 21 - 21 234 6 7 (33.3 7(33.3) 7(33.321
Eastern Cape| 47 1 48 38j/4 P 23(47.9) 23(4Y.9) 4.2(| 48
Western Cape 55 - 55 437 38(69/1) 17 (30.9) - 515
wazult | 43 | 4 | 47| 458 -| 28(s9.6) 18(383) 11 47
204 130 15
Total 337 12 | 349 37.1| 26 (58.5) (37.2) (4.3) 349

NA = Not available;N = Total; Yrs = Years.
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204/349 (58.5%)S. aureusisolates were collected from males, while 130/839.2%)
isolates were collected from females. The remgiffiiteen isolates were collected from

patients whose gender was not recorded. The neg@npage was 37.1 years.

The clinical origins of the isolates are shown @ble 4.3. One-hundred-and thirty-four
(38.4%) of the isolates collected were obtainednfldood culture, which was the largest
source for this study. The second largest sou@e pus swabs, from which 74 (21.2%)
isolates were collected. The third largest sowvas pus, from which 36 (10.3%) isolates
were collected. Fifteen isolates were collectemmfrswabs (4.3%), fourteen from tissue
(4%) and nine from sputum (2.6%). For the remajrisolates, four (1.1%) each were
collected from wound swabs and fluid; three (0.9%gch were collected from

cerebrospinal fluid (CSF) and catheter tips; and (@.6%) each were collected from
urine, tracheal aspirate, leg and ulcer. One (D.B%ate each was collected from the
following sites: abdominal cotton swab, drain flugleural pus, wound abscess, septic

back, drainage site, empyema fluid, biopsy, abdoroié® nose and ear.

4.3 Phenotypic Characterisation

It was observed that most of tBeaureussolates cultured usually had large (2-4 mm in
diameter) colonies that were smooth and slightiseca The colonies were also

pigmented, ranging from cream-yellow to orange.
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Table 4.3:  Clinical sources of all MRSA and PVL-positive MS$M®lates collected,

showing distribution by province and source.

Province
s | 8 ~ | %/ 8|S
o> o © g | &| 9| g | &S =
Source 5 s | S (é (57)cs %’ %:’ g i >
S Q c o o | < 5 ol S ©
© g S c o = 2 17 N °
O 4 2 | | L 2| c3|o|¢ st
= | 2 w | 2|2
Blood 38 5 13| 1 6| 10 24 28 14134(38.4)
Pus swab - 14 3] 12 3 2 12 23 574(21.2)
Pus - 1 6| 11| 3 - 1 1 18 36 (10.3)
Swab - - 4 2 - 2 - 7| 15 (4.3)
Tissue 6 - - - 7 - - - 1| 14 (4)
Sputum 1 2 2 - 2 - 2 - -l 9(2.6)
Wound swab 2 - 1 - - - 1 4(1.1)
Fluid - 1 2 - 1 - - - - 4 (1.1)
Catheter tip - - - - 2 - 1 - -1 3(0.9
CSF 1 - 1 - - - - 1 -1 3(0.9)
Abdominal swab 1 - - - - - - - 2 (0.6)
Drain fluid 1 - - - - - - - - 2 (0.6)
Urine - 1 - - - 1 - - - 2 (0.6)
Tracheal aspirate - - - 1 1 - - - - 2 (0.6)
Pleural pus - - - - 1 - - - -l 2(0.6)
Leg - - - - - - 2 - - 2 (0.6)
Wound abscess - - - - . : 1 + 2 (0.6)
Ulcer - - - - - - 1 - 1 2 (0.6)
Septic back - - - - - - 1 - -l 1(0.3)
Drainage site - - - - - - 1 - -l 1(0.3)
Empyema fluid - - - - - - - 1 -| 1(0.3)
Biopsy - - - - - - - - 1 1(0.3)
Abdomen - - - - - - - - 1/ 1(0.3)
Bile - - - - - - - - 1 1(0.3)
Ear - - - - - - - - 1 1(0.3)
Nose - - - - - - - - 1 1(0.3)
Not specified 4 6 3 - 3 6 - 6 4 27 (7.7)
Not available - - 3 - - 2 - - -1 5(1.4)
Total 54 29 33| 29| 32/ 21 48 55 47 349

CSF = Cerebrospinal fluid.
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4.3.1 DNase test

The DNase test was performed with every isolatgessribed in section 3.4.1. Of the 432
isolates collected, 379 had presumptive DNase-pesiesults, confirming the isolates to

beS. aureus Refer to Appendix D (p. 125) for isolate spexififormation.

4.4 Antibiotic Susceptibility Testing

4.4.1 Kirby-Bauer disk diffusion antibiotic susceptibility method

Susceptibility to methicillin was determined usthg Kirby-Bauer disk diffusion
antibiotic susceptibility method as described ictioe 3.4. A table regarding the zone
diameter interpretive standards ftaphylococcuspp. can be found in Appendix C (p.
124). Antibiotic susceptibility testing was pernioed on all 379 DNase-positi& aureus
isolates. Of the 378. aureussolates tested, 337 isolates were identified &Sk using
this technique (Table 4.1). Refer to Appendix D1(P5) for isolate specific information,

where zone diameters are only indicated if any webserved.

4.5 SCCmec Typing

The distribution of the different S@&ctypes is shown in Table 4.4 and is broken down

per province as well as per S@€ctype and variant(s) identified.
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Table 4.4:

Distribution by province of the SGfiecelements present . aureussolates from South Africa.

Province SCCmectype | | SCCmectypell | SCCmectype Ill | SCCmectype IV NT Total
I Iv I- pls Il 1B 11 HE (\ V- dcs
Gauteng - 1 6 14 7 - 24 - 1 - 53
Limpopo 4 - 16 2 - - 6 1 - - 29
Mpumalanga 3 1 16 2 - 1 6 . - - 29
Northern Cape - - 15 - - - 13 - - - 29
Free State 1 - 14 4 1 - 11 - 1 31
North West 4 6 5 - - - 6 - - - 21
Eastern Cape 4 6 15 15 6 r - 1 - - 47
Western Cape 4 - 17 21 11 i - P - - 55
KwaZulu Natal 1 1 16 8 - 1 13 3 - - 43
Sub Total 21| 15 120 66 25 2 79 1 1 1 337
Total (%) 156 (46.3) 91 (27) 81 (24) 8 (2.4) 1®B8 337

pls = Plasmin-sensitive proteidcs= Downstream coding sequence.
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4.5.1 SCCmec type elements identified in South Africa

The SC@nectypes of 336 (99.7%) isolates were determinedCi8€ctype |, associated
with the Archaic/lberian clone was the dominant &&Ctype in the country, accounting
for 46.2% (n=156) of the isolates. S@Ectype Il comprised the second largest group of
isolates, accounting for 27 % (n=91) of the isdat&his SC@ectype is associated with
the New York/Japan clone. The third largest graupch contained 24% (n=81) of the
isolates, harboured S@t&ctype Ill, and this SC@ectype is associated with the
Brazilian/Hungarian clone. The smallest group &&nectype IV, which was

identified in 2.4% (n==8) isolates. This S@€&ctype is associated with the Paediatric and
community-associated MRSA clones. Fifteen isolatere identified as SQ@ectype |
variant (SC@neclv). This SCnectype has the same sized PCR amplicons ans€C
type |, except that amplicons for loci E and Fas® present. It was designated $&C
type | due to the presence of the amplicon for $o&u Refer to Appendix E (p. 145) for

all SCanecPCR gel images.

These results indicate the 97% (n=328) of the isslaollected and screened by $B¢

typing are HA-CMRSA strains, and that only 3% (na8 CA-MRSA strains.

4.5.2 Distribution of SCCmec type elements

The SC@nectypes of 53 isolates from Gauteng were determiffagenty-four isolates
(45.3%) were SCectype IlIE. Twenty-one isolates (39.6%) were S&Ctype Il or a

variant thereof. Six isolates (11.3%) were 3G&Ctype Ipls and one isolate (1.8%) was

70



SCQmectype IV-dcs For Limpopo province, the S@@&ctypes of 29 isolates were
determined. Twenty isolates (69%) were $@&Ctype | or a variant thereof. S@GEc
type Ipls was the dominant SG@ectype in this province (n=16; 55.2%). Six isolates
(20.7%) were SCRectype IlIE; two isolates (6.9%) were S@fectype Il and one isolate
(3.4%) were SC@ectype IV. RSA 2/03, the only PVL-positive MRSA late identified,
carried a SC@ectype IV element. Twenty-nine isolates were ca#edfrom
Mpumalanga province and all were screened to ifjethieir SCGnectype element.
Twenty isolates (69%) were S@@ctype | or a variant thereof. S@Gctype Iplswas
the dominant SCRectype in this province (n=16; 55.2%). Seven isE8g24.1%) were

SCQmectype Il or a variant thereof, and two isolates86) were SC@ectype II.

The SC@nectypes of 28 (96.6%) isolates from the Northern€ppvince were
determined. Fifteen isolates (51.7%) were &@Ctype Ipls, which was the dominant
SCQamectype in this province. Thirteen isolates (44.8%8ye SCnectype IIIE and one
isolate (0.3%) was not-typeable. The S@#ctype elements of 31 isolates from the Free-
State province were identified. Fifteen isolatek.7%) were SCectype | or a variant
thereof. The dominant S@i&ctype, SC@nectype Ipls, was identified in 45.2% (n=14)
of the isolates. Eleven isolates (37.9%) were ®€Eype IIIE and five isolates (17.2%)
were SC@nectype Il or a variant thereof. For the North-Wpstvince, the SCec

types of 21 isolates were identified. Fifteenase$ (71.4%) were S@@ectype | or a

variant thereof, and six isolates (28.6%) were 8€Ctype IlIE.

For the Eastern Cape, the S@€xtypes of 47 isolates were determined. Twenty-five
isolates (53.2%) were S@@&ctype | or a variant thereof, twenty-one (44.7%)ases

were SC@necll or a variant thereof and one (2.1%) isolate 8&nectype IV. The
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SCQmectypes of 55 isolates were identified for the West@ape province. Thirty-two
isolates (58.2%) were S@@&ctype Il or a variant thereof and twenty-one ise$af38.2%)
were SC@nectype | or a variant thereof. Two isolates (3.6%€ye SCnectype IV. The
SCQmectypes of 43 isolates from the KwaZulu-Natal prawérwere determined.
Eighteen isolates (41.9%) were S@G€ctype | or a variant thereof. Fourteen isolates
(32.6%) were SCRectype Il or a variant thereof; eight isolates @%) were SC@ec

type Il or a variant thereof and three isolates)(Wére SC@nectype IV.

4.6 Prevalence of Panton-Valentine leukocidin (PVL)

4.6.1 PCR detection oflukS-PV/IukF-PV genes

PVL was detected in one MRSA strain by PCR, namgBin RSA 2/30 (0.3%) which
carried a SC@ectype IV. PVL was also detected in twelve MSSAases. Table 4.5
contains all the relevant information for the PVasgive isolates, includingpatyping

and PFGE results. Refer to Appendix F (p. 152kfbthe gel images obtained after PVL

PCR experiments.

4.6.2 DNA nucleotide sequencing of lukS-PV/IukF-PV PCR amlicons

PCR amplicons were subjected to DNA nucleotide srqng to determine the specificity
of the PCR reaction. DNA nucleotide sequences vaemrtified adukSPV/IukF-PV

using the BLAST function available on the NCBI wigbs
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Table 4.5:  Strain specific information of all the PVL-positii@olates. The geographical distribution and allenular characterisation

results are shown.

. spa PFGE

Isolate name Province SCowectype Repeat pattern Type BURP Pattern Clonal type
RSA 2/30 Limpopo \Y TJEJNCMOMOR 1891 spaCC 032 194 RSA19
RSA 1/08 Gauteng MSSA I2FKBPE t174  No founder (CC#6 14.1 RSA14
RSA 3/44 Mpumalanga MSSA I2FKBPE t174  No foundeC#6) 14.2 RSA14
RSA 3/49 Mpumalanga MSSA XMJIH2JH2M t31)7 Singleton 1.12 RSA21
RSA 3/50 Mpumalanga MSSA XMJIH2JH2M t31) Singleton 1.2 RSA21
RSA 3/53P Mpumalanga MSSA UFMEEBBPB 11951 Singleton 11.4 RSA11
RSA 5/32 Free State MSSA XMJIH2JH2M t317 Singleton 1.32 RSA21
RSA 5/33 Free State MSSA WGKKAKAOMQ t318 spaCC 012 18.1 RSA18
RSA 7/31 Eastern Cape MSSA TKINCMOMOR  t1972 spaCC 032 19.5 RSA19
RSA 9/18 KwaZulu-Natal MSSA WGKAKAOMQ| 1021 spaCC 012 16.31 RSA16
RSA 9/27 KwaZulu-Natal MSSA WGKAKAOMQ| 1021 spaCC 012 16.31 RSA16
RSA 9/29 KwaZulu-Natal MSSA WGKAKAOMQ| 1021 spaCC 012 NT NT
RSA 9/58 KwaZulu-Natal MSSA I2FKBPE t174  No found€C#6) NT NT

NT = Not typeable; CC = Clonal Complex; MSSA = Meilin-susceptibleS. aureus.
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4.7 spa Typing

The SSR region of thegpaAgene of all the MRSA isolates (n=337) and the Rdkitive
MSSA isolates (n=12)N=349) was amplified. Refer to Appendix G (p. 1&f)all gel
images obtained after agarose gel electrophoré#ie CR amplified SSR region of the
spaAgene of each isolate. Refer to Appendix J (p) 1o all the variouspatype repeat

motif alignments and to Appendix K (p. 177) for thlesparepeat unit alignments.

The DNA nucleotide sequences of all the MRSA (n938W the PVL-positive MSSA
(n=12) (N=349) isolates could be determined. After analgsithe DNA nucleotide
sequences with the computer software package R&taphType version 1.4.1 (Ridom
GmbH, Wirzburg, Germany), the isolates were asdigmé¢hirty-seven differergpa
types, of whichspatypes t032 and t1468 were the longest (16 repaatigpatype t535
was the shortest (3 repeats). Fourtgeatypes were identified as novgbatypes
(indicated with an asterisk in Table 4.6) aftengdyonisation with the RidospaServer
(Ridom GmbH). Thepatype nomenclature was the same as that used Ridoen
StaphType software (Ridom GmbH) and the RiggpaServer (Ridom GmbH). See Table
4.6 for allspatypes identified, together with their repeat paiseand the number of
isolates identified pespatype. Refer to Figure 4.1 for a summary UPGMAdtegram

constructed usingpatyping results. Only one representative strainspatype was used.

One of the majospatypes in the country waspatype t037, with repeat pattern 15-12-16-

02-16-02-25-17-24-24. Refer to Appendix H (p. 1&8)the DNA nucleotide sequences

of each repeat. Thipatype was identified in 79 (22.6%) isolates origing from all
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QWprovinces except for the Western and Eastern .Capesspatype is associated with

the Brazilian/Hungarian epidemic cloriéand strain ANS46 carries thipatype®.

Another majorspatype was t012, with a repeat pattern 15-12-16-8023-25-17-24-24.
This spatype was identified in 73 isolates (20.9%) colsecfrom six provinces, excluding
Mpumalanga, Northern Cape and North West Provifides spatype is a single locus
variant (SLV) of strain EMRSA-1%"® which carriespatype t018 (15-12-16-02-16-02-25-

17-24-24-24).

The third most prevalespatype was t064 (11-19-12-05-17-34-24-34-22-25)ispa
type was identified in 71 isolates (20.3%) colleck®m all provinces. Controls ATCC
BAA-38 (E2125) which represents the Archaic claared HPV107 which represents the
Iberian clone are botspatype t051 (11-19-21-12-21-17-34-24-34-2295$4348 gpa

type t064 is a double locus variant (DLV)sifatype t051.
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Table 4.6:  Classification of South African MRSA isolates §yatyping. Eaclspatype together with its repeat pattern and the remob
isolates identified for eacspatype and distribution by province are shown.

spa Nomenclature Isolates Province(s) detected in
type RIDOM Kreiswirth ID # %
t001 26-30-17-34-17-20-17-12-17-16 TO2MBMDMGMK 5 71. EC
t002 26-23-17-34-17-20-17-12-17-16 TIMBMDMGMK - - -
t008 11-19-12-21-17-34-24-34-22-25 YHGFMBQBLO 1 0|3 GP
t012 15-12-16-02-16-02-25-17-24-24 WGKAKAOMQQ 13 .20 GP, LP, FS, EC, WC, KZN
t015 08-16-02-16-34-13-17-34-16-34 XKAKBEMBKB 1 0.3 GP
t018 15-12-16-02-16-02-25-17-24-24-24 WGKAKAOMQQQ 7 2.8 FS, EC, WC
t020 26-23-31-29-17-31-29-17-25-17-28-16-28 TINFAZNIOMOKR 1 0.3 EC
t021 15-12-16-02-16-02-25-17-24 WGKAKAOMQ 7 2 GR; BNC, KZN
t032 26-23-23-13-23-31-29-17-31-29-17-25-17-25-86:2 TJJEINF2ZMNF2MOMOKR 4 1.1 WC, KZN
t037 15-12-16-02-25-17-24 WGKAOMQ 79 226 GP, LFRNNC, FS, NWP, KZN
t045 26-17-20-17-12-17-16 TMDMGMK 24 6.9 LP, MP, WQWP, EC
t046 08-16-02-16-02-25-17-24-24-24 XKAKAOMQQQ 4 11 KZN
t051 11-19-21-12-21-17-34-24-34-22-25 YHFGFMBQBLO - - -
t064 11-19-12-05-17-34-24-34-22-25 YHGCMBQBLO 1 .20 ALL
1104 11-10-34-22-25 YC2BLO 2 0.6 NC
t128 07-23-23-21-16-34-33-13 UJJFKBPE - - -
t174 14-21-16-34-33-136 I2FKBPE 3 0.9 GP, MP, KZN
t317 08-17-23-18-23-18-17 XMJIH2JH2M 3 0.9 MP, FS
t318 15-12-16-16-02-16-02-25-17-24 WGKKAKAOMQ 1 0.3 FS
t399 15-12-16-02-17-24-24 WGKAMQQ 2 0.6 MP
t465 08-23-16-34-13-17-34-16-34 XJKBEMBKB 1 0.3 GP
t535 26-17-16 TMK 1 0.3 MP
t840 15-12-02-16-02-25-17-24-24 WGAKAOMQQ L 0.3 EC
t891 26-23-13-23-31-05-17-25-17-25-28 TJEJNCMOMOR 10.3 LP
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t951 11-10-05-17-34-24-34-22-25 YC2CMBQBLO 4 1)1 ,GB, KZN
t1154 26-20-17-12-17-16 TDMGMK 4 1.1 EC
t1256* 11-19-12-05-17-34-24-34-22-65 YHGCMBQBLS3 103 EC
t1257* 11-19-34-05-17-34-24-34-22-25 YHBCMBQBLO 318.9 GP, LP, MP, NC, WC, KZN
t1443* 11-19-12-05-17-34-24-24-34-22-25 YHGCMBQQBLO 0.9 LP, WC
t1468* | 26-23-13-23-31-31-29-17-31-29-17-25-17-252B6| TJEINNF2ZMNF2ZMOMOKR 0.3 wWC
t1504* 15-12-16-16-02-25-17-24 WGKKAOMQ 1 0.3 KZN
t1555* 11-19-34-05-17-34-24-34-24-34-22-25 YHBCMBQBLO 0.3 MP
t1774* 11-19-19-12-05-17-34-24-34-22-25 YHHGCMBQBLO 0.3 FS
t1779* 11-19-12-12-05-17-34-24-34-22-25 YHGGCMBQBLO 0.6 WC
t1880* 26-13-20-17-12-12-17-16 TEDMGGMK 2 0.6 KZN
t1930* 11-19-12-05-17-34-24-34-22-33-25 YHGCMBQBLPO 0.3 LP
t1951* 07-21-17-13-13-34-34-33-34 UFMEEBBPB 1 03 PM
t1952* 11-19-12-05-17-34-24-34-16 YHGCMBQBK | 0.8 SF
t1971* 11-34-05-17-34-24-34-22-25 YBCMBQBLO | 0.8 ZN
t1972* 26-16-23-31-05-17-25-17-25-28 TKINCMOMOR 1 30 EC

# = Number; % = Percentage; * = Nogplatype; GP = Gauteng; MP = Mpumalanga; LP = LimpdygG;= Northern Cape; FS = Free State; NWP = North
West; EC = Eastern Cape; WC = Western Cape; KZNvaZulu-Natal.
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Figure 4.1: UPGMA dendogram of South African MRSA isolates atedmined byspa

typing. Only one representative strain is shownspatype.

80



4.7.1 BURP cluster analysis

With the aid of the algorithm BURP (implementedhe Ridom StaphType softwarepa

types (including the control strains STA61, HPV1ATCC BAA-38, BK2464, ANS46

and MW2) were clustered into six different clustansl two so-called singletons.

Clustering parameters excludggiatypes shorter than five repeats, since no reliable

deductions regarding ancestries can be made dbe tosufficient length of the repeat

pattern. Onepatype, t535, was excluded from BURP clustering (€ab7). The control

strains were not included in any of the calculajadthough they are present in the

UPGMA dendograms and the BURP clustering analygiS46 isspatype t037; STA61

Is spatype t001; both ATCC BAA-38/E2125 and HPV107 spatype t051; BK2464 is

spatype t002; and MW?2 ispatype t128.

Table 4.7:  BURP cluster analysis of tlepatypes identified from South African
MRSA isolates.
a # # isolates # spa Province(s
Cluster # tjges isolates pa-CC (%) typessp(%) detected(ig
012 73
018 7
021 7
037 79 (80) 175 9
1 046 4 012 All
318 1 (50.1) (24.3)
399 2
840 1
1504 1
2 008 1 064 120 13 All
051 0 (2) (34.4) (35.1)
064 71
104 2
951 4
1256 1
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1257 31
1443 3
1555 1
1774 1
1779 2
1930 1
1952 1
1971 1
020 1
032 4 8 5 EC,
3 891 1 032 WC,
1468 1 (2:3) (13.5) KZN
1972 1
001 6 (7)
002 0(1) 26 4 EC, WC,
4 045 24 045 MP,
1154 4 (10.3) (10.8) NWP, KZN
1880 2
015 1 2
5 465 1 No founder (0.6) 2 (5.4) GP
128 0 (1) 3 1 GP, MP,
6 174 3 | Nofounder| ) (2.7) KZN
: 317 3 . 4
Singletons 1051 1 Singletons (1.1) 2 (5.4) MP, FS
Excluded | 535 1 Excluded (013) 1(2.7) MP

# = Number; % = Percentage; CC = Clonal complex=GFauteng; MP = Mpumalanga; LP =
Limpopo; NC = Northern Cape; FS = Free State; NWforth West; EC = Eastern Cape; WC =
Western Cape; KZN = KwaZulu-Natal.
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Figure 4.2:  Graphical representation of the relatedness o$plagypes grouped into

spaClonal Complex 012.
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Figure 4.3:  Graphical representation of the relatedness o$plagypes grouped into

spaClonal Complex 032.
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Figure 4.4: Graphical representation of the relatedness o$plagypes grouped into

spaClonal Complex 045.

E465

Figure 4.5: Graphical representation of the relatedness o$plagypes grouped into

cluster #5: No founder.
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Figure 4.6:

Figure 4.7:

£1256
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Graphical representation of the relatedness o$plagypes grouped into

spaClonal Complex 064.

E174

. =

Graphical representation of the relatedness o$plagypes grouped into

cluster #6: No founder.
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4.8 Macro-Restriction Analysis with Pulsed-Field Gel Eéctrophoresis

Three hundred and thirty-seven isolates (97%) wgreable bySmad macro-restriction
analysis and produced two-hundred-and-five diffebamding patterns. Employing a cut-
off similarity value of 70% in subsequent clustealysis, the isolates were assigned to
twenty-four different PFGE clonal types (CT), desited RSA01-RSA24. Three of the
CTs were major lineages, as they each contained than 20% of the isolates. One CT
contained twenty-six isolates; seven CTs contamsimgle isolate and another seven
contained two isolates; three CTs contained fietates; one CT contained three isolates
and another CT contained four isolates. Refeidare 4.8 for a complete UPGMA
dendogram constructed from PFGE typing resultstarichble 4.8 for CT specific

information. Refer to Appendix | (p. 167) for ®IFGE gel images.
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Table 4.8:  Classification of South African MRSA isolates by@&E. The distribution
of each PFGE clonal type (CT) by province and tinelper of isolates

identified or each clonal type are shown.

PFGE CT Z ISOlat(ﬁZ Province(s) detected in
RSA05 08 28.1 All
RSA16 89 25.5 GP, LP, MP, FS, EC, WC, KZN
RSAO03 74 21.2 GP, LP, MP, NC, FS, NWP, EC, KZN
RSA02 26 7.4 LP, MP, NWP, EC, WC
RSA19 7 2 LP, EC, WC, KZN
RSA06 5 1.4 FS
RSAO08 5 14 FS, NWP, KZN
RSA12 5 1.4 EC
RSAl1l 4 1.1 GP, LP, MP, NC
RSA21 3 0.9 MP, FS
RSA01 2 0.6 KZN
RSA04 2 0.6 GP, KZN
RSA09 2 0.6 EC
RSA10 2 0.6 MP, FS
RSA14 2 0.6 GP, MP
RSA18 2 0.6 FS, WC
RSA22 2 0.6 GP
RSAQ7 1 0.3 LP
RSA13 1 0.3 GP
RSA15 1 0.3 EC
RSA17 1 0.3 GP
RSA20 1 0.3 KZN
RSA23 1 0.3 FS
RSA24 1 0.3 EC
NT 12 3.4 -

NT = Not typeable; # = Number; % = Percentage; GJlenal type; GP = Gauteng; MP =
Mpumalanga; LP = Limpopo; NC = Northern Cape; FiSree State; NWP = North West; EC =
Eastern Cape; WC = Western Cape; KZN = KwaZulu-Nata
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Figure 4.8: UPGMA dendogram of South African MRSA isolates d¢aunsted from

PFGE typing results.
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CHAPTER 5

5 DISCUSSION

5.1 Staphylococcal Cassette Chromosonmaec Typing

SCQmectypes I-1V were identified, including variants edich type. The most noteworthy
variant identified was SQ@ectype Ipls (h=120). The reason for this was the loss of this
SCQamectype | specific locus in the plasmin-sensitivetpio (pls) gene (section 3.7.2,
locus A) which yielded a PCR amplification patténat was similar to SQ@ectype V.
This resulted in the inability to distinguish S@€ctype Ipls from SCCGnectype IV as

only locus D (342bp) was amplified during the muliéx PCR experiments. Locus D is
present in SC@ectype I, Il and IV and is internal to tltes(downstream coding
sequence) region. Only after completion of¢pa-and PFGE typing experiments was it
deduced that the isolates were in fact &@Ctype Ipls. This was because: (1) the
isolates clustered apaCC 064 by BURP, which included strain HPV107 (iaerclone;
SCQamectype IA) and strain E2125/ATCC BAA-38 (Archaic ok SCGnectype I); (2)

the majority of the isolates (RSAO05, 94/120, 78%stered with strain E2125/ATCC
BAA-38 (Archaic clone; SC@ectype I) by MRA. The majority of the remaining tatg-
six isolates that also carried S@Ectype Ipls grouped as minor clusters with one to five

isolates per cluster.
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5.2 gpaTyping

spatyping, a PCR and DNA sequencing based technigag,used as an additional typing
technique to complement PFGE. It has advantageisRIVGE in terms of: (1) speed; (2)
ease of use and interpretation of data; (3) sintplaf large database creation; and (4)

effortless information exchange between laborasorie

When examining thepatypes belonging to a specipaCC, there is usually a repeat or
several repeats that all tepatypes have in common. The general hypothesigdega
the evolution of thepatypes is either through; (1) insertions or delediofan individual
repeat unit or a group of repeat units; or (2) poiatations within a specific repeat unit,
thus changing it to a different repeat unit. Igenerally accepted that MRSA strains are

related, i.e. belong to the sag@aClonal Complex, if thespatype repeat motif is related.

5.2.1 spa-Clonal Complex 064

Alignment of the repeat patterns of thepatypes (Table J1) showed the presence of both
motifs 11-19-, 11-10- or 11-34 (start); followed tmptif 05-17-34-; followed by motif 24-
34-22: and finally repeat r25 (endpatype t051 (MLST CC¥) is represented by both
strains HPV107 (Iberian clone, S@@ctype I1A) and E2125/ATCC BAA-38 (Archaic
clone, SCnectype 1)°?**3**®and is related tepatype t064. It appears as if repeat unit
r21 (first) was deleted, and the second repeatrBhitnutated to repeat unit r05 through a
point mutation (S-A) at the fifteenth nucleotide position (Table KEpatype t064 has

been identified in the USA where it was design@&®B ORSA | (part of USA 500 PEY
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and has also been associated with persons livitgAVDS'’. spatypes t008 and t051

have been identified in some strains in GermanyGemntral Europ?®.

Alignment of repeat units r19 and r10 (Table KMeaed the same nucleotide sequence
except for the last nucleotide {&€T), where alignment of repeat units r19 and r3b(@a
L1) revealed the presence of four point mutatioAkgnment of repeat units r25 and r36
(Table K2) disclosed the same nucleotide sequexoept for the last nucleotide{€A),
and alignment of repeat units r25 and r16 (Tablg$t®wed the same nucleotide

sequence, except for the ninth nucleotide-().

5.2.2 spa-Clonal Complex 032

The graphic representation of the relatednesgahnstcomprisingpaCC 032 showed
thatspatypes t020, t891 and t1468 evolved frepatype t032 (EMRSA-15), whilspa
type t1972 evolved frommpatype t020. Alignment of the repeat patterns ekt#spatypes
(Table J2) identified motif 26-23- (start; exclud&972) and repeat unit 28- (end). The
motif 17-25-17-25- was identified in all thespatypes. Motif 31-29-17-31-29- was
identified in 60% of thespatypes ofspaCC 032 and is found in strains EMRSA-15 and
the Barmin clon®. Strain EMRSA-15 has also been detected in haisgit Kuwait®.

The only PVL-positive MRSA strain identified, RSA3D, and one PVL-positive MSSA
strain, RSA 7/31, clustered gpaClonal Complex 032. All of the MRSA strains cati

SCdmectype V.
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5.2.3 spa-Clonal Complex 045

Alignment of the repeat patterns of thepatypes (Table J3) revealed repeat unit r26
(start) and motif 17-16- (end). Motif 20-17-12-18-was identified in 80% of thepa
types ofspaCC 045. Alignment of the nucleotide sequence®péat units r17 and r13
(Table K6) showed that three point mutations o@mlirspatype t045 (MLST CC-%:
SCamectype |) is related to strain EMRSA®*spatype t001).spatype t001 was
previously identified in the USA, designated ST5SIR (part of USA 800 PFf) and in
Korean MRSA isolates collected during 2001-200&patypes t001 and t045 have been

identified in some strains prevalent in Germany @edtral Europ?.

5.2.4 spa-Clonal Complex # 5: No founder

SincespaCC # 5 has no founder, is it impossible to prethietevolution of strains within
this clonal complex. Alignment of the repeat paiseof thesespatypes (Table J4)
revealed repeat unit rO8 (start) and motif 16-34t1334-16-34 (end). Alignment of the
nucleotide sequences of repeats r16 and r23 (Kah)leevealed the same nucleotide
sequences, except for the last nucleotideCV'C—T). Previous studies have suggested

thatspatype t015 (SC@ectype IV-dcs is part of the MLST CC-#.
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5.2.5 spa-Clonal Complex # 6: No founder

spaCC #6 also has no founder. This complex was fdrordy because strain MW2 (CA-
MRSA clone) was included in the BURP cluster analy$f strain MW2 were to be
excludedspatype t172 would be re-classified as a Singletah three isolates classified
asspatype t172 were PVL-positive MSSA strains. Alignmef the repeat patterns of
thesespatypes (Table J5) revealed motif 21-16-34-33-18t(leve repeat units). The first
repeat unit ospatype t128 was identified as repeat unit r07, whgatype t172 carried
repeat unit r14. Alignment of repeats r07 and(Mable K8) revealed identical sequences,

except for the last nucleotide-dC/C—T).

5.2.6 spa-Clonal Complex 012

It is generally accepted that MRSA strains areteeld thespatype repeat motif is related.
With all of thespaCCs identified in this study, thepatypes are related to each other and
generally evolved either through deletions or drgilons of repeat units or through point
mutations within the nucleotide sequences of apgatkunit. This principle was noted
after investigation of the alignment of theatype repeat patterns of tepatypes inspa

CC 012. Alignment of the repeat patterns ofghatypes inspaCC 012 revealed motif
15-12-16-02 in 55.6% of thepatypes; motif 02-16-02-25 in 66.7% of thpatypes; and
motif 17-24 in all thespatypes. Repeat unit r24 was present more thanwithesome of
thespatypes: twaospatypes (t018 and t046) possessed three repeatstaRd at the end,

while threespatypes (1012, t399 and t840) possessed two repéatst r24.
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Previous studies identifiexpatype t037 as being associated with the Braziliantshrian
clone (SC@nectype lll), whilespatype t018 is associated with strain EMRSA-16
(SCQmectype I). In this study, more than 95% of theasts within aspaCC were only
associated with a single S@€ctype, whereaspaCC 012 was associated with the
Brazilian/Hungarian clone (n=78patype t037; SC@ectype lll) and with strain
EMRSA-16, or a SLV thereof (n=86patypes t018/t012; SQ@ectype II). This
phenomenon has been described b&fpwhere the divergemspatypes t037/t030 were
identified in MRSA isolates of ST239 (CC8) and #hekistered witlspatypes associated
with CC30. This has previously been explainedigyrecombinative replacement of a
large stretch of chromosomal DNA in CC8 MRSA isetaby a stretch originating from

CC30, which included thepaAgené®.

After re-investigation of thepatype repeat pattern alignment, it was noticed tthatspa
CC could be divided into 2 groups. Group 1 was pased out o§patypes related to t018
(EMRSA-16), whereas group 2 was composed ogpatypes related to t037
(Brazilian/Hungarian). Motif 15-12-16-02-16-02-25-24 was identified in threspa
types, includingpatypes t018 (EMRSA-16; SGfectype Il) and t012 (SLV of EMRSA-
16; SCQGnectype Il). Motif 15-12-16-02-25-17-24 was idendidi inspatype t037
(SCQmectype Ill) (Brazilian/Hungarian). The only diffaree between the two groups is
the duplication of the motif 16-02- wigpatypes t018 (EMRSA-16), t012, t021 and the
other relateégpatypes. This correlated well with the S@€ctypes. However, the

applicability of this observation to other studmeeds to be confirmed.

Alignment of repeat units r08, identified spatype t046 only, and r15 (Table K9) showed

the same nucleotide sequence, except for the latatide (C-T). spatype t037 (MLST
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CC89), also carried by strain ANS46 (S@@ctype IIl), is associated with the
Brazilian/Hungarian epidemic clohespatype t037 has been found in the USA, however,
the PFT remained unnamed because only three isolete identified carrying thipa

type (together with SC@ectype Ill). It was identified under the name STZZ®ORSA
11132, spatype t037 was also identified in Korean MRSA isetacollected between 2001
and 2002 and in some strains prevalent in Germany and @letrop&’. spatypes t037
has previously been identified at two hospitalMiami Florida (USAY in 1998 and also

in MRSA strains from Germany, collected between4188d 199&. spatype t037 has

also been reported in various Asian countries, sisckiore&®, Ching, Japaf' and Indi&

and also in Argentindand Portugdl

spatype t018, which is associated with strain EMRSA(ESCGnectype I1)° was
identified in the USA as one of the eight major BFTt was designated USA200 ORSA
11°”. spatype t021 has previously been associated with M&SARMRSA strains carrying
thelukS-lukFdeterminan®. Three of the seven isolates identifiedspatype t021 were
PVL-positive and all three were methicillin suséblgt The only isolate identified apa
type t318 was also a PVL-positive MSSA strain,istRSA5/33. spatypes t012, t018 and
t021 and were previously identified in some strgrevalent in Germany and Central
Europ&’. spatypes t012 and t018 (S@®&ctype Il) of the EMRSA-16 epidemic clonal
complex have previously been identified at two fi@aépin Miami, Florida (USA}in

1998. spatype t018 has also been identified in MRSA stréios Germany, collected

between 1994 and 1998
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5.2.7 Singletonspa types

spatypes t317 and t1951 were the ospatypes that were not grouped in any specific
clonal complex after BURP clustering. What makesséspatypes unusual is the fact that
all four of the isolates (three fgpatype t317; one fogpatype t1951) were PVL-positive

MSSA isolates, but their respective repeat pattdmsot align (Table J7).

5.2.8 Excluded spa types

The onlyspatype that was excluded from BURP cluster analysisspatype t535. This
spatype contains three repeat units only and becalitse deficient length, no reliable
deductions can be made regarding the ancestrytaiesest thisspatype. Visual

inspection of the repeat patternspiatype t535 (26-17-16) showed some similarity with
three of thespaCC identified in this studyspatypes that are part spaCC 045 all start
with the repeat unit r26 and end with the motifll/-spatype t001 (EMRSA-3) has
seven other repeat units located between unitmgéreotif 17-16, whilespatype t1154
have three other units between unit r26 and m@ti@. It is possible that the repeat units
between unit r26 (start) and motif 17-16 (end) hia@en deleted, yieldingpatype t535.

spatype t1154 only has three other repeat units betvumit r26 and motif 17-16.

spatypes that are part apaCC 032 also begin with repeat unit r26. A verynoaon
motif among thesspatypes towards the end of tepatype repeat pattern is 17-25-17-25-
16-28. Repeat unit rl7 is also present in the haidtithe repeat patterns of three of these

spatypes. Itis probably unlikely that so many repaats (ten to thirteen) would have
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been deleted to yielspatype t535. Repeat units r17 and r16 are alsceptes thespa
types that are part gpaCC #5: NF. The motif 16-34-13-17-34-16-34 is @r&sn both

spatypes that are part of thipaCC.

5.3 Macro-Restriction Analysis with Pulsed-Field Gel Eéctrophoresis

Of the twenty-four PFGE CTs (clonal types) ideetifj three were major CTs (RSA05
(n=98); RSA16 (n=89); RSA03 (n=74)). Each of thé#see CTs contained more than
20% of the isolates. RSAO05 contained 28.1% (n=®&)e isolates collected in Gauteng,
Limpopo, Mpumalanga, Free State, Eastern Cape,ae€ape and KwaZulu-Natal
provinces. Ninety-three (95%) of these isolatesawart ofspaCC 064 and carried a

SCQmectype Ipls (Table 5.1).

Table 5.1:  Strain composition of CT RSAO05, displayedsasitype and repeat pattern,

spaClonal Complex and SG@ectype.

# of isolates | spatype spa type repeat pattern spa-CC S%ggec

53 t064 11-19-12-05-17-34-24-34-22-25

2 t1779 11-19-12-12-05-17-34-24-34-22-25
29 t1257 11-19-34-05-17-34-24-34-22-25

1 11443 11-19-12-05-17-34-24-24-34-22-25

2 t951 11-10-05-17-34-24-34-22-25 spaCC 064 Ipls
1 11952 11-19-12-05-17-34-24-34-16

2 t104 11-10-34-22-25

1 t1930 11-19-12-05-17-34-24-34-22-33-25

1 t1555 11-19-34-05-17-34-24-34-24-34-2225

1 t1971 11-34-05-17-34-24-34-22-25
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RSA16 contained 25.5% (n=89) of the isolates ctdldin Gauteng, Limpopo,

Mpumalanga, Free State, Western Cape, Western &apkKwaZulu-Natal provinces.

Eighty-eight (99%) of these isolates were parhefspaCC 012 and carried a SG&c

type Il or type IIB (Table 5.2).

Table 5.2:  Strain composition of CT RSA16, displayedsasitype and repeat pattern,
spaClonal Complex and SGf@ectype.

# of isolates | spatype spa type repeat pattern spa-CC Sg/;:r;sec
70 t012 15-12-16-02-16-02-25-17-24-24 [/11B
6 t018 15-12-16-02-16-02-25-17-24-24-24 [1/11B
5 t021 15-12-16-02-16-02-25-17-24 <paCC 012 Il
2 t399 15-12-16-02-17-24-24 P I
4 t046 08-16-02-16-02-25-17-24-24-24 I
1 t840 15-12-02-16-02-25-17-24-24 Il

RSAO03 contains 21.2% (n=74) of the isolates caléeh Gauteng, Limpopo,

Mpumalanga, Northern Cape, Free State, North ViEasttern Cape and KwaZulu-Natal

provinces. Seventy (95%) of these isolates weregbdahespaCC 012 and carried a

SCQamectype Il or type IlIIE (Table 5.3).

Table 5.3:  Strain composition of CT RSA03, displayedsasitype and repeat pattern,
spaClonal Complex and SG@ectype.
# of isolates | spatype | spatype repeat pattern spa-CC SCQOmec types
69 t037 15-12-16-02-25-17-24 spaCC 012 H/1NE
1 t1504 15-12-16-16-02-25-17-24 P 1l
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The CA-MRSA isolates, as defined by S@€candspatyping, together with some of the
PVL-positive MSSA isolates, grouped into four snadlisters. The first cluster, RSA14,
contained two PVL-positive MSSA strains, which gved with control strain MW2
(representative of CA-MRSA). The second clust&8ARS8, also contained two PVL-
positive MSSA isolates. The third cluster comptiseven isolates, all of which were part
of spaCC 032 and carried SCCmec type Ispatype t032 is part of thispaCC and is
associated with EMRSA-15 (S@t&ctype 1V). The fourth cluster, RSA21, contained

three PVL-positive MSSA isolates.

The biggest difference regarding the clonal compmsof MRSA in South Africa and
other countries is the prevalence of the Archadoelin South Africa. Elsewhere,
especially in most parts of Europe, the Archaimelbas been replaced by the Iberian
clone, which is a direct descendant of the Arclolooe. The Iberian clone has previously
been identified in the USA as one of the eight pkent PFTs. Strain EMRSA-16 was the
dominant HA-MRSA strain in the UK in the recent pasd it was also identified as one
of eight prevalent clones in the USA during 2003 .South Africa, this CT appears to be
one of the predominant clones. There was no eéifiee between the number of strains
clustering in RSAQ5 (Archaic clone; S@ectype Ipls) and RSA16 (EMRSA-16;
SCQmectype 1I/1IB). Another common clone identified weee Brazilian/Hungarian
clone. This clone is quite common in some parthefworld, like Brazil, Argentina,
Portugal, Hungary and some Asian countries. Omother hand, only three isolates
characterised in the USA were identified as thezBean/Hungarian clone. The prevalence
of the Archaic clone in South Africa correlatestwiésults previously obtained by
Hiramats@®. A typing study by him showed that a South Afid4RSA isolate belonged

to the Archaic clonal type, by way of MRA.
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The surveillance and molecular analysis of the faipn structure of a specific organism,
like MRSA, allows for direct comparisons of straisslated from different geographical
settings. This is especially useful in the casarobutbreak, as numerous epidemic strains
are spread globally. Usually, there are certagctig strains circulating within a
geographical location. It can thus be determinbdtiner the outbreak strain has been
imported from another geographical area. Dependmtie techniques used, is it possible

to distinguish related from unrelated strains.

Molecular information on different MRSA types prdes important information regarding
antibiotic resistance patterns. Apart from thecAgene, SC@eccan also carry
resistance genes for other antibiotics and heawglmeThe resistance genes present on
SCQmecvary among the different S@@&ctypes. For example, 584, which encodes
resistance to spectinomycin and erythromycin isrmomly found on SC@ectype Il and
type lll. The integrated plasmid pUB110, encodiolgramycin and bleomycin resistance
is common amongst S@i&ctype Il elements. However, pUB110 is only asseciavith
SCQmectype IA (Iberian clone) and not with S@@ctype | (Archaic clone). SQ@ec

type IV and type V usually only carry tineecAgene and are not as multi-resistant as HA-

MRSA strains.

A well structured and up-to-date database of PF&Ems, also containing reference
strains, allows one to better distinguish betwe@aMRSA and CA-MRSA strains. This
can prove to be valuable clinically, as CA-MRSAasts are usually not as multi-drug
resistant as HA-MRSA strains. This information edso be useful from an infection
control perspective in that CA-MRSA strains candqu@e numerous toxins (such as PVL,

toxic shock syndrome toxin (TSST}haemolysin and several staphylococcal
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enterotoxins) that are not normally produced tdhsutarge extent by HA-MRSA strains.
These toxins are normally not produced to suchgelaxtent by HA-MRSA strains.
Many of these toxins can be fatal to a patientiargkneral, CA-MRSA strains have a

higher mortality rate then HA-MRSA strains.

5.4 Panton-Valentine leukocidin

PVL-producingS. aureustypically associated with CA-MRSA strains thatisa skin and
soft-tissue infections, has been associated withreaks in Australia, Frante the
USA>® Japaft, Greec&, south-eastern GermahySwitzerland*®, Taiwart® and
Singaporé. Strains carrying genes for PVL production halge &een isolated from

companion animafs.

5.5 Differences Between Individual Typing Techniques

Numerous genotypic typing techniques are availtdléhe successful elucidation of the
molecular epidemiology of methicillin-resistgt aureus The band-based and the
sequence-based technigues are most often useder®egbased techniques, sucls@es
typing or MLST have the advantage over band-basethiques of: (1) ease of use and
data interpretation; (2) transportability; (3) regucibility; (4) simplicity of comparing

results and large database set-up.
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Band-based techniques, such as PFGE have the ageamter other techniques of having
the highest discriminatory power. However, thigme has the disadvantages of: (1)
being expensive; (2) labour intensive; (3) reqgrapecialised electrophoretic equipment;
and (4) exchange of information between laborasageifficult due to the lack of an
international standardised protocol. More speaif§c 10 European countries use now the
HARMONY protocol whereas the Americans, Canadians dapanese use different
protocols. PFGE is currently the “gold-standam” MRSA typing and is a valuable and
suitable method for outbreak investigation, esplyaia the nosocomial setting, as it can
distinguish related from unrelated strains. PF@i @so be utilised to distinguish HA-
MRSA strains from CA-MRSA strains. PFGE has praslg been applied in studies
where different ORSA lineages were delineated, vbicculated in Europe, South
America and the USA. Each lineage was assignetreensuch as the Archaic/lberian
clone; the New York/Japan clone; the Brazilian/Hanman clone and the Paediatric clone.
Similar studies have been conducted in numeroustdes. For example, in Canada, four
ORSA lineages were delineated and designated CMR&A PFGE data sharing
between laboratories was extremely complicatetienpast. Even the typing results of
similar strains from different laboratories oftexcked concordance. Due to the
advancement of recent gel analysis software progriarge-scale databases can be created
and stored. These are usually composed of noredat&GE fragment patterns. The use
of S. aureusNCTC 8325 (an established size standard) for feagmormalisation has
aided tremendously in the exchange and transfeF®E strain typing data and

epidemiological information among different labargs”’.

During this study, the computer software packagioRi StaphType version 1.4.1 (Ridom

GmbH, Germany) was utilised to aid with sequena@yais. Individual repeat units were
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identified and the specifspatype was deduced and assigned depending on theafrd

the repeat units. Signature sequences occurrifogebtie first repeat unit and after the last
repeat unit were also identified to ensure thatepeat unit was left out durirgpatype
assignment. The nucleotide sequences of novehtegs orspatypes identified could

be synchronised with a server, which ensured umif@rminology usage. Repeats apad
types submitted by other researcher were alsofenaed to the local client software after
each synchronisatiorsparepeat sequences and types could also be dowldauhe the

Ridom website (http://www.ridom.de/spaseryewhich is accessible to any person. Thus,

users who do not work with the Ridom StaphTypevearfe are able to submit
chromatograms of nesparepeats and/or types and therefore have accélss same
uniform terminology. Although this software aidieedmendously with sequences analysis

and interpretation, it is costly especially fordaatories from developing countries.

As with spatyping, a specialised computer software packagealso required to assist
with PFGE banding pattern analysis and comparisdihgs software formed an integral
part of the analysis, since fingerprint patterngidferent gels had to be compared (inter-
gel comparisons). During this study, the softwzaekage GelCompar Il version 4.0.0
(BioNumerics, Belgium) was utilised. However, tloa for inter-gel comparisons, all
PFGE patterns had to be normalised to an estatllisihe standard before a database of
fingerprint patterns could be constructed. TheeefdlCTC 8325 was included in the first,
middle and last lanes of every PFGE gel. Normatisaagainst NCTC 8325 greatly
facilitated the interpretation of the banding patseas two-hundred-and-five different
PFGE patterns were identified during this studysudl inspection is only possible to a

certain extent, as two bands can be very closadb ether, which can result in the
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misinterpretation of the banding patterns. Althotigis software aids tremendously with

banding pattern analysis and interpretation, cosstly.

As only thirty-severspatypes were identified, compared to the two-hundred-five
distinct PFGE banding patterns, it is clear thatAKith PFGE was more discriminatory
thanspatyping. Researchers usisgatyping must be aware that certaipatypes can
yield ambiguous results, as was seen in this suithyspatypes t037 (SC@ectype
II/INIE) and t012 (SC@nectype II/1IB), which were both grouped in the saspaCC
(spaCC 012) by BURP. However, isolates identifiedtessespaand SC@nectypes were
grouped into separate PFGE CTs, thereby distingigghem as two separate lineages.

This correlated well with results obtained by S&typing.
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CHAPTER 6

6 CONCLUSIONS

This work describes the molecular epidemiology ethitillin-resistantStaphylococcus
aureusthrough MRA, SC@ecandspatyping, allowing us to delineate the major South
African MRSA lineages. This was done by estabtigha database of PFGE fingerprints
of South African MRSA isolates collected from bgthte and private diagnostic
laboratories from across the country. Howeveregithe complexity of PFGE pattern
interpretation, computer aided analysis of the Plp@tterns was required to reduce

misclassification and misinterpretation.

MRA proved to be a more discriminatory method tepatyping as strains grouped within
spaClonal Complex 012 could be separated into disthesters after MRA. This was
because of the high degree of similarity betwsgatypes t012 and t037, which are

associated with different epidemic clones.

We have demonstrated that the population strucuBouth African MRSA strains is
composed of a variety of epidemic clones. The datgest that the Archaic clone is the
dominant clone, followed by EMRSA-16, or a SLV thefr and both clones were similar in
prevalence. The Brazilian/Hungarian epidemic claas also identified, together with a
small number of the Iberian epidemic clone. Sosoéates were also identified that
possessed the samgaand SC@nectypes as strain EMRSA-15, which was a prevalent

CA-MRSA strain in Europe in the past.
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To our knowledge, this is the first record of bMBSA and MRSA strains from South
Africa carrying genes for the toxin Panton-Valeatlaukocidin. Interestingly, more
MSSA isolates were identified to be PVL-positivathIRSA isolates. This study was
not aimed specifically at collecting CA-MRSA, analypeight isolates were identified that
carried SC@hectype IV. Isolates were collected directly fronaginostic laboratories,
which may not be representative of community stiagamd epidemiological information
such as previous hospitalisation and treatmenbityistf the patient and lifestyle, were not
collected. A study that collects isolates from ¢obenmunity with more detailed
epidemiological information would be able to idénthe CA-MRSA types in South

Africa.
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CHAPTER 8

8 APPENDICES

8.1 APPENDIX A: Composition of Media

1. 5% Blood Agar plate
Columbia agar (Oxoid CM0331)

Horse blood (SAVP 052)

Deionised water
Autoclave

Store at 4°C

2. DNA Agar plate

Tryptose

Deoxyribonucleic acid

Sodium chloride
Agar

Deionised water
pH 7.3+ 0.2
Autoclave

Store at 4°C

399
50ml

make up to 1l

209
29

59

129

make up to 1l
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Chapman’s Agar plate (Mannitol-Salt Agar plate)

Mannitol-Salt agar 1119
Deionised water make up to 1l
pH 7.4+ 0.2

Autoclave

Store at 4°C

Mueller-Hinton Agar plate supplemented with 2% NaCl

Beef, dehydrated infusion 3009
Casein hydrolysate 17.5¢g
Starch 1.5g
Agar 179
Sodium chloride 29

pH 7.4+ 0.2

Autoclave

Store at 4°C

Blood Agar plate supplemented with Nalidixic Acid ad Colistin

CNA Columbia agar 42.5¢g

Horse Blood 50ml
Deionised water make up to 1l
pH 7.3+ 0.2

Autoclave

Store at 4°C
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Semi-Solid Agar vials

Nutrient broth N2 (Oxoid CM67)
Bitek Agar (Difco 214530)
Deionised water

Autoclave

Store at 4°C

Brain Heart Infusion broth (BHI)
Brain heart infusion (Difco 0037-17)
Deionised water

pH 7.4

Autoclave

Store at 4°C

Normal Saline
Sodium chloride
Deionised water
Autoclave

Store at 4°C
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25¢g

9

make up to 1l

379

make up to 1l

8.59

make up toll



8.2 APPENDIX B: Isolate Information Form

Information Form

Methicillin-resistant S. aureus Blood Stream lIsolate

CLINICAL MICROBIOLOGY AND INFECTIOUS DISEASES
(CMID)

WITS ScHoOL OF PATHOLOGY AND NHLS, JOHANNESBURG

(TEL) +27 11 717 2326 (FAX) +27 11 489 8530
(E-MAIL) oosthuysenw@hsc.pg.wits.ac.za

LABORATORY INFORMATION

Regional Laboratory Specimen Number: ‘

Hospital Name:
(where patient is admitted)

Province: | North West Province‘

Laboratory Name: |

Laboratory Contact Person: |

Laboratory Tel: | |

ISOLATE INFORMATION

Isolation/Collection Date: ‘ ‘ (dd/mmlyyyy)

Organism Isolated Identified As: [] Staphylococcus aureus
Resistant to Methicillin/Cloxacillin:  [] Yes
Isolate Source: ] Blood

[] Single infection

Type of Infection [] Multiple infection

PATIENT INFORMATION

Age: ‘
Gender: [1Male []Female

FOR OFFICE USE ONLY

Isolate Number: ‘
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8.3 APPENDIX C: CLSI Guidelines for Zone Diameter Interpretive Standards for

Staphylococcus spp.
Antimicrobial agent Disk content R Zone dlam(Tter (mm) 3
Oxacillin lug 10 11-12 13
R = Resistant; | = Intermediate resistant; S = 8pislole; mm = Millimetres

125




8.4 APPENDIX D: Isolate Specific Information Tables

The following tables (one table per province) contdl the isolate specific information,

including patient demographics and molecular chiareation results.
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Table D1:

Patient demographics and molecular characterisatgults of typed isolates collected in Gautenyipice.

Isolate Centre City/ | lIsolation ox®® | source Patient SCCmec spa PFGE PVL
Town Date Age’ | Gender | type Type | CC | Pattern | CT
RSA1/01| . 18/11/2005 R Blood 0 M HIE 037 | 012 NT NT -
RSA1/03| 2 19/11/2005 R NA 33.6 F 1B 012 ]| 012 16.16] 16
RSA1/05| E 23/11/2005 R Blood 42 F HIE 037 012 3.22 03
RSA1/06| O 23/11/2005 R Blood 41 M lIE 037 | 012 3.23 03
RSA 1/07 g s | 24/11/2005 R NA 37 F 1B 012 | 012 17.1 17 -
RSA1/08| & O 'S | 02/12/2005 S (17) | Blood 18.1 M MSSA| 174 NF 14.1 14
RSA1/09| ®I © | 05/12/2005 R Blood 0 F lpls | 1257 | 064 NT | NT -
RSAL/10| << O | 05/12/2005 R Blood 23.5 M lIE 037 | 012 3.1 03
RSA1/11| 2 09/12/2005 R Blood 62.8 F IIE 037| 012 3.19 0B
RsA1/12| & 05/12/2005 R Blood | 42.3 F IE 037| 012 3.27 0B
RSA1/13| 5 12/12/2005 R Blood 20 F Ipls 064 | 064 5.40 05 i
RSA1/14| © 14/11/2005 R NA 23 F HIE 037 | 012 13.1 13 -
RSA1/15| . 14/11/2005 R NA 0.1 F HIE 037 | 012 22.1 22 -
RSA1/16| &£ 28/09/2005 R Blood 18 M lIE 037 | 012 NT NT -
RSA 1/18 @ 10/10/2005 R Blood 25 M v 037 | 012 NT NT -
RSA1/19| T > | 10/10/2005 R Blood 0.7 M IVdcs | 015 | NF:5 NT NT -
RSA1/20| & 3 | 15/10/2005 R Blood 31 M 1= 037 | 012 3.17 03 -
RSA121| S 9 | 16/10/2005 R Blood 70 F HIE 037 012 3.21 03
RSA1/22| ¢ T S | 23/11/2005 R Blood 28 F HIE 037 | 012 3.18 03
RSA1/23| £Z S [ 25/11/2005 R Drain 33 M E 037 | 012 NT NT -
5 S fluid

RSA1/24| '3 24/11/2005 R Tissue 8 M HIE 037| 012 3.31 0B
RSA1/25| & 26/11/2005 R Blood 31 F Ipls 951 | 064 11.1 11 i
RSA 1/26 30/11/2005 R Sputum 55 M 1B 012| 012 NT NT -
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RSA 1/27 12/09/2005 R Blood 1 F Ipls 064 064 5.41 05
RSA 1/28 12/09/2005 R Blood 1 F Ipls 064 064 5.42 05
RSA1/29| _ 14/09/2005 R Blood 47 M HE 037 012 3.33 03
RSA 1/31 g 16/09/2005 R Blood 75 F INE 037 012 3.27 03
RSA1/32| © 09/01/2006 R Blood 67 M HE 037 012 3.29 03
RSA 1/33 é 14/01/2006 R Blood 73 M I 012 012 16.12 16
RSA 1/34 @ 15/01/2006 R Blood 61 M HE 037 012 3.27 03
RSA1/35| o 17/01/2006 R Blood 51 M 1 012 012 16.12 16
RSA 1/36 % = © 01/04/2006 R Blood 82 M 1 012 012 16.12 16
RSA1/37| o 8 § 25/05/2006 R Blood 75 M I 012 012 16.11 16
RSA 1/38 g E g 22/06/2006 R Blood 82 M 1 012 012 16.12 16
RSA1/39| @~ 08/07/2006 R Blood 61 F Il 012 012 16.12 16
RSA 1/40 g 22/07/2006 R Blood 77 F 1B 012 012 16.12 16
RSA1/41| S 25/07/2006 R (9) Blood 60 F HE 465 NF:5 22.2 22
RSA 1/42 Q_ 27/10/2006 R Blood 27 M I 012 012 16.11 16
RSA 1/43 g 28/10/2006 R Blood 27 M 1 012 012 16.11 16
RSA 1/44 31/10/2006 R Blood 56 M HE 037 012 3.26 03
RSA 1/46 07/11/2005 R Blood 79 M 1B 012 012 16.33 16
RSA 1/47 = 05/12/2005 R Blood 73 M 1B 012 012 NT NT|
RSA 1/48 < 09/01/2006 R Blood 1.2 F 1 012 012 16.12 16
RSA 1/49 g' o 11/01/2006 R Tissue 46 M bls 008 064 4.1 04
RSA 1/50 < 2 07/02/2006 R Blood 46 M HE 037 012 3.2 03
RSA 1/51 S a 02/05/2006 R Blood 16 F INE 037 012 3.1 03
RSA 1/53 FEJ = 18/05/2006 R Tissue 36 F Il 012 012 16.12

RSA 1/54 c 8 18/05/2006 R CSF 48 F Il 012 012 16.12

RSA 1/55 '5 = 29/05/2006 R Tissue 48 F e 037 012 35 0)¢]
RSA 1/56 c 20/06/2006 R Wound 70 F [l 012 012 16.12 16

r>5 swab
RSA 1/57 20/06/2006 R Wound 45 F 1B 012 012 16.17 16
swab
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RSA 1/58 11/06/2006 R Abdomin| 31 M Il 012 012 16.1 16
al swab

RSA 1/59 11/06/2006 R Tissue 34 F HE 037 012 3.19 03

RSA 1/60 11/06/2006 R Tissue 87 F Il 021 012 16.12 16

Ox = Oxacillin; R = Resistant; S = Susceptible; NAlot available; CT = Clonal type; * = Zone dianmstéf present), given in millimetre; # = Age given
years; - = Negative; + = Positive; M =Male; F = Fdey PVL = Panton-Valentine leukocidin; NF = No haoler.
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Table D2:

Patient demographics and molecular characterisatgults of typed isolates collectedLimpopo province.

Isolate Centre City/ | Isolation ox®® | source Patient SCCmec spa PFGE PVL
Town Date Age’ | Gender | type Type | CC | Pattern | CT
RSA 2/03 24/05/2006 R Sputum 41 M bls 064 | 064| 5.48 05 -
RSA 2/09 25/05/2006 R Pus swab 37 M s 1443 | 064 11.2 11 -
RSA 2/16 14/10/2005 R Blood NA F lpls 064 | 064 5.16 05 -
RSA 2/17 28/03/2006 R Pus 35 F bls 1257 | 064/ 5.1 05 -
RSA 2/18 07/11/2005 R Blood NA M [ 045 | 045 2.2 02 -
RSA 2/21 17/07/2006 R Pusswab 36 F pis 064 | 064 5.21 05 -
RSA 2/22 23/04/2006 R Blood 1.5 F lpls 1257 | 064 5.5 05 -
RSA 2/28 15/04/2006 R Pusswab 13 M s 064 | 064 7.1 07 -
RSA 2/29 14/03/2006 R Pus swab 50 M s 1257 | 064 5.3 05 -
RSA 2/30 o 23/02/2006 R Pusswab 18 M \Y 891 032 194 19 +
RSA 2/33 " S 14/07/2006 R Sputum 68 M bls 1930 | 064/ 5.39 05 -
RSA 2/34 T E 26/04/2006 R Pus swab NA M pls 064 | 064| 5.26 05 -
RSA 2/35 pd ‘—8 27/02/2006 R Pusswab 51 M s 1257 | 064 5.1 05 -
RSA 2/36 aR 23/02/2006 R Pusswab 54 F lE 037 012 3.34 03 -
RSA 2/40 04/05/2006 R Fluid 39 M lpls 1257 | 064 5.54 05 -
RSA 2/41 10/10/2005 R Blood NA F lpls 1257 | 064/ 5.18 05 -
RSA 2/42 28/02/2006 R Pusswab 21 F lE 037, 012 5.17 05 -
RSA 2/45 17/07/2006 R Pusswab 35 F pis 064 | 064| 5.22 05 -
RSA 2/46 05/05/2006 R Pus swab 28 M s 1257 | 064 5.1 05 -
RSA 2/52 15/05/2006 R Pus swab NA F s 045 | 045 5.37 05 -
RSA 2/53 28/02/2006 R Pusswab 20 F I 045 045 2.3 02 -
RSA 2/54 21/02/2006 R Pusswab 54 F lE 037, 012 3.30 03 -
RSA 2/59 14/01/2006 R Blood NA M [ 045 | 045 2.1 02 -
RSA 2/60 01/04/2006/ R Urine 44 M I 1257| 064 2.5 02 -
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RSA 2/02P o NA R NA NA NA Il 012 | 012 16.25 16 -
RSA 2/03P| o g 11/09/2006) R NA 18 F HE 037 | 012 3.27 03 -
RSA 2/04P| T < 14/08/2006) R NA 51 M Il 012 | 012 16.30 16 -
RSA 2/05P| < E 08/09/2006] R NA 8 M HE 037 | 012 3.30 03 -
RSA 2/07P 23/03/2006f R NA 11 F IHE 037 | 012 3.32 03 -

Ox = Oxacillin; R = Resistant; S = Susceptible; NAlot available; CT = Clonal type; * = Zone diamstéf present), given in millimetre; # = Age given
years; - = Negative; + = Positive; M =Male; F = Fdey PVL = Panton-Valentine leukocidin.
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Table D3:  Patient demographics and molecular characterisatgults of typed isolates collectedMpumalanga province.
Isolate Centre City/ | Isolation ox®® | source Patient SCCmec spa PFGE PVL
Town Date Age’ | Gender | type Type | CC | Pattern | CT

RSA 3/01 06/04/2006 R Blood 0.5 M E 037 012 3.11 03
RSA 3/02 05/04/2006 R Pus 39 M Ipls 064 064 5.66 05 -
RSA 3/03 05/04/2006 R Pus 0.5 M lE 037 012 3.11 083
RSA 3/04 " x 16/05/2006 R Pus 27 M Ipls 1555 | 064 5.57 05 -
RSA 3/05 T 8 16/05/2006 R Pus 53 M Ipls 064 064 5.66 05 -
RSA 3/06 pd § 16/05/2006 R Pus 2 M lE 037 012 3.11 03
RSA 3/10 08/03/2006 R Blood 0.3 M lHE 037 012 3.12 03
RSA 3/12 05/03/2006 R Pusswab 41 F [ 045 045% 2.8 02
RSA 3/16 08/03/2006 R Pusswabh 29 F [ 045 045 2.10 02
RSA 3/17 09/03/2006] R Pusswab 25 M pls 064 064 5.59 05 -
RSA 3/21 27/10/2005 R Blood 0.1 F I 045 045 2.8 02
RSA 3/22 09/11/2005 R Blood 0.7 F lpls 064 064 5.65 05 -
RSA 3/23 - 16/11/2005 R Blood 26 F Ipls 064 064 5.7 05 -
RSA 324 | o = 10/01/2006 R Blood 56 M lpls 045 | 045 NT NT -
RSA3/25| T & 21/01/2006 R CSF 29 F lv 535 Ex 2.14 0p
RSA3/27| < 2 30/01/2006 R Blood 46 M Ipls 1257 | 064 5.49 05 -
RSA 3/28 24/02/2006 R Blood 40 M Ipls 1257 | 064 5.45 05 -
RSA 3/29 09/03/2006 R Blood 25 F Ipls 064 064 5.11 05 -
RSA 3/30 03/06/2006f R Blood NA M Ipls 1257 | 064 5.47 05 -
RSA 3/41 12/10/2005 R Blood 33 M Ipls 064 064 5.62 05 -
RSA 3/42 n % 16/01/2006 R Blood 9 F Ipls 064 064 5.19 05 -
RSA 3/44 T £ 02/02/2006 S (15) Fluid 32 F MSSA 174 NF:6 14.2 14
RSA 3/45 z w 03/03/2006 R Fluid 42 M Ipls 064 064 5.71 05 -
RSA 3/46 14/03/2006f R NA 28 M Ipls 064 064 3.24 03 -
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RSA 3/49 11/07/2006 S (15) NA 39 F MSSA 317 S 21.1 2 +
RSA 3/50 11/07/2006 S (15) NA NA F MSSA 317 S 21.2 2 +
RSA 3/31P 08/02/2006] R Sputum 35 M bls 064 064 10.1 10 -
RSA 3/32P - 13/02/2006) R Pus 19 M 1] 037 012 3.24 01 -
RSA 3/37P % 2 27/02/2006f R Blood 61 M Il 399 012 16.10 16 -
RSA 3/38P g— & [11/03/2006 R Sputum 61 M Il 399 012 16.10 1 -
RSA 3/47P| < 2 NA R NA NA NA lHE 037 012 5.9 05

RSA 3/48P NA R NA NA NA IHE 037 012 3.24 03

RSA 3/53P NA S (14) NA NA NA MSSA 1951 S 11.4 1] +

Ox = Oxacillin; R = Resistant; S = Susceptible; NAlot available; CT = Clonal type; * = Zone dianmstéf present), given in millimetre; # = Age given
years; - = Negative; + = Positive; M =Male; F = Fey PVL = Panton-Valentine leukocidin; NF = No faler; S = Singleton; Ex = Excluded.
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Table D4:  Patient demographics and molecular characterisagults of typed isolates collect@dNorthern Cape province.
Isolate Centre City/ | lIsolation ox®® | source Patient SCCmec spa PFGE PVL
Town Date Age’ | Gender | type Type | CC | Pattern | CT
RSA 4/03 13/02/2006 R Pusswab 64 M s 1257 | 064, 5.67 05 -
RSA 4/06 27/02/2006 R Pus swah 42 M IHE 37| 012 3.24 03 -
RSA 4/07 27/02/2006 R Pus swab 56 M IHE 037, 012 3.3 03 -
RSA 4/08 28/02/2006 R Pus 49 M lHE 037| 012 3.3 03 -
RSA 4/09 28/02/2006 R Tracheal| NA F I-pls 1257 | 064, 5.69 05 -
aspirate
RSA 4/11 13/03/2006 R Pus swab 5.4 F pis 064 | 064| 5.23 05 -
RSA 4/12 17/03/2006 R Pusswab 18 F pis 064 | 064 5.12 05 -
RSA 4/13 28/03/2006 R Pusswab 59 M s 064 | 064 5.53 05 -
RSA 4/14 28/03/2006 R Pusswab 57 M IHE 037, 012 3.4 03 -
RSA 4/15 " 3 29/03/2006 R Pus 0 M Ipls 1257 | 064) 5.64 05 -
RSA 4/17 < g 06/04/2006 R Pusswab 13 M IHE 037, 012 3.4 03 -
RSA 4/18| = £ 07/04/2006 R Pus 72 M NT 064| 064 5.72 05 -
RSA 4/19 X 29/04/2006 R Pus 35 M lHE 037| 012 3.3 03 -
RSA 4/21 29/06/2006 R Pus 6 M IHE 037 | 012 3.24 03 -
RSA 4/22 29/06/2006 R Pusswabh 76 M IHE 037/ 012 3.24 03 -
RSA 4/23 29/06/2006 R Pus swab 48 F pis 1257 | 064 5.8 05 -
RSA 4/24 06/07/2006 R Blood 55 F IHE 037 | 012 3.24 03 -
RSA 4/26 13/07/2006 R Pus NA M Ipls 1257 | 064 5.7 05 -
RSA 4/27 13/07/2006 R Swab NA M Ipls 1257 | 064 5.9 05 -
RSA 4/28 13/07/2006 R Swab NA F Ipls 104 | 064/ 5.46 05 -
RSA 4/29 13/07/2006 R Swab 13 M Ipls 064 | 064 5.11 05 -
RSA 4/30 17/07/2006 R Swab 13 M IHE 037| 012 3.19 03 -
RSA 4/51 24/08/2006) R Pus swab 5 M s 1257 | 064 5.25 05 -
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RSA 4/53 23/08/2006 R Pusswab 22 M s 104 | 064 11.3 11 -
RSA 4/54 ) 13/10/2006 R Pus 19 M Ipls 1257 | 064 5.25 05 -
RSA4/55| & 5 11/10/2006 R Pus 20 F lHE 037] 012 3.15 03 -
RSA 4/56 % ‘é 10/10/2006 R Pus 45 M Ipls 1257 | 064 5.25 05 -
RSA 4/57 ¥ 18/10/2006 R Pus 45 M IHE 037| 012 3.32 03 -
RSA 4/58 18/10/2006 R Pus 45 M lHE 037| 012 3.32 03 -

Ox = Oxacillin; R = Resistant; S = Susceptible; NAlot available; CT = Clonal type; * = Zone diamstéf present), given in millimetre; # = Age givem
years; - = Negative; + = Positive; M =Male; F = Fey PVL = Panton-Valentine leukocidin; NT = Nopgable.
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Table D5:  Patient demographics and molecular characterisatgults of typed isolates collectedFree State province.
Isolate Centre City/ | lIsolation OxR/S* Source Patient SCCmec spa PFGE PVL
Town Date Age’ | Gender | type Type | CC | Pattern | CT
RSA 5/01 25/05/2006 R Wound 42 F HE 037 | 012 3.37 03 -
swab

RSA 5/03 n g 21/08/2006 R NA 21.3 F Ipls 064 | 064 6.4 06 -
RSA 5/04 T % 11/09/2006 R NA 38.5 M lpls 064 | 064 6.1 06 -
RSA 5/05 < = 02/10/2006 R NA 65.8 M lpls 951 | 064 23.1 23 -
RSA 5/06 03/04/2006 R Pus 0 M IHE 037 | 012 3.38 03 -
RSA 5/09 30/05/2006f R Pus 37 F bls 064 | 064 5.43 05 -
RSA 5/16 05/10/2005 R Blood 0 M lpls 064 | 064 6.2 06 -
RSA 5/17 28/09/2005 R Blood 0.2 F I 045| 045 10.2 10
RSA5/18 | & 13/10/2005 R Blood 43 M Ipls 064 | 064 6.3 06 -
RSA 5/20 .% = 01/12/2005 R Catheter tip 16 M lE 037 012 3.16 03
RSA5/21| & ‘GEJ 08/12/2005 R Tissue 26 M bls 064 | 064 6.3 06 -
RSA5/24 | = o 14/12/2005 R Catheter tip 27 M lE 037 012 3.16 03
RSA5/25| 2 % 27/12/2005 R Blood 26 M Ipls 064 | 064 5.38 05 -
RSAS5/26 | 9 % 30/12/2005 R Blood 49 M lE 037 | 012 3.8 03 -
RSAG5/27| T 23/01/2006 R Pleural pus 20 M bls 064 | 064 8.1 08 -
RSA 528 | < 26/01/2006 R Tissue 78 F pls 064 | 064 8.4 08 -
RSA 5/30 17/02/2006 R Fluid 28 M lpls 1774 | 064 8.2 08 -
RSA 5/00 17/02/2006f R Tissue 41 M lHE 037| 012 3.11 0B
RSA 5/31 o £ 08/12/2005 R Tissue 78 M 1IB 012| 012 16.19 16
RSA 5/32 § |5 23/02/2006 S (20) Pus swab 45 F MSSA 31y 5 21.3 21
RSA 5/33 < € 24/02/2006 S (22) Pus swab 75 M MSSA 318 012 18.1 18
RSA 5/34 & 3 28/02/2006 R Pus swab 51 F pis 064 | 064 5.6 05 -
RSA 5/36 @ 28/06/2006) R Sputum NA NA Ipls 064 | 064 5.31 05 -
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RSA 5/37

RSA 5/38

RSA 5/39

RSA 5/40

RSA 5/41

RSA 5/45

RSA 5/46

RSA 5/47

RSA 5/48

RSA 5/49

Pathcare

Bloemfontein

10/07/2006 R Sputum 82 M IHE 037 | 012 3.20 0B
21/07/2006 R Blood 77 M lHE 037 | 012 3.20 03
11/10/2006 R Tracheal 41 M Il 012 | 012 16.24 16
aspirate
16/10/2006 R Tissue 43 M IHE 037| 012 3.35 0B
16/10/2006 R Pus 4 M Ipls 1952 | 064 5.24 05
24/11/2006 R Tissue 70 M Il 018 012 16.24 16
24/11/2006 R Tissue 70 M Il 018| 012 16.26 16
24/11/2006 R Tissue 70 M Il 037 012 16.27 16
23/11/2006 R Swab 50 M IHE 037 | 012 3.14 08
23/11/2006] R Swab 50 M lHE 037 | 012 3.14 08

PC = Pathcare; BFN = Bloemfontein; Ox = Oxacilih; Resistant; S = Susceptible; NA = Not availall&;= Clonal type; * = Zone diameters (if present),

given in millimetre; # = Age given in years; - =ddgive; + = Positive; M =Male; F = Female; PVL =nRan-Valentine leukocidin; S = Singleton.
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Table D6:  Patient demographics and molecular characterisagults of typed isolates collectedNorth West province.
Isolate Centre City/ | lIsolation ox®® | source Patient SCCmec spa PFGE PVL
Town Date Age’ | Gender | type Type | CC | Pattern | CT

RSA 6/01 09/02/2006 R Ear Swab 24 F s 064 | 064 5.14 05 -
RSA 6/03 16/02/2006 R NA 27 M lHE 037 | 012 3.24 03 -
RSA 6/04 o NA R NA NA NA lv 045 | 045 2.16 02 -
RSA 6/05 " 2 13/03/2006 R NA 2 F Ipls 064 | 064 5.13 05 -
RSA 6/06 I S 13/03/2006 R NA 2 F Ipls 064 | 064| 5.13 05 -
RSA 6/08 pd § 14/03/2006 R NA 51 M Ipls 064 | 064 5.54 05 -
RSA 6/09 4 14/03/2006 R NA 34 M IE 037 | 0120 3.29 03 -
RSA 6/10 NA R NA NA NA lv 045 | 045 2.14 02 -
RSA 6/12 07/04/2006 R Pus swab 25 F Iv 045 045 2.13 02 -
RSA 6/14 07/04/2006f R Pus swab 38 F I 045 045 2.13 02 -
RSA 6/16 23/09/2005 R Blood 0 NA lv 045 | 045 2.6 02 -
RSA 6/17 26/09/2005 R Blood 41 M lE 037 | 012 3.28 03 -
RSA 6/18 01/02/2006 R Blood NA NA lv 045 | 045 2.8 02 -
RSA 6/21 g 25/07/2006 R Blood NA NA I 045 | 045 2.9 02 -
RSA6/22| & 2 22/11/2005 R Blood 2 F lE 037 | 012 3.11 03 -
RSA6/23| = E 02/05/2006 R Blood 0 F Iv 045] 045 2.7 | 02 -
RSA 6/24 v 29/03/2006 R Blood 0.1 M I 045 | 045 2.8 02 -
RSA 6/25 07/08/2006 R Blood NA NA Ipls 064 | 064 5.2 05 -
RSA 6/28 22/11/2005 R Blood 31 M HE 064 | 064 3.11 03 -
RSA 6/30 29/03/2006) R Blood NA NA [ 045 | 045 8.5 08 -
RSA 6/31| Lancet JHB| 30/11/2005 R Urine 74 M lE 037 | 012 3.9 03 -

JHB = Johannesburg; Ox = Oxacillin; R = Resist&; Susceptible; NA = Not available; CT = Clongléy* = Zone diameters (if present), given in
millimetre; # = Age given in years; - = Negative=+ositive; M =Male; F = Female; PVL = Panton-\fdiee leukocidin.
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Table D7:

Patient demographics and molecular characterisatgults of typed isolates collectedEastern Cape province.

Isolate Centre City/ | lIsolation OxR/S* Source Patient SCCmec spa PFGE PVL
Town Date Age’ | Gender | type Type | CC | Pattern | CT

RSA 7/01 28/10/2005 R Blood 34.8 F Ipls 064 | 064| 5.51 05 -
RSA 7/02 29/10/2005 R Blood 0.2 M Ipls 1257 | 064 5.9 05 -
RSA 7/03 31/10/2005 R Blood 33 F Ipls 064 | 064| 5.68 05 -
RSA 7/04 15/11/2005 R Blood 11 M Ipls 064 | 064| 5.44 05 -
RSA 7/05 19/11/2005 R Blood 37 M Ipls 064 | 064| 5.52 05 -
RSA 7/06 04/12/2005 R Blood 0.5 M Ipls 064 | 064 5.70 05 -
RSA 7/07 07/12/2005 R Blood 30 F lv 045| 045 2.15 02 -
RSA 7/08 12/12/2005 R Blood NA NA [ 1154 | 045 2.11 02 -
RSA 7/09 = 09/01/2006 R Blood 0 M [ 1154| 045 2.11 02 -
RSA 7/10 " 3 09/01/2006 R Blood 2.6 F lpls 064 | 064 9.1 09 -
RSA 7/12 EI N 02/02/2006 R Blood 0 F I 1154| 04% 2.11 02 -
RSA 7/13 zZ L 16/02/2006 R Blood 28 F Ipls 064 | 064 15.1 15 -
RSA 7/14 ;Cj 28/02/2006 R Blood 0 NA I 1154| 045 2.12 02 -
RSA 7/15 02/03/2006 R Blood 3 M lpls 064 | 064 9.2 09 -
RSA 7/18 04/04/2006 R Blood 21 F lv 001| 045 121 12 -
RSA 7/19 06/04/2006 R Blood 21 F lv 001| 045 121 12 -
RSA 7/20 06/04/2006 R Blood 21 F lv 001| 045 122 12 -
RSA 7/21 07/04/2006 R Blood 21 F lv 001| 045 121 12 -
RSA 7/22 07/04/2006 R Blood 21 F lv 001| 045 121 12 -
RSA 7/27 10/03/2006 R Blood NA F Ipls 064 | 064/ 5.60 05 -
RSA 7/28 05/07/2006 R Blood 1.9 M Ipls 064 | 064| 5.33 05 -
RSA 7/30 12/03/2006f R Blood 3 F Ipls 064 | 064/ 5.4 05 -
RSA 7/31 11/02/2006 S (18) Pus swab 60 M MSSA 1972 082 19.5 19 +
RSA 7/32 02/04/2006f R Pus swab 27 M IIB 840/ 012 16.18 16 -
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RSA 7/33 03/04/2006 R Pus swab 58 M IIB 012, 012 16.18 16
RSA 7/34 26/06/2006 R Blood 72 M 1B 012 | 012 16.18 16
RSA 7/36 25/05/2006 R Catheter tip 34 M bls 064 | 064| 5.36 05
RSA 7/37 22/05/2006 R Pus swab 72 M Il 012 012 16.18 16
RSA 7/38 26/06/2006 R Blood 72 M 1B 012 | 012 16.19 16
RSA 7/39 12/07/2006 R Drainage 73 F Il 012 | 012 16.18 16
site
RSA 7/40 10/07/2006 R Pus swab 68 F Il 012 012 16.18 16
RSA 7/41 26/07/2006 R Pus swab 54 F Il 012 012 16.5 16
RSA7/42 | 30/05/2006 R Septic back 72 M I 012| 012 16.5 16
RSA 7/43 g % 30/05/2006 R Swab 82 M 1B 001| 045 24.1 24
RSA7/44| g 28/07/2006 R Pus swab 53 F Il 012 012 16.5 16
RSA 7/45 = N 02/08/2006 R Pus swab 3.2 M s 064 | 064 5.64 05
RSA7/46 | = ‘;'j 10/08/2006 R Pus swab 43 M Il 018 012 16.28 16
RSA 7/47| © S 10/08/2006 R Pus swab 43 F Il 012 012 16.5 16
RSA 7/48 g o 12/10/2006 R Wound 75 F [l 012 | 012 164 16
abscess
RSA 7/49 30/08/2006 R Leg 78 F 1B 021 | 012 16.5 16
RSA 7/50 13/10/2006 R Sputum 66 M Il 012| 012 16.5 16
RSA 7/51 29/08/2006 R Leg 77 F [l 012 | 012 16.20 16
RSA 7/54 28/09/2006 R Pus swab 66 M Il 021 012 16.15 16
RSA 7/55 12/10/2006 R Pus 56 F Il 012 012 16.22 16
RSA 7/57 16/10/2006 R Swab 62 F v 020 032 195 19
RSA 7/58 23/10/2006 R Sputum 66 M Il 012| 012 16.21 16
RSA 7/59 20/10/2006 R Foot ulcer 40 M bls 064 | 064 3.39 03
RSA 7/60 02/08/2006| R Pus swab 3.2 M Il 012| 012 16.22 16

Ox = Oxacillin; R = Resistant; S = Susceptible; NAlot available; CT = Clonal type; * = Zone diamstéf present), given in millimetre; # = Age given
years; - = Negative; + = Positive; M =Male; F = Fdey PVL = Panton-Valentine leukocidin.
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Table DS8:

Patient demographics and molecular characterisatgults of typed isolates collectedWestern Cape province.

Isolate Centre City/ | lIsolation ox®® | source Patient SCCmec spa PFGE PVL
Town Date Age’ | Gender | type Type | CC | Pattern | CT
RSA 8/01 26/01/2006 R Blood 0.2 M Ipls 064 | 064 5.7 05 -
RSA 8/02 07/02/2006 R Pus 39 M Ipls 1779 | 064/ 5.10 05 -
RSA 8/03 10/03/2006 R NA 39 M Ipls 064 | 064 5.34 05 -
RSA 8/04 10/03/2006 R NA 29 F lpls 064 | 064 5.34 05 -
RSA 8/05 " o 13/03/2006 R Blood 34 M Ipls 064 | 064| 5.13 05 -
RSA 8/06 T g 02/05/2006 R Er;:p%ema 50 M I-pls 064 | 064 5.35 05 -
pd ui
RSA 8/07 © 12/10/2006 R Pus swab 79 M [ 045 045 2.1 02 -
RSA 8/08 11/10/2006 R Pus swab 20 M s 064 | 064/ 5.10 05 -
RSA 8/09 14/10/2006 R Pus swab 21 M s 064 | 064 5.7 05 -
RSA 8/10 21/11/2006 R Pus swab 5 F s 1257 | 064) 5.54 05 -
RSA 8/11 21/11/2006) R Pus swab 27 M s 1779 | 064 5.7 05 -
RSA 8/16 ult 21/01/2006 R Blood 0.1 M I 045 | 045 2.1 02 -
RSA 8/17 % 20/01/2006 R Blood 50 M Il 018 | 012 16.29 16 -
RSA 8/18 = 18/01/2006 R Blood 47 M Ipls 1443 | 064 16.14 16 -
RSA 8/19 = - 18/01/2006 R Blood 1.3 M Ipls 064 | 064| 5.29 05 -
RSA 8/20 4 % 22/01/2006 R Blood 1 M lpls 064 | 064 5.14 05 -
RSA 8/21 T = 23/01/2006 R Blood 1.3 M Ipls 064 | 064 5.30 05 -
RSA 8/22 3 3 31/01/2006 R Blood 39 F I 012 | 012 16.23 16 -
RSA 8/23 S 8 01/02/2006 R Blood 82 M 1153 012 | 012 16.12 16 -
RSA 8/24 g 02/02/2006 R Blood 0 F I 045| 045 2.4 02 -
RSA 8/25 o 05/02/2006 R Blood 39 F Ipls 1257 | 064 5.54 05 -
RSA 8/26 8 15/02/2006 R Blood 0 M Il 021 | 012 16.14 16 -
RSA 8/27 14/02/20060 R Blood 80 F 1153 012 | 012 5.7 05 -
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RSA 8/28 17/02/2006 R Blood 0 M I 045 | 045 21 02
RSA 8/29 22/02/2006 R Blood 21 F Ipls 064 | 064 18.2 18
RSA 8/30 05/03/2006 R Blood 25 M Ipls 1443 | 064) 5.14 05
RSA 8/31 03/12/2005 R Blood 50 M 1B 012 | 0127 16.8 16
RSA 8/32 14/12/2005 R Blood 64 F \Y 032 032 19.1 19
RSA 8/33 14/12/2005 R Blood 57 M 1IB 012 | 017 16.9 16
RSA 8/35 11/02/2006 R Blood 48 M 1B 012 | 01272 16.6 16
RSA 8/36 14/02/2006 R Pus swab 81 F I\ 1468 032 19.1 19
RSA 8/37 15/02/2006 R Pus swab 61 F 1B 012 012 16.6 16
RSA 8/38 14/02/2006 R Pus swab 59 F 1IB 012 012 16.6 16
RSA 8/39 23/02/2006 R Pus swab 75 M 1B 012] 012 16.6 16
RSA 8/40 23/02/2006 R Pus swab 18 M 1B 012 012 16.9 16
RSA 8/41 25/02/2006 R Pus swab 18 M IIB 012| 012 16.10 16
RSA 8/42 24/02/2006 R Pus swab 60 M 1B 012] 012 16.9 16
RSA8/43| g 24/02/2006 R Pus swab 65 F Il 012 012 16.10 16
RSA 8/44 c:c)s e 02/03/2006 R Blood 76 F Il 012| 012 16.6 16
RSA8/45| £ o 03/03/2006 R Pus swab 19 F Il 012 012 16.6 16
RSA8/46| & ] 04/03/2006 R NA 66 M Il 012 | 012 16.5 16
RSA 8/47 © 03/03/2006 R Pus swab 67 M Il 012] 012 16.10 16
RSA 8/48 23/03/2006 R NA 43 M Il 012 | 0120 16.2 16
RSA 8/49 24/03/2006 R Pus swab 39 M Il 012] 012 16.4 16
RSA 8/50 29/03/2006 R NA 80 M Il 012 | 0120 16.5 16
RSA 8/51 04/04/2006 R Pus swab 90 M Il 018 012 16.34 16
RSA 8/52 07/04/2006 R Pus swab 84 F Il 018§ 012 16.28 16
RSA 8/53 10/04/2006 R NA 49 M Il 012 | 012 16.10 16
RSA 8/54 11/04/2006 R Pus swab 79 M Il 012] 012 16.7 16
RSA 8/55 20/04/2006 R Blood 75 M Il 012 | 017 16.6 16
RSA 8/56 20/04/2006 R CSF 31 F Il 012| 012 16.6 16
RSA 8/57 21/04/2006 R Pus swab 73 M Il 012 012 16.5 16
RSA 8/58 21/04/2006f R Pus swab 22 F Il 012 012 16.10 16
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RSA 8/59 20/04/2006 R Pus swab 49 M Il 012 012 16.9 16 -

)
RSA 8/60 21/04/2006 R Pus swab 75 M Il 012] 012 16.6 16 -

Ox = Oxacillin; R = Resistant; S = Susceptible; NAlot available; CT = Clonal type; * = Zone diamstéf present), given in millimetre; # = Age given
years; - = Negative; + = Positive; M =Male; F = Fdey PVL = Panton-Valentine leukocidin.
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Table D9:  Patient demographics and molecular characterisaggults of typed isolates collectedkwaZulu-Natal province.
Isolate Centre City/ | lIsolation ox®® | source Patient SCCmec spa PFGE PVL
Town Date Age’ | Gender | type Type | CC | Pattern | CT
RSA 9/16 08/02/2006 R Blood 27 F Ipls 1257 | 064 5.28 05 -
RSA 9/17 % 14/02/2006 R Blood 32 F Ipls 1257 064 5.27 05 -
RSA 9/18 2 21/02/2006 S (25) | Pus swab 40 NA MSSA 021 01p 16.31 16 +
RSA 9/20 > 21/02/2006 R Ulcer 72 F lHE 037 012 3.36 03
RSA 9/21 Y 24/02/2006 R Swab 9 F bls 951 064 5.32 05 -
RSA 9/22 = c 27/02/2006 R Tissue 53 M lE 037 012 3.20 0B -
RSA 9/23 = Q 02/03/2006 R Biopsy 25 M I-pls 064 064 5.28 05 -
2 A (burns)
RSA 9/24 I 02/03/2006 R Wound 1 F [pls 951 064 5.28 05 -
S swab

RSA 9/25 < 02/03/2006 R Pus swab 43 F IHE 037 012 3.19 03 -
RSA 9/27 é 05/03/2006 S (23) Swab 1 M MSSA 021 012 16.31 16 +
RSA 9/29 03/03/2006 S (22) | Pus swab 47 M MSSA 021 01p NT NT +
RSA 9/30 07/03/2006/ R Pus swab 54 F lE 037 012 3.20 03 -
RSA 9/31 0 29/05/2005 R Pus 67 M \Y 032 032 20.1 20
RSA 9/32 o 12/09/2005 R Blood 58 F IHE 1504| 012 3.3 03
RSA 9/33 I 16/08/2005 R Pus 39 F bls 1257 | 064 5.58 05 -
RSA 9/34 o c 16/08/2005 R Blood 35 M Il 012 012 16.3 16
RSA 9/35 3 _‘.5 26/09/2005 R Pus 65 M lHE 037 012 3.6 03
RSA 9/36 “;’ A 13/09/2005 R Blood 85 M Il 012 012 16.13 16
RSA 9/37 3 30/10/2005 R Blood 71 M Il 046 012 16.30 16
RSA 9/38 o 01/12/2005 R Blood 85 M Il 012 012 16.15 16
RSA 9/39 a 21/12/2005 R Blood 49 HE IE 037 012 3.6 03 -
RSA 9/40 30/10/2005 R Blood 71 M Il 046 012 16.30 16
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RSA 9/41 20/09/2005 R Pus 91 M 1l 037 012 3.6 03

RSA 9/42 14/19/2005 R Pus 57 F bls 064 064 5.50 05

RSA 9/43 04/11/2005 R Blood 67 M Il 012 012 16.12 16

RSA 9/44 17/11/2005 R Blood 41 M Ipls 1257 | 064 5.55 03

RSA 9/45 10/08/2006 R Pus 36 F Il 046 012 16.30 16 -
RSA 9/46 23/08/2006 R Blood 33 M Ipls 037 012 5.10 05

RSA 9/47 16/08/2006 R Blood 86 F v 032 032 19.6 19 -

RSA 9/48 29/08/2006 R Pus 53 M IHE 012 012 3.25 08 -

RSA 9/49 29/08/2006 R Pus 53 M lHE 037 012 3.27 08 -

RSA 9/50 g NA R Pus 40 F pis 1257 | 064 5.20 03

RSA 9/51 = 28/08/2006 R Swab 42 M Ipls 1257 | 064 5.27 03

RSA 9/53 s 14/08/2006 R Pus 73 M IHE 037 012 NT NT

RSA 9/54 o3 S 14/08/2006 R Swab 73 M IHE 037 012 3.7 08 -

RSA 9/55 o} 'g 09/08/2006 R Swab 37 M lHE 037 012 3.13 08 -

RSA 9/56 % o 04/07/2006 R Swab 0 M Iv 1880 045 1.1 o1 -

RSA 9/57 2 17/08/2006 R Pus swab 47 M v 032 032 19.3 19 -
RSA 9/58 5 16/08/2006 S (17) Bile 40 M MSSA 174 NF: 6 NT NT

RSA 9/60 04/07/2006 R Swab 0 M I 1880] 045 1.2 oL -

RSA 9/61 14/11/2006 R Pus 84 M lHE 037 012 3.10 08 -

RSA 9/63 13/11/2006 R Ear 28 F Ipls 064 064 4.2 04

RSA 9/64 10/11/2006 R Pus 34 F bls 064 064 8.3 08

RSA 9/65 31/03/2006 R Pus 26 F bls 1257 | 064 5.61 03

RSA 9/68 13/11/2006 R Nose 37 F bls 1971 | 064 5.63 03

RSA 9/71 08/08/2006 R Blood 24 M Ipls 1257 | 064 5.56 03

RSA 9/73 25/10/2006] R Abdomen 20 F Il 046 012 16.32 16 -

Ox = Oxacillin; R = Resistant; S = Susceptible; NAlot available; CT = Clonal type; * = Zone diamstéf present), given in millimetre; # = Age givem

years; - = Negative; + = Positive; M =Male; F = Fdey PVL = Panton-Valentine leukocidin; NF = No ihaoler.
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Moldeun weight

8.5 APPENDIX E: Multiplex PCR Gel Images Obtained After Amplification of

Each Isolates’ SCGnec Element

SCQamecgel images obtained after agarose gel electroptsord@he following strains were

used as controls: STA61 (S@Ectype 1); BK2464 (SC@ectype Il); ANS46 (SChhec

MWM
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type 1l1); MW2 (SCGnectype IV); Neg. C
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Figure E16: SCOmecmultiplex PCR

gel image #16.

Figure E13: SCOnecmultiplex PCR

gel image #13.
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Figure E27: SCGamecmultiplex PCR

gel image #30.

Figure E30: SCdanecmultiplex PCR

gel image #27.
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Figure E28: SCamecmultiplex PCR

Figure E31: SCamecmultiplex PCR

gel image #31.
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Figure E35: SCanecmultiplex PCR
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Figure E32: SCamecmultiplex PCR
Figure E33: SCamecmultiplex PCR
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Molecular weight marker.

PVL PCR Experiments

Lanes indicated with an astevighe excluded from all analysis. Neg. C
MWM

PVL gel images obtained after agarose gel electngss. Strain MW2 was used as the
Negative control.

8.6 APPENDIX F: Gel Images Obtained After Agarose Gel HEectrophoresis of
positive control.
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electrophoresis image #2.

Figure F2: PVL PCR agarose gel
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electrophoresis image #8.

Figure F8: PVL PCR agarose gel
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electrophoresis image #23.

Figure F23: PVL PCR agarose gel
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Figure F29: PVL PCR agarose gel
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8.7 APPENDIX G: PCR Gel Images Obtained After Amplification of the SSR

Region of thespaA Gene of Each Isolate

spaAgel images obtained after agarose gel electroplsoréanes indicated with an

asterisk were not included in analysis. Strain 8T Avas used as the positive control.
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Figure G19: spaAPCR agarose gel

electrophoresis image #19.
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electrophoresis image #22.

Figure G22: spaAPCR agarose gel
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electrophoresis image #29.

Figure G29: spaAPCR agarose gel
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8.8 APPENDIX H: Nucleotide Sequences of the Various Raat Units of the SSR

Region of thespaA Gene

RIDOM Kreiswirth ID Sequence
repeat 1D

rol - GAGGAAGACAACAACAAGCCTAGC
r02 Al AAAGAAGACAACAAAAAACCTGGC
ro3 D2 GAGGAAGACAATAACAAACCTGGT
ro4 Z1 GAGGAAGACAATAACAAGCCTGGT
r05 C1l AAAGAAGACAACAAAAAGCCTGGC
r06 G2 AAAGAAGACGGCAAAAAACCTGGC
r07 Ul GAGGAAGACAACAACAAACCTGGT
ro8 X1 GAGGAAGACAACAACAAGCCTGGT
r09 A2 GAGGAAGACGGCAACAAACCTGGT
r10 Cc2 AAAGAAGACAATAACAAGCCTGGT
ril Y1 GAGGAAGACAATAACAAGCCTGGC
r12 Gl AAAGAAGACAACAACAAGCCTGGT
rl13 E1l AAAGAAGACAACAACAAACCTGGT
rl4 12 GAGGAAGACAACAACAAACCTGGC
r15 W1 GAGGAAGACAACAACAAGCCTGGC
rl6 K1 AAAGAAGACGGCAACAAACCTGGT
r17 M1 AAAGAAGACGGCAACAAGCCTGGT
rl8 H2 AAAGAAGATGGCAACAAGCCTAGT
r19 H1 AAAGAAGACAATAACAAGCCTGGC
r20 D1 AAAGAAGACAACAACAAACCTGGC
r21 F1 AAAGAAGACAACAACAAGCCTGGC
r22 L1 AAAGAAGACGGCAACAAGCCTGGC
r23 J1 AAAGAAGACGGCAACAAACCTGGC
r24 Q1 AAAGAAGATGGCAACAAGCCTGGT
r25 01 AAAGAAGATGGCAACAAACCTGGT
r26 T1 GAGGAAGACAACAAAAAACCTGGT
r28 R1 AAAGAAGATGGTAACAAACCTGGC
r29 F2 AAAGAAGACAACAAAAAGCCTAGC
r30 02 AAAGAAGACGGCAACAAAAAACCTGGT
r31 N1 AAAGAAGATGGCAACAAACCTGGC
r32 E2 AAAGAAGACAGCAACAAGCCTGGC
r33 P1 AAAGAAGATGGCAACAAGCCTGGC
r34 Bl AAAGAAGACAACAAAAAACCTGGT
r35 C3 GAGGAAGACAACAAAAAACCTGGC
r36 W2 AAAGAAGACAACAAAAAGCCTGGT
r37 D3 AAAGAAGACGGCAACAACAAACCTGGC
r38 F3 AAAGAAGACTACAAAAAACCTGGT
r39 E3 AAAGAAGACAGCAACAAACCTGGT
r41 U2 CAAGAAGACGGCAACAAGCCTGGT
r42 M2 AAAGAAGACAACATCAAACCTGGT
r43 X2 AAAGAAGACGGTAACAAACCTGGT
r44 Z2 AAAGAAGACAACAAGCCTGGT
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r45 A3 AAAGAAGATGGCAACAGACCTGGC
r46 Y3 AAACAAGACAACAAAAAACCTGGT
r47 Z3 AAAGAAGACAACAACAAAAAACCTGGC
r48 V2 CAAGAAGACAACAACAAGCCTGGT
r49 Y2 GAGGAAGACAACAAACCTGGC
r50 T2 AAAGAAGACGGCAACAAGCCTAGT
r51 P2 AAAGAAGACAACAAACCTGGT
r52 R3 AAAGAAGACAACAAAAAACTTGGC
r53 G3 AAAGAAGACGTCAACAAACCTGGC
r54 H3 AAAGAAGACAACAAGCCTGGC
r55 A4 CAAGAAGACAACAACAAACCTGGC
r56 J2 AAGGAAGACAACAACAAGCCTGGT
57 S1 AAAGAAGACAACAATAAGCCTGGC
r58 B4 AAAGAATACGGCAACAAGCCTGGT
r59 13 AAAGAAGACAGTAACAAACCTGGC
re0 S2 GAGGAAGACAACAAACCTGGT
rel W3 AAAGGAGATGGCAACAAGCCTGGC
r62 U3 AAAGAAGACGGCAATAAACCTGGC
re3 V3 GAGGAAAACAACAACAAGCCTGGT
re4 X3 AAAGAAGACAATAAAAAACCTGGT
re5 S3 AAAGAAGATGGCAAAAAACCTGGT
re6 F4 AAAGAAGACAGCAACAAGCCTGGT
ré8 E4 AAAGAAGACGGTAACAAGCCTGGT
re9 C4 AAAGATGACGGCAACAAGCCTGGT
r70 D4 AAAGATGACGGCAACAAACCTGGT
r7l Q3 AAAGAAGATGGAAACAAGCCTGGT
r’2 P3 AAAGAATACAACAACAAGCCTGGT
r73 G4 AAAGAAGATAACAACAAGCCTGGC
r’4 H4 AATGAAGATGGCAACAAGCCTGGC
r’s 14 AAAGAAGATGGTAACAAACCTGGT
76 K3 AAAGAAGACGACAACAAACCTGGT
rey - AAAGAAGACGGCAACAAGCCTGAT
r78 J4 AAAGAATACGGCAACAAACCTGGT
r80 K4 AAAGAAGACAACAATAAACCTGGT
rgl - AAAGAAGACAGCAAAAAACCTGGT
r82 - AAAGAAGACAGCAACAAACCTGGC
r83 - AAAGAAGACGGCAAAAAACCTGGT
r84 - AAAGAAGATGGCAACAAACCTGAC
r85 - AAAGAAGACGGCAATAAACCTGGT
r86 - AAAGAAGACGACAAAAAACCTGGC
r87 - AAAGAAGATGGCAACAAGCCTGAT
r88 - AAAGAAGACGGCAGCAAGCCTGGT
r89 - GAAGAAGACGGCAACAAACCTGGT
r90 11 AAAGAAGGCAACAAAAAACCTGGT
r9l - AAATAAGACAACAAAAAACCTGGT
r92 - AAAGAAGACAACAACAAACATGGC
ra3 - CAAGAAGACAACAACAAGCCTGGC
r94 - CAAGAAGACAACAACAAACCTGGT
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ros

GAGGAATACAATAACAAGCCTGGC

ro96

AAAGAAGACGGCAACAAAACTGGT

ro7

AAAGAAGACACCAACAAGCCTGGT

ro8

AAAAAAGACGGCAACAAACCTGGT

ro99

GAGGAAGACAATAACAAGCCTAGT

r100

AAAGAAGACAACAAAAAACCTGAC

ri01

AAATAAGACAACAACAAGCCTGGT

ri02

AAAGAAGACAACAACAAACCTGAT

r103

AAAGAAGACGGCAACAAACCTGGG

r104

AAAGAAGGCGGCAACAAACCTGGT

r105

AAAGAAGATAACAAAAAACCTGGT

r106

GAGCAAGACAACAACAAGCCTGGT

rio7

AAAGAAGACGGCAACAAACCTGAC

r108

AAAAAAGACAACAACAAACCTGGT

r109

AAAGAAGACGGCAACAAACCTAGC

r110

AAAGAAGACGACAACAAGCCTGGT

rill

AAAGAAGATGGCAACAAACTTGGT

r112

AAAGAAGATGGAAACAAGCCTGGC

ril13

AAAGAAGACAACAAAAAACCCGGT

ril4

AAAGAAGACGGTAACAAACCTGGC

r11s

AAAGAAGACAACAAAAAGCCTACC

r1le

AAATAAGACAATAACAAGCCTGGC

ril7

AAAGAAGATGGTAACAAGCCTGGT

r1l8

AAAGAAGACGTCAACAAGCCTGGT

ri19

AAATAAGACGGCAACAAGCCTGGT

r120

AAAGAAGACAACAAAAAACCTGAT

ri2l

GAGGAAGACAACAAGCCTGGT

r122

GAGGAAGACAACAAAAAACCTGGA

r123

GAGGAAGACAACAACAATCCTGGC

r124

GAGGAAGGCAACAAAAAACCTGGT

ri25

GAGGAAGACGGCAACAAACCTGGC

r126

GAGGAAGACAACAAAAAGCCTAGC

r127

AAAGAAGACAACAAAAAACCTGTC

r128

AAAGAAGACAACAACAAGCCTAGT

r129

AAAGAACACAACAAAAAACCTGGT

ri30

AAAGAAGACGGCAACAAGTCTGGT

ri31

AAAGAAGACAACAACAAGCTTGGC

ri32

AAAGAAGACGGCAACAAGCCTAGC

r133

AAAAAAGACGGCAACAAGCCTGGT

r134

AAAGAAGGCAACAAGCCTGGC

r135

GAGGAAGACAACAAAAAGCCTGGT

r136

GAGGAAGACAACAACAAATCTGGT

ri37

GAGGAAGGCAATAACAAGCCTGGC

r138

AAAGAAGACAACAAAAAACTTGGT

r139

AAAGAAGACAACAACAACCCTGGT

r140

GGAGAAGACAACAAAAAACCTGGT

ri41l

AAAGAAGACGGCAACCAGCCTGGT

r142

GAGAAAGACAACAACAAGCCTAGC
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r143

AAAGAAGACAACAAAAAGCCTAGT

ri44

AAAGAAGACACCAACAAACCTGGT

r145

AAAGAAGACGGCAACAAGCCTGGA

r146

AAAGAAGATGGTAACAAACCTGGA

r147

AAAGAATACAACAAAAAACCTGGT

r148

AAAGAAGACAACAACAAGACTGGT

r149

AAAGAAGACGGCAACAATCCTGGT

r1s50

AAAGAAGAAGGCAACAAACCTGGT

risl

AAAGAAGACGGCAAGAAGCCTGGT

r1s52

AAAGAAGACAACAACAACAAGCCTGGC

r153

AAAGAAGATGGCAATAAGCCTGGT

r1s54

AAAGAAGACAACAAAAAACCTGTA

r1s5

AAAGAAGACGGCAACAAGCCTTGT

r156

AAAGAAGACAACAACAAGCCTAGC

ris7

AAAAAAGACAACAAAAAACCTGGC

r158

AAAGAAGACGGAAACAAACCTGGT

r1s59

AAAGAAGACAACAAAAAACCTAGC

r160

GAGGAAGACAACAAAAAGCCTGGC

ri6l

AAAGAAGAGGGCAACAAGCCTGGT

rl62

AAAGAAGATAGCAACAAACCTGGT

ri63

GAGGAAGACAACTACAAGCCTGGT

r164

GAGGAAGACGGCAACAAGCCTGGT

r165

AAAGAAGACGGCAACAAAGCTGGC

- = Not available
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8.9 APPENDIX I: Pulsed-Field Gel Electrophoresis Gel Inages Obtained After

Macro-Restriction Analysis of Each Isolate

Pulsed-field gel electrophoresis (PFGE) gel imam#ained after MRA. All lanes marked
with an asterisk were excluded from analysis an@GMR tree construction, mainly due to
uninterpretable banding patterns. The agarosesmtithese isolates were subjected to

PFGE again. Strain NCTC 8325 was used as the olatesize standard.
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Figure I1: Pulsed-field gel electrophoresis image #1.
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8.10 APPENDIX J:

spa Type Repeat Motif Alignments

Table J1: Alignment of the repeat patternssgfatypes associated wigpaCC 064.
spa type Repeat motif
t008 11-19- -12-21-17-34- -24-34-2225 -
t051 11-19-21-12-21-17-34- -24-34-22 5 -2
t064 11-19- -12-05-17-34- -24-34-2225 -
t104 11-10- -34-22- -25
t951 11-10- -05-17-34- -24-34-2225
t1256 11-19- -12-05-17-34- -24-34-2265
11257 11-19- -34-05-17-34- -24-34-2225
t1443 11-19- -12-05-17-34-24- -24-34-2225 -
t1555 11-19- -34-05-17-34-24-34-24-34-22- -25
tl774 11-19-19-12-05-17-34- -24-34-2225
t1779 11-19-12-12-05-17-34- -24-34-2225
t1930 11-19- -12-05-17-34- -24-34-227253
11952 11-19- -12-05-17-34- -24-34- -16
t1971 11-34- -05-17-34- -24-34-22--25
Table J2: Alignment of the repeat patternssgfatypes associated wigpaCC 032.
spa type Repeat motif
t020 26-23- -31-29-17-31-29-17-2528716-28
t032 26-23-23-13-23-31-29-17-31-29-17-25-17-25-86-2
t891 26-23- -13-23-31-05- -17-2625-28
t1468 26-23-13-23-31-31-29-17-31-29-17-25-17-25286-
t1972 26-16-23- -31-05- -15-p7-25-28
EMRSA-15 | 26-23-23-13-23-31-29-17-31-29-17-25-1718528
Barmin 26-23-23-13-23-31-29-17-31-29-17-25-17-25286
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Table J3:

Alignment of the repeat patternssfatypes associated wigpaCC 045.

spa type Repeat motif
t001 26-30-17-34-17-20-17-12- -17-16
t045 26- -17-20-17-12- -17-16
t1154 26- -20-17-12- -17-16
t1880 26- -13-20-17-12-12-17-16
EMRSA-3 | 26-30-17-34-17-20-17-12- -17-16
Table J4: Alignment of the repeat patternssgfatypes associated wigpaCC #5:
NF.
spa type ‘ Repeat motif
t015 08-16-02-16-34-13-17-34-16-34
t465 08-23- -16-34-13-17-34-16-34
Table J5: Alignment of the repeat patternssgfatypes associated wigpaCC #6:
NF.
spa type ‘ Repeat Motif
t128 07-23-23-21-16-34-33-13
t172 14- -21-16-34-33-13
Table J6: Alignment of the repeat patternssgfatypes associated wigpaCC 012.
spa type Repeat motif
t012 15-12-16- -02-16-02-25-17-24-24
t018 15-12-16- -02-16-02-25-17-24-24-24
t021 15-12-16- -02-16-02-25-17-24
t037 15-12-16- -02- -25-17-24
t046 08- -16- -02-16-02-25-17-24-24-24
t318 15-12-16-16-02-16-02-25-17-24
t399 15-12-16- -02- -17-24-24
t840 15-12- -02-16-02-25-17-24-24
t1504 15-12-16-16-02- -25-17-24
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Table J7: Alignment of the repeat patterns of the singletpatypes t174 and t1951.

spa type ‘ Repeat motif
t174 14-21-16- -34-33-136
t1951 07-21-17-13-13-34-34-33-34
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8.11 APPENDIX K: spa Repeat Unit Alignments

Table K1:  Alignment of the nucleotide sequences of repeitsand r05.
Repeat | Nucleotide sequence

r21 AAAGAAGACAACAA CAAGCCTGGC

ro5 AAAGAAGACAACAA AAAGCCTGGC
Table K2:  Alignment of the nucleotide sequences of repelism 0 and r34.
Repeat | Nucleotide sequence

ri0 AAAGAAGACAATAACAAGCCTGGT

r19 AAAGAAGACAATAACAAGCCTGCEC

r34 AAAGAAGACAACAAAAAACCTGGT
Table K3:  Alignment of the nucleotide sequences of repeZisn65 and r16.
Repeat | Nucleotide sequence

res AAAGAAGATGGCAAAAAACCTGGT

r25 AAAGAAGATGGCAACAAACCTGGT

rl6 AAAGAAGACGGCAACAAACCTGGT
Table K4:  Alignment of the nucleotide sequences of repeZ8sand r16.
Repeat | Nucleotide sequence

r23 AAAGAAGACGGCAACAAACCTGGC

rl6 AAAGAAGACGGCAACAAACCTGGT
Table K5:  Alignment of the nucleotide sequences of repeZsand r05.
Repeat | Nucleotide sequence

r29 AAAGAAGACAACAAAAAGCCTAGC

ro5 AAAGAAGACAACAAAAAGCCT GGC
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Table K6:

Alignment of the nucleotide sequences of repeatsand r13.

Repeat | Nucleotide sequence

ri7 AAAGAAGACGGCAACAAGCCTGGT

ri3 AAAGAAGACAACAACAAACCTGGT
Table K7:  Alignment of the nucleotide sequences of repelisand r13.
Repeat | Nucleotide sequence

ri6 AAAGAAGACGGCAACAAACCTGGT

r23 AAAGAAGACGGCAACAAACCTGGC
TableK8: Alignment of the nucleotide sequences of repeatsand r07.
Repeat | Nucleotide sequence

ri4 GAGGAAGACAACAACAAACCTGGC

ro7 GAGGAAGACAACAACAAACCTGGT
Table K9:  Alignment of the nucleotide sequences of repé@sand ri5.
Repeat | Nucleotide sequence

ro8 GAGGAAGACAACAACAAGCCTGGT

r15 GAGGAAGACAACAACAAGCCTGC
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8.12 APPENDIX L: Provincial Map of South Africa

Limpapo

Horthern Capa
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