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The incidence of infections caused by methicillin-resistant Staphyincoccus

aureus {MRSA) has increased world-wide over the past 30 years,

A strain that was introduccd into Scotland in 1990 via a patient recently
returned from Lisbon, Portugal had an unwsually resistant phenotype. Ninety-
three isolates were selected and invesligated by mwolecular methods. The
principal method chosen was agarose gel electrophoresis following digestion of
whole cell genomic DNA with the restriction enzymes 77hel and Sau3Al.
‘These enzymes recognise 4-base DNA sequences and produced an analytical
window at the top of an agarose gel, which aliowed the recognition of plasmid
DNA fragments and partial digest products. The final result of electrophoresis
by this method was a considerable improvement over previous methods

employing enzymes that are 6-base cutters.

The strain was studied in paralle] with control groups of Staph. aureus
that consisted of mcthicillin-sensitive Staph. aureus, sporadic isolates of
MRSA and the epidemic strains EMRSA-1, EMRSA-15 and EMRSA-16.
Analysis of the Fhal restriction enzyme fragmentation patierns (REFP) of the
“new” strain and control groups by Dice coefficients of similarity validated the
technique with respect to discrimination; it was demonstrated that REFP’s of
epidemiologically unrelated MSSA isolates had Jow Dice coefficient values
(mean Sp value = 66%) and that REFP’s of known epidemiologically related
isolates such as EMRSA-15 had high coefficients of similarity (mean Sp value

- 99%),

The technique showed that all isolates of the new strain were clonal in




number of clonal variants (subtypes) to the major REFP type. Sixty-eight
isolates (73%) gave a genomic fingerprint identical to the index case and were
designated Hhal type H1. ‘I'wenty-[ive isolates were variants of this type and
were designated type T.H2 (7 isolates), LH3 (6 isolates), LH10 (2 isolates) and
fifteen of the twenty-five were unique variants designated L.H4 — LH9 and
LH11 — LH14. Nine isolates of another strain, imported from France and
phenotypically similar to the study strain were shown to be genetically closely

related to it.

Inter-group matching of REFP’s showed each control group to be

genetically distinct to each other and to the “new” MRSA strain.

In a collaborative study, this new strain which has been trivially lermed
the “Lisbon strain” was shown to be closely relatcd to the now well
characterised Iberian clonc MRSA., Variants detected using Hhal/Suu3Al

typing also showed parallel variation in PFGE.

A small number of genomic variants were also found within the
EMRSA-1, 15 and 16 control groups, highlighting the capacity of the technique

to detect minor penetic change.

Restriction enzyme [ingcrprinting of whole cell genomic DNA using
the restriction enzymes Hhal and Sau3Al proved 1o be a simple, cconomic and
highly discriminatory method of typing Staph. eureus slrains requiring no

expensive apparatus.
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1.1 The genus Staphylococcus

Bacteria of the genus Staphylococcus are non-motile Gram
positive cocci 0.5 - 1.5um in diameter, which may occur singly, in pairs, in
short chains, or most often in grape-like clusters. Medically important
members of the genus are divided by their ability to produce the enzyme
coagulase, a virulence factor. Staphylococcus aureus is the major coagulase
positive species found in human infections although Staph. infermedius and
Staph.  hyicus are common veterinary pathogens. Currently the genus
comprises 32 species (Kloos, 1998) which are widespread in nature, and are

found mainly on skin and mucous membranes of birds and mammals.

Other than Siaph. aureus, species of staphylococei frequently
implicated as the aetiologic agents of human infections include Staph
epidermidis, Staph. saprophwticus, Staph. haemolyticus, and Staph.

lugdunensis.

Staph. aureus may cause a toxaemic disease in which toxins released by
multiplying organisms are absorbed by the body. These include epidermolytic
toxing, which givc risc to scalded skin syndrome, enterotoxins - found in
staphylococcal food poisoning, and toxic shock associated toxin (TSST-1) -
associated with use of tampons. Most comunoniy howevet, Staph. aurcus gives
rise to infections which include boils, carbuncies, cellulitis, impetigo, wound

infection, endocarditis and septicacmia.

Most infections arise from endogenous sources, with the infecting strain

identical to the organism isolated from the patients nose swabs (Hobbs ef al,




1947, Valentine and 11all-Smith, 1952, Tulloch, 1954). This is especially the
casc when lesions occur on the face as with sycosis barbae or styes (Kay,

1962).

1.2 Virulence of Staph. aureus

Staphylococcal disease is clinically diverse as illustrated in Figure 1.1.
The outcome of the relationship of Staph. eureus with its host is dependent on
a number of factors including the properties of the particular strain, the site of
infection and the competency of the hosts® defences. Staph. aureus produces a
wide range of virulence factors which play various roles in the different disease
processes. Some of these factors are associated with the cell surface such as a
protein A (Pelersen ¢f al., 1977}, tibronectin binding protein (Wadstrom, 1991)
and collagen binding protein (Holderbaum et af., 1987). In addition to cell
surfacc protcins, some strains of Staph. aureus also produce u range of extra
cellular virulence factors including [ive membrane-damaging toxins, six
enterotoxins, epidermolytic toxin, toxic shock syndrome toxin (TSST-1), and a
pyrogenic exotoxin. Exoenzymes which act as virulence factors include
coagulase, DNAase, staphylokinase, proteascs, lipase, hyaluronidase,

phosphatase and phospholipase (Arbuthnott ef al., 1990, Arvidson, 1983).




Figure 1.1 (From Arbuthnett f al., 1990)

Staphylococcus aureus: its host / pathogen relationship in man

Toxin-mediated syndromes

Staphylococcal scalded skin syndrome
Food poisoning

7?Toxic shock syndrome
Asymptomatllc COIOPlSﬂtan Associated infections
or local infection N
Skin Skin: carbuncles, furuncles,
Release of extraccllalar subcutaneous abscesses
Nasopharynx ———p products 4 INasopharynx: sinusitis, tonsillts,
Eyes glandular infections
Eyes: deep orbital infection
Gastrointestinal tract {G.I.T.) 6T food poisoning
Urethra -~~~ Bacteraemia 4—— |Jrathra: cystitis, prostatitis
(asymptomatic / acute)
Vagina Vagina; cer_vit.:itis. s_alpingitis,
pelvic infection

Mctastatic sites of infection

Bones, joints:
osteomyelitis, arthritis

Lungs: pneumonia

Muscle: abscesses

Heart: endocarditis
Abdominal organs: abscesses

Central Nervous System: cerebritis, meningitis, brain abscesses




The virulence of MRSA has been the subject of much debate. There
appear to be two poinis of view. Most authorities agree that MRSA are
potentially as pathogenic as methicillin sensitive Staph. aureus (MSSA),
though some believe that MRSA are not as virulent, and cause infection only in
certain high risk groups (Lacey, 1987) whereas others believe them to be true
pathogens (French ef al., 1990, Keane and Cafferkey, 1984, Thompson ef al.,
1982, Peacock et al, 1981). Thompson and colleagues (1982) highlighted
three studies in which the overall mortality rate of nosocomial outbreaks of
MRSA infection had been compared (o case matched controls of outbreaks of
MSSA inlection (Crossley ef al., 19792, 1979b, Pcacock et al., 1980, Boycee et
al., 1981). All three studies found no significant difference in overall mortality,

suggesting that MRSA and MSSA are equally virulent.

In the study by French (1990) above, more than 5000 Hong Kong
MRSA isolates were shown to be equally as virulent as MSSA. Both groups of
organisms were isolated in similar proportions from sites associated with
serious infection and sites associated with colonisation indicating an equal
ability of both groups to producc invasive infection. In patients with hospital
acquired bacteraemia, mortality rates were found to be similar in both groups of

organisms when adjusted for clinical factors.

Transfer of genetic information between different strains of MRSA (and
MSSA) by plasmids, transposons and bacteriophages leads ta evolutionary
changes 7e. divergence of strains. These changes may result in strains with
altered virulence potential (Coleman ef al., 1989). Thus, it can also be argued

that both MRSA and MSSA are heterogencous with respect to virulence.




1.3 Development of resistance

Before the antibiotic era severe staphylococcal infection was associated
with a high mortality. A limiled success was achieved with the introduction of
sulphonamide in the 1930’s but this was short lived, as many strains soon

hecame resistant.

In the early 1940°s the mortality ratc declined sharply but temporarily
following the introduction of penicillin into clinical use. However, the
widespread use of penicillin resulted in the selection of penicillinase-producing
resistant strains such that by the late 1940°s virtually all nosocomially acquired
strains were resistant {Barber, 1948). New antimicrobials continued to appear
during the 1940°s and 50’s including streptomycin, chloramphenicol and
ervthromycin.  Strains resistant to all available systemic antibiotics had
appeared by the end of the 1950’s. A major breakthrough in anti-
staphylococcal therapy came in 1960 with the advent of the semi-synthetic
penicillinase resistant penicilling, methicillin and cloxacillin (BMJ editorial,
1960). Initially, this appeared to provide a solution to the problem of drug
resistance, however, as with previous antimicrobials, resistant strains were soon
detected (Jevons, 1961, Knox, 1961, Cetin and Ang, 1962, Borowski ef al.,
1964). The incidence of infection caused by these strains remained low until
the late 1960°s when invasive infection becaime more prominent, This increase
was “controlled” somewhat during the 1970’s by the use of gentamicin for
severe infection. (Gentamicin had been in use for 10 vears beforc the first
resistant strains were recorded. This resistance was plasmid mediated and

probably developed as a result of the widespread topical usc of the agent in




dermatology where patients shed large numbers of organisms in skin scales,
aiding the dissemination of resistance in different strains of Staph. aureus
(Porthouse ¢f al., 1976, Speller et al., 1976, Wyatt et al., 1977, Warren and
Roberts, 1976).  Almost inevitably, infections due to both gentamicin and
methicillin-resistant Staph. aureus were recorded (Shanson er al 1976,
Cafferkey ef af., 1983, Selkon ef af., 1980). Strains resistant to multiple
antibiotics including methicillin and gentamicin began to appear in Australia
(Pavillard et af., 1982) and London (Shanson et al, 1976). By the late
seventics, strains of Staph. aureus causing nosocomial infections which were
resistant to both these antibiotics, had become very difficult to treat. Whereas
previously, strains of Staph. aureus resistant to methicillin and other B-lactams
had not causcd major problems, these multiply resistant strains have now been
responsible for numerous endemic and cpidemic outbreaks of infection world-
wide. They have also become cxtremely difficult to control or eradicate and
pose serious problems for patients and healthcare workers alike and many of
these infections are effectively treated only with the glycopeptide antibiotic

yancomycin,

1.4 Prevalence of MRSA infection

The incidence of infections causcd by MRSA in the UK throughout the
1960°s was gencrally very low. Reports of infection begun to rise towards the
end of the decade and these may have been due, in patt, to improved methods
of detection and the understanding of resistance mechanisms. Infection rates

throughout Europe around this time were also on the increase. In the USA
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however, numbers of infections due to MRSA remained at less than 19
(Barrett er al, 1968, Sabath et al, 1968), until the early 1970°s when the
incidence showed a steady increase (Klimek ef al., 1976, Crossley et al., 1979a,
Locksley ef af., 1982, Schactler er af., 1984). By the middle of the decade the
number of infections was falling once again both in the USA and Europe
(Plorde and Sherris, 1974, Rosendal et al., 1977, Kayser, 1975). Because ol the
general reduction of MRSA infection together with an increasing number of
effective anti-staphylococcal antibiotics by the end of the seventies, the period

was later termed as “the decade of complacency™ (Shanson, 1981).

MRSA infections have since risen steadily world-wide and many
questions still remain unanswered, not least why certain strains (epidemic or
EMRSA) secm to have a remarkable propensity for spreading and causing

disease whereas olhers do not.

To date, 16 cpidemic MRSA strains (termed EMRSA-1, 2 efc.) have
been typed and characterised by The Nulional Staphylococcal Reference
Laboratory at Colindale, London. These strains have been responsible for
widespread outbreaks of infection in the UK. The first of these epidemic
sirains, EMRSA-1, was responsihle for many outbreaks in the London area and
the same strain has also been shown to be responsible for similar outbreaks in
Australia (Bradley ef af., 1985, Cookson and Phillips, 1988, Duckworth e/ af
1988). Since the characterisation of EMRSA-1 the prevalence of major
EMRSA types has changed in the UK. In 1990 and prier to this, FMRSA-1
was the major type sent by laboratories in England and Wales to the Refcrence

T.aboratory at Colindale. IIMRSA-2 was also seen but to a lesser extent. In

it




contrast to this, by 1995 isolates of EMRSA-1 had dcclined and the
predominant straing were now EMRSA-3, EMRSA-15 and TMRSA-16. The
number of hospitals affected with EMRSA-3 have remained steady since 1993
whereas numbers of hospitals affected with EMRSA-15 and 16 have been
rising together, affecting belween 80 - 100 hospitals by the middle of 1995

(CDR weekly, September 1995).

1.5 Epidemiology of MRSA infection

(a) Sources and transmission of MRSA

Within the hospital environment there are certain high-risk units in
which patients are at greater risk of infection. These tend to be critical care
areas (Thompson er al., 1982) such as ITU and burns units. Patients in these
areas arc more susceptible to infection having had major surgery, traumatic
injury ot severe burns (Peacock et al, 1980, Crossley ef al., 1979a, 1979b,
Boyce ef al., 1981, Saraglou er al., 1980G). Factors associated with MRSA
acquisition include prolonged hospitalisation, long term and previous antibiotic

therapy (especially multiple antibiotic therapy), and instrumentation.

The most important mechanism for introduction of MRSA inio a
hospital is probably by transfer of a patient who is already colonised or inlected
with MRSA (Peacock er al., 1980, Price ef al., 1980, Saraglou ef ol., 1980). It
is perhaps for this reason that large tertiary care facilities experience greater
problems with MRSA than smaller hospitals, providing a mechanism for the
transfer of epidemic strains of MRSA over great distances. Saraglou er al.

(1980) highlighted the case of a burns patient who was transferred to another

12




hospital 500 miles away. I'ollowing this, six paticnts became colonised with
the same strain of MRSA, which later developed resistance o gentamicin and

gave risc to infection in three of the six.

Other than the patienls themselves, hospital personnel and the
environment may be important reservoirs of MRSA (Thompson ef af., 1982),
and hospital staff working in areas where such strains are a recognised problem
arc frequently screened for MRSA. However, (he overall carriage rate by
hospital personnel is generally low (Saraglou er al., 1980) and outbreaks of

MRSA often occur with no obvious link to hospital personnel.

Whercas in otherwise healthy individuals nasal carriage of MSSA is
common, nasal carriage of MRSA occurs only infrequently (Crossley et al.,
1979b, Klimek et al., 1976). Reasons for low nasal carriage of MRSA are
unknown but it has been suggested that factors influencing adherence of MSSA

to nasal epithelia may differ in MRSA (Aly et al., 1981).

Nasal carriage of small numbers of MRSA may not be important in the
transmission of MRSA, as normal breathing does not result in widespread
dispersal of Staph. aureus into the atmosphere. Of greater importance is the
potential for nasal carriage to act as a source for the transient carriage of MRSA
on the hands of hospital pcrsonnel. This route of transmission is well-
documented (Peacock et al, 1980). Although this is a major route of
transimission it may be interrupted simply by hand washing precautions by staff

handling MRSA patients (Thompson ef al., 1982).

The role of the third reservoir, the environment, has been more difficult

to assess, since there have been fewer detailed investigations. Crossley et al.

13




(1979b), isolated MRSA from 33 of 145 environmental surlaces during an
MRSA outbreak in a butns unit. Thompson and co-workers (1982) found
similar high rates of contamination in a burns unit. Thus environmental
contamination may be an important factor in maintaining outbreaks in burns
units.  Other areas where environmental contamination may be high include

dermaiology wards where patients shed large amounts of skin scalcs.

MRSA although primarily hospital pathogens do cause outbreaks of
community acquired infection. Iniravenous drug abusers are a well-
documented group who commonly develop MRSA septicaemia and
endocarditis (Levine et al.,, 1982). Saravolatz ef of, (1982a, 1982b} list drug
abuse, serious underlying disease, previous antibiotic therapy or previous
hospital admission as major factors associated with community acquired
MRSA. Hospital admission of patients with community acquired infections is

an important source of nosocomial epidemics.

Although hospital personnel and the environment may be responsible
for the transmission of MRSA, the ultimate source is usually the infecied or

colonised patient.

(b) Control of MRSA

The most important factors in the control of MRSA in the hospital
environment include awareness of the patient and institution of excellent
hygiene (c.g. hand washing). Oncc introduced inte the hospital, evadication of
MRSA has usually proved to be very difficult. In a study of 104 hospital

outbreaks of MRSA since 1975, Boyce (1981) reported that over 85%
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continued to have problems with nosocomial infection due to these strains.
Most control programmes involve regular screening of high-risk patients and
sometimes of stalf who have direct patient contact. Although often overlooked
in many hospitals, hand-washing procedures can be a major factor in control of
MRSA spread by breaking the chain of transmission. Construction of purpose
built isolation units to deal with MRSA patients can be a very costly project. A
morc convenient and more cost effective method of isolation of catriers is to

discharge them as soon as possible.

As a useful control measure Thompson ef al. (1982) recommended
specific precautions appropriate for the site of colonisation or infection, i.e.
patients with colonised or infected wounds in whom direct contact transmission
was the most likely mode of spread were managed with wound and skin
precautions. Patients with extensive burns or respiratory infection were
confined using strict isolation procedures because of the potential for airborne
transmission, Patients with colonisation or infection of mucosal surlaces or the
urinary tract were managed with strict hand-washing precautions after direct

contact. These precautions were maintained for the duration of hospitalisation.

In the UK, a combined working party was sct up to devise measures for
the control of epidemic strains of MRSA within the hospital environment. Asa
result, guidelines were drawn up and published in 1986 (Working party report,
Ayliffe et al., 1986). Since this date these guidelines have been revised twice
(Ayliffe ef al., 1990, 1998). In addition the working party also published

guidelines on control of MRSA in the community (Aylitle et al., 1995).
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The working party guidelines highlighted the need for screening of
patients and of staff in particutar situations. For example, on admission a
paticnt known to be a catrier or infected with MRSA or a patient admitted from
another hospital or ward where there is currently MRSA present, should
initially be admitted to an isolation ward or side room. Screening swabs should
be taken from sites including nose, throat, perineum, wounds and areas of
abnormal skin. In addition, patients from abroad should also be screened as
many other countries have major EMRSA problems. Appropriate mcasures
should be taken by staff (o prevent spread of MRSA by improving hand-
washing procedures using antiseptic disinfectants or 70% alcohol. Where
patients or staff arc found to be infected with or carrying MRSA. prompt and
appropriate measures should be taken. Nasal carriage may sometimes be
eradicated by treatment with mupirocin ointment three times daily for five days.
In general systemic therapy to eliminate colonisation is not recommended as
resistance may develop. Where a member of staff is colonised a short systemic
course of rifampicin may bc considered if the isolate has been shown to be
susceptible, preferably in combination with another agent such as ciprolloxacin

or fusidic acid.

In cases of serious clinical infection vancomycin is the preferred option.
Teicoplanin, another glycopeptide antibiotic may also be effective. Although a

more expensive option, it is less toxic and easier to administer.

‘The guidelines also recommended regular sampling of previously

positive patients. A set of screening swabs as previously mentioned should be
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taken on a weckly basis and three sets of negative swabs must be obtained

before the patient be considered clear of MRSA.

Other areas covered by the working party report include implications to
health care stafl and their families infected. or colonised with MRSA, transfer
of colonised / infected patients within hospital and between other hospitals.
Finally, the guidelines outline basic micr(;biological procedures involving
sampling and processing of screening swabs and characterisation of EMRSA

strains.

The cost of controlling MRSA can be high although there is general
agreement that ignoring the problem can be even greater patticularly when the
possibility of litigation from an infected patient is considered. In their Hong
Kong study, Cheng and French (1988) showed that the average cost of
antimicrobial therapy per patient with MRSA bacteraemia wus £440 compared
to £60 for patients with MSSA bacteraemia. The greater expense was due (o

more costly antimicrobials and longer treatiment,

1.6 Mechanism of methicillin resistance

(a) mecA and mec associated DNA

MRSA contain approximatcly 30 - 50 kb of additional chromosomal
DNA known as the mec region which is not found in methicillin susceptible
strains (Beck ef af., 1996). It is located close to the pur-nov-his gene cluster on
the Smal-G fragment of the NCTC 8325 Staph. aureus chromosome (Pattee ef

al., 1990). Within the mec region is contained mecA, a structural gene for PBP
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2a, a penicillin-binding protein with low affinities to practically all B-lactam
antibiotics; mecl and mecR]1, regulalory elements controlling mecA

transcription; and 20 - 45 kb of mec-associated DNA.

The meeA promoter region, which is the first 300 nucleotides of mecA
and its regulatory genes mecl and mecRl1, is similar in sequence to the
staphylococcal f-lactamase gene (Matsuhashi ef of., 1986; Song et al., 1987).
Introduction of mecA confers methicillin resistance on MSSA isolates and
transposon mutagenesis renders highly resistant Staph. agurcus strains
susceptible to methicillin, therefore the principal role of the mecA gene in
expression of methicillin resistance has been well established (Matthews and
Tomasz, 1990; de Lencastre et al., 1994). As ihe mecA gene is found in > 90%
of clinical MRSA and is absent in MSSA strains, the presence of the mecA
gene is considered to be the hallmark for identification of MRSA strains and
many laboratoties now use various PCR protocols for the deteclion of the mecA
gene (Tokue et af., 1992; Unal ef @l., 1994). In addition to MRSA, the mecA
gene is widely distributed among other species of staphylococci but has not
been found in any other genus of bacteria. At present the origins of mecA in
Staph. aureus are uncertain but it may have arisen in a coagulase-negative
strain, possibly Staph. sciuri (Wu ef al., 1996: Wu et al., 1998). 1t is unknown
exactly how mecA was acquired by MRSA but transposition seems likely since
mecA contains one or more copies of 18257, inverted repeats at its ends, and

two open reading frames that may encode recombinases.

"I'wo structurally different types of mec region DNA are known. When

the mec region DNA of Jevons® first reported MRSA from 1961 (NCTC10442)
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was compared with a Japanese strain from 1982 (N315), it was found that the
MRSA from 1961 contained a mec region of about 32kb as opposcd to a mec
region of about S1kb in the Japanese strain. The mec region from NCTC 10442
was found to differ from N315 due to (1) absence of the mec regulator gene
mecl, (2) a truncated version of mecRl and (3) presence of part of a
presumptive mobile genctic clement (Hiramatsu, 1995). These are
representative of the two distinet types of mec region DNA carried by MRSA
all over the world. In addition most modern strains of MRSA carry a secondary
insertion of the transposon TnS54 intcgrated into their mec DNA which

harbours genes for resistance to macrolides, lincosamides and streptogramin B

(MLS).

Although the two mec regions have a different genetic organisation, the
nucleotide sequences outside the boundaries of these regions are common to
both types indicating that they integrated at exactly the same site of the Staph.
aureus chromosome. This is highly suggestive of the acquisition of mec as a

single primary event and subsequent divergence and modification.

(b) Expression of methicillin resistance

It is now well known that expression of methicillin resistance in mecA -
carrying clinical strains of Staph. aureus is typically heterogencous and MIC’s
range from susceptible (<16mg/L) to highly resistant (MIC>2000mg/L). Such
a wide variation in MIC’s indicates that the acquisition of the mecA gene alone
is not sufficient to render the cell fully resistant to methicillin. By insertional
inactivation of genes using the transposon Tn557, Berger-Bachi and co-workers

highlighted the role ol at least six additional aux or fem genes (Berger-Bachi,
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1983; Berger-Bachi ef al., 1989; de Lencastre und Tomaz, 1994). These gene
names were abbreviated from auxiliary or faclors essential for methicillin
resistance and include femA - E, which are necessary for full expression of
methicillin resistance. ‘These fem factors are chromosomal genes located
distantly to mec and have been shown to be present in both resistant and
susceptible strains. With the exception of femE whosc cxact function is as yet

unclear, all fem factors are involved in peptidoglycan synthesis.

1.7  Strain identification and epidemiological typing of MRSA

Several authors have expressed different views on the evolution of
MRSA. Some have argued for the evolution of MRSA from a single clone
suggesting that the acquisition of the mecA gene occurred as a singular event,
all laler strains being descendants of this original single strain (Lacey and
Grinstcad, 1973; Kreiswirth er «l., 1993). Others suggest horizontal
transmission of the mecA gene, giving rise to a number of unrelated clones

(Musser and Kapur, 1992).

Irrespective of whether mono or polyclonal, MRSA have evolved into a
heterogeneous group of organisms and it is now necessary to use
epidemiological typing schemes to identify individual strains responsible for
outbreaks of infection, to trace the sources and monitor the spread of outbreaks.
Many of the genetic techniques used to type or “lingerprint” strains of MRSA
can also yield valuable information aboui the organisms’ evolution and the
degree of diversity amongst strains. In the carly MRSA encountered by Jevons,

Cetin, Knox and others in the early 1960°s, resistance to methicillin,
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erythromycin  (inducible} and streptomycin (high level) was typically
chromosomal whereas resistance to tetracycline, f-lactamasc and heavy metals
was plasmid encoded. In contrast, EMRSA encountered today in the UK,
Australia and Europe contain many more chromosomal resistance determinanis
including B-lactamase, various heavy metals, sulphonamide, trimethoprim,

fusidic acid, rifampicin and gentamicin.

Epidemiological typing can be both costly and labour intensive, and
should only be performed with clear objectives in mind. These inciude the
determination of the extent of an outbreak of infection, determination of ways
in which infection is spread and the evaluation of preventative measures and

monitoring of infection in specific areas where infection is a particular hazard.

Numerous typing schemes for the epidemiological investigation of
many bacterial species have been developed. Traditional phenotypic methods
include antibiogram typing (Hartstein 7 af. 1987, Holmberg et al. 1984, Parisi
1985, Pfaller and Herwaldt, 1988), biotyping (Grimont and Grimont 1978,
Parisi 1985, Rennie ef al. 1978, Granato ef al. 1983), serolyping (Crichton and
0Old 1980, Delmer et al. 1986, Poh et al. 1988, Joly et al. 1986) and phage
typing (Holmberg er al. 1984, Parisi 1985). Molecular phenotypic techniques
include immuno-blotting (LLee and Burnie 1988, Mulligan ez al. 1988, Coia e!
al. 1990) and multi-locus enzyme electrophoresis (MLEE) (Caugant ef af.

1986, Selander et al. 1986).

Genotypic techniques have evolved due to the advances in molecular
biology and most utilise differences in nucleotide sequence between the

organisms’ genomic or extra-chromosomal DNA.  These include the
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determination of plasmid profiles (Schaberg ef al. 1981, Holmberg et af. 1984,
Hattstein ef al. 1987, Parisi 1985, Coia ef al. 1988, Mayer 1988, Poh ef «l.
1988) and restriction endonuclease (RE) analysis of plasmid and genomic DNA
(Mickelsen ef al 19835, Parisi 1985, Tenover 1985, Hawkey 1987, Coia ef al.
1988, Grothues ef al. 1988, Mayer 1988, Renaud ef o/, 1988, Jordens and Hall
1988, Patterson ef al. 1989). Newer techniques have heen developed which
avoid interpretation of large numbers of fragments. These include pulse-ficld
gel clectrophorcsis (PFGE), (Ichiyama e al. 1991, Prevost ef al. 1992,
Struelens ef al. 1992, Wei and Grubb 1992) and Southern hybridisation
techniques using a variety of DNA and RNA probes (Kreiswirth ef al. 1990,
Goering and Duensing 1990, Hadorn et al. 1990, Schwarzkopf and Karch

1994).

All typing methods have advantages and disadvantages in any given
sitvation dependent upon reasons for typing and the degree of discrimination

required.

Phenotypic typing methods depend on the expression of markers, for
example aniibiotic resistance or the production of a particular enzyme. A
major limitation of this approach is that phenotypic markers are not always
stably expressed (e.g. antibiotic resistance mediated by mobile genetic
¢lements) under different cultural or environmental conditions. ‘The genetic
basis of the phenotypic variability is usually unknown and the observed
phenotypic variations can often be caused by more than one type of genctic
evenl, as is the case with staphylococcal bacteriophage typing (Kreiswirth e/

al.,1993). Not all phenotypic methods can assign an isolate to a definite type.
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This becomes a limitation when phage typing MRSA, as many strains are non-
typeable. Another major disadvantage of phenotypic typing methods is that

they do not demonstrate relationships between types.

In addition, techniques such as phage typing require careful
standardisation and are therefore generally only performed by reference

laboratories.

In contrast, systems based on DNA analysis will always place an isolate
into a “type”, and the techniques are not limited to specific organisms or groups
of organisms. For each technique the method is virtually identical and uses the

same reagents with only minor changes regardless of the source of the DNA.

The principle involved in genomic fingerprinting is that the
chromosome contains regions that are highly conserved, (generally containing
sequences for proteins vital for cell function or sequences for rRNA) and other
regions in which the DNA is subject to rearrangements and mutations. When a
mutation occurs in a restriction site the DNA is not cleaved and differences in
fragment size and number can bc demonstrated between isolates with non-
identical chromosomes. 'L'he degree of difference between a set of isolates’
DNA fingerprints gives an indication as to whether the isolales arc related,
identical or different. Although mutations can occur in highly conserved
regions of the chromosome these tend to be lethal and are therefore not passed
on. These differences in fragment sizes between a group of related organisms

are known as restriction fragment length polymorphistns or RFLP’s.

Natural mutations occur in bacteria over time and may result in

formation of RFLP’s within a single strain. It is therefore important to bear this
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in mind when examining isolates recovered from outbreaks spanning many
months or years, as is the case with the “T.isbon™ strain which has persisted in

Scotland since s introduction in 1990,

All of the techniques mentioned thus far have been extensively applied
and evaluated either alone or in various combinalions in studying the clinical
epidemiology of a wide range of organisms causing nosocomial infection. For
example, Archer and Mayhall (1983) used antibiogram, phage type,
aminoglycoside inactivating enzymes and plasmid profiles to trace an outbreak
of nosocomial MRSA infection. They found 17 patients, 12 environmental
sites and three hospital personnel to be infected or colonised with the epidemic
strain. ‘L'he outbreak strain was rifampicin resistant and all indigenous strains
were sensitive to rifampicin thus making the antibiogram a very useful marker
with which to initially screen large numbers of specimens. They found phage
Ltyping to be poorly reproducible within local laboratories and results too slow
to be of any immediate epidemiological value. These findings were consistent
with the general view that phage typing of staphylococci is a skilled technique,
requires specialist knowledge and expertise, does not always provide
discrimination and as such is best performed by reference centres. Plasmid
pattern analysis tcvealed all isolates of the epidemic sirain to contain three
plasmids of 34, 1.8, and 1.5 megadaltons. No other strains examined exhibited
this profile. They concluded thal plasmid analysis was of greatest value in this

study and recommended its use in future epidemiological investigations.

Coia et al. (1990) used the preater discriminatory powers of restriction

enzyme fingerprinting of plasmid DNA in conjunction with simple biotyping,
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phage typing and immunoblotling of exported proteins to characterise a
collection of 45 MRSA isolales [ror Glasgow Royal Infirmary between 1985 -
1986. Using ue 111 to digest the plasmid DNA they were able to group 43 of
the 45 isolates into two major groups that correlated strongly with the two
major immunoblot groups found. The techniques used were able to provide a
breadth of epidemiological information, confirming the existence of two major
clones within the hospital, which however was evident from antibiogram and

biotype analysis.

In a multi-institutional study to determine the strengths and weaknesses
of 12 epidemiological typing systems, Tenover and co-workers (1994)
compared traditional methods such as phage typing, biotyping and antibiogram
typing with more modern molecular typing including RFLP typing with gene
probes, IS probe typing, FIGE, PFGE, immunoblotting, MLEE, restriction
cnzyme (RE) analysis of PCR products {coagulase genes), ribotyping and RE
analysis of plasmid DNA. Although the molecular techniques were highly
successful in identifying the outbreak strains, as stated previously they are for
the most part difficult to perform, expensive and require a considerable amount
of expertise in the interpretation of results. Overall, no single method was
found to be obviously superior and as other workers have also found (Parisi,
1985) a caretully selected combination of techniques dependent on the

organism to be typed is often the most useful approach to epidemiological
typing.
With the range of typing techniques now available, a very detailed

picture of the epidemiology of infectious agents is often possible allowing

25




identification of individual strains or clones o be made and their relationships

with other strains and clones of an individual species (o be ascertained.

1.8 MRSA in the West of Scotland

QOutbreaks of infection duc to epidemic strains of methicillin-resistant
Staph. aureus have been well documented in other parts of the UK, however in
Scotland less MRSA data has been published and the picture has been less
clear.  Figures obtained from the Scottish Centre for Infection and
Environmental Health (SCIEH) suggesi that prior to 1990 there were relatively
few reports of MRSA, and of these the majorily were from Greater Glasgow
Health Board (Figures 1.2 and 1.3). In 1991 there was a sudden increase in
notifications which corresponded to the arrival of the Lisbon strain in Glasgow.
Following this increase the numbers remained steady until 1995 after which
numbers rose sharply to more than 4000 in 1997 and this figure is still rising in
1998. The sudden increase in MRSA from 1995 onward represented the arrival

in Scotland of EMRSA-15 and 16.

Preliminary phenotyping (simple biotyping, antibiogram and phage
lyping) of MRSA strains sent from laboratories in the West of Scotland to Dr
Dugald Baird at Glasgow Royal Infirmary led to recognition of an unusual
strain of MRSA. The strain was urease positive, Twecn 80 hydrolysis negative,
resistant by disc diffusion test to erythromyein, clindamycin, tetracycline,
ciprofloxacin, rifampicin and all aminoglycosides in addition to {B-lactam

anlibiotics. 1t was sensitive to trimethoprim, fusidic acid, mupirocin and
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chloramphenicol. Most strains were phage type 29/77/84/85 or 54/77/84/85. A

few strains were untypable by phage.
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Subsequent investigations suggested that the carliest recognisable
isolate in Scotland had been obtained in late 1990 from a patient admitted to
Gartnavel General Hospital in Glasgow, from Lisbon, Portugal, Soon after this
initial isolation the strain was also detected in the nearby Glasgow Western
Infirmary, and over the next few yezu;s it was isolated from patients in most
acute hospitals in the West of Scotland. Il resulied in a wide range of
staphylococcal infections as well as much colonisation and it produced
infection control problems similar to thosc scen in England with other epidemic

MRSA strains. The strain was referred to locally as the * Lisbon™ strain.

1.9  Aims of the investigation and study design

(a)  Aims of the investigation

The aims of the investigation were as [ollows:

1. To ecstablish whether epidemiologically unrelated isolates of

MRSA were diverse on the basis of HAal and Sau3A1 REFP’s.
2, To assess the diversity of Staph aureus from different
epidemiological groups.

3. To determine whether those isolates phenotypically similar and
designated the Lisbon strain were genotypically consistent with the

cxpansion of a single clone.

4. To determine whether Hhal REFP’s were sufficiently

discriminating to allow recognition of variants.
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5. To determine whether this strain was closely related (o other

MRSA, EMRSA or MSSA

By examination of any REFP’s produced f{ollowing digestion and
fragment separation in agarose gels, it was hoped to gain an insight into the
strains’ evolution since its first appearance in the West of Scotland, and by
study of all of the data generated, gain a greater understanding of the

epidemiology of infections caused by “Lisbon strain” MRSA.

(h) Techniqueys used to characterise the “Lisbon strain”

The isolates investigated in this study comprised a representative
number (93) of Lisbon strain MRSA from a collection gathered by Dr D.R.
Baird. Temporally, the isolates spanned a period from 1990 to 1995. The
sources of the isolates covered an area that encompassed five Heallth Boards.
Prior to their inclusion in the study, extensive phenotyping of the isolates was
cartied out at Glasgow Royal Infirmary and Hairmyrcs Hospitals with phage
typing being performed initially at Garinavel [lospital and latterly at the
Victoria Infirmary, Glasgow. The isolates were tested by disc diffusion method
for sensitivity to penicillin, methicillin, erythromycin, clindamycin, neomycin,
kanamycin, streptomycin, gentamicin, netilmicin amikacin, tefracycline,
sulphonamide, {rimethoprim, fusidic acid, chloramphenicol, rifampicin,
vancomycin, mupirocin and ciprofloxacin. Tests performed to obtain a simple
biotype included Tween 80 hydrolysis, urease production, tubc coagulase, latex

slide coagulase (Staphaurex™, Murex diagnostics Ltd.), latex / RBC
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haemagglutination slide coagulase (Slidex™, Biomerieux) and DNase

production in agar (Oxoid, Unipath) following overnight incubation,

The results of initial phenotypic typing had shown all isolates to be
closely related. Isolates that conformed to the “Lisbon™ strain phenotype were
included in the study, namely, rifampicin resistant, aminoglycoside resistant,
urease positive and Tween 80 negative. All phenotypic tests were repeated as

part of the study.

On the basis that genotypic typing can provide a greater degree of
discrimination and can give insights into the evolution and divergence of clonal
populations, a molecular approach. was undertaken to study these isolates using
RE analysis of genomic DNA., The restriction enzymes used for this analysis
were the four-basc cutters Hhal (recognition site: GCG’C) and Sau3Al
{*GATCQC), as opposed to the six-base cutters used by other authors (Jordens
and Hall, 1988; lall ef /., 1989; Matthews ef ¢l., 1992). The four base cutters
result in a number of large DNA [ragments (approximately 4-20kb) which can

be clearly resolved on an agarose gel.

A number of restriction enzymes had been screened previously for their
suitability to type Staph. awreus and on this basis Hhal and Sau3Al were

selected for use in this study (D. Platt, personal communication).

‘T'o evaluate the usefulness of this technique with the chosen enzymes
for detecting RFLP’s, the genetic relatedness of “Lisbon” MRSA to other
MRSA (OMRSA) strains and to MSSA strains from a variely of sources was

also examined. If the restriction enzymc fragmentation patterns (REFP} of
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“Lisbon strain” isolates appeared similar to unrelated strains, then the inference
was that the region of the genome optimally separated by a particular RE under
specific gel running conditions was too highly conserved and therefore the
technique as an epidemiological typing tool was not discriminatory enough
when used with these enzymes. Restriction enzyme analysis of plasmid DNA
using the same enzyme was also performed on selected isolates in order to
ascertain l0 what degree plasmid DNA contributed to these REFP’s or indeed

the overall genomic fingerprint.
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2.1  Collection of isolates

(@)  Lisbon isolates

One hundred isolates of MRS A previously categorised as Lisbon straing
on the basis of phenotypic typing methods (Table 2.1} werc obtained from the
collection of Dr. D. Baird at Hairmyres IHospital in East Kilbride for inclusion
in the study. All isolates were subcultured to horse blood agar to confirm
purity and identity as Staph. aureus isolates by Gram stain and Slidex fcst

(Biomericux).

The Lisbon isolates were originally isolated from a wide area of the
West of Scotland; from Dumfries in the south-west to Oban in the north-west
and included both community and hospital acquired isclates. 'I'he majority of
these isolales were collected between October 1992 and October 1993,
although a number of early isolates from the Western Infirmary in Glasgow

(1990) were also included, as were some later isolates of the strain from 1995.

They represented isolatcs from a wide range ol clinical conditions; from

nasal carriage and colonisation through localiscd infection to septicaemia.




Table 2.1

Phenotypic characteristies of Lisbon strain MRSA

Tween 80 Urease Staphaurex Phage type  Resistant fo
Hydrolysis
NEGATIVE POSITIVE MOSTLY NEGATIVE  54/77/84/85 MET.ER,CY
{60%) 29/77/84/85 TEY.CIP,RIF
AMINO
SuU

ME'L: methicillin, ER: erythromycin, CD: clindamycin, TET: tetracycline, CIP; ciprofioxacin
RIF: rifampicin, AMINO: all classes of aminoglycosides, SU: sulphamethoxazole
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(b) Control groups

A number of control groups were included in the study to enable
comparisons to be made betwecn the Lisbon strain and other groups of both
tclated and unrelated strains of Staph aureus. This included isolates of
cpidemiologically unrelated MSSA. These were included in order to show that
the enzymes chosen had sufficient resolving power to type known uvorelated
isolates as different strains and in so doing obtain an estimate of the expeeted
breadth of diversity among unrelated isolates of the same species. Isolates of
EMRSA (EMRSA-1. 15 and 16) were included to determinc the sensitivity of
the typing systems in identilying them as belonging to these types. Isolates of
sporadic MRSA were included in order to determine relationships (il any)
between these and the other MRSA clonal groups. Each of these MRSA
groups was also chosen (o provide some insight to the diversity of MRSA when

compared within their groups, between the groups and with MSSA.

A strain of Staph. hyicus was also included to illustrate the genetic
distance between different strains of Staph. awreus and a diflcrent species of
coagulase positive Siaphyviococcus and to provide an outlier for the

construction of an evolutionary tree (Saitou and Nei, 1987).

These sirains were collected from various sources as shown in Table

2.2, and their identity was confirmed as described above.
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2.2  Storage of isolatcs

Three to four well isolated colonies from each isolate grown in air
overnight at 37°C on Columbia horse blood agar were inoculated into a
Protect™ vial (Technical Service Consultants) as per manufacturer’s
instructions and stored at -70°C. When required, isolates were revived from
Protect™ hy sub culture of a bead onto horse blood agar. Each isolate was

kept on this medium at 4°C for short-term maintenance prior to all tests.

2.3  Antimicrobial susceptibility testing

Susceptibility tests were performed by disc diffusion on lysed blood
DST agar (Stokes and Ridgway, 1980) against the following agents: methicillin
Sig (METD), penicillin 1U (PEN), erythromycin Spg (ERY), clindamyein [Opg
(CD), fusidic acid 10ug (FUS), ciproftoxacin lpg (CIP), mupirocin Sug
(MUP), tetracycline 10pg (TET), chloramphenicol 10ug (CM), rifampicin 2ug
(RIF), sulphamethoxazole 25ug (SU), trimethoprim 1.25pg (TM), neomycin
10pg (NM), kanamycin 30ug (KM), streptomycin 10ug (SM), gentamicin

10ug (GM), netilmicinlOug (NET), and amikacin 30pg (AK).
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Table 2.2

Origin of isolates selected for study

STRAIN No.|STUDY TYFE HUSPITAL SITE DATE

AB 01 LISBON CLYDEBANK HEALTH CENTRE ~ PUS 09-Nov-92
AB (2 LISBON NK! NK NK.
AR 03 LISBON NK NK NK
AD 04 LISBOM NK NK NK
AB 05 LISBON BALLOCHMYLL HOSPITAL GROIN WOUND 23-Oct-92
AR 06 LISBON BALLOCHMYLE HOSPITAL SPUTUM 22-)ul-93
AR 07 LISBON CROSSHOUSE HOSPITAL HIP WOUND 11-May-93
AB 08 LISBON CROSSHOUSE HOSPITAL PERINEUM 17-May-93
AB 09 LISBON CROSSHOUSE HOSPITAL EYL 26-May-93
AB 10 LISBON CROSSHOUSE HOSPITAL PRERINEUM 31-May-93
AB I LISBON CROSSHOUSE HOSPITAL HIP WOUND 31-May-93
AB 12 LISBON CROSSHOUSE HOSPITAL NASAL 01-Junv3
AR 13 LISBON CROSSHOUSE HOSPITAL VARICGSE ULCER 3]-May-93
AR 14 LISBON LARGS HEALTH CENTRE VARICOSE Ul CER 03-Tun-v3
AB 15 LISBON CROSSHOUSE HOSPITAL CEN'I'RAL LINE EXIT NK
AB 16 LISBON CROSSHOUSE HOSPITAL NK NK
AB 17 LISBON CROSSHOUSE HOSPITAL NK NK
AB 18 LISBON CROSSHOUSE HOSPITAL NK

AB 19 LISRON DUMFPRIES ROYAL INFIRMARY ~ NK

AB 20 LISBON DUMFRIES ROYAL INFIRMARY NK

AB 21 LISBON GLASGOW ROYAL INFIRMARY GASTROSTOMY {7-Nov-93
AB22 LISBON GLASGOW ROYAL INFIRMARY ~ WOUND DRAIN 10-Mar-93
AB 23 LISBON GLASGOW ROYAL INFIRMARY ABTXOMEN WGOUND H-May-93
A3 24 LISBON GLASGOW ROYAL INFIRMARY  BRRAST 111.CER 27-May-93
AB 25 LISBON G1.ASGOW ROYAL INFIRMARY ~ URING 07-Jun-93
AB 26 LISBOW GLASGOW ROYAL INFIRMARY  URINE 12-Jul-93
AB27 LISRON GLASGOW ROYAL INFIRMARY  EYE 26-10193
AB 28 LISBON GLASGOW ROYAL INFIRMARY ~ URINE 26-Jul-y3
AB29 LISBON GLASGOW ROYAL INFIRMARY  BLOOD 02-Ang-95
AB 30 LISBON GLASGOW ROYAL INFIRMARY URINE 01-Aug-93

39




Table 2.2 Cont.

STRAIN No.{STUDY TYPE HHOSIITAL SITE DATE

Al 31 LISBON GLASGOW ROYAL INFIRMARY ABDOMEN DRAIN Fl-Aug-93
AB 32 [ISBON GLASGOW ROYAL INFIRMARY URINE 12-Sep-92
AB 33 LISBON GLASGOW ROYAL INFIRMARY NK 26~Nov-92
AB 34 LISBON GLASGOW ROYAL INFIRMARY BLOODR 14-Feb-93
AB35 LISBON INVERCLYDE HOSPITAL URINE

AB 306 LISBON INVERCLYDE HOSPITAL NI

AB37 LISBON LAW HOSPITAL URINE 05-Nov-92
AB 38 LISBON LIGHTBURN HOSPITAL EYE I5-Dee-92
AB 39 LISBON CUMBERNALN.D HEALTH CENTRE  WOUND 05-May-93
AB 40 LISBON HAMILTON HEALTH CENTRE ABDOMEN WOUND 21-Jui-93
AB A4l LISBON MONKLANDS HOSPITAL WOUND 14-5¢p-93
AB 42 LISBON ROYAIL ALEXANDRIA HOSPITAL  GROIN 09-Aug-93
AB 43 LISBON ROYAL ALEXANDRIA HOSPITAL  WOUND 21-Sep-93
AB 44 LISBON BARRHEAD HEALTH CENTRE WOUND 21-5ep-93
AB 45 LISBON ALEXANDRIA HEALTH CENTRE FOOT ULCER 04-May-93
AR 46 LISBON VALL QF LEVEN ITOSPITAL TRACHEOSTOMY 07-May-93
AB 47 LISBON YALE OF LEVEN 1IOSPITAL URINE 10-May-93
AB 48 LISBON VALE OF LEVEN HOSPITAL WOUND DRAIN 09-1ul-93
AR 49 LISBON VALE OF LEVEN HOSPITAIL GROIN 16-Aug-93
AB 50 LISBON VALE O LEVEN HOSPITAL WK

AB 51 LISBON HELENSBURGH HEALTH CENTRE WOUND 06-Aug-93
AB 52 LISBON STOBHILL HOSPITAL PERM CATHETER 03-Aug-23
AB 53 LISBON STOBHILL HOSPITAL STUMF WOUND 29-Scp-93
AR 54 LISBON STOBINLL HOSPITAL BLOOD 29-8¢p-93
AB 55 LISBON GLASGOW ROYAL INFIRMARY PENIS (7-Nov-94
AR S6 1ISBON GLASGOW ROYAL INFIRMARY PERISPLENIC ABSCIISS 19-Jul-94
AB 37 LISBON GLASGOW ROYA[. INFIRMARY NEPHROSTOMY URINE 06-Jul-94
AR 38 LISBON STORHILL HOSPITAL WOUND 23-Aug-¥3
AB 89 LISBON GLASGOW WESTERN INFIRMARY BLOOD 01-Dee-90
AD 60 LISBON CROSSHOUSE HOSPITAT. SKIN (5-Feb-91
AB 61 LISBON CROSSHOUSKE HOSPITAL SPUTUM 04-Mar-91
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Table 2.2 Cont.

STRAIN N [STUPY TYPE HOSPITAL SITE DATE

AB 62 LISBON GLASGOW ROYAL INTTRMARY CATHETER EXIT SITE 17-Jun-21
AB 63 LISBON CANNIESBURN HOSPITAL NECK WOUND 21-Aug-9t
AR 64 LISBON GLASGOW WESTERN INFIRMARY NK

ADB 65 LISBON INVERCLYDE I1OSPITAL CSI DRAIN 24-Sep-91
AR 66 LISBON STOBHILL HOSPITAL BLOOD 26-0Oc1-94
AB 67 LISBON QUEEN ELIZ, HOSPITAL NK

AB 68 LISBON STOBHILL HOSPFTAL PERM CATHETER 01-Aug-95
AB 69 LISBON CANNIESBURN HOSPITAL FLAP 20-Iw1-93
Al 70 LISBON GLASGOW ROYAL INFIRMARY # NECK OF FEMUR 10-Jun-93
AB 71 LISBON GLASGOW ROYAL INFIRMARY NK 10-Jun-93
AR 72 LISBON GLASGOW ROYAL INFIRMARY BLOOD 30-Jun-93
AB 73 LISBON GLASGOW ROYAL INFIRMARY TISSUE 1-Nov-93
AR 74 FLISBON GLASGOW ROYAL INFIRMARY URINE 12-Jun-¥1
AB 75 LISBON STOBHILL HOSPITAL APIPENDECTOMY WOUND  02-May-96
AR 76 1ISBON CROSSHOUSE HOSPITAL NK

AB 77 LISBON CROSSHOUSE HOSPITAL NK

AB 78 LISBON GLASGOW ROYAL INFIRMARY BLOOD 30-Oct-52
AB 79 1.ISBON ROYAL ALEXANDRIA HOSPITAL  NASAL 07-1un-93
Al 80 LISROM GLASGOW WESTERN INFIRMARY  'ITRACHEAL ASPIRATE 01-Dec-90
AB 81 LiSBON QUELN ELIZABETH HOSPITAL NK

AB 82 1ISBON GARRICK {DUMERIES) FOOT WOUND 13-Aug-93
Al 83 LISBON VALE OF LEVEN HOSPITAL TRACHEOSTOMY 08-Dee-93
AB 84 LISBOM CANNIESBLRN HOSPITAL BREAST DISCHARGE 20-Oct-92
Al &S TLISRON GLASGOW WESTERN INFIRMARY  TRACHEQSTOMY

AB 86 LISBON NK NK

AB 87 EISRON MNEWMAINS HEALTH CENTRE WOUND (PIN TRACT) 30-Jul-93
AR 88 LISBON gﬁysz}ow ROYAL INFIRMARY NK

A 89 LISBRON GLASGOW ROYAL INFIRMARY SPUTUM 21-Feb-95
Al 90 LISBON CROSSHOUSE HOSPITAL TOLE WOUND 16-Jun-91
AB 9! LISBON GLASGOW ROYAL INFIRMARY TRACHEAL ASPIRAVE 22-Sep-9
AB 92 LISBON LIGHTBURM HOSPITAL NK 16-Nov-94
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Table 2.2 Cont.

STRAIN No.[STUDY TYPYE, HOSPITAL SITE DATE

Al3 93 LISBON BALLOCHMYLE HOSPITAL CHLST DRAIN 16-Sep-91

AB 100 EMRSA 1S DALRYMILE HOSPITAL WOUND 27-Sep-93
(PUMFRIES)

A 101 EMRSA (5  GLASGOW ROYALINFIRMARY — NK

AB 102 EMRSA 15 OLASGOW ROYAL INFIRMARY ANAL

AR 103 GMRSA 15 GLASGOW ROYAL INFIRMARY ~ CHEST WOUND

AT 104 EMRSA 15 GLASGOW ROYAL INFIRMARY ~ TRACHEAL ASPIRATE

AB 105 EMRSA 15 GLASGOW ROYAL INFIRMARY  SPUTUM 17-lan96

AB 106 EMRSA 15 GLASGOW ROYAL INFIRMARY  SPUTUM

AB 107 EMRSA 15 GLASGOW ROYAL INUIEMARY SPUTUM

AB 108 EMRSA 15 GLASGOW ROYAL INFIRMARY  STUMP WOUND 11-Jan-06

AB 109 EMRSA LS STOBHILL HOSPITAL 31.00D 13-Sep-95

AB 110 EMRSA 15 STOBHILL HOSPITAL LMORAL LINE SITE 22-Jun-95

AR 111 EMRSA 15 S$TOBHILL HOSPITAL NOSE AND FISTULA 21-Jui-95

A3 112 EMRSA 15 STOBHILL HOSPITAL PD GXIT SITE 24-Jun-95

AB 113 EMRSA 15 STOBRHILL HOSPITAL SPUTUM 14-Jul-95

AB 114 LMRSA 15 VALE OF LEVEN HOSPITAL WOUND 09-Sep-94

Al3 115 TMRSA 15  WRSTERN GENERAL HOSPITAL WK

AB 116 EMRSA 15 WESTERN GENMERAL HOSPITAL URINE 02-Nov-94

AB 117 EMRSA 15  WESTERN GENFRAL HOSPITAlI,  THROAT 04-Nav-94

AB 118 CMRSA 15 YORKHILL, HOSPITAL THROAT

AB 119 EMRSA [6  NK NK

AB 120 EMRSA 16  DUMFRIES ROYAL INFIRMARY  FNDO TRACHEAL TUBE

AB 121 EMRSA 16 DUMFRIES ROYAL INFIRMARY  NASAL

AB 122 EMRSA (6  DUMIRILS ROYAL INFIRMARY  TRACHEAL ASPIRATI:

AB 123 EMRSA 16 DUMLERIES ROYAL INFIRMARY WOUND

AR 124 EMRSA 16 GLASGOW ROYAL INFIRMARY TRACHEAL SITE

AR 123 EMRSA 16 GLASGOW ROYALINFIRMARY — WOUMND

AB 126 MRSA 16 HEALTH CARE INTERNATIONAL  CHEST WOUND

AR 127 EMRSA 16 HEALTH CARE INTGRNATIONAL  ORTHOPAEDIC WOUND

AB 128 EMRSA 16 MONKLANDS HOSPITAL BILK

AB 129 EMRSA 16 MONKLANDS ROSPITAL GROIN
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Table 2.2 Cont.

STRAIN Np.|STUDY TYPE HOSPITAL SITE DATE
AB 130 EMRSA 16 MONKLANDS [HOSPITAL PUS

AB 131 EMRSA 16 MONKILANDS HOSPITAL SPUTUM

AB 132 EMRSA (6 STOBHILL HOSPITAL SPUTUM

AB 133 EMRSA 16 WESTERN GENLERAL TTOSTITAL, MNASAL

AR 134 EMRSA 16 WESTERN GENERAL HOSPITAL SPUTUM

AB 135 EMRSA 16 WESTERN GENFRRAL HOSPITAL SPUTUM

AB 136 FEMRSA 1 BRISBANE. AUSTRALIA NK

AR 137 EMRSA 1 BRISBANE NK

AR 138 EMRSA | BRISBANE NK

AB 139 EMRSA | BRISBANE NK

AB 140 EMRSA 1 BRISBANE NK

AB 141 EMRSA 1 ST. BARTIHOLEMLIWS NK

AD 142 EMRSA 1 ST. BARTHOLEMI:WS NK

AB 143 EMRSA | ST. THOMAS NK

AB (46 ENST? RELVIDERE FOQT WOUND

AB 117 ENST CROSSHOUSE HOSPITAL BOIL

A 148 ENST FOURIMILLS NH SACRAL

AB 149 ENST HARTWOOD (LAW) ECZEMA

AB 150 ENST LENZIE FOOT WOUND

AR 131 ENST MONKLANDS HOSPITAL NK

AB 152 LNST STODBIILL [IOSPITAL I/\RTERIAL LINE TIP
AR 53 ENST STOBHILL HOSPITAL CENTRAL LINE TIP
AB 154 {INST STORHILL HOSPITAL CENTRAL LINE T1P
AB 155 ENST STOBHILL HOSPITAL LEG

AB 56 ENST STOBHILL HOSPITAL LG

AB 157 ENST STOBHILL HOSPITAL LEG

AD 158 ENST STOBHILL HOSPITAL PEG TUBE

AB 159 ENST STOBHILL HOSPTTAL RIGHT HEEL

AB 160 ENST STORHILL HOSPITAL SACRAL

AB 161 ENST STOBHILL FIOSPITAL SKIN

AB 162 ENST STOBHILL HOSPITAL SKIN
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Table 2.2 Cont.

STRAIN No,|STUDY TYPE HOSPITAL SITE DATE

AB 163 ENST STOBIILL HOSMTAL SKIN

Al 164 BENST STOBHILL BOSPITAL SKIN

AB 165 ENST STORHILIL. HOSPITAL THROAT

AB 166 ENST STOBHILL HOSPITAL URETIHRAL

AB 167 ENST STOBIHILL HOSPITAL URINE

AR 168 BNST STORHILT. HOSPITAIL WOUND

Al 169 CNST WOODSIDE HEALTH CENTRE TOE WOUND

AB 170 ENST YORKHILL HOSPITAL LEG WOUND

AD 144 SPORADIC ROYAL ALEXANDRIA [TOSPITAL  EAR

AB 145 SPORADIC ROYAL ALEXANDRLA HOSPITAL.  WOUND

Al 171 SPORADIC CROSSIHOUSE HOSPITAL LEG WOUND

AB 173 SPORADIC CROSSHOUSE HOSPITAL FOOT WOUND

AB 174 SPORADIC GLASGOW ROYAL INFIRMARY BACK RASH

AB 175 SPORADIC MONKLANDS HOSPITAL NK

AB 176 SPORAIMIC VALE OF LEVEN HOSPITAL WOUND

AB 177 SPORADIC HEALTH CARE INTERNATIONAL ~ BLOOD

ADB 179 MSSA BOVINE MASTITIS

AB 184 MSSA BOVINE MASTITIS

AR 192 MSSA COMMUNITY NASAL 10-Mav-93
AB 193 MSSA COMMUNITY NASAL 11-May-93
AR 194 MSSA COMMUNITY NASAL 12-May-93
AB 187 MSSA COMMUNITY NASAL 13-May-93
AB 211 MSSA STOBHILT HOSPTTAL LLFT BREAST ABSCESS 02-Dec-93
AB 212 MSSA STOBHILL HOSPITAL LEFT EAR 10-Dec-93
AB 205 MSSA STOBHILL [HOSPITAL ABDOMEN WOUND 06-Dec-93
AB 215 MSSA STOBHILL HOSPITAL SINUS TISSUE 10-Dec-03
AB 201t MSSA RUCHILL HOSPITAL GROIN ABSCESS 13-Dec-93
AB 219 MSSA WQOODILEE HOSPITAL RIGHAT EYE 03-Dec-93
AR 196 MSSA GENERAL PRACTICE (GF) EAR 13-Yeb-95
AB 197 MSSA Gp PERIURETHRAL 13-Fut-93
AB 198 MSSA GP NASAL 10-Feb-95
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Table 2.2 Cont.

STRAIN No.[STUDY TYPE HOSPITAL SITE DATL

AB 199 MSSA ar LEG WOUND L1-Feh-95
Al3 200 MSSA GP ULCER 13-feb-925
A 220 FRENCH GLASGOW ROYAL INFIRMARY NK 3¢-Oct-90

STRAIN

AB 22] FRENCH GLASGOW ROYAL INFIRMARY NK 15-Nov-00
AB 222 FRENCH GLASGOW ROYAL INFIRMARY NK 01-Oct-90
AB 223 FRENCH GLASGOW ROYAL INFIRMARY NK O1-Nov-90
AB 224 FRENCH GLASGOW ROYAL INFIRMARY NK. 27-Nuv-90
AB225 FRENCH GLASGOW ROYAL INFIRMARY NK 18-Oct-90
AB 226 FRENCH GLASGOW ROYAL INFIRMARY NK 27-Nov-90
AB 227 TFRENCH GLASGOW ROYAL INFIRMARY NK I1¥-Nov-90
AD 228 TRENCH GLASGOW ROYAL INFIRMARY NK 15-Nov-90

'"Not Known; 2 Endemic Stobhill MRSA




The inoculum used for performing sensitivity tests was standardised by
emulsilying a portion from 2 - 3 well-isolated single colonies into a Sml
volume of sterile water. The sensilive control strain used was the Oxtord

Staph. (NCTC 6751) and the criteria used for interpretation of sensitivity were:

Sensitive - zone radius equal, wider or not more than 3 mm smaller than the
control strain.

Resistant - a zone of 2 mm radius or less.

2.4 Bacteriophage typing

All “Lisbon” isolatcs were phage typed using the International Set of
Typing Phages (Blair and Williams, 1961) for Staph. aureus initially at
Gartnavel Hospital in Glasgow and subsequently at the Bacteriology

Department of the Victoria Infirmary, Glasgow.

2.5 Biotyping

A simplified scheme was used which had been previously employed by
Coia et al. (1990) to help define outbreaks of infection caused by local strains
of MRSA at Glasgow Royal Infirmary. All Lisbon isolates were initially
characterised at the bacteriology department of Glasgow Royal Infirmary or

Hairmyres Hospitals.
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(@ Urease production

Two to three single colonies were inoculated into 2ml volumes
in bijoux of brain heart infusion (BHT) broth {Oxoid CM225) containing phenol
red and 2% urea which was then incubated for 18-48 howrs at 37°C (Coia er al..

1990).

(b) Tween 80 hydrolysis

Hydrolysis of Tween 80 was detected on plates containing 1%
‘T'ween 80 (BDH) in nutrient agar (Nutrient broth, Oxoid CM1, containing 1%
bacteriological agar, Oxoid L11). Ten isolates including a positive and
negative control were spotted onto each plate and incubated for up to 3 days at

37°C (Coia ef ai., 1990).

2.6 Genomic fingerprinting

(@)  Buffers and Reagents

Details of all buffers and reagents used are given in appendix L.

(h) Centrifugation
All microcéntrifugation was carried out at 13000g in a Heraeus
microcentrifuge. Latger volumes (5-10ml) were centrifuged at 3000g in a

Mistral 1000 centrifuge (MSE).
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(c} Extraction and purification of genomic DNA

Genomic DNA was extracted and purified for restriction enzyme
fingerprinting by the method of Platt et al., (1996). A well-isolated single
colony from a pure overnight growth of the organism on horsc blood agar was
inoculated into 10ml of Todd-Hewitt broth and incubated at 37°C lor 18-20

hours.

The culture was then centrifuged for 10 minutes, the supernatant fluid
discarded and the pellet resuspended in 3ml of Tris-IIDTA-sodium chloride
buffer (TES). This suspension was divided between 3 sterile Eppendorf iubes,

e

microcentrifuged for 30seconds and the deposit resuspended in 200l o{’ﬁSS)

To this suspension, 100pl of lysozyme (40mg/ml) and 20ul of
lysostaphin (1000units/ml) was added. The suspension was vorlexcd and
incubatcd at 37°C for 30 minutes. The cells were lysed by addition of 15pd of

20% w/v SDS in water followed by gentle inversion.

Cellular proteins werc degraded by the addition of 50ul of proteinase K
(10mg/ml). Tollowing addition of proteinase K, the DNA was sheared by
drawing the solution through a 25G-gauge hypodermic needle. Tubes were

incubated for two hours at 37°C.

Cellular dcbris was then removed by addition of 500ul of phenol-
chloroform and vortexed thoroughly. The tubes were microcentrifuged for 10
minutes and the upper aqueous layer translerred into clean sterile Eppendort

tubes.
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The addition of 500l of isopropanol either at room temperature for one
hour or at 4°C for approximately 30 minutes precipitated DNA. The tubes were
microcentrifuged, the supernate discarded and the pellet resuspended in 100yl
of 10mM Tris-EDTA (TEy). The triplicate {ubes were pooled, 100ul of 7.5M
ammoniuwm acetate added and mixed followed by 600nl of ice cold absolute

ethanol.

The tubes were vortexed briefly and the nucleic acid mixture

precipitated overnight at -20°C.

On the following day the DNA was microcentrifuged for 10 minutes,
the supernate discarded and pellet resuspended in 300 of TE g, To this was
added 20pl of RNAse (10mg/ml) to degrade RNA. The tubes were incubated

for one hour at 37°C,

This was followed by a second phenol-chioroform extraction,
isopropanol precipitation, and overnight ethanol precipitation at -20°C as

described above.

The DNA was made ready for digestion by microcentrifugation of the
ethanol precipitate for 10 minutes and the dried pellet resuspended in 60ul of

TE.

(d)  Restriction enzyme digestion of genomic DNA
A 20u aliquot of the purificd DNA was added to a reaction mixture
that contained 2pl of restriction enzyme, Spl of appropriate reaction buffer and

23l of sterile distilled water to give a final reaction volume of 50pul.
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Fragment size calibrators were included on each gel using Kpnl and Ps#l
digests of phage lambda (L) DNA. These were prepared as outlined above but

with addition of only 2ul of DNA and the volume of water adjusted to 41 pl.

All samples were vortexed then microcentrifuged for five seconds to
ensure contact between all reactants. The tubes were incubated at 37"C for four

hours to ensure complete digestion prior to electrophoresis.

(e)  Horizontal gel elecirophoresis
Elcctrophoresis was carried out in a Maxi - Plus Horizontal 20cm x

30cm Unit (Anachem) using a E321 power pack (Consort).

A 0.6% gel was prepared by adding 3g of Agarose (Sigma) to 500ml of
Tris-borate-EDTA buffer (TBE). This was heated until dissolved and left to
cool to approximately 45°C after which the molten gel was cast into a 20cm x

30cm gel tray and a 28 well comb placed in position.

The gel was left to set for at least onc hour, placed in the clectrophoresis

tank and submerged in two-thirds strength running buffer (TBE).

After incubation, 5yl of tracking dye were added to all digested samples
and calibrators. These were mixed and 50 aliquots carefully loaded into the

submerpged wells in the gel, Samples were run at 32mA for a minimum of

22hrs,

17 Visualisation of DNA fragments
After electrophoresis the gel was stained for 30 minutes in a solution of

cthidium bromide (0.5ug/ml). Fragments were visvalised under ultraviolet
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light (302nm) and photographed on Polaroid Type 665 film with a Polaroid

MP4 land camera.

2.7 Plasmid Profiling

(@)  Preparation of cell lysates

Crude lysates were prepared for plasmid profiles by a modification of
the method of Coia ef al. (1988). Approximately 25% of the growth from an
overnight culture on Oxoid nuirient agar (Unipath) was harvested into 500l of
TES in sterile Eppendorf tubes. The 1ubes were vortex mixed then
microcentrifuged to pellet the cells. The supernate was discarded and the pellet
resuspended in 400u] TESS.  Addition of 100ul of lysozyme (40mg/ml) and
20ul of lysostaphin (1000units/ml} digested the cell walls. Following vortex
mixing and incubation at 37°C for 30 minutes, 400u] of 10% w/v SDS was
added to lyse the cells. The lysates were microcentrifuged for 10 minutes and

chromosomal DNA removed with a broken swab stick.

Plasmid sizes were estimated by comparison to plasmids of known size
from E. cofi strain 39R861. This strain contains four plasmids of 151Kb,
67KDb, 38Kb and 7.4Kb (Macrina ef «l., 1978). The I'. coli crude lysate was
prepared by harvesting 25% of overnight culture on nutrient agar into 600
TES in Eppendorf tubes. This was vortex mixed and 400ul of 10% SDS added
to lyse the cells. Subsequent steps in plasmid preparation were as per the

Staph. aureus protocol.
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b) Vertical gel electrophoresis

Omne hundred microlitres of the crude lysate were mixed with Spl of
racking dye and added to each well of a vertical agarose gel (0.7% w/v in TBE
buffer). Separation of plasmids was achieved by electrophoresis in TBE buffer
at 100V for 30 minutes to one hour fotlowed by 200V for five hours (Platt and
Sommerville, 1981). The gels were carcfully removed from the vertical skab
apparatus and stained in ethidium bromide (0.5ng/ml) for 30 minutes and

photographed as described above.

2.8 Plasmid fingerprinting

() Extraction and purification of plasmid DNA

Cultutes incubated at 37°C overnight in 10ml of BHI broth were
centrifuged for 10 minutcs, the supernate discarded, pellet resuspended in 2ml
of TES and split equally into two Eppendorf tubcs. The tubes were
microcentrifuged for 30 seconds and the pellets resuspended in 200ul of TESS.
50ul of lysozyme (40mg/ml) and 20ul of lysostaphin (1mg/ml) were added

followed by incubation at 37°C for 10 - 30 minutes.

Alkaline SDS was prepared freshly by adding lml of 10% w/v SDS to
1ml of 2M sodium hydroxide (NaOH) and making up to 10ml with slerile
distilled water to give 1% SDS in 0.2M NuaOH. Four hundred microlitres off
this solution was added to each tube and mixed by inversion to complete cell

lysis.
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The tubes were then incubated on ice for 5 minutes following which
300ul of 3M sodium acetatc was added and mixed gently by inversion to

precipitate the chromosomal DNA.

The tubes were vortex mixed and incubated again on ice for five
minutes, microcentrifuged for two minutes and the supernate transferred to
clean sterile Eppendorf tubes. Tive hundred microlitres of phenol-chloroform
{1:1) mixture was added to each tube, vortex mixed and microcentrifuged for
two minutes, The upper aqueous layers from each tube were carefully removed
into clean sterile Eppendorf tubes, 500l isopropanol added, vortex mixed and
left at room temperature for 10 minutes o precipitaie nucleic acids. The tubes
wete then microcentrifuged for five minutes, the supernate discarded and the
pellets resuspended in 100w of TE buffer (10mM Tris, lmM EDTA, pH 8.0).
Following resuspension of the nucleic acids, the tubes were vortex mixed and
duplicate tubes pooled. One hundred microlitres of 7.5M ammonium acetate
were then added to the DNA solution followed by 600ul of ice cold ethanol.
Samples were vortex mixed and left overnight at -20°C. The samples were
microcentrifuged for 2 minutes, the supcrnate discarded and the resulting
nucleic acid pellets resuspended in 160ul of TE. The RNA fraction of the
samples was digested by the addition of 18ul of RNAse (1mg/ml) followed by
a 30-minute incubation at 37°C. This was [ollowcd by addition of 20ul 2.5M
sodium chloride vortex mixing and a second round of phenol / chloroform

cxtraction, isopropano! and ethanol precipitation as described above.

To prepare the DNA for digestion, the samples were microcentrifuged

for two minutes, supernate discarded and the purified plasmid DNA precipitate




resuspended in 60pl of TIE. The digestion of the plasmid DNA followed the

same protocol as for digestion of genomic DNA.

(b}  Horizontal gel electrophoresis

On completion of digestion, Sul of tracking dyc was added to each
reaction tube. A horizontal 0.8% agarose gel containing ethidium bromide
(0.3u)/ml) was made up in 100ml of TBE. When set, the gel was placed in a
horizontal gel tank (Life Technologies Model H3) and submerged in TRBE
containing ethidium bromide. The samples were loaded and run at 18mA
overnight. The following morning the gel was viewed and photographed as

described above.

2.9 Computer aided analysis of gels

(a}  Calculation of similarity cocfficients

Restriction fragment mobility in ethidium bromide stained agarose gels
was recorded on Polarcid film and this data transferred to computer using a
Summagraphics digitiser and commercially available software (Platt and
Sullivan, 1992). Euch gel was calibrated with restriction fragments from both
Pstl and Kprl digests of A DNA. The molecular weights of thesc fragments
were fitted to a robust modified hyperbola (Plikaytis ef al., 1986) from which
fragment sizes in adjacent tracks were ecstimated by interpolation. The
numerical values (kb) were stored for subsequent calculation of similarity
coefficients (Dice, 1945) and graphical output (logarithmic scale). A fragment

size variation of 5% was set to account for small variations in ¢the lambda
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calibrators within and between gels and operator error with the use of the
digitiser. The calculation of Dice coefficients of similarity was based on the

formula:

Sp (%) = [2m/(a+b)] x 100

Where “m” was the number of restriction fragments common to two isolates

and “a” + “b” was the total number of fragments digitised from each isolate.

(b) Construction of dendrograms

Dendrograms were constructed from transformed distance matrices of
REFP data using the Neighbour Joining method of Saitou and Nei (1987).
Becausc the dendrograms depict only a small amount of the data from within
the matrix, the topology of any tree contains uncertainty. One of the major
determinants can be dala input order. This was assessed by comparing the
output from three data input orders and additionally by the calculation of the

root mean squared (RMS) distance between the matrix and the generated tree.
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3.1 Genotyping of Staph. aureus control strains with the
restriction endonuclcase Hhal

(a) Methicillin-sensitive Staph aurcus (MSSA)
This group comprised seventeen epidemiologically unrelated isolates
from healtbhy nasal carriers in the community (4), hospital and GP isolates {rom

sites of infection (11) and isolates from cases of bovince mastitis (2).

The size of restriction fragments amenable to computer analysis ranged
from 3.7kb to 15.6kb. The number of fragmenls amenable to computer
analysis ranged from 8 (AB211) to 21 (AB193, AB194). When each isolate
was matched with one another, Dicc cocfficients of similarity (Sp values)

ranged between 33 - 93% with a mean Sp of 66%.

Visual comparison of the REFP's indicated considerable diversity
among epidemiologically unrclated strains. Estimation of relatedness using Sp
values provided a more quantitative perspective against which sub-groups of
MRSA could be assessed as described below. The range indicated that some
strains were very distantly related (AB194 & AB205, Sp = 33%), whereas
others appeared closely related by Dice coefficient analysis, although not by
visual analysis of gels or the digitised print-out as shown in Figure 3.1(AB193
& AB212, Sp=93%). This was probably as a result of coincidental matching
among smalier fragments. Matching the isolate of Sigph.. hyicus with these
MSSA isolates gave a range of Sp valucs from 21 - 74% with a mean Sp of
53%, indicating only distant relationships with MSSA strains as would be

cxpected from a different staphylococcal species.
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A digitised representation of the REFP’s of these isolates is shown in
Figure 3.1 and the range of Sp values is shown in Figure 3.2. 'The mean value
of 66% also corresponds to the mode of the distribution. However, the
distribution is asymmetric and indicates that a small number of unrclated

strains showed high levels of similarity.

An example of matching pair data and fragment sizes is shown in

appendix II.
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Figure 3.1

Digitised representation of Hiral REFP's of epidemiologically unrelated

MSSA isolates
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AB187, 192 - 194, cammunity nasal isolates; AB196 - 200, GP isolates; AB201, 205, 211,

212, 215, 219, nosocomial isolates; AR179 & AB184, bovine mastitis isolales.
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Figure 3.2

The range of Sp values found among the study MSSA isolates
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{b)  Methicillin-resistant Staph. aurens (MRSA)

Sixty-one non-Lisbon MRSA's were genotyped on the basis ol f7hal
REFP's. This included examples of previously phenotyped EMRSA-1,
EMRSA-15 and EMRSA-16. A table containing details of all study isolates
and their designated strain numbers is given in the Materials and Methods

scetion (Table 2.2).

() EMRSA-1

These eight isolates had previously becn designated EMRSA-1 on the
basis of their phenotypic characteristics. Two were from St Bartholomew's
Hospital, one trom St. Thomas’ Hospital in London, and five from an outbreak
in Brisbane, Australia. The two isolates from St Bartholomew's (AB 141 and
AB 142) gave identical AHhal REFP’s, there was a two fragment difference
between (hem and the isolate from Si. Thomas’s (AB 14~3). The Brisbane
isolates showed a greater degree of similarity to the St. Thomas's 1solate than to
the St. Bartholomew's although the whole group were closely related. A
digitised representation of Hhal REFP's of these isolates is shown in Figure
3.3. Chromosomal fragments amenable to computer analysis ranged in size
from approxumately 3.8kb - 14.2kb. Sp analysis demonstratcd the genomic
variation and demonstrated that Hhial REFP's discriminated strains
homogeneous on the basis of phenotype (range 84 - 100%; mean 92%). The

range of Sp values is illustrated in Figure 3.4.
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Figure 3.3

Digitised representation of Hital REFP's of EMRSA-1 isolates
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AB136 - 140, EMRSA-1 from Brisbane, Australia; AB141 & AB142, identical EMIRSA-1
isolates from St Bartholomews Hospital, London; AB143, EMRSA-1 isolate from 5S¢

Thomas' Hospital, Londoan.
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Figure3.4

The range of Sy values found among EMRSA-1 variants
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(i) EMRSA-15

Nincteen EMRSA-15 from six different sources were typed. Three of
these isolates had originally been ineluded in the “Other” MRSA group and had
not originally been recogniscd as EMRSA-15 isolates. 'I'hree Hhal genomic
variants were seen among the EMRSA-15. The predominant type of which
therc were 16 isolates was designated type 15-111, two isolates with a single
fragment difference were designated type 15-H2 and a single isolate contained
an additional fragmeni and was dcsignated type 15-H3. A gel photograph
showing examples of Hhal and Sau3AI REFP’s of EMRSA-15s is shown in
Figure 3.5. Chromosomal fragments amcnable to computer analysis ranged in
size from approximately 3.9kb - 11.6kb. Isolates AB109, 112 and 113 exhibited
the type H1 polymorphism and AB110 exhibited the type T3 polymorphism.
The largest Hhal fragment of these isolates is of plasmid origin. The Sau3A1
digest shown here was typical of all EMRSA-13 study isolates. A digitised
representation of all EMRSA-15 isolates illustrating the thece IThal vartants is
shown in Figure 3.6. Although a furthcr polymorphism was cvident in some

strains this was later shown to be due to plasmid DNA.
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Figure 3.5

Hhal and Sau3Al REFP's of EMRSA-15 isolates.
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Lanes 1-4, Hhal REFP's; AB112, 113 and 109 are E15-H1 variants, and AB110 is variant
E15-H3. Lane 5, Sau3Al REFP - no variation was seen among EMRSA-15 with this
enzyme. Lanes 6 and 7 contain respectively, Pstl and Kpnl digests of phage lambda DNA.

Plasmid REFP's of these isolates showed the largest densely staining fragment of these

isolates to be plasmid in origin.




Figure 3.6

Digitised representation of all EMRSA-15 Hhal REFP's.
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isolate AB110 exhibits the Hhal type, E15-H3 and all other REFP's exhibit the Hhal type

E15-H1.
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Sp analysis of these variants showed a range of 98 - 100%, with a mean
Sy, of 99%. Although two isolates (AB100, AB114) were visibly a variant with
respect to a single fragment, they appeared to maich at 100%. This was as a
result of software limitations. Figure 3.7 shows the range of Sp values for the

EMRSA-15 variants.

Hhal genotyping confirmed phenotypically identified EMRSA-15
isolates responsible for outbreaks of infection in the Intensive Care Unit at

Glasgow Royal Infirmary and the Renal Unit at Stobhill TTospital.

Hhol REFP's and Sp analysis comparison ot the variants within each
control group showed EMRSA-15 to be genetically very distinet from
EMRSA-1. When the groups were matched with each other, Sp values ranged
from 62 - 79% with a mean of 70%. The mean of these matches was

considerably less than the mean values for each group alone.

67



Figure 3.7

The rauge of Sp values found among EMRSA-15 variants
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(iii) EMRSA-16

Seventeen EMRSA-16 from seven different sources were typed. On the
basis of typing, four outbreaks were confirmed: at Monklands Hospital,
Western General Hospital, Dumfries Royal Infirmary and Glasgow Royal
Infirmary, and a further two cases were confirmed at Health Care International
Hospital (FICI). All isolates were very closely related. Nine were identical and
were designated type 16-H1, four sub-types were also identified, comprising
3,2,2 and a single isolate, designated 16-H2, H3, H4 and H5 respectively, each
with 1 - 3 fragments different from the dominant type. A gel photograph
showing examples of Hhal and Sau3Al REFP’s is shown in Figure 3.8.
Chromosomal fragments amenable to computer analysis ranged in size from
approximately 4.2kb - 10.6kb. A digitised representation of all the EMRSA-16

Fhal REFP's is shown in Figure 3.9,
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Figure 3.8

Gel photograph of Hhal and Sau3Al REFP's of EMRSA-16 isolates.
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The numbers on the left of the figure indicate the fragment sizes in kb of the Ps7l and

Kpnl digests respectively of lambda phage DNA in the centre of the gel.
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Figure 3.9

Digitised representation of all EMRSA-16 Hiial REFP's
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When Sp analysis was performed on the genomic variants within this
group, a range of 91 - 98% similarity was found, with a mean Sp of 94% as

illustrated in Figure 3.10.

Sp analysis of inter-group matching showed that this strain was
genetically distinct from EMRSA-1 and FMRSA-15. When matched with
EMRSA-1, S|, values ranged from 62 - 76% with a mcan valuc of 69% and
when matched with EMRSA-15, Sp values ranged from 70 - 73 with a mean of

72%.

The comparison of EMRSA-1, EMRSA-15 and EMRSA-16 using Sp
analysis was valuable in the assessment of the discriminatory power of Hhal
REFP’s. In cach instance minor variations were demonstrated within the group
but between each group substantial diversity was evident. This indicated that
Hhal REFP's not only reflected similarity when strains were closely related but

also that they did not do so through a lack of discriminatory power.
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Number of matched pairs

Figure 3.10

The range of Sp values found among EMRSA-16 variants
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(iv) Other MRSA

(@) “Stobhill type”

From the total of 18 MRSA that did not conform to any recognised
cpidemic group, ten isolates were shown to be genetically related by Hhal
REFP analysis. Six of these isolates originated from wards within Stobhill
[Mospital wheteas a further four isolates were from different hospitals (see
Figure 3.14, isolates AB146, 147, 149 and 151}, Eight variants were found,
with 3 isolates from Stobhill belonging to a single REFP type (AB152, AB160,
and AB166). Chromosomal fragments amenable to computer analysis ranged
in size from approximately 4.6kb - 17kb. A digitised representation of these

variants is shown in Figure 3.11.

Sp analysis of these variants indicated a range of 76 - 100%, with a
mean Sy of 89%. Although two isolates differed in two fragments (AB146 and
AB163), they matched at 100%. Again this was due to computer softwarce
limitations. When thc matching pair analysis was repeated allowing for no
fragment size variation, the Sp values ranged from 69 - 96% with a mean Sp of
84%. 'This showed a margin of error of 3.5% between the two variations in

analysis. The range in Sp values for this group is shown in Figure 3.12.

Sp analysis of intcr-group matching showed that this group was
genetically distinct from EMRSA-1, EMRSA-15 and EMRSA-16. When
matched with EMRSA-1, Sp values ranged from 55 - 71% with a mean value
of 60%, when matched with EMRSA-135, Sp values ranged from 47 - 62 with a
mean of 53% and when matched with EMRSA-16, Sy, values ranged from 47 -

67 with a4 mean of 57%.
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Figure 3.11

Digitised representation of Hhal REFP's of thc MRSA " type" found to be

prevalent in Stobhill Hespital
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Number of matched pairs

Figure 3.12
The range of Sy values found among MRSA isolates belonging to the

tentatively named “Stobhill clone”
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()  Sporadic MRSA

Eight isolates were defined as "sporadic™ on the basis that they were not
phenotypically recognisable as epidemic strains, and were revealed by iheir
Hhal REFP's to be the most diverse MRSA group. When Sp, analysis was
performed on lhese isolates, a range of 69 -~ 100% similarity was found, with a
mean Sp of 82%. Two isolates from different wards at the same hospital
matched at 100% (A3144 & AB145). Another two isolates, AB171 & AB176
were closely related to each other, having only a one fragment difference {Sp
97%) and to the two identical isolates {Sp 90% & 93% respectively). The other
four isolates of this group appeared to be more diverse both by visual
inspection of gel photographs and by computer analysis. A digitised

representation of 77hal REFP's of these isolates is shown in Figure 3.13.

The analysis of this group of isolates by Hhal REFP's indicates the
ability of the technique to discriminate among different strains of MRSA and
also to sub-type within a single strain. The data also suggests that as in the case
of MSSA isolates, genetic relationships between epidemiologically unrelated
MRSA strains can also be found. MRSA having had less time to diverge than
MSSA are predicted Lo be somewhat less diversc thereforc it was not
unexpected that the Sp values indicated this, although this observation must be
balanced with the fact that the MSSA group contained more than twice the

number of isolates.
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Figure 3.13

Digitised representation of Hial REFP's from isolates initially classcd as

sporadic MRSA
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Examples of Ahal REFP's of MRSA that belonged to the Stobhill group

and other mixed MRSA arc shown in Figure 3.14.

Lanes 10, 11 and 12 contained, respectively, Psil, Kpnl and Hhal
digests of phage lambda DNA. Lanes 1, 3 and 7 contained REFP’s of
FMRSA-15 isolates (AB100, Dumfries Royal Infirmary; AB118, Yorkhill
Hospital; AB114, Vale of Leven Hospital) which prior to this study had not
been recogniscd as such. Lanc 9 contained a Lisbon type H1 REFP (ABS). No
DNA was present in lanc 2, while lanes 4 and 5 contained REFP’s from
identical sporadic isolates (Sp = 100%) obtained from diflerent wards at the
same hospital (AB145 and AB144, RAH). The REFP’s in lanes 8 and 15
(AB176, Vale of Leven; AB171, Crosshouse) were very similar (Sp = 91%).
Phenotypically, these isolates were almost identical, but they differed in phage

typc.

The REFP’s in lanes 14, 16, 18 and 20 (AB147, AB146, AB149 and
ABI1S1 respectively) were from isolates originally included in the “Other”
MRSA group, however visual and Sp analysis revealed them to be closely
related to each other and to the Stobhill clone. The true degree of genomic
relatedness between these four isolates on this gel was somewhat complicated
by the presence of a number of intensely staining fragments which may have

been of plasmid origin.

Finally, the isolates in lanes 13, 17 and 19 (AB173, AB174, and
AB175) were sporadic MRSA, unrelated both phenotypically and

genotypically,
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Figure 3.14

Gel photograph showing Hhal genomic REFP's of a mixed selection of

MRSA isolates
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3.2 Genotyping of Staph. aureus control strains with the
restriction endonuclease Sau3 Al

Digestion with Sau3Al yielded fewer discernible fragments under
identical electrophoresis conditions and did not appcar to be as discriminatory
as Hhal. Isolates that showed identical Hhal fingerprints also showed identical
Sau3Al fingerprints although the converse of this was not always true. This

indicated a greater degree of discrimination with Hhal.

Because of the preliminary results obtained with Seu3A4l and the
expense of this enzyme, it was decided only to perform fingerprinting on a
selection of the total number of isolatcs. REFP's of a selection of MRSA that
were shown to be genetically diverse with Hhal were digested with Sau3A41 and

are shown in Figure 3.15,

Lanes 1 and 2 showed, respectively, Ps/I and Kpnl REFP's of phage
lambda DNA. Lanes 3 - 8 showed MSSA REFP's from nasal (3&4),
nosocomial infections (5&6) and bovine sources (7&8). Lane 9 contained a
sporadic MRSA. Lanes 10 and 11 contained EMRSA-15 REFP's. The
EMRSA-15 in lane 11 was both genetically (type 1) and phenotypically (phage
type 75w) typical of the strain. However, the EMRSA-15 in lanc 10 was a
Hhal variant (lype 2) and also a Squ3Al genomic variant and was also the only
EMRSA-15 to differ markedly phenotypically (phage type 6w 42E 47w 75w
and erythromycin sensitive). The two intensely stained fragments are probably
plasmid DNA. The figure shows these isolates to have distinct Sau3AI

fingerprints. The isolate in lane 10 was also shown {0 have a different plasmid
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fingerprint to that of other EMRSA-15s. Clearly, further work is necessaty to

cstablish the relationship of this isolate to other EMRSA-15s.

Lane 12 showed an EMRSA-16 REFP. As is also shown in Figure 3.8,
the Sau3Al cleaved the isolates of this strain into numerous small fragments
that were not amenable to computer analysis. Lanes 13 and 18 contained
typical Tisbon isolate REIP's (Hhal type H1). Lancs 14, 15 and 16 contained
EMRSA-1 REFP’s which had minor differences in their Hhal {ingerprints but
have identical Squ3A4l fingerprints. The DNA in lanes 4 and 17 was from
MSSA which for reasons as yet unknown, failed to digest on two separate
occasions. One possible explanation may be that these isolates are producers of
Sau3Al.  Organisms introduce methylations inte their DNA to protect

themselves from the action of the restriction enzymes they producc.
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Figure 3.15

Gel photograph showing Sau3A41 genomic REFP's of a selection of diverse

Staph. aureus isolates.

L
st
14.1
11.5
=
5.1
4.7
45
2.8
2.6
4
I 2 34 5 Ve Ns o MeTIE 2 NANd 156 1T 18
0 o ~ OO ¥ O O = ~ & N %
0 O r= = >~ 0 T = = M I~ Y O
— et N O = em  em e e e D e em e e )
m @ m m M M MMA @M@ M M @@ @O @ @
ff & A QU gt el ol S G T G

Lanes 1 and 2 contain respectively, REFP's of Pstl and Kpnl digests of phage lambda

DNA as size markers. Numbers on the left of the figure indicate the sizes of lambda

fragments in kb.
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3.3 Genotyping of Lisbon strain MRSA with Hhal

Having established that Hhal was highly discriminating in
differentiating difterent strains of Staph. aureus, nincty-three isolates of Lisbon

strain MRSA were genotyped using this enzyme.

Digestion and clectrophoresis with Hhal produced 18 - 24 discernible
fragments that were amenable to computer analysis. These ranged in size from

approximately 3.7kb to 15kb as shown in Table 3.1.

Sixtly-eight isolates (73%) gave a genomic [ingerpriat identical to the

index casc and were designated HAal type H1.

A typical H1 type was selected at an early stage of the study and digests
of this were used on subsequent gels to determine the strain’s genomic stability
and also to control the DNA extraction and digestion technique. This was the
study isolate designated ABS. The REFP of this control isolate remained stable
following daily subculture on horse blood agar both at 37°C and 42°C over a
six month period. The origins and dates of isolation of the Lisbon variants

where known, are given in Table 3.2.

Seven isolates lacked the 5.8kb fragment of type Hl and were
designated type H2. REFP's of six isolates showed an additional fragment of
6.4kb and were designated type H3. Two isolates lacked the 8kb fragment of
type HI and were designated type H10. ‘Ten isolates gave unique fingerprints
and were designated types H4 - 9 and H11 -14. Fragments lost or gainced in

these isolates are shown in Table 3.1.
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All apparent fragment variation occurred among fragments greater than

or equal to 5.3kb.
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Table 3.1
Goenotypic variation seen among Lisbon strain variants (H2 — H14) as

compared to the predominant strain type H1

H1 Approximate | H2 H3 H4 HE HS H7 3 H9 H16  H1t Hi2 H1% H14
Fragment sfzes
(Kb} {No.,)
15.0 (1)
126 [2) Abs
1.7 (3
80 {4} Abs Abs
€8 (5}
5.8 (8) Abs Abs
53 (7) Abs Abs Abs
51 (8]
49 (9)
A7 {10)
48 {11)
45 (12)
43 (13
1.2 (14)
4.1 {15)
40 {16)
3.95 (17}
39 (18)
3.8 (19}
37 (20}
Additlonal 6.4 6.4 64 6.4 55 6.2 6.2 6.2 6.4
Fragments 104 6.6 6.4 6.4 8.15 83
7.7 74
8.3
DNA loss / gain -5.8 6.4 5.3 11 6.2 +65 207 02 80 +283  +126 4635  +14.7

Abs: Absent
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Table 3.2

Origins of Lisbon strain variants

LISBON VARIANT LOCATION DATE

H2 Glasgow Royal Infirmary 12.06.91
Glasgow Royal Infirmary 10.06.93
Glasgow Royal Infirmary 10.06.93
Glasgow Rayal Infirmary 30.06.93
Glasgow Royal Infirmary 10.11.93
Canniesburn Hospital 20.07.93
Stebhill Hospital 02.05.96

H3 Wastern Infirmary Glasgow 01.12.90
Royal Alexandra Hospital 07.06,92
Glasgow Royal Infirmary 30.10.92
Queen Elizabeth Hospital NK
Crosshouse Haspitat NK
Crossholise Hospitat NK

H4 Durmiries Royal Infirmary 13.08.93

H5 Vale of {.even Hospital 08.12.93

H6 Canniesburn Hospital 20.10.92

H7 Western Infirmary Glasgow NK

HB8 NK NK

HO Law Hospital 30.07.93

H10 Glasgow Royal Infirmary 21.02.95
Glasgow Rayal Infirmary NK

Ht1 Crosshouse Hospilal 16.01.91

H12 Glasgow Royal nfirmary 22.08.91

H13 Lightburn Hospital 16.11.94

H14 Ballochmyle Hospital 16.08.91

NK: Not Known
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Figure 3.16 shows a gel photograph of a selection of Lisbon strain

isolates following Hhal digestion and electrophoresis.

Lanes 3, 13 and 16 contained DNA from Lisbon variants H9, H10 and
H2 respectively. Lanes 7, 8 and 9 contained Kpwl, Psfl and Hhol digests
respectively of phage lambda DNA. All other lanes contained DNA from
Lisbon type H1. The isolate in lane 11 was later found to be plasmid - [ree.
The gel photograph shows that it lacked the enhanced fragment shown by all

the other isolates, as indicatcd by the arrow.

A digitised representation of the fourteen molecular variants of this
strain is shown in Figure 3.17, Note that fragment 12 of variant H3 is less
intense than the equivalent sized fragment of the other variants. This was due
to this variant being plasmid free whereas all others possessed an identical
plasmid which when digested with Hhal yiclded a fragment of approximately

5kb that enhanced the density of this band (see also Figure 3.16)

Sp analysis of the Lisbon variants gave a range of 86 - 100%, with a
mean S of 95%. ‘I'wo matches occurred at 100%; H1 and H9, and IT3 and
H13. Although the isolates within each pair had identical numbers of
fragments (20 and 21 respectively) there were small differences in the size of a
single fragment which was within the set 5% [ragment size variation. These
isolates had been run together on at least iwo occasions and fragment size
differences were deemed to be genuine, although beyond the analytical
resolution limits of the computer system. Thus the computer based analysis
potentially overestimated similarity compared to visual inspection which

recognised subtle differences as significant.
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Figure 3.16
Gel photograph showing Hhal genomic REFP's of a selection of Lisbon

strain isolates
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Lane 3, variant H9; Lane 13, variant H10; Lane 16, variant H2; Lane 11, plasmid free
isolate of type H1; Lanes 7, 8 and 9, Kpnl, Pstl and Hhal digests respectively of phage
lambda DNA; all other lanes, variant H1.

Numbers on left of figure indicate Psrl size marker fragments in kb.
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Figure 3.17
Digitiscd representation of Hiqt REFP's illustrating the range of

genotypic variation found among Lisbon and French strain MRSA
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Sp analysis of inter-group matching showed that this strain was
genetically distinct from EMRSA-1, EMRSA-15, EMRSA-16 and the Stobhill
clonal group. When matched with EMRSA-1, Sp values ranged from 62 - 78%
with a mean value of 71%. When matched with EMRSA-15, Sp values ranged
from 65 - 82% with a mean of 74%. When matched with EMRSA-16, Sp
values ranged from 44 - 64% with a mean of 55% and when matched with the

Stobhill clone, Sp values ranged from 43 ~ 67%, with a mean of 52%.

From the results of Hkhal genomic REFP typing, a possible evolutionary
sequence of events was proposed to account for the variation in the REFP's of
the Lisbon strain in Scotland following its introduction. This is shown in

Figure 3.18.
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3.4 “French strain” MRSA

Nine isolates from Glasgow Roval Infirmary, that included one trom a
member of staff, were typed with Hhal. These isolates although reluted by
compatrison of their REFP's showed a number of polymorphisms and could be
subdivided into five subtypes designated I*H1 - 5, consisting of 2, 3, 2, 1 and 1
isolates respectively. Digitised representations of the Hhal REIP's of these
isolates are shown in Figure 3.17. From this data it was found that an isolate of
the lirench strain (AB 228) was identical in genomic REFP to Lisbon variant

H4 (AD 82).

When S), analysis was performed on these isolates, a range of 91 - 98%
similarity was found, with a mean Sp of 95%. When Lisbon and French
variants were matched with one another, Spy values ranged from 86 - 100% with
a mean Sp of 94%. Given he high Sp values fonnd when isolatcs from the
other MRSA clonal groups were matched internaily, (Table 3.3) and the
considerably lower Sy values found when matching clonal groups with each
other, (Table 3.4) this is strong evidence to suggest that the French and Lisbon
isolates belong to or are derived from a common clonal ancestor as proposed in

Figure 3.18,
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Figure 3,18

Lisbon strain (LH) and French strain (FrH) Hhal variants: possible
evolutionary sequence

LH10 LHo6
A
LH7 ?LHI11
D
(+2)
LH14
+1)
LH1 » LH3- : » ?LHS
(+1) \ (+2)
) B LH12
v
LH4/FrH5 LH2
(+1) - (-1)
?7LH13
LH9 LHS
: 1) -1
FrH3 « FrHl —————>» FrH4
l(+2)
?¥rH2

Figures in brackets represent DNA fragments lost or gained.
Variants prefixed by "?" denote an evolutionary sequence involving more than one

gencfic event.

93




Table 3.3

Dice coefficients of intra-group maiching

GROUP SpRange _ Mean Sp_
MSSA 33-93 66
EMRSA-1 84-100 92
EMRSA-15  ©8-100 99
EMRSA-16  91-100 ¢4
STOBHILL ~ 76-100 89
MRSA

LISBON 86-100 95
MRSA

FRENCH 91-100 95
MRSA

SPORADIC ~ 69-100 82
MRSA
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Table 3.4

Dice coelficients of inter-group matching

MATCHED GROUPS SpRange  Mean Sp
EMRSA-1 v EMRSA-15 62-79 70
EMRSA-1 v EMRSA-16 62 -76 69
EMRSA-1 v STOBHILL 56 - 71 80

EMRSA-15 v EMRSA-16 70-73 72

EMRSA-15 v STOBHILL 47 - 62 53
EMRSA-16 v STOBHILL 47 - 67 57
LISBON v EMRSA-1 82-78 71
LISBON v EMRSA-15 65 - 82 74
LISBON v EMRSA-16 44 - 64 55
LISBGN v STOBHILL 43 - 67 52
LISBON v FRENCH 86 - 100 04




Figure 3.19 illustrates graphically, the matching of Lisbon strain
variants with the variants from the other MRSA groups. The results indicate
that the Lisbon and French MRSA were closely rclated and should be
considered as varianls lhat were introduced into Glasgow on two separate and

epidcmiologically unrelated occasions.
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Figure 3.19

Sp values of Lisbon strain variants matched with each other and with

variants from the other MRSA groups

| M Lisbon v French
| @ Lisbon v EMRSA1
@ Lisbon variants

deddddiide
% similarity(Sp)

M Lisbon v EMRSA16 OLisbon v EMRSA15
M Lisbon v Stobhill "type" @ Lisbon v Sporadic

Number of matching pairs
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3.5 Genotyping of Lisbon strain MRSA with Sau3Al

Digestion of the fourteen Tisbon Hhal variants with Sau3A1 yielded 7
vatianls with 7 isolates belonging to a single type, as shown in Figure 3.20.
Hha! types H1, H3, H4, H6, H11, H12, and H14 had identical REFP’s and
were designated Sau3Al Type 1. Hhal types H2 and H7 were designated
Sau3Al Type 2 and Hhal types HS, H8, H9 and HI10 were designated Suui4l

Type 3, 4, 5 and 6 respectively.

Twenty-three isolates of the major Hhal type, Hl were chosen at
random and digested with Sau3A41. One variant was found (AB07) with a two-

fragment difference as shown in Figure 3.21.

As the restriction enzyme Hhal gave clearer fingerprints with a greater
number of discernible fragments, it was decided to use this data for statistical

analysis.
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Figure 3.20

Gel photograph showing Sau3A1 REFP’s of Lisbon strain Hhal variants
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Lanes 9 and 10 contained respectively, Pstl and Kpnl digests of phage lambda DNA.
Numbers on left of figure denote lambda fragment sizes in kb. Lane 13 (x) contained

DNA from a non-Lisbon strain MRSA.
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Figure 3.21

Gel photograph showing Sau3Al REFP’s of Lisbon strain type H1 isolates

Lanes 1 and 2 contained respectively, Kpnl and Pstl digests of phage lambda DNA.
Numbers on left of figure denote lambda fragment sizes in kb. Isolate AB07 in lane 18

was a Sau3Al variant.
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3.6 Construction of phylogenetic trees

Figures 3.22 - 3.24 show the three dendrograms obtained. RMS values
ranged from 8.2 — 9.0. Figure 3.23, the backward run file, was chosen for the
analysis as it gave the Jowest RMS value. In each case MRSA variants from
the same clonal group clustered together and no close relationships were
apparent between the different clonal groups. The MSSA formed a number of
“loose” unrelated clusters with large genetic distances between them.
Unusually some MSSA appeared to be more distantly related to each other than
to the single isolate of Staph. Ayicus and is probably a result of dula saturation.
Each of the 3 trees indicated that the Lisbon and French strains were very

closely related.

Essentially, the dendrograms reflected what was shown by the Sp
analysis of the REFP's, that each MRSA clonal group has diverged little within
the group but diverged considerably from other MRSA clonal groups, with the
possible exception of EMRSA-1 and the clonal group endemic to Stobhill

Hospital during 1993/4.
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Figure 3.22

Unreoted deadrogram af MRSA and MSSA generated by the neighbor-joining algorithm from data iput 1 (forward)
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Unruoted dendrogram of MRSA and MSSA generated by the neighbor-joining algorithm from data inpu{ 2 (backward}
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Figure 3.24

Uarooted dendrogram of MRSA and MSSA geuerated by the neighbor-joining algorithm from data input 3 (random)
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3.7 Phenotyping of Staph. aureus strains

(a)  Antimicrobial susceptibility testing
()  Methicillin-sensitive Staph. aureus

This group of isolates was a helerogencous collection of strains from
bovine mastitis, community nasal isolates, GP isolates and isolates from
nosocomial infections. Most were sensitive to all anti-microbial agents tested
with the ¢xception of penicillin, to which most isolates were resistant. Several
strains also showed decrcascd susceptibility or were fully resistant to
ciprofloxacin. One bovine MSSA isolate (AB179) was penicillin and
ciprofioxacin resistant. Of the isolates from nasal carriers, one was

ciprotloxacin resistant (AB192) and one tetracycline resistant (AJ3194).

A group of thrce MSSA {rom clinical sites (AB198, 199 and 200) were
resistant to  penicillin, erythromycin and clindamycin, however, Hhal
fingerprinting indicated that these were genetically unrelated (Sp = < 85%).
These results suggested that antibiograms were of little value in differentiation

among this heterogeneous group of MSSA.

(i)  EMRSA-I

Light isolates represcntative of EMRSA-1 that caused outbreaks of
infection in London and in Brisbane, Australia were studied. | These were
uniformly resistant to penicillin, methicillin, erythromycin, clindamycin,
tetracycline, trimethoprim, streptomycin and sensitive to fusidic acid,

ciprofloxacin, mupirocin, chloramphenicol, rifampicin and netilmicin. One of
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the Australian isolates, AB139 was gentamicin resistant and sulphonamide
sensitive and AB137 differed solely in sulphonamide sensitivity. Isolate
AB139 lacked a fragment common to all the other EMRSA-1 but it is unlikely

that this is related to the isolates’ resistance to gentamicin.

Interestingly all the isolates within this small group were trimcthoprim

resistant, which is somewhat unusual among MRSA strains.

(i) EMRSA-15

The nineteen EMRSA-15 isolates varied little in antibiogram typing.
Fourteen isolates were resistant to penicillin, methicillin erythromycin and
ciprofloxacin, and sensitive to clindamycin, fusidic acid, mupirocin,
tetracycline, chloramphenicol, rifampicin, sulphonamide, trimethoprim and all
aminoglycosides. Three isolates were erythromycin sensitive (AB103, 104 and
111) and all belonged to Hhal varianl (ype 15-HI therefore erythromycin
resistance could not be linked to any variation in genotype. Two were sensitive
to both erythromycin and ciprofloxacin (AB100 and AB114) and belonged to
the Hhal variant type 15-H2, therefore as ciprofloxacin and erythromycin
resistance is the normal state for most MRSA, it is possible that lack of
resistance (o both of these agents is connected to this genotypic variation. Four

of the five crythromycin-sensitive isolates were from different hospitals.
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(ivc EMRSA-16

All of the seventeen EMRSA-16 isolatcs were resistant to penicillin,
methicillin, erythromycin, clindamycin, ciprofloxacin, neomycin and
kanamycin and scnsitive to fusidic acid, tetracycline, chloramphenicol,
rifampicin, streptomycin, netilmicin and amikacin, Mupirocin resistance was
detected in nine isolates. High level resistance to mupirocin was not lested for.
Seven isolates showed combined trimethoprim and gentamicin resistance and
four of these were also sulphonamide resistant. Sulphonamide resistance was

also seen in one of the mupirocin resistant isolates.

Kanamycin resistance in EMRSA-16 was interesting. By searching
results in the database of the Scottish MRSA Reference Lab, (SMRL) it was
noted that all Scottish EMRSA-16 isolates were kanamycin and tobrémycin
resistant. Although kanamycin resistance was seen in some other isolates in
combination with gentamicin resistance, very few other isolates were resistant
to kanamycin and tobramycin together. This suggested that kanamycin
resistance is a good marker for identification of EMRSA-16, however this

alone will not differentiate an EMRSA-16 from a Lisbon isolate.

The EMRSA-16 isolates showed a greater degree of variation than
EMRSA-15 in antibiogram and also at genetic level. None of the observed
antibiotic variation could he attributed conclusively to observable changes in

genotype.

Petails of the antibiotic variation seen among EMRSA-16 are shown in

"able 3.5.
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Table 3.5

Antibiogram variation detected among isolates of EMRSA-16

Designated |[CD MUP SU TM GM
No.

AB 119 R § § R R
AB 120 S § R R R
AB 121 R § R R R
AB 122 R § R R R
AB 123 § S R R R
AB 124 R 8§ § § S
AB 125 R R S § §
AB 126 R R § § S
AB 127 R § 8§ § S
AB 128 R R S § S
AB 129 R R § § 8§
AB 130 R R R §8 §
AB 131 R R § 8 8
AB 132 R S § § §
AB 133 R R § R R
AB 134 R R § R R
AB 135 R R S S S

CD, clindamycin; MUP, mupirocin; SU, sulphamethoxazole; TM, trimethoprim;

GM, gentamicin.
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(v) “Other” MRSA

All of thirty-three (“Stobhill tvpe™ plus “Sporadjc; group) isolates were
resistant to penicillin and methicillin and sensitive to chloramphenicol and
rifampicin. All but one were sensitive to trimethoprim. Two isolates (AB144
& AB145) were resistant to all aminoglvcosides tesied. Both of these isolates
had identical antibiograms, identical Hhal REFP’s and were isolated at the
same hospital (RAH). Tetracycline and ciprofloxacin resistance varied
considerably in this group, nineteen and thirteen isolates were resistant
respectively.  Seven isolates were resistant to fusidic acid. Two isolates
sensitive to ervthromycin were epidemiologically unrelated. One isolate was
mupirocin resistant (AB151). ‘I'is was isolated from Monklands Hospital and
was shown by Fhal REFP to be related to the Stobhill MRSA clonal type.
Antibiogram details of Lhis “non-epidemic” group of MRSA are shown in

Table 3.6

These results suggest a heterogeneous group of isolates, which confirms
the results of Hhal pgenotyping. Overall, antibiogram tvping showcd each
epidemic MRSA type had specific traits that could be used to make a
presumptive identification of the clonal type, e.g. EMRSA-16 were all resistant

to kanamycin.
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Table 3.6

Antibiogram variation detected among isolates of “non-epidemic” MRSA

Designated |ERY FUS CIP MUP TET SU TM NM KM SM GM NET AMI
No,

AB 144 R §$ §$ S R 8 S R R R R R R
AB 145 R §$ §$ § R 8 §$ R R R R R R
AB 148 R 8 8§ § R 8 §8 8§ 8§ S 8§ § s
AB 147 R §$ §$ $ R 8§ 8§88 8§ 8 8§ s s
AB 148 R $ RS § 8 § 8§ 5§ 8§ s8 § 8
AB 149 R R 8§ $S R 8 § 8 § 8§ 8 § 8
AB 150 R § 8 § 8§ 8 § 8§ § 8§ 8§ § §
AB 151 R S $ R R 8§ 8 8§ § § § s 8§
AB 152 R §s RS 8§ 8 § § 8§ 8 § 8 8§
AB 153 R R RS R 8 § s S8 8§ 8§ § 8§
AB 154 R §$ RS 8§ 8 § 8§ § § § S 8
AB 155 R 8 RS § 8 8§ 8 8§ § 8 8 s
AB 156 R §$ R §$§ R 8§ § 8 § § 8 § 8§
AB 157 R §$ RS 8 8 8 S § § 8§ § 8§
AB 158 R §$ R S8 R 8§ § S § & 8 § 8
AB 159 R §$ 8 8 R 8 8 8§ 8 8 8 s s
AB 160 R § R $§ s 8§ § 8§ 8§ 8§ 8 § 8
AB 161 R R RS R 8 8§ § § 8 8 8 8
AB 162 R § § 8§ R § § 8 8 8 § 8§ 8§
AB 163 R 8 $ § R 8§ 8§88 &8 8 8 8 8
AB 164 R $§$ 8 $ R 8§ §s 8§ 8 8§ § § 8§
AB 185 R § §8 $ R 8§ §8 8 §8 § § 8 8§
AB 166 R §$ RS 8 § 8 8 8 8§ § § 8§
AB 167 R §$ §$ §$ R R § & § § 8 § 8§
AB 168 R 8 RS R § 8 8 8 8§ 8§ 8§ S
AB 169 R R 8 S R § § 8 8§ 8§ 8 8§ 8
AB 170 R §$ §8 § 8 8 § § § 8§ 8§ § 8§
AB 171 R R 8 § 8 8 8 8§ § S 8 § s
AB173 R § §8 § R 8 8§88 8§ 8§ § § 8
AB 174 R S RS 8§ $S$ RS 8 § §8 & 8§
AB175 § 8§ 8§ § &8 § 8§ § § s s s
AB 176 R R 8§ s 8 § §§ 8§ 8§ § § 8
AB 177 S R 8 § 8 § § § § & § § 8§

ERY, erythromycin; FUS, fusidic acid; CIP, ciprofloxacin; MUP, mupirocin; TET, tetracycline;
SU, sulphamethoxazole; TM, trimethoprim; NM, neomycin; KM, kanamycin; SM,

streptomyeir; GM, gentamicin; NET, netilmicin; AK, amikacin.
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(vi)  The “Lisbon struin”

Of nincty-three Lisbon strain isolates, nine antibiogram variants were
identified. Fighty-four had identical antibiograms. These were uniformly
resistant to penicillin, methicillin, erythromycin, clindamycin, ciprofloxacin,
tetracycline, rifampicin, sulphonamide, ncomyein, kanamyein, streptomycin,
gentamicin, netilmicin, amikacin and scasitive to fusidic acid, mupirocin,

chloramphenicol and trimethoprim.

Of the varianis, one had acquired trimethoprim resistance and one
fusidic acid resistance. Neither isolate was phenotypically distinct by any other

typing method and both belonged to the dominant Fhal genotype H1.

Six isolates were sensilive to erythromycin and clindamycin and of
these, four belonged to genotype H1 and two to genotype H10. Five of the six
were isolated from patients at Glasgow Royal Infitmary and one from a patient
at Inverclyde Ilospital. A single isolate had lost resistance to the
aminoglycosides gentamicin and netilmicin and this belonged to the unique

genotype [113.

Details of the variation in antibiotic susceptibility among the Lisbon
strain isolates are shown in lable 3.7. As with the other IMRSA groups,
antibiogram typing alone was shown to be useful for assigning MRSA isolates
to this clonal group. This was an entirely expected observation since it was by

this method that the strain was first recognised in Glasgow.
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Table 3.7

Antibiogram variation detected among Lisbon strain MRSA

GENOTYPE |Designated No. ERY CD FUS TM GM NET No.ofisofates
LISBONH 1 jcommonpaiten R R 8§ S8 R R 84
LISBONH 1 |AB14 R R R 8 R R 1
LISBONH1 |AB3& $ 8 5§ 8§ R R 1
LISBONH 1 |AB43 R R 8§ R R R 1
LISBONH 1 [ABSS s 8 8§ 8 R R 1
LISBONH 1 |ABS6 s 8§ 8§ § R R 1
LISBONH 1 |ABS7 s 8§ 8 § R R 1
LISBON H 10 |AB88 s § 8 § R R 1
LISBONH 10 |AB8Y § § § 8§ R R 1
LISBONH 13 |ABS2 R R &§ 8§ 8§ s 1

ERY, erythromycin; CD, clindamycin; FUS, fusidic acid; TM, trimethoprim;

GM, gentamicing NET, netiimicin.
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{(b) Biotyping
'§] Urease Production

All EMRSA-1 and EMRSA-16 isolates tested were urease positive. All
EMRSA-15 isolates tested were urease negative. Of the “other MRSA”

isolates, eight of thirty-three isolales were urease positive.

Among the MSSA isolates, thirty-nine of forty-two isolates were urease

positive.

Of ninety-three Lisbon isolates all but two were urease positive. The
two negative isolates were otherwise phenotypically and genotypically

unremarkable.

(ii)  Hydrolysis of Tween 80

Five of eight EMRSA-1 isolates hydrolysed Tween 80, as did eighteen
of nineteen FMRSA-15 isolates and all seventeen EMRSA-16 isolates tested.
Of the “Other MRSA” group, eight of thirty-three hydrolysed Tween 80 as did
thirty-seven of forty-two MSSA. Among Lisbon isolates only onc of ninety-
three was found to hydrolyse Tween 80. This isolate was otherwise

phenotypically and genotypically unremarkable.

As with the urcasc test these results suggested that within individual
clones, the Tween 80 rcaction remained relatively stable and may be a useful
strain marker. When results of urease and Tween 80 were combined this gave
a very useful aid to detection of the most prevalent epidemic strains as

illustrated in Table 3.8.
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Table 3.8
Use of simple biotype to distingnish between the Lisbon strain and the

current most prevalent ¢pidemic MRSA strains

TWEEN 80 UREASE

LISBON STRAIN NEGATIVE POSITIVE
EMRSA 15 POSITIVE NEGATIVE

EMRSA 16 POSITIVE POSITIVE
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(c) Phage typing

The phage typing resulls were collated together from three separate

sources and may therelore have been subject to variation in interpretation.,

Phage typing of EMRSA-1 isolates proved problematic. Some isolates
failed to grow or grew only weakly on phage typing media and phage patterns
when readable proved confusing with many inhibition reactions. 1t was
therefore deecided not to include these results in the final analysis. With the
exception of one isolate, all EMRSA-15 were either non-typeable or typed as
“75 wealk™ (75w). One isolate typed as 6w/42E/47w/75w. All EMRSA-16
isolates typed as 29/52/75/77/83A/83C. The group of thirty-three “Other
MRSA™ isolates showed considerable variation in phage type, although some
of these types were not distinguishable by definition. The range is illustrated in

Table 3.9.

Phage tvping was not performed on the MSSA isolates.

Among the seventy-eight Lisbon isolates for which phage typing was
performed, eleven different phage types were identified, although as with the
“other” MRSA. group, some of these were not distinguishable by definition.
Approximately half of the isolates belonged to phage type 85 or 29/77/84/85.

The range of phage types is illustrated in Table 3.10.

Although EMRSA-15 isolates fall mainly into two categories when
phage typed (75w or Non-typeable), non-typability cannot be considered an
indicator of a possible EMRSA-15 isolate since it is not a positive phenotypic

trait. However, it may be useful as an aid to identifying isolates of EMRSA-15
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when taken in the context of other phenotyping results e.g. Tween 80 positive,

urease negative, resistance to; methicillin, erythromycin and ciprofloxacin.

Phage typing was less useful for the Lisbon strain as a number of

different phage types were recorded,
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Table 3.9

Range of phage types found among isolates of “non-epidemic” MRSA

PHAGE TYPE No. OF ISOLATES
85 6
54/85 2
76/85 2
54/85/90 2

B/42E/ATI63/54/75{7T 2
86190 1

42E/A7(53/54/75(T7 1

6/47154/75/81 1
6/47/54/75{81/85 1
54177/47/81 1
53 1
03/85 1
53/85/88A 1
53/83A/75/88A 1
54 1
54/84 1
NT 6
ND 2

NI Not typeable, NID: Not Done
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Table 3.10

Range of phage types found among Lishon strain isolates.

PHAGE TYPE | No. OF ISOLATES
29/77/84/85 22
85 21
77184 9
77184186 8
54/77/84/85 5
54/75/84/85 3
77 2
75 1
54 1
84/85 1
54/77/84/85(75 | 1
NT 4
ND 15

NT: Not fypeable, NL: Not done
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Summary of phenotyping results

Table 3.11 summarises the phenotypic typing of the study isolates when
broken down into their individual groups. It is noteworthy that all MRSA
clonal groups fell into distinct groups on the basis of Tween 80 and urease
reactions and although EMRSA-1 and 16 isolates were positive for hoth tests,
inclusion of the antibiogram type enabled further discrimination of these two

strains.
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‘Table 3.11

Summary of phenotyping results

STRAIN UREASE TWEEN  PHAGE RESISTANT?
POSITIVE POSITIVE  TYPE!
LISBON 91/93 1193 2017718485 MET.ERY,CD,CIP
54/77/84/85 TET,RIF,SV,
AGL
EMRSA 1 8/8 6/8 ND MET,ERY,CD,TET
TM,SU,SM
EMRSA15 | 0/19 18119 75w MET ERY,CIP
EMRSA 16 | 17/17 1717 29/52/83A/ MET ERY, CIP NM,
75/77183A KM, CD (1517)
MUP (9/17)
STOBHILL | 125 2025 BI42EMTISAITSIES  MET, ERY
MRSA TET { 16/25)
OTHER 8/8 718 BI4ZE/MTIB3/BATEIT7  MET, ERY (4/8)
MRSA 42EI47/53/541T5(77.
B4/TTIA7I81
53/83A75/88A
NT(2)
ND(2)
MSSA 1717 1217 ND pEN (16117)
ERY (3/17)
CIP (2117)
TET (1/17)

! Not all patterns listed

2 Abbreviations defined in methods, except AGL: all aminoglycosides

NT: Not typeable, ND: Not done
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Electrophoresis f[ollowing whole cell DNA digestion with frequent
cutting restriction enzymes is a technique that has not been widely used. In
instances where it has been used, the enzymes have been six base cutters and
the choice of encyme and electrophoresis conditions has been optimal [or the
resolution of fragments less than 6kb (six base cutters). Jordens and Mall
(1988) uscd Belll (recognition sequence, AGATCT) to type epidemic MRSA
isolates from the Thames region and although they were able to say that the
epidemic isolates had similar REFP’s and unrelated MRSA and MSSA isolates
had diffcrent REFP’s, the inlerpretation of these REFP’s appeared to be very
difficult from the figures shown and it is doubtful if the technique would have
allowed any form of computerised comparison of REFP’s. In addition,
fragments due to plasmid DNA also caused problems with interpretation. In a
later study of Chinese MRSA by the same authors (Flall and Jordens 1989), a
similar technique highlighted the presence of an endemic MRSA strain in one
hospital while in a second hospital the isolates were of a more heterogeneous
nature. Dice coefficients were used in the Chinese study to determine
relationships between isolates. As is also applicable with this study, when
using Sp analyses to compare isolates it is important to emphasise that it is the
similarity of the banding pattern that is being compated, reflecting conservation
ol restriction sites in the genome. It must be borne in mind thal matching
fragments do not necessarily mean identical fragments, as two similar sized

DNA [ragments may have quite different nucleotide sequences.

Hhal and Sau3AI, used in this study are four base cutters (yecognition

sequences GCGC and GATC respectively) which had the advantage of
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resolving larger DNA fragments. The resolution of larger fragments obtaincd
after Hhal digestion and electrophoresis additionally provided a degree of
visual quality control, in that partial digestion products were recognisable if

present.  In addition, the technique overcomes many of the lumitations

described by Owen (1989).

Resolution of large fragmenis providcs an open analytical window
amenable to computerisation and thercby allowing gel to gel comparisons. 1t
can be adapted to a wide range of disparate organisms using a primary
screening panel of usually eight enzymes. The main disadvantage of the
technique is that a relatively small portion of the genome is compared and thus
different enzymes may not be concordant. The presence of plasmid DNA can
on occasion complicate REFP interpretation but any such problems can usually
be resolved by running purified plasmid DNA digested by the same enzyme in
the well adjacent to the genomic digest (Platt ef ¢/, 1996). In addition, within
this study, experience has indicated that plasmid fragments in a genomic REFP
arc generally prescat in higher copy numbers, tend to stain with greater

intensity than genomic fragments and are readily recognised visually.

A selection of epidemiologica]ly unrelated MSSA & MRSA were
chosen as control groups in order to evaluate the discriminatory power of the
restriction enzymes Hhal and Sgu3Al to distinguish both between and within
different MRSA strains involved in outbreaks of infection, as a prelude to the
detailed investigation of the Lisbon MRSA strain. All strains within a single
bacterial species must have a significant amount of DNA sequence in common

to be identified to this taxonomic level. It is possible that any given enzyme
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will generate analysable fragments from the conserved (species specific) DNA.
Such enzymes would have little resolving power and could not be used to infer
that identical REFP’s of outbreak strains was meaningful. Conversely, where
epidemiologically unrelated strains are shown to be distinct, the subsequent
demonstration of identily among potential outbreak strains could be taken as

evidence to infer close genetic relatedness.

MSSA strains have been undergoing divergent evolution for countless
numbers of years thereforc a large number of polymorphisms should be
expected. It follows therefore, that epidemiologically unrelated isolates of
MSSA will have considerable variation in the arrangement of their genomic
DNA and that this variation can be detected by evidence of RFLP's in their
genomic fingerprints. Conversely, MRSA strains have evolved over a much
shorter time scale (less than 40 years) and therefore it was expected that their
genomic fingerprints would be less diverse, especially if the theory put forward
by Krciswirth er af.(1993), that the acquisition of mec by Staph. aurcus was a
unique event and that afl modern MRSA strains are derivatives of this single

clone, is correct.

Using probes derived from mecA and TnS54 to hybridise to Clal
genomic digests of 472 MRSA isolates dating from the earliest isolations in
1961 to early 1990's, Kreiswirth and co-workers found six mecA polymorphic
types, which could be arranged chronoclogically, and 29 different Tn554 types.
They also found that with only one exception (a type showing no homology
with Tnj54) cach Tn554 type occurred in combination with one and only one

mech. pattern suggesting that primary differentiation of mecA patterns is
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followed by independent evolution of the TnS54 patterns within each mecA
family. Their overall results tended to suggest that horizontal transfer of mecA
after its initial establishment in Staph. aureus is extremely rare and that mecA
may have been acquired by Staph. aureus on a single occasion. However, one
major criticism of this study must be the use of two markers not found normally
in strains of MSSA. To give the study more validity it would have becn useful
to include the evolution of a suitable marker found in both groups ol Staph.
aurcus. Alternatively, Musser and Kapur (1992) used MLEE on a collection ol
254 MRSA isolated over a similar time span but not matched to that of
Kreiswirth. They found fifteen distinctive electrophoretic types, marking
clones and that thc mec gene was harboured by many divergent phylogenetic
lineages rcpresenting a large portion of the breadth of chromosomal diversity
within Staph. aureus. This result was interpreted as evidence that the
horizontal transmission of mecA had occutred and therefore a number of
urelated MRSA clones exist. [n addition, they also found that MRSA isolated
soon after introduction of methicillin into clinical use in the 1960's from the
UK, Denmark, Switzerland, Uganda and Iigypt belonged to a single
electrophoretic type (clone) and concurred with the hypothesis of Lacey and
Grinstead (1973) that European MRSA recovered in the 1960)'s and early 1970's

are the progeny of a single ancestral cell which acquired the mec determinant,

Mussers study although convincing must be criticised for the small
number of enzymes tested, they presented no analysis to demonsirate linkage

disequilibrium and genetic drift was not excluded.
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The findings of studies by Pomingucz ef.af (1994) and Couto el al
(1995) using mecA hybridisation and PFGE also suggest the possibility of
horizontal transmission of mec (see below), Given the diversity indicated by
Hhal genomic REFI's between the Lishon strain and the EMRSA-1, 15 and 16
strains, these results would perhaps seem to favour Musser's hypothesis as they
are so divergent that their independent evolution from a single clone seems
unlikely. Tlowever, the fact that the technique only examines a small
proportion of the genome must be taken into consideration and such
conclusions can be dangérous when only a single molecular typing method is
used. In other words, the {Thal technique does not yield enough evidence to
back up or disprove either authors hypothesis. Specifically the Hhal technique
demonstrates minor variations and allows similarity to be detected over short
time spans. A given Flhal RETFP does not contain sufficient information to
maintain the demonstration of similarity over longer time periods due to the

occeurrence of data saturation,

Since this original work of Kreiswirth, several workers have carried out
epidemiological investigations on the spread of MRSA using Smal PFGE in
combination with mecA and Tnd54 probe hybridisation of Clal chromosomal
digests. Tn554 was originally chosen to provide a higher degree of resolution
when used in combination with the mecA hybridisation data. It occurs with a
frequency of >90% among MRSA isolates, has never been found on a plasmid,
is highly specific in its attachment sites and is oflen present in two or more
copies. It contains a single internal restriction sitc for Clal, therefore a single

insertion of the transposon is represented by two hybridising bands.
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A genotyping system based on defined chromosomally located variable
genetic clemenls has significant advantages over phenotypic systcms such as
phage typing, antibiogram, and biotyping because the genctic basis of the
phenolypic variability is usuvally unknown and the observed phenotypic

variation can often be due Lo more than one type of genetic cvent,

Phage typing of staphylococet for example, lacks a systematic
biological basis, is plagucd by non-typeable isolates and by unpredictable
variability among typeable ones (Bannerman ef. «f, 1993). It is for such
reasons that some reference laboratories including CDC in Atlanta have now
abandoned phage typing in favour of PFGE as their main typing system [or

epidemiological investigations ol Staph. aureuns.

The Kreiswirth approach has been used in a number of MRSA
investigations and in particular in tracing the spread of the Iberian clone to
which the Lisbon strain is closely related. Couto and co-workers (1995) used
in addition to standard phenotyping methods, a combination of PFGE, Tn5354
and mecA typing to characterise MRSA and MSSA strains collected over a 3
month period in 1993 from a single Portuguese hospital. Their findings
suggested that an unusually large number of MRSA clones wete present in the
hospital at this time (24 different PFGE types among 54 clinical isolates). This
led to the suggestion that the hospital had been acting as a reservoir for strains
(including the lberian clone) responsible for outbreaks in other parls of

Portugal and Spain.

Their results also indicated a limited clonality of mecA in that only 3

Clal-mecA types were found in contrast to the six described previously by
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Kreiswirth ef al. (1993); mecA polymorphs I-VI, and the five described by
Dominguez ef ol (1994); mecA polymorphs VII-XI. In common with
Dominguez, they found that Tnj54 types could be associated with more than
one mecA polymorph, contrary to the {indings of Kreiswirth, The findings that
the same mecA polymorph can be associated with numerous chromosomal
backgrounds as represented by PFGE patterns and that more than one, of
previously established mecA polymorphs, can be associated with the same

PFGE type was also suggestive of the possible horizontal transfer of mecA.

I the same study, Dominguez ¢f al. applied Dice coefficients to PT'GE
patterns and found Sp values of 68% between major PFGE types and Sp, values
of >88% among sub-types, a result which closely parallels the findings of this
study using Hhal. Another interesting finding of Dominguez was the isolation
of MSSA and MRSA isolates with closcly related PFGE patterns from the
same patient. The PFGE patterns differed only in the fragment carrying mec
NA. The patterns suggested a deletion of the mec region resulting in an

MSSA homolog.

As far as this author is aware, (his is the only epidemiclogical study of
MRSA using restriction enzymes thal recognise 4 base sequences (frequent
cutters). The results of this study suggesied the technique may have
considerable potential in future investigations of this type since it
unequivocally placed all the control MRSA and Lisbon isolates into distinct
clonal groups in agreement with phenotyping results while showing a greater
diversity among the MSSA isolates. In addition the technique was further able

to discriminate sub-types within each clonal group thus allowing a possible
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cvolutionaty sequence to be proposed since the arrival of the Lishon strain in
Scotland (Tigure 3.18). Whereas the combined genetic techniques as described
above undoubtedly provide a greater depth of epidemiological and evolutionary
data, the Hhal techunique has the advantage of being simple, cost eflective and
probably within the scope of most routine clinical laboratories with basic
equipment. It also has more than enough resolving power to type outbreaks at a
local level. Ideally, within the context of an outbreak the chosen techniquc
should identify all outhreak isolates as identical or closely related while
eliminating all unrelated isolates. The H#Aal technique has been shown to fulfil
these criteria within the confines of the study. Whereas it was thought initially
that the French MRSA was a different strain on the basis of phenotypic tests,
genotyping with Hhal combined with Dice coefficient analysis showed these

isolates to belong to the same clonal lincage as the Lisbon strain.

Although the MSSA isolates were epidemiologically unrelated, the fact
that they came from within a relatively small geographical area may have
contributed to slightly higher Sp values than expected. The phenotypic tesls
were of little value in typing the MSSA isolates, as they were for the most part
susceptible to most antibiotics with the exception of penicillin and
ciprofloxacin to which most isolates were resistant. The high usage of 4-
fluoroquinolones since their introduction has led to this valuable drug being
mostly incffective for nosocomially acquired Staph. aureus infection. As most
isolates were positive for both Tween 80 hydrolysis and wrease production,
simple biotyping alone or in conjunction with antibiogram could not be used to

produce a useful typing scheme for these isolates. However, as most isolates
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conformed to a single biotype (penicillin and ciprofloxacin resistant, Tween 80
hydrolysis and urease positive) unusual isolates not conforming to this biotype

could be easily recognised.

Within each epidemic MRSA control group high levels of similarity
were found, with mean Sp values >90%. From these results an estimate was
made of around >85% for the predicted Sp value which would assign isolates
to a defined clonal lineage. Thesc isolates had been designated a particular
epidemic type previously on a phenotypic basis (EMRSA-1 etc.) and it was
unknown how genetically similar they would be to each other within their

groups and also between groups.

The epidemic MRSA control groups were selected as belonging to a
specific epidemic type based on phenotypic criteria (phage type), and at the
time of their selection the genetic relationships between isolates within the

same epidemic type was unknowin.

EMRSA-1

In 1984 this became the first recognised cpidemic strain to be described
in the UK (Cookson and Phillips, 1988). The phage-type of the strain at
RTDIO0 was 85 and varied to some cxtent with 83A and 84 and with
cxperimental phages 88A and 932. Although phage typing of the EMRSA-]
isolates in this study was attempted, the results repeatedly gave a confusing

array of mixed reactions and therefore the data was not used.
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Just as Hhal bad demonstrated its ability to discriminate among
vnrelated strains of MSSA, its ability to recognise genetically related strains
was evident with this group of MRSA. Minimal difference was scen between
isolates’ overall REFP’s although on the basis of individual fragment

differences Hhal was able to subdivide the group into 5 sub-types.

REFP analysis of the EMRSA-1 isolates revealed the three London
isolates to be very closely related (a single fragment difference) and slightly
more variation was seen between these and Australian isolates. The divergence
seen between these two sub-groups probably resuited from different
environmental selective pressures. The Hhal REFP's of these isolates indicated

that they belonged to the same clonal lineage.

When the RIITP from the commonest subtype was matched with the
MSSA group, an Sp value of 85% resulted between this and AB198, a
community nasal isolate. However when the fragment size variation of 5% was
reduced to 1% the S, value dropped to 46% which agreed with the result when
the fragments were matched visually and Dice coefficients calculated manually.
T'his indicated that the computer is less sensitive than the eye and highlighted
the importance of taking visual analysis of the gel into consideration when
interpreting REFP’s as the epidemiological data suggested that both these

isolates were unrelated.

The fact that the EMRSA-1 isolates were all sensitive to ciprofioxacin
distinguished this group from the other EMRSA groups in the study which
were resislant with very few exceptions. That all the EMRSA-1 isolates were

sensitive to ciprofloxacin may be a throwback to the age of this sirain; i.e. il
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may have evolved to epidemic status and Jaler lost its environmental niche to
other more persistent MRSA. lineages before ciprofloxacin became such a
widely used agent for staphylococeal infections. Ciprofloxacin was not
introduced into clinical practice until the late 198('s, therefore this observation
is not surprising given that resistance to this agent has arisen in staphylococci
as a result of widespread use, particularly in treatment of MRSA infections. A
uniform resistance to {etracycline was seen among the isolates of this group.
This was also the case among Lishbon strain isolates and a high proportion of
the non-epidemic MRSA. Prior to the appearance of the Lisbon strain in
Glasgow, tetracyclive rcsistance among MRSA was also high and probably
reflected a high usage of this antibiotic for staphylococcal infection (G.
Edwards, personal communication). The fact that the latest epidemic MRSA
strains (EMRSA-15 & 16) are generally sensitive to this agent may reflect a
decline in its usage. EMRSA-] is now only occasionally seen in the UK and
data from the Scottish MRSA Reference Laboratory (SMRL) suggest that
EMRSA-1 is not seen in Scotland. Statistics provided by the SMRL from April
1997 to July 1998 suggest trimethoprim resistance among Scottish MRSA is
relatively rare. Among 4267 isolates of EMRSA-15 only 0.33% were resistant
to trimethoprim (14 isolates) and of 934 isolates of EMRSA-16 only 2.67%
were resistant.  Of a total of 5719 MRSA isolates received in this time only

3.5% exhibited resistance to trimethoprim.

The emergence of multi-resistant strains of staphylococei in the 1970°s
is thought to havc resulted by the combination of resistance genes with

transposable elements (Lyon and Skurray, 1987). The mobility of transposable
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elements enabled firstly the accumulation of resistance determinanis on
plasmids (which can then disseminate resistance to large numbers of
antimicrobial agents through the baclerial population) and sccondly, these

clements can then transpose to the chromosome.

Conjugative plasmids clcarly demonstrate the 1ole played by
transposable elements in the evolution of multi-resistance plasmids. The pSK4
plasmids (35kb) can carry up to 3 different transposons — Tn4001, which
carries resistance determinants to gentamicin, tobramycin and kanamycin,
Tu4003 (trimethoprim resistance) and Tn4002 (penicillin resistance). Most of
this plasmid family also carries additional resistance determinants to antiseptics

and disinfectants.

The rapid rise in isolations of EMRSA-15 and 16 since 1993 (CDR
weekly Report, January, 1993) has seen a concurrent decline in isolations of all
other epidemic MRSA strains including Lisbon. Reasons for the continued rise
of these two epidemic types are unclear but may be due o an increased ability

to colonise skin and mucous membranes.

EMRSA-15

Having shown that Hhal could successfully differentiate among
unrelated strains of Staph. aurews and also detect genetically similar or
identical isolates, the enzyme showed that phenotypically related isolates of
EMRSA-15 were also genetically very similar. Of nineteen HMRSA-15
isolates, three genomic variants were found (when the large plasmid fragment

was discounted), of 16 (type E15HL), 2 (typc E15H2) and one isolate (type
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E15H3). The two E15H2 variants (AB100, AB114) werc both sensitive to
erythromycin and ciprofloxacin. These isolates were from Dumfrics and the
Vale of Leven respectively. Data from SMRL indicated that of 4267 EMRSA-
15 received from April 1997 to July 31° 1998, only 12 were susceptible to both
these antibiotics. Most of these 12 were also atypical in other respects such as

phage type and PFGE type.

Erythromycin resistance in MRSA is generally associated with
possession of the transposable elephant Tn354 (Phillips and Novick, 1974).
‘ImS554, a site-specific transposon, carries the gene ermA that encodes inducible
resistance to the macrolide lincosamide and streptogramin B (MLS) groups of
antibiotics (Weisblum and Demohn, 1969). It also contains the spectinomycin
resistance gene spe. 1n354 is unusual in having a high specificity for a primary
chromosomal attachment site (art554). Tillotson ef al. (1989) showed that in
contrast to earlier results showing cxtreme site specificity for the transposon
(Murphy et al., 1981; Phillips and Novick, 1979), many isolates of Staph.
aureys contained second inserts at secondary siles on the chromosome. They
found that an attachment site for secondary Tu554 insertion (atf155) is within
ot very close 1o the region of mec DNA on the staphylococcal chromosome. A
number of different classes of Tn354 insertions were found with class 1 being
the classical primary insertion site and the novel insert in MRSA being
designated class 6, ‘T'his class 6 insert was found in all of 29 MRSA examined
but not in any MSSA. Their results suggested an association of the a##155
region with the mec associated DNA but they were unable to provide any direct

evidence for this. Current figures of erythromycin resistance in MRSA
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certainly suggest a strong correlation of erythromycin resistance with
methicillin resistance while among MSSA, erythromycin resistance remains at

a much lower frequency.

Erythromycin sensitivity is therefore most likely due to lack of an active
copy of Tn554 or possession of an inactive form. This is easily tested for using
a DNA hybridisation protocol and such a test forms the basis of a now
commonly used typing scheme for MRSA (Kreiswirth e/ al., 1993; De
Lancastre ef al., 1994; De Sousa et al., 1996; Mato ef afl., 1998). PCR
protocols may also be used to detect Tn354 (Platt and Parsons, unpublished
data). Although five erythromycin-sensitive EMRSA-15 were found in the

study, ne obvious epidemiological link could be established.

[solate AB114 also had an unusual phage type (6wW/42E/47w/75w)
which had not been seen among other EMRSA-{5 sent to SMRL. Since most
FEMRSA-13 are either non-typcable or type as 75w this was regarded as an
unusual phenotype. 1t is intended to investigate these observations further with
the help of the SMRL. Isolate ABI14 also harboured u unique plasmid of
12kb. AB100 was found to be plasmid frce and with the exception of AB114,
all other EMRSA-13 contained either a 3.8kb or 38kb plasmid or both (plasmid
data not shown), An investigation of the role of these plasmids and their
relationships if any, to other MRSA plasmids may provide scope for further

investigations.

Prior to Hhal typing, these two isolates had not been recognised as
EMRSA-15's and were originally included in the sporadic MRSA group. This

further illustraics the unreliability of phenotyping. Had Hhal genotyping been
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available at the time of their inilial characterisation, these isolates would have
been clearly recognised as EMRSA-15. The establishment of detailed accurate
epidemiological information is important as it distinguishes the potentially
more troublesome epidemic strains from sporadic MRSA isolates. This
information may be important to infection control teams as the appropriate
action taken when an MRSA is identified may vary depending on whether or

not it is an epidemic strain.

The Hhal REFP's of these two isolates werc identical to the
predominant lype except that a fragment of 9.0kb (Figurc 3.6) replaced the
8.9kb fragment common Lo the other EMRSA-15°s. This may have been due to
the loss of a restriction site in the 8.9kb fragment, If the 8.9kb fragment
contained & Tni34 copy, an insertion into this gene could have rendered the
gene inactive to result in the loss of erythromycin resistance. The unique phage
type of AB114 may be related to its posscssion of a 12kb plasmid. Curing the

isolate of the plasmid and re-testing the phage type would help to confirm this.

Given the number of both phenotypic and genoiypic differences found
between these two isolates and the other EMRSA-15, il is also possible that
these isolates are more distantly related to EMRSA-15 than the /fhal REFP's
suggest. Typing anomalies such as this can be resolved in some cascs by use of
a second enzyme. As the Sau3A digests in Figure 3.15 showed, isolate AB114
in track 10 gave a considerably different REFP 1o the other EMRSA-1S5 in track
11, This result is in conflict with the Hhal result. When use of a second
enzyme fails to resolve an anomaly then the application of a different molecular

typing technique is the next step. In this instance PFGE may provide the
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necessary discrimination to confirm or refute that these isolates belong to the

EMRSA-15 clonal type.

The other genomic variant, AR110 (E15H3) differed from the
predominant type in possessing an additional fragment of approximately
11.6kb. Since the technique examines only a small proportion of the entire
genome we can only speculate how this variant arose. Such a large fragment is
unlikely to have arisen from the loss of a single restriction sitc without a
noliceable change elsewhere in the REFP pattern. A more likely explanation is
that the isolate has gained this extra DNA from an event such as the integration
of an insertion sequence, fransposon or phage into the genome. No unusual
phenotypic traits (such as additional antibiotic resistance) were observed with
this isolate which may have indicated the integration of an insertion sequence
or transposon. Although Hhal genomic REFP's identified all these isolates as
belonging to the same clonal lineage, further work will be necessary to
establish the detailcd genoniic relationships between isolates AB100 and 114

and typical EMRSA-15's.

The EMRSA-~15 Hhal genomic REFP was very different from thal of
the EMRSA-1 both visually and by computer analysis of Sy values. This coutd
perhaps be interpreled as an indication that they have evolved independently
from unrelated MRSA ancestors. Alternatively, il the clonal theory of MRSA
evolution is corrcet and all modern day MRSA have evolved from a single
clone, then it may indicate that the two strains have diverged and evolved from
the archetypal MRSA at a very carly stage in their evolution. If the strains had

begun to diverge sufficiently long ago, because of the large number of
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mutations or rearrangements that could have occurred within restriction sites
data saturation can occur which obscures the genetic relationships between the
strains, However on the basis of [7hal REFP’s alone there is insufficient

evidenee for such speculation.

As with EMRSA-1, Hhal identified minor genetic variations among the
group. Other genetic typing schemces can also subtype these epidentic strains
and at this stage it is not yel known how the Hhal type / subtype correlates with
these, e.g. PFGE. A comparative study ol Hhal typing versus PFGE may be -
the focus for future work as the two syslems may compliment one another by

helping to resolve anomalies seen when only one system is used.

For reasons ag yet unknown, antibiogram results proved EMRSA-15 to
be the least resistant MRSA type. EMRSA-15 may have evolved fairly recently
(first recognised in 1991) from the horizontal transfer of mec into a fully
sensitive MSSA. In which case it may not have had enough time to acquire
new resistance detcrminants; or it may lack some genetic mechanism required
for the establishment of new resistance traits whether they be plasmid encoded

or on mobile genetic elements.

Oulbreaks of EMRSA-15 infection were confirmed at Stobhili Hospital
and Glasgow Royal Infitmnary by application of this technique. Disruption to
the routine work of the laboratory was minimal, illustrating that the technique
can be adapted to use in a clinical setting in addition to being a valuable

research tool.

In the UK, successful infection conirol mecasures rely on ensuring

stringent hand washing between handling patients and isolation of patients,
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rather than antibiotic usage. This move away from antibiotic usage may in part
be responsible for the evolution of MRSA which are less multi-resistant, If
there is no selective pressure on the organisms, unnecessary resistance traits
will be lost to allow the organism to adapt to its new cnvironment and become
genetically more fit. ln Southern Europe infection control policies tend to be

less aggressive and antibiotic usage is high. In addition, antibiotics are freely
available over the counter. These factors may contribute to the predominance
of multi-resistant MRSA clones such as Lisbon (Iberian clone). Data from the
SMRL is in agreement with this observation that EMRSA-15 is not a mulii-

resistant MRSA.

The lack of urease activity amongst EMRSA-135 isolates appeared to be
an important phenotypic marker because, with the exception of the “Stobhill
clone” of MRSA the vast majority of Staph. aurcus isolates were urease
positive,  Although this trait when considered alone is of little value in
assigning an organism to a particular type, when used in conjunction with other
tests such as Tween 80 hydrolysis and antibiogram, most isolatcs of EMRSA-

15, EMRSA-16 and “Lisbon” can be distinguished presumptively.

EMRSA-15 although the predominant strain isolated in the UK at
present, i3 generally regarded as less pathogenic than EMRSA~16, being more
commonly associated with colonisation than true infection, however it is

difficult to obtain evidence to support such claims.
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EMRSA-16

Hhal divided the EMRSA-16's into 5 subtypes. Some REFP's
contained fragments suggestive of plasmid DNA. All isolates which were
resistant to gentamicin and trimethoprim showed these fragments but plasmid
profiling and plasmid REFP's (twice) failed to demonstrate any evidence for
these being plasmid o origin. It is possible that these fragments may have been

part of a transposon that harboured both resistant determinants.

‘I'he mean Sp values between EMRSA-16's, EMRSA-15's and EMRSA-
1 showed that Hhal was very successful in assigning these epidemic strains to a
specific lineage and at distinguishing between different epidemic clones

(Tables 3.3 and 3.4).

As with EMRSA-1 and 15. isolates in this group were also genetically
closely related by virtue of their Hhal REIP’s. Genetic variation within the
strain appeared to be related to isolate location with type E16H2 found
exclusively at the Western General Hospital, Cdinburgh; type E16113 found at
Monklands Hospital; types E16H4 and E16HS found at HCI IHospital and one
E16H4 variant was also found at Stobhill Hospital. Diflcring geographic
locations may be an important factor in the molecular divergence of MRSA as
the organisins are subjected to different selective pressures. This geographic
factor was alse evident when the variation of the Australian EMRSA-1 was
compared (o that of the English isolates and illustrates that the techniguc may

be useful in the recognition of endemic strains that have diverged.
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Addilionally, resistance to clindamycin and kanamycin was expressed
by all the EMRSA-16 isolates and these appear to be key markers in the early

recognition of this clonal group.

This was the only group in which mupirocin resistance was seen.
Mupirocin resistance in staphyvlococei is either high-level (>256mg/L) or low-
level (0.5 — 256mg/l.) which is more common (Rahman et af., 1987; Baird and
Coia 1987). Mupirocin is an inhibitor of isoleucine tRNA synthetase and low-
level resistance was shown to result from a chromosomal mutation and
produced an altered enzyme that had a reduced affinity [or mupirocin. In
contrast, high-level resistance is plasmid mediated by the mupA gene (Gilbart
ef al., 1993). This gene is sometimes flanked by copics of IS257, which
suggests that the gene can be mobilised. 'The mechanism of resistance in these
isolates was not elucidated at the time of the study therefore il was not known if
the mupirocin resistance was due to high or low level resistance, however this

will be addressed in future work with the assistance of SMRI..

Although use of mupirocin for the eradication of MRSA colonisation is
widespread and common, the incidence of resistance among Scottish MRSA
isolates remains low. Among the isolates which have been found to be
mupirocin resistant, high level resistance is rare, Of the epidemic sirains
(EMRSA-15, 16 and Lisbon) resistance is greatest in EMRSA-16 but the
frequency of resistance is greatest in the non-epidemic MRSA (data supplied by

SMRL).

The isolates from Dumfries showed combined resistance to gentamicin,

kanamycin and trimethoptim.  Although we wetc unable to demonstrate
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presence of any plasmid in these isolates, a likely explanation for this resistance
is the presence of a large conjugative plasmid. Almost all conjugative plasmids
encode resistance to gentamicin, kanamycin and tobramycin by virtue of
production of a bi-functional 6’ acctyltransferase/2’’ phosphotransferase.
These plasmids can also mediate resistance to ethidium bromide and quaternary
ammonium compounds (Lyon and Skuiray, 1987). Some of these plasmids
(pSK1) also carry the trimethoprim resistance transposon Tn4003 on which is
located the gene for a type S1 DHFR (dihydrofolate reductase). Tt is possible
that transposition of Tn4003 to the chromosome has occurred in the above

tsolates.

Kanamycin resistance appears to be a very good strain marker for
EMRSA-16. Among the Scottish MRS A where kanamycin resislance occurs in
absence of gentamicin and netilmicin resistance, the isolate is almost always an
EMRSA-16. This resistance marker in conjunction with a simple biotypc
(tween/urease) is a very accurate phenotypic indicator of this strain type
(although many btinglish EMRSA-16 are gentamicin resistant). All isolatcs
tested in the study were positive for both urease production and Tween 80
hydrolysis. Figures from SMRI. indicate that this is also the casc on a larger
scale. Of 925 isolates of EMRSA-16 sent to SMRL between April 1997 and
July 1998, only 6 were urease negative. The preliminary identification of
epidemic strains in this manner provides useful information allowing prompt
infection control measures to be implemented while detailed typing at a

molecular level is carried oul.
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Other MRSA

FHhal fingerprinting among the mixed group of MRSA highlighted the
possible existence of another clonal group, which may be epidemic in nature as
it was isolated from a number of unrelated sources. Since the majority of these
isolates came [rom Stobhill it was tentatively named the “Stobhill clone”.
There did appcar to be more variation between REFP's of this group as shown
by the wider range of Sp values (76-100%, mean 89%). Apgain, some of these
REFP's were complicated by the presence of plasmid DNA fragments that
contiibuted 1o the variation seen. As previously mentioned, for optimum
interpretation of the genomic RLUUP's it is probably advisable to run genomic
digests in parallel with their corresponding plasmid digests on the same gel.
This approach although more time consuming can yield a large amount of
useful genetic information and provides understanding beyond minimalist
epidemiology. If necessary an attempt can be made to cure isolates of plasmid
DNA using growth in novobiocin at 42°C, however the success rate of this
approach is varied. Alternatively, the usc of a second enzyme may have

confirmed these isolates as a distinet clonal group.

This would be another interesting group to type by other molecular

methods as a combination of methods may help confirm the clonal status of the

group.

By performing PFGE on the isolatcs they can be matched to PFGE
patterns held on computer at SMRL, which should give some indication if’ the
strain was detected within the last 18 months. It may be that the highly

success[ul EMRSA-15, which had not yet reached ils epidemic height in
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Scotland around 1994/5, has now displaced this strain from the ecological
niche it previously occupied. A comparison of Sp values of this group with the
other epidemic strains also indicated that it was not related to the EMRSA-1,
15, 16 or Lisbon clones. ‘these results confirm that the technique is both

sensitive and specific at detecting individual MRSA clones.

As expected, the Hhal REFP's showed MSSA to be more diverse than
their MRSA counterparts, since in evolutionary terms MSSA have been

evolving for countless numbers of years as opposed to the near 40 years for

MRSA.

Sau3Al typing

Initial results with Sau34l were limited. [t was [ound to be less
discriminating than Hhal only recognising 7 Lisbon variants. This fact is not
necessarily a disadvantage as it provides a hierarchical structure, which

enhances the overall information ebtained.

Sau3 4l digested the staphylococcal DNA into much smaller fragments
(suggesting a far greater number of restriction sites) resulting in fewer
discernible bands amcnablc to computer analysis. Because of the poor
preliminary results coupled with the high cost of this enzyme only selected
isolateé were typed. Typing systems based on results of single enzyme digests

can be less reliable than when two enzymes are used.
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Use of the technique in a clinical setting

The technique was found to be usclul in the investigation of a small
cluster of five MSSA bacteraemia's which were thought to be related, within
the Coronary Care Unit at Stobhill. Although the isolates were phenotypically
indistinguishable, genomic fingerprinting with 77/kal and Sau3AT proved them
all to be unrelated. This served as a useful reminder that the technique can be
uscd effectively in epidemiological investligations not only for MRSA bui also
for outbreaks involving MSSA isolates that may be dilficult to type by
phenotypic methods. In a veterinary setting the technique has been used in the
investigations of bovine S. aureus, S. hyicus and 8. infermedius (Platt ef al.,

1994).

Technical aspects of Hhal genomic fingerprinting

Using the protocol as described in the Materials and Methods section it
took approximately 3 - 4 days to type an isolate starting with an isolated colony
on a blood agar plate. If using the technique to type isolates in an ongoing
outbreak this could be seen as a major disadvantage, however in a setting where
the technique is uscd to type a large collection of isolates in a retrospective
analysis the time factor is less important. In addition, during an ongoing
outbreak, more rapid PCR protocols may provide sufficicnt resolving power for
preliminary results and Fhal fingerprinting can provide a degree of fine-tuning

to the investigation.

The DNA exiraction method used was a disadvantage. Tt was labour

intensive and involved the toxic chemicals phenol and chloroform. One
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potential solulion is adaptation of commerciaily available rapid genomic DNA
extraction Kkits; optimally the protocol would provide purified DNA. in one day.
However, preliminary personal cxperience of this approach produced
disappointing results with DNA vyields being consistently low (data not shown).
In contrast to this, a benefit of the study extraction protocol was that it gave

high yiclds of DNA sufficient for up to 3 enzyme digests.

The MSSA group chosen as controls ranged in similarily cocfiicicnts
from 33-93% with a mean of 66% (Tablc 3.3). Given that this was a
heterogeneous group of isolates known to be unrelated, then mean Sy, values for
related isolates would be expected to be at least in the high 80's or 90's. When
the range of MSSA Sp values was locked at in detail, there appeared to be a
greater number of matched pairs at the higher end of the curve (70-90%) than
might be expected for an apparently heterogeneous group. This may be due to a
combination of random matching, the way in which the gels were digitised and
the computcr software. Although all electrophoresis parameters were kept
constant, the concentration of DNA preparcd from each isolate tended to vary
somewhat. Where thc DNA concentration of an isolate was high, this had the
effect of making the smaller fragments appear closer together causing a smcar
effect which made digitising morc difficult. Conversely, where DNA
concentration was optimal, separation of the smaller fragments was clearer
aiding the computer analysis, If two unrelated isolates were run on different
gels and onc had a high DNA concentration it was possible for them to appear

to be more stmilar than they really were if they had some larger fragments in
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common but more variation among smaller fragments which was not picked up

on digitising.

The digitising of fragments in the 2 - 4 kb range was probably the main
source of coincidental matching as human crrot in digitising becomes more
significant as the fragments become less well resolved. Because of this
difficulty in digitising smaller fragments and because very little fragment
variation among MRSA was seen bclow 4kb, it is recommended in future
analyses to set this value as the lower limit of the digitising window. The
digitising system used was originally developed for use in building databases of
plasmid REFP's, for which it has been highly successful as these fragments are
generally well resolved following agarose gel clectrophoresis (Rankin er af.,
1995, Browning ef ai., 1995). However, the systemm does appear o have
limitations when applied to genomic REFP's due to the difficulty encountered
in resolving fragments less than approximately 4kb. Most workers now use
fully automated gel documentation systems e.g. Gelcompar™ and Phoretix™,
the latter of which has since superseded the digitising system in our
department. Although simple to use, these systems are not yet optimal and lack
suitable controls. Many users treat these systems as “black box” technology i.e.
they have little or no understanding of the software algorithms that produce the
final results (dendrograms). Additionally, the manufacturers and marketers of
such software may not have a sufficient understanding of molecular
phylogenetic free construction and the algorithms used to run the software may
not be optimal. The human eve/brain system 1s very aceurate at picking up any

differences when examining REFP’s but a camera is more objective in such an
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examination. Computers are designed Lo equal the work of the brain/eye and
effective QC is needed for manufacturcrs to set parameters to achieve this.
Although the technology has advanced to such a level that a compuler can
equal the eye/brain system the algorithms required to run such systems often

have nol.

The Lishon Strain

Phenotypically, the Lisbon strain was very stable. Only one and two
isolates varied in their Tween 80 and urease reactions respectively. These
results indicated that within specific clones of Staph. aureus, the urease
reaction remained a relatively stable phenotypic trail that may be a useful strain
marker when used in combination with other phenotypic characteristics. In
addition, most isolates were urease positive which suggested that perhaps this
enzyme is present in natural populations of Staph. aureus and that those
isolates that were urease ncgative had either fost the gene for urcase production,
had a defective copy of the geme or expression of the gene was being

suppressed by some mechanism.

Minor differences were seen in the antibiograms of nine isolates. The
majority of these isolates (six) lacked the erythromycin / clindamyecin resistance
phenotype (MLS resistance). loss of resistance (o thesc agents is not
uncommon in MRSA and may result from a loss or a Jack of expression of

Tnj54.

Tns554 is ~6.7kb long and contains no resiriction sites for Hhal

(Genebank accession number U36912) therefore any copies of the transposon
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in these isolates would be present on fragments >6.7kb. Conversely if a Lisbon
variant had deleted a copy of 7n554, a deletion in a fragment >6.7kb would be
visible on the Hhal REFP. The standard [isbon Hhal REFP, which was found
in 68 isolates was designated type LIT1 and all variants of this pattern were
designated types LH2 — LH14. Two of the erythromycin seusitive isolates
belonged to the Hhal type LHI10, characterised by the absence of an 8.0kb
fragment present in the LH] genotype (1'able 3.1). A fragment of this size was
present in all other Lisbon and French isolates with the exception of TH13. It
is possible therefore that these two isolates had lost a copy of Tnj54 from this
fragment. Using a PCR protocol bascd on detection of TnSS54 to characterise
MRSA will be the focus of future work in order to add a further level of

discrimination to the technique (Platt and Parsons, unpublished data).

The other four isolates of this group belonged to the LH!1 genotype, and
since no observable DNA loss had occurtred a possible explanation for the loss
of MLS resistance in these isolates may be due to the loss of expression ol the

transposon or a mutation in the ermA gene.

One isolate {AB92) was susceptible to gentamicin and netilmicin while
remaining resistant to streptomycin and kanamycin. Because resistance to
anunoglycosides is the normal phenotype of this clone, it is rcasonable to
assume that this isolate had lost part of this trait. This isolate had a unique
Hhal genomic REFP (LHI13), which corresponded to the loss of the 8.0kb
fragment and acquisition of an 8.1 and 6.2kb fragment. Tt is possible that the

loss of this resistance trait correlated with changes in the genomice fingerprint.
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Gentamicin resistance in staphylococei is mediated by the transposon
Tn4001 by way of the aminaglycoside modifyving enzymes AAC(6") and AP
(2", however these enzymes also confer coincident resistance (o tobramycin
and kanamycin (Lyon et al., 1987). Transposon mutagenesis experiments have
shown that the protein encoded by the genc aacA-aphD) possesses two
domains, one of which produces the kanamycin and tobramycin phenotype, km'
tm' via the AAC(6") activity and a second which mediates gentamicin resistance
(gm’) via the APH(2"") activity. It is also known that scquences within the km" /
tm" domain are essential for correci folding of the putative APH (2') active
site. It may theretore be possible that a single mutation in one of these
sequences may have allowed km' / tm' to be expressed but resulted in abnormai

folding of thc APH (2") active site preventing expression of gm’.

Two isolates had acquired additional resistance determinants with no
change in the standard (LH1) REFP typc. One was resistant to fusidic acid the
mechanism for which involves a chromosomal mutation. Resistance to this
agent tends to be sporadic and is generally as a result of recent exposure and
selection. As with rifampicin, resistance is known to arise rapidly due to a
spontancous mutation when the agent is used alone. For this reason fusidic

acid is generally used in combination with another antimicrobial agent.

The final antibiogram variant was due to the acquisition of
trimethoprim resistance in an isolate belonging to the standard REFP type LH1
(AB43). As has been previously stated, [rimethoprim resistance (tp") is
uncommaon in MRSA isolates with the exception of certain defined clonal types

e.g. EMRSA-1 and the Brazilian MRSA (De Sousa et al., 1998). It has been
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associated with a patative transposon 'I'n#003, a 4.7kb element that contains 3
copies of the insertion sequence IS257. This element contains no restriction
sites for Hhal therefore its presence would have been detected within the
window set for Hhal genomic typing. The fact that no variation was seen in the
genomic REFP therefore suggested that trimethoprim resistance in this isolate

was not due to a Tn4063 insertion.

Although plasmid analysis was not performed on this isolate, a selection
of Lisbon isolates were sclected for plasmid profiling and REFP analysis.
Preliminary results of this typing (data not shown) suggested that most isolates
contained a single plasmid that had identical A%al and Haelll REFP’s, Some
isolates were plasmid free (this appeared to have no observable phenotypic
effect). Future plasmid analysis of this iselatc may help determine the nature of
trimethoprim resistance in this isolate. As with Gram negative organisms,
trimethoprim resistance in Staph. aureus can be either low level (10-500 mg/L)
due to overproduction of chromosomal DHFR, or it may be high level
(>1000mg/L) which is typically plasmid mediated. A simpler method of
determining the nature of this resistance may therefore be to perform a

trimethoprim MIC on the isolate.

The window given by Hhal enabled ~ 120 — 130kb of DNA 1o be
visualised as discrete fragments that ranged from 3.7 — {5kb. Clearly as the
staphylococcal genome measures ~2.7Mb (Pattee et af., 1990), we are looking
at a stnall percentage (~5%) of the total cellular DNA. This type of approach in
a typing technique has two potential problems. Firstly, if the genome contains

a large number of hyper-variable regions then the technique will be too
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sensitive, showing variation perhaps in cvery isolate examined and therefore
data saturation occurs very quickly. Conversely, if the technique targets areas
of the genome which are highly conserved then little or no varialion will be
scon therefore the technique lacks the necessary discrimination needed to be a

useful typing tool.

The selected control groups were able to show that the technique does
not suffer from either of these pitfalls. By continuous subculture of a
representative Lisbon isolate at different (emperatures, we were also able to
show that the genotype of the strain remained stuble over a six month period

and that no observable change in phenotype occurred.

Genomic variation seen in the Lisbon sérain

When the Lisbon strain first appeared in Scotland it was easily
recognised as a new strain of MRSA when isolated from clinical specimens due
to its unasual resistance phenotype (in addition to the fact that it was isolated
from a patient that had just arrived in the country from Portugal). Prior to this,
multi-resistant strains were encountered only infrequently and this strain was
even more unusual in being rcsistant to all aminoglycosides and to rifampicin
which proved a good strain marker. Shorily following the recognition of this
new MRSA a second multi-resistant strain was recognised. This strain
although very similar to the Lisbon strain was cpidemiologically unrelated and
differed in its degree of resistance to rifampicin. Because of this il was
uncertain whether or not this was a diffcrent sirain or simply a phenotypic

variant of the Lisbon strain and since the strain was thought to have been
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imported from France it became known locally as the “French strain” MRSA.
MRSA with this phenotype were isolated only very occasionally and were soon

replaced by the more persistent Lisbon strain.

One of the aims of the thesis was to addrcss this question of the
relationship between the two MRSA phenotypes. As Figures 3.17 and 3.18
clearly showed, H4al REFP’s confirmed that both “types™ belonged to the same
clonal lineage and the mean Dice coefficient for matching the two groups was
94% (Table 3.4). Tt was also apparent {rom the analysis that the French variant
FrHS was identical in REFP to Lisbon variant LH4 i.¢. they were both lacking a

5.3kb fragment present in Lishon variant H1 (Figure 3,17).

It should be noted that in order to construct the flow diagram outlining
the pussible cvohutionary sequence of the Lisbon strain we have made the
important assumption that all variants have descended {rom the type LH1T. This

assumption was based on:

1. the index case typing as this REFDP
2. 73% of the isolates gave this REFP

3. of the two oldest isolates in the collection, one had the LH1 REFP.

It is recognised that this assumption may be flawed but given the data
obtained it is probably a reasonable proposal of events. It may be equally
correct to assume that variant LH3 was the oripinal genotype since the first
isolation of (his type was at the same time (01/12/90). It is possible that this
sub-lype diverged into a further five sub-types with the loss or gain of a single

fragment (assumed to be a single genetic event) whereas L1 gives rise to only
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four. However, as LIi1 was the most frequently isolated genotype (from many
sites in WOS), this suggested that it was genctically the most stable or “fittest”
sub-type. One other possibility for the appearance ol variants is the secondary
importation of another variant of the Iberian clone MRSA. Given that the
French variant of the Lisbon strain was a secondary import, this explanation is
quite plausible particularly for those varianis lhat cannot be arrived at by a

single step.

In late 1989, a Spanish Reference Laboratory noted an increase in
numbers of MRSA belonging to phage type 29/77/84/932. These isolates were
found in several hospitals in different cities suggesting spread of an epidemic
strain,  Aparicio and co-workers (1992) characterised these isolates by
phenotypic and genotypic methods. Included in these study isolates were two
isolates representative of outbreaks that had occurred in the UK due to the
return of an infected patient from Spain in 1990. 'they used conventional
electrophoresis of whole cell DNA with several enzymes but failed to
discriminate conclusively between isolates. Tlowever, phenotyping of these
isolates suggested two variants based on phage typing. Most importantiy, the
phenotyping suggested that this strain was part of the Iberian Clone and
therefore related to the Lisbon strain, which appearcd in Scotland also around
the same time. This has implications for the evolution of the Lisbon strain in
Scotland. It may help explain the cxistence of variants that cannot be arrived at
by a single genetic cvent from another subtype (Figure 3.18) by implying that
such isolates may have arrived in Scotland from other sources not connected to

the index case.
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As the strain spread to nmew locations or new patients, it would be
subjected to a number of different selection pressures and in so doing may have
undergone mutation in the [orm of deletions, insertions and rearrangements of
its genomic DNA. Where these changes occurred within a Aol restriction site
they would be detected on REFP Lyping if the [ragments were large enough.
Also, il a DNA insertion is large enough it can be detected on the REFP
without necessarily being within a restriction site. Thesc types of genetic
events can lead to the development of numerous genetic variants of the type
strain. The majority of these variants would be unstable, some mutations may
eventually be Icthal and the variants would theretore be unable to establish
themselves. This seeins to be the most likely explanation for the existence of
the Lisbon sub-lypes since, with the exception of LH2, LH3 and to a lesser
extent 1.H10, all other variants were encountered once only. In the case of LH2
these isolates span « period of 5 years from 1991 — 96, It is possible that LI11
diverged to give a stable variaut that had survived at a low level being detected

only infrcquently over the years.

The results obtained in this study have shown that the Lisbon strain is
very closely related genetically to the Ibetian clone first described in Spain by
Domingucz and co-workers (1994). Since its discovery, molecular surveiltance
studies have identitied the clone in Spain, Portugal, Belgium, Germany, Ttaly,

Scotland and USA (Mato ef al., 1998)

As part of the above collaboralive study (Mato) to investigate the
geographical spread of the "Tberian” clone of MRSA, a selection of MRSA

comprising 7 Lisbon varjants, 2 French variants and 4 sporadic MRSA were
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sent to Portugal for further epidemiological typing. This included Smal PFGE,
Clal-mecA typing and Clal-Tn354 typing. Using these methods previously,
Sanches ef al. (1995) designated the typical Iberian clone the type L:BuA;
where [ is the mec A type, E is the Tn554 type and A is the pulse field type. Of
the Lisbon isolates, 3 conformed to this typical type (LH1, LBS and LH6). All
had unique PFGE types which were sub-types of A (as with the fhal type) and
all had the mecA polymorph 1. Tour Lisbon isolates had unique Tnij4 types.
One French variant differed from Lisbon in both mecA polymorph (V1) and
Tni54 type although it was closely related by PFGE. Most importantly, the
results of PFGE / mecA / Tn334 typing confirmed the resulls of AHhal genomic
REFP's in demonstrating that the Lisbon and French strain MRSA are part of
the Tberian MRSA clone. In addition, the Tn334 types appear to have become
more diverse among Scottish isolates of the Iberian clone when compared to
those from Italy, Spain and Portugal. As yet reasons for this are unclear but
this apparent increased TnS54 diversity may be the focus of future work. One
possible mechanism may be different sclection pressures exerled by different

approaches to antimicrobial usage in the respective countries.

Conclusions

This study has shown that Hhal and to a lesser extent Sau3Al arc
valuable tools for epidemiological typing and the successful application of the
technique resulted in all of the Study aims being achieved. Epidemiologically
unrelated MRSA were shown to be genotypically diverse but to a lesser extent

than MSSA; all isolates phenotypically designated as Lisbon strain MRSA
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were closely genotypically rclated consistent with the expansion of a single
clone; Hhal was sufficiently discriminating to allow the recognition of several
molecular varianis of this clonal group; and by application of Dice coellicients,
no control group was shown to be closely related either to each other or o the

Lisbon group.

Future work
Tnvestigation of anomalies

The study has highlighted several intcresting features of MRSA genetics
which necessitate further investigation. Firstly, the anomalies in some of the
study results will be addressed for completeness e.g. the conflicting Hhal /
Sau3Al / phenotype results of the EMRSA-15 variants AB100 and AB114; the
additional aminoglycoside resistance in some of thc EMRSA-16 isolates;
mechanisms involved in loss of aminoglycoside resistance and gain of
trimethoprim  resistance (AB92 and ABA43, respectively) and further
investigation of the “French strain” MRSA which yielded an unrclated PIFGE
type from the collaborative work of Mato ef al.(1995). A closer investigation
of 'I'n554 in the lishon strain may prove inleresting as the preliminary
investigations of Mato ef al. suggested that the Tn354 types were more diverse
among Scollish isolates. Further investigation of the “Stobhill clone” MRSA is
also warranted {o determine if it is still present in the hospital since the

appearance of EMRSA-15 and EMRSA-16.
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PFGE comparative study

A comparative study of Hhal / Sau3Al genotyping and PFGE typing
must be a priority as this will yield more valuable information not only on the
relative discriminatory powers of the two techniques but also Lheir respective
capacity to detect more distant relationships between strains. The time [actor
invalved in obtaining Hhal / Sau3Al typing results is a considerable drawback
to the technique und should also be addressed with the aim of achieving an
extraction protocol which provides a result within 24 hours from an overnight

broth culture as this is now possible with PFGE (SMRL, unpublished data).

MRSA plasmids

Although outwith the main scope of this thesis, the plasmid data should
be investigated in more detail and characterisation of the Lisbon strain
plasmid(s) and relationships to other MRSA would also yield valuable data.
The preliminary results of plasmid typing suggestcd that most isolales of
Lishon MRSA possessed a single plasmid which showed no variation on REFP
when digested with Hhal or Haelll and this plasmid appeared to be unrelated to

plasmids found in EMRSA-15 and EMRSA-16.
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Preparation of Media and Reagents

1.  Brain Heart Infusion Broth (Oxoid CM225)
36g of BHI powder were dissolved in one litte of distilled water,
distributed in 10ml amounts in glass universals and sterilised by

autoclaving at 121°C for 15 minutes.

2.  Todd Hewitt Broth (Oxoid CM225)
36.4g of THB powder were dissolved in one litre of distilled watcr,
distributed in 10ml amounts in glass universals and sterilised by

autoclaving at 115°C for 15 minutes.

3. TES Buffer

Tris basc (Sigma) 50mM 3.03g
Sodium chloride (Analar) 30mM 1.46g
Di-sodium EDTA. (Sigms#) 5mM 0.93g

Made up as requircd by dissolving in 400ml of distilled water and
adjusting pH to 8.0 with conc. HCl. The remainder of distilled water was

added to give a final volume of 500ml. Storcd at 4°C.

4. TESS Buffer

Prepared as above with the inclusion of SOmM sucrose (Sigma).
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Lysostaphin (Sigma)
Used at a conc. of 1300units/ml. Reconstituted to this concentration with
distilled water and distributed in 1m] amounts in sterile Eppendorf tubes.

Stored at -70°C.

Lysozyme (Sigma)
Prepared freshly cach time. Used at a concentration of 40ug/ml.
Reconstituted to this conceniration with distilled water by adding 0.12¢g

to 3ml of distilled water. This gave enough to lyse 8 isolates.

20 % Sodium dodecyl sulphate (Sigma)
Preparcd by dissolving 2g of SDS in 10mil of sterile distilled water,

Stored at room temperaturc,

Proteinase K (Sigma)
Reconstituted to 10mg/ml in sterile distilled water. Distributed in 1.3ml
amounts in sterilc Eppendorf tubes. KEach tube contained enough

proteinase K for 8 isolates. Stored at -20°C.

Isopropanol (Sigma)
A working volume only (<50ml) was kept on the bench at any time. 'The

stock bottle was stored in the “flammable” cupboard.
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10.

11,

12.

Phenol / Chloroform { Analar)

250g of detached phenol crystals was added to 250ml of chlorofoint in
the fume cupboard in a 2 litre flask. This was allowed to stund until
completely dissolved. 50m! of TGE was added and mixed well. The
mixture was transferred to a dark bottle and the aqueous layers allowed to

separate belore use. Stored at 4°C.

TGE Buffer
Tris {Sigma) 25mM 1.5¢
Di-sodivm EDTA (Sigma) 10mM 1.85g
Glucose {Analar) 50mM 4.5¢

Dissolved in 100ml distilled water, pH adjusted to 8.0 with FICl and
made up to 500ml with distilled water. Sterilised by autoclaving at

110°C for 10 minutes. Stored at room temperature.

TE Buffer
Tris base (Sigma) I Ot 0.605g
Disodium EDTA (Sigma) 1inM 0.186g

Dissolved in 400m! of distilled water and pIT adjusted to 8.0 with HCl.

Final volume made up to 500ml with distillcd water and autoclaved at

121°C for 15 minutes.
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13.

14,

15.

16.

TE 19 Buffer
Tris base (Sigma) 10mM 0.605g
Disodium EDTA (Sigma) 10mM 1.86g

Dissolved in 400ml of distilled water and pH adjusted to 7.8 with HCL.
Final volume made up to 500mt with distilled water and autoclaved at

121°C for 1S minutes.

7.5 M Ammonium acetate (Sigma)

57.3g was dissolved in 50ml of distilled water and pH adjusted to 8.0
with glacial acetic acid. Made up to 100ml with distilled water. Stored
at room temperature. This was replaced regularly (monthly) as it was

unstable.

Absolute Ethanol (BDH)
As with isopropanol, only a working volume was kept on bench and the

stock bottle stored in “flammable™ cupboard.

RNase (Sigma)

Preparcd at a working concentration of 10mg/mi by dissolving 100mg in
10ml of distilled water. This was then split into three aliquots in glass
universals, placed in a beaker of water and boiled for 10 minutes. Stored

at 4°C.
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17t

18.

19.

Tris - borate Buffer (TBE)

Tris base (Sigma) 89mM 33.9¢
Boric acid (Sigma) $9mM 27.5¢
Di-sodium EDTA (Sigma) 1.25mM 2.3g

Dry chemicals were weighed out for 5L batches of buffer and stored in
plastic jars at room temperature natil required, then the jar contents were
added of to 5. of distilled water. The pH was adjusted to within the

range 8.0 - 8.4

Agaroese (Sigma)
A 0.6% gel was prepared by dissolving 3g in 500ml of TBE buffer. This
was boiled until completely dissolved and cooled to just below 50°C

before pouring.

Ethidium Bromide (Sigma}
A stock solution of 10mg/ml was made. Gels were stained in used
electrophoresis buffer (TBE) containing a final conc. of 0.5 ~1.0 pg/ml of

ethidium bromide.

N.B. this chemical is a powerful mutagen and gloves were worn

at all times when handling.
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20.

21.

Tracking dye
Sucrose (Sigma) 25¢g
Sodium acetate (Sigma) 60mg
SIS (Sigma) 100mg
Bromophenol blue (Sigma) 50mg

Dissolved in distilled water and made up to 100ml. Stored at room

temperature.

20 % Sodium sulphite (Analar)

Dissolved 200g in 1 litre of distilled water. Stored at room temperature

in a dark bottle.
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Appendix Il (a) Computer generated print-out of DNA fragment sizes of
Lishon and French MRSA molecular variants

Track 0

15.03 2
488 2
395 2

Track 1

15.03
4.73
3.88

[RCT N )

Track 2

1503 2
5.09 3
402 2

Track 3

1503 2
473 2
388 2

Track 4

1503 2
463 3
383 2

Track 5

1503 2
488 2
395 2

Track 6
15.03 2

532 2
411 2

Track 7

15.03
5.77
4,18

™

Track 8

1503 2
488 2
395 2

Track 9

1503 2
473 2
3.88 2

LIS H1

12.57 2
473 2
3.88 2

LIS H2

12,57 2
4.63 3
3.83 2

LIS H3

12.57 2
4838 2
395 2

LIS H4

12.57 2
463 3
3.83 2

LIS HS

12.57 2
448 2
369 3

LIS 116

1170 2
473 2
388 2

LIS H7

12.57 2
5.09 3
402 2

LIS H3
12.57 2
532 2
411 2

[JS H9
1257 2
2

LIS H10
1257 2
463 3
383 2

LIS = Lisbon variants
Fr. = French variants

Tihal
11.70
4.63
3.83

Hhal

11.70

448
3.69

Hhal
11.70
4,73
3.88

Hhal
11.70
1.48
3,69

Hhal
11.70
4.34

Hhal
7.99
4.63
3.83

IThal
11.70
4.88
3.95

Hhal
11.70
5.09
4.02

Hhal
11.70
4.63
3.83

Hhal
11.70
4.48
3.69

w NN N B N BN [SS VI

joe3

W N

L2 L

[VS I S B

20 Sizes
799 2
448 2
369 3

19 Sizes
799 2
434 3

21 Sizes
799 2
463 2
383 2

19 Sizes
7.99 2
434 3

18 Sizes
799 2
4.18 2

20 Sizes
6.85
4.48
3.69

(TR SR

22 Sizes
10.08
4,73
3.88

(SO S N OV

23 Sizes
7.99
1.88
3.95

NN

20 Sizes
7.99 2
448 2
3.69 3

19 Sizes
6.85 2
434 3

6.85
4.18

6.85
4.48
3.69

6.85
4.18

6.85
4,11

6.40
4.34

7.99
4.63
3.83

7.70
4.73
3.88

6.85
4.34

LSS S S ] )

[N ]

[ RSV ) [V

NN

5.77
4.18

5.32
411

6.40
4.34

5.77
4.11

5.09
4.02

5.77
4.18

6.85
4.48
3.69

6.85
4.63
3.83

5.97
4.18

(]

L¥2)

r2 NN N (SN S ] [ S S [AVI

[}

[N N

5.32
4.1

5.09
4.02

5.77
4.18

5.09
402

4.88
3.95

6.40
4.34

601
448
3.69

5.09
4,02
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9

N

oo (PR S RN

391

5.09
1.02

4.88
395

4.88
3.95

4.73
3.88

5.09
4.02

5.77
4.18

6.40
434

5.0
4.02

4.88
3.95




Appendix II (a) Contd.

Track 10 LIS H11 Hhal 24 Sizes

1503 2 12.57 2 11,70 2 830 2 7.99 2 7.39 2 6,85 2 6.4(
620 2 577 2 532 2 509 3 4388 2 473 2 463 3 4.48
434 3 4.18 2 4.1 2 4.02 2 3.95 2 388 2 383 2 3.69

Track 11 LIS 1112 Hhal 22 Sizes

15.03 2 12,57 2 1170 2 799 2 685 2 6,40 2 620 2 S$.77
532 2 509 3 4.8% 2 473 2 463 3 448 2 434 3 4,18
411 2 402 2 195 2 388 2 3.83 2 369 3

Track 12 LIS H13 FThal 21 Sizes

15.03 2 1257 2 11.70 2 8.i5 2 685 2 020 2 377 2 5.32
5.09 3 488 2 4,73 2 463 3 448 2 434 3 418 2 4.11
4,02 2 395 2 388 2 383 2 369 3 |

Track 13 LIS Hi4 Hhal 22 Sizes

1303 2 1257 2 11,70 2 30 2 799 2 685 2 640 2 5.77
532 2 509 3 488 2 473 2 463 3 448 2 434 2 4,18
4.1 2 402 2 395 2 388 2 383 2 369 3

Track 14 Fr HI Hhal 21 Sizes

1503 2 12.57 2 11.70 2 897 2 769 2 6.85 2 623 2 5.77
500 3 488 2 473 2 463 3 448 2 434 3 4,18 2 4.1t
402 2 395 2 388 2 383 2 369 3

Track 15 Fr H2 Hhal 23 Sizes

1503 2 12.57 2 11.70 2 8§97 2 799 2 685 2 623 2 5.97
577 2 533 2 509 3 4,88 2 4,73 2 463 3 448 2 4,34
418 2 4.1 2 4.02 2 395 2 3.8 2 383 2 369 3

Track 16 Fr M3 Hhat 20 Sizes |
1503 2 1257 2 1170 2 397 2 7.99 2 685 2 577 2 5.09
4,88 2 473 2 4.63 3 448 2 434 3 4,18 2 4,11 2 4,02
395 2 3.88 2 383 2 369 3

Track 17 Fr H4 Hhat 20 Sizes

15.03 2 1257 2 11,76 2 799 2 6.85 2 6.23 2 g7 2 5.09
488 2 473 2 463 3 448 2 434 3 4.18 2 4.11 2 4.02
395 2 388 2 383 2 369 3

Track 18 Fr HS Hhal 19 Sizes

1503 2 12.57 2 11.70 2 79090 2 685 2 377 2 509 3 4.88
4.73 2 463 3 448 2 434 3 418 2 411 2 402 2 3.95
3.88 2 383 2 3.69 3

NB. Number 2 or 3 beside tragment size indicates whether fragment was estimated as a doublet or triplet.
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Appendix IT (b) Computer generated print-out of Dice coefficients from matches
between Lisbon and French MRSA molecular variants

Fragment sizes between 3.69kb and 15.03kb
Fragment size variation <=5.0%
Similarity coeff. =~1.0%

Sim.

Coeff (M) Tk, Pis Organism Enzyme Tk. Pts Qrganism Enzyme
974(19) 0 20/20 LIS H1 Hhal 1 19/19 LIS H2 Hhal
976200 0 20/20 LIS 1 Hhal 2 21721 LIS H3 Hhal
974(19) 0 20/20 LIS H1 Hhal 3 19/19 LS H4 thal
94.7(18)y 0 20/20 LIS H1 Hhal 4 18/18 LIS H5 Hhal
950009y 0 20/20 LIS HI Hhal 5 20/20 LIS Ho6 Hhal
952200 O 20720 LIS H1 Hhal 6 22422 LISHY Hhal
93.020) 0 20/20 LIS H1 Hhal 7 23/23 LIS FH8 Hhal

100.020) O 20,20 LIS H1 Hhal 8 2020 LIS 119 Hhal
974019) 0 20/20 LIS H1 Hhal 9 19/19 LIS 1110 Fihal
50920 0 20/20 LIS H1 IThal 10 24/24 LIS H11 Ithal
952(20) 0 20/20 - LISHI Hhal il 22/22 LIS H12 Hhat
97.6(20) 0O 20/20 LIS HI Hhal 12 21721 LIS 1113 Hhal
95220 0 20/20 LIS 1 Hhak 13 22/22 LIS H14 Hhal
92.7(19) 0 20/20 LIS H1 Hhal 14 21221 Fr Hl [Hhal
93.0(20) © 20/20 LISHI1 Hhal L5 23123 FrH2 Fhal
95.0(19) © 20120 LIS HI Hhal 16 20/20 Fr H3 [hal
95.0(19) © 2020 LIS H1 Hhal 17 20/20 Fr H4 Hhal
97.4(19)y O 20/20 LIS H1 Hhal 13 19/19 Fr HS Hhal
95.0(19) 1 1919  LISH2 Hhal 2 21/21 LISH3 Hhal
94.7 (18) 1 19/19 LIS H2 Hhal 3 19/19 LIS H4 Hhal
97.3(18) 1 19/19 LIS 12 Hhal 4 18/18 LIS HS Hhal
92.3 (18) i 19/19 LIS H2 Hhal 5 20/20 LIS H6 iIhal
92.7 (19) 1 19/19 LISH2 Hhal & 22122 LIS H7Y 1Thal
90.5(19) 1 19/19 LIS H2 Hhal 7 23/23 LISHS Hhat
97.4 (19) | 19/19 LIS IT2 Hhal 8 20/20 LIS H9 Hhal
94.7 (I8) l 19/19 LIS H2 Hhal 9 19/19 LIS Hio Hhal
884 (19) 1 19/19 LIS H2 Hhal 10 2424 LISHII Hhal
92.7(19) 1 19/19 1.[S H2 {1hal 11 22/22 LIS H12 Hhal
95.0(19) 1 {9/19 LIS H2 Ihal 12 21/21 LIS Hi3 Hhal
92.7(19) 1 19/19 [.IS H2 Hhal 13 22/22 LISH14 Hhal
90.0 (18) 1 19/19 LIS H2 Hhal 14 21/21 Fr I tihal
90.5(19) 1 19/19 [.1S H2 Hhal (5 23723 FrH2 Ilhal
92.3(18) 1 19/19 LIS H2 Hhal 16 20/20 Fr 13 Ithal
92.3(18) 1 19/19 LIS 112 Ihal 17 20/20 Fr H4 Hhal
94.7 (18) | 19/19 [.1S H2 Hhal 18 19/19 FrHS Hhal

(M) = Matching fragments number
Tk. = Gel track number
Pts. = Number of fragmerts compared
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Sim.
Coeff (M)

95.0 (19)
92.3 (18)
97.6 (20)
97.7 (21)
95.5 (21)

97.6 (20)
95.0 (i9)
93.3 (21)
97.7 (21)
100.0 (21}

97.7 21)
95.2 (20)
95.5 (21)
92.7 (19)
97.6 (20)

95.0 (19)
97.3 (18)
92.3 (18)
92.7 (19)
90.5 (19)

97.4 (19)
94.7 (18)
88.4 (19)
92.7 (19)
95.0 (19)

92.7 (19)
95.0 (19)
90.5 (19)
97.4 (19)
97.4 (19)

100.0 (19)
89.5 (17)
90.0 (18)
87.8 (18)
94,7 (18)

91.9(17)
85.7 (18)
90.0 (18)
92.3 (18)
90.0 (18)

92.3 (18)
87.8 (18)
94.7 (18)
94,7 (18)
97.3 (18)

Tk.

[ SO U N N N N N N N N ) W WL W)W (VSRR UV WO S BN ] [ES R VRN U RIS I S B MO BO B2 b2 NN N R it — otk

B e

Pts

21721
21521
21421
21721
21121

2121
21/21
21721
21/21
21721

21721
21721
21721
2172)
21721

21721
19/19
19/19
19/19
19/19

19/19
19/19
19/19
19/19
19/19

19/19
19/19
19/19
19/19
19/19

19/19
18/18
18/18
18/18
18/18

L8/18
18/18
18718
18/18
18/18

i8/18
18/18
18/18
18718
18/18

Organism

LISTI3
LIS H3
LIS H3
LISTI3
LIS H3

LIS H3
LIS H3
IS 113
LIS H3
LIS H3

LIS H3
LIS H3
1LISII3
LIS T3
LiS H3

LIS H3
LISTI4
LIS H4
LIS H4
LIS 114

L1S H4
L1S H4
LIS H4
LIS H4
LIS H4

LIS 114
LIS H4
LIS H4
LIS H4
LIS H4

LIS 114
LIS HS
LIS H5
LIS H5
LIS H5

LIS HS
LIS H5
L1S HS
LIS H5
LIS H5

LIS H5
LIS HS
LIS HS5
LIS HS
LISHS

Enzyme

Hhal
Hhal
Hhal
Hhal
{Thal

1Ihal
Hhal
Hhal
1hal
Hhal

Hhal
Hhal
Fthal
Flhal
Hhal

Hhal
Hhal
Hhal
Hhal
Hhal

Hhal
1lhal
Hhal
Hhal
Hhat

Iihal
Hhal
Hha¥
Hhal
Hhal

Ihal
IThal
Hhal
Hhal
Hhal

Hhal
Hhal
Hhal
rihal
Hhal

Hhal
Hhal
Hhal
Hhal
Hhal

Tk.

o L

-~ N

Pts

19/19
18/18
20/20
22122
23/23

20/20
19/19
24724
22722
21721

22/22
21721
23/23
20/20
20,20

19/19
18/18
20720
22122
23/23

2020
19/19
24/24
22722
21721

22722
21721
23/23
20720
20720

19/19
20/20
22422
23/23
20420

19719
24/24
22/22
21/21
22/22

21721
23723
20/20
20/20
19/19

Organisim

[iS H4
LIS M5
LIS It6
LIS HY
LIS H§

LIS 119

LIS H10
EIS Hi|
LIS Hi2
LIS H13

LISHI14
FrHI
Fr H2
Fr H3
I'r H4

Fr HS

LIS HS
LIS He
LiS H7
1S H8

LIS 119

LIS 10
LIS H1l
LIS Hi2
LIS H13

LISHI4
Fr 141
FrT12
Fr H3
Fr H4

Fr 45

LIS Hé
LIS H7
LIS H8
LIS HY

LIS 1110
LIS HI1
LIS H1Z
LIS H13
LIS H14

Fr H1
fir H2
Fr H3
Fr 114
Fr HS

170

Enzyme

Ithal
Hhal
Hhal
Hhat
Hhal

Ihal
Ihal
IHhal
Hhat
Hhal

[hal
Hhal
lihal
{Ihal
Hhal

[hal
Hhal
Tthal
Hhal
Hhal

Hhat
Ihal
H{hal
Hhal
Hhal

1ihal
Hhal
Hhal
Hhal
Hhal

Lihal
[Thal
Hhal
FHhal
Hhal

Hhal
Hhal
Hhal
Hhal
1hat

Hhal
Hhal
[thal
Hhal
Hhal




Sim.

Coeft (M) Tk, Pts Organism Enzyme Tk, Pts Organism CEnzyme
952(20) 5 20/26  LISTI6 Hhal 6 22R2 LISH7 Hhal
93.020) 3 20/20  LISTlo Hhal 7 23/23 LISHS Hhal
950(19) 3 20/20 LISHO6 {1hal 8 20/20 LIS II9 Hhaf
923(18) 5 20/20 1.IS Ho Hhal 9 1929  LISH!O Fhal
20920 5 20/20  LISHG6 Hhal i0 24/24  LISHU Hhal
95220y 5 20/20 LISH6 Hhal 11 22/22  LISHIZ Hhat
97.6(20) 5 2020 LISHDG Hhai 2 21/21 LIS HI13 Hhal
952(20) 5 20/20  LISH6 Hhal 13 22/22  LISHi4 Hhal
927020 5 20/20 LIS Hé Hhal 14 2172t FrH} Hhal
93.0Q0) S 20/20 LIS H6 Hhal 15 23723  FrH2 Hhal
90008 5 20/20  LISH6 Hhal 16 2020 TIrH3 Hhal
95.0(1Y) 5 2020  LISHe Hhal 17 20,220 TFrp4 Hhaf
923(18) 5 2020  LISH6 IThal 18 19/19  Frds5 {Ikal
933(21) o 22/22 LIS H7 Hhal 7 2323 LIS H8 Hhaf
952(20) 6 22/22  LISU7 Hhal 8 201220 TISH9 Hhal
2719 6 22/22  LISH7 Hhal 9 19/19  LISHI1O Hhal
91321 6 22/22  LISH7 1lhal 10 24/24  LISHII {Ihai
95521y 6 22/22  LISH7 Hhal 11 22/22  LISHI2 Hhal
97.7(21) 6 22/22  LISU7 Hhal 12 21721 LIS 1113 Ithai
95521y 6 22722 TIST7 I1hal 13 22/22 1181114 Hhal
93.0{20y 6 22/22  LISH7 Hhal 14 21721 FrH1 Hhal
93321y 6 22/22  LISH7 Hhal 15 23723 FrH2 Hhal
920.5(19) 6 22/22  LISH7 Hhal 16 20726 FrH3 Ihal
95220} 6 22/22  LISH7 Hhal 17 2020 TrH4 Hhal
92.7(19) o6 22/22 LIS H7 Hhat 18 19/19 T HS {1hal
93.0(20)y 7 23/23  LISHB Hhal 8 20/20  LISHY Hhal
20509 7 23423 LIS H8 Hhal 0 19/19  LISHI10 Hhal
979¢23) 7 2323  LISHS Hhal 10 24/24 LIS HI11 Hhal
97.8(22) 7 2323 TLISH8 Hhal 11 22/22  1ISTI2 Hhal
95.5¢21) 7 23/23 LIS Hg Hhal 12 21721 LIS HI13 Hhal
97.8(22) 7 23/23 LIS H8 Hhal 13 22/22 LIS HI4 Hhati
90.920) 7 23/23 LIS H8 [Thal 14 21/21 Fr HI Hhai
91321y 7 23/23 LIS HS Hhal 15 23723 FrlR2 Fhal
88419 7 23/23 LIS 118 Hhal 16 20/20 FrH3 Hhal
2300200 7 23/23 LIS M8 Hhal 17 20/20  trH4 Hhat
90.5(19) 7 23/23  LIS1I8 Hhal 18 19/19  FrHS Hhal
974(19) 8 2020 LISHS Hhal 9 19/19  LISHI10 Hhal
909(20) 8 20/20  LISH9 Hhal 10 24/24 LIS HII Hhai
952(20) 8 20220 LIS H9 Hhal il 22/22 LIS Hi2 Hhal
97.6(20) 8 2020 LIS H9 Hhal 12 21/21 LIS H13 Hhal
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Sim.

Coeff (M} Tk, Pis Organism Enzyme Tk, Pts Organism Enzyme
05220y 8 20/20 LIS 179 Hhal 13 22/22 LIS H14 Hhal
92.7(19) 8 20/20 LIS H9 Hhal 14 21/21 Fr Hi Hbal
93.0(20) 8 20/20 LIS H9 Hhal 15 23/23 FrH2 Hhat
95.0(19) 8 20/20 LIS H9 TThal 16 20/20 Fr H3 iIhal
95.0¢(19) 8 20/20 LIS H9 Hhal 17 20/20 Fr H4 Hhai
97419 8 20/20 LIS H9 Hhal 18 19/19 Fr HS Hhal
88419y 9 19/19 LIS H10 IThal 10 2424 LIS H11 1Thal
027¢(1%) 9 19/19 LIS M1i0 Hhal 1l 22122 LISHI2 Hhal
05.0¢(19) 9 19419 LIS H10 I{hal 12 2121 LISHI3 Hhal
927(19) 9 19/19 LIS HI10 Hhal 13 2222 TISH 14 Hhal
90.0 (18 9 L9/19 LIS HIO Hhal 14 21721 Fr H1 Hhal
905(19y 9 19419 LIS HID Hhal 15 23723 Fr H2 Hhal
92.3(18) 9 19/19 LISH10 Hhal 16 20720 Fr H3 Hhal
923(18) 9 19/19 LIS 110 I1hal 17 20/20 Fr F4 Hhal
947(18) 9 19/19 LIS H10 Bhat i8 19/19 [r HS Hhal
95.7(22) 10 24424 [ISII11 1Thal 11 22122 LISH12 11hal
93321 10 24/24 1AS F11 TThal 12 21721 LIS H13 Hhal
95.7¢22)y 10 2424 LIS H11 Hhal 13 22/22 LISHI4 Hhal
88.9¢20) 10 24/24 TJS 11t Ithak 14 2121 Frl1 Hhal
93.6(22) 10 24/24 LIS H11t Hhal 15 23723 Fr H2 Hhal
864(19) 10 24,24 LIS H1l [Thal 16 20/20 FR M3 1Thal
©0.9 (20) 10 2424 LISHI! Hhal 17 20/20 T'r Ha Hhal
884 (19) 10 2424 LISHIi Hhal 18 19719 Fr HS Bhal
97.7(21) 11 22122 LIS H12 Hhal 12 21721 LIS HI3 Hhal
D5.5(21) 11 22022 LIS H12 Hhal 13 22022 LIS H14 Hhal
93.020) 11 22122 LIS H12 Hhal 14 21721 FrH1 Hhal
97.8(22) 11 22/22 LIS H12 Hhal 15 23723 Fr H2 Hhal
90.5¢(19) 11 22122 LIS T2 Hhal 16 20/20 Fr H3 Hhai
95.2(20) 11 22122 LIS H12 Hhal 17 2(/20 Fr H4 Hhal
92.7(19) |l 22722 LIS H12 Hhal I8 19/19 Fr H3 Hhal
a7.7(21) 12 21/2% LISHI3 Hial i3 22122 LIS iii4 Hhal
95220 12 21721 LIS #13 Hhal 14 21721 Fr 11 IThaf
95.5(21) 12 21/21 LIS H13 FIhal 15 23/23 Fr H2 Hhal
92709 12 21/21 LIS Hi3 Hhal 16 20/20 Fr H3 Hhal
97.6 (20) 12 21721 LIS HI13 Hhal 17 20/20 Fr H4 Hhal
95.0(19) 12 21721 LIS H13 Hhal 18 19/19 Fr k5 [Hhal
930200 13 22122 1IS T4 Hhal 14 21/2] Fr Hi Hhal
93.3(21) 13 22/22 LISHI4 Hbat 15 23/23 Fr H2 Hhal
90.5(19) 13 22/22 LIS H14 Hhal 16 20420 Fr 3 IThal
95.2(20) 13 22/22 LIS 114 Hhal 17 20020 Fr1i4 Hhal
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Sim,

Coeff (M) Tk. Pis Organism Linzyme Tk. DPls Organisim Enzyme
92,7(19) 13 2222 LIS H14 Hhal 18 19/19  FrH5 I1hal
95521) 14 2121 FrHI FHhal 15 23/23 Fr H2 Hhal
97.6(20) 14 21720 FrHI Hhal 16 20/20 Fr H3 Hhal
97.6 (20} 14 21/21 Fr 1 Hhal 17 20720 Fr H4 Fihal
95019y 14 217121 FrHI Hhal 18 19/19 I'r HS Hhal
923.020) IS 23/23  FrH2 EThal 16 20/20  TFrH3 Hhal
93.0(20) 15 23/23  FrH2 Hhal 17 20/20 I'v H4 Hhal
90.5(19)y 15 23723  TrH2 Hhal 18 19/19 Fr HS Hhal
950¢19) 16 20/20  FrH3 Ithal 17 20/20 Fr H4 Hhal
97.4(19) 16 20/20  FrH3 khal 18 19/19  FrH3 Hhal
97.4(19) 17 2020 IrH4 Hhal 18 19/19  Frhis Hhal

171 pairs found

173

U S Y




174



Aly, R., Shinefield, H.R. and Maibach, H.I. (1981). Skin microbiology:
relevance to clinical infection, New York: Springer-Verlag.

Aparicio, P., Richardson, I, Martin, 8., Vindel, A., Marples, R.R. and
Cookson, B.D. (1992). An epidemic methicillin-resistant strain  of
Staphylococcus aureus in Spain. Epidemiology and Infection 108, 287-298.

Arbuthnott, J.P., Coleman, D.C. and de Azavedo, J.S. (1990). Staphylococcal
toxing in human disease. Journal of Applied Bacteriology 1018-1078.

Archer, G.L. and Mayhall, C.G. (1983). Comparison of epidemiological
markers used in the investigation of an outbreak of methicillin-resistant
Staphylococeus aureus infections. Journal of Clinical Microbiology 18 395-
399.

Arvidson, S.0. (1983). Staphyviococci and staphyfococcal infections, London:
Academic Press Inc.

Baird, D. and Coia, J. (1987). Mupirocin-resistant Staphylococcus aureus.
T.ancet 2 387-388.

Bannerman, T.I.., Hancock, G.A., Tenover, F.C. and Miller, J.M. (1995).
Pulsed-ficld gel electrophoresis as a replacement for bacteriophage typing of
Staphylococcus aureus. Journal of Clinical Microbiology 33 551-555.

Barber, M. and Rozwadowska-Dowzenko, M. (1948). Infection by penicillin-
resistant staphylococci. Lancet 641-644.

Barrett, F.F., Mc¢Gehee, R.I'. and Finland, M. (1968) Methicillin-resistant
Staphylococcus  awreus at Boston City Hospital: bacteriologic and
epidemiologic observations. New England Jowrnal of Medicine 279 441-448,.

Beck, W.D., Berger-Bachi, B., and Kayser, F.H. (1986). Additional DNA in
methicillin-tesistant Staphylococeus qureus and molecular cloning of mec-
specific DNA. Journal of Bacteriology 165 373-378.

Berger-Bachi, B. (1983). Insertional inactivation of staphylococeal methicillin
resistance by TnS57. Journal of Bacteriology 154 479-487.

Berger-Bachi, B., Barberis-Maino, L., Strassle, A. and Kayser, F.H. (1989).
FemA, a host mediated [actor essential for methicillin resistance in
Staphylococcus aureus. Molecular and General Genetics 219 263-269.

Blair, J.F. and Willilams, R.E.O. (1961). Phage typing of staphylococci.
Bulletin of the World Health Organisation 24 771-784.

Borowski, J., Kamienska, K. and Rutecka, I. (1964). Methicillin-resistant
Staphylococei. British Medical Journal 983.

178




Boyce, J.M., Landry, M., Deetz, T.R. and Dupont, FHLL. (1981). Iipidemiologic
studies of an outbreak of nosocomial methicillin-resistanl Staphviococcus
aureus infections. fnfection Control 2 110-116.

Bradley, JM., Noone, P., Townsend, DF. and Grubb, W.B. (1985).
Mcthicillin-resistant Staphylococcus aureus in a London hospital. Lancer 1
1493-1495.

Browning, L.M., Wray, C. and Plati, D.J. (1995). Diversity and molecular
vaviation among plasmids in Salmonella enterica serotype Dublin based on
restriction enzyme fragmentation pattern analysis. Epidemiology and Infection
114 237-248.

Cafferkey, M.T., Hone, R., Falkiner, F.R., Keane, C.T. and Pomeroy, 1L
(1983). Gentamicin and methicillin resistant Staphylococcus aureus in Dublin

hospitals: clinical and laboratory studies. Jowrnal of Medical Microbiology 16
117-127.

Caugant, D.A., Bovre, K., Gustad, P., Bryn, XK., Holten, ., Hoiby, FA. and
Froholm, L.O. (1986). Multilocus genotypes determined by enzyme
electrophoresis of Neisseria meningitidis isolated from patients with systcmic
diseasc and from healthy carriers. Journal of General Microbiology 132 641-
652.

Cetin, E.-T. and Ang, O. (1962). Staphylococci resistant to methicillin
("Celbenin™). British Medical Journal 51-52.

Cheng, A.Y., and French, G.L. (1988). Methicillin-resistant Staphylocaccus
aurets bacteraemia in Hong Kong. Journal of Hospital Infection 12 91-101.

Coia, LE., Noor-Hussain, I. and Platt, D.J. (1988). Plasmid profiles and
restriction enzyme fragmentation patierns of plasmids of methicillin-sensitive
and methicillin-resistant isolates of Staphylococcus aureus from hospital and
the community. Journal of Medical Microbiology 27 271-276.

Coia, J.E., Thomson-Carter, F., Baird, D. and Plat, D.J. (1990).
Characterisation of methicillin-resistant Staphylococcus aureus by biotyping,

immunoblotting and restriction enzyme fragmentation patterns. Jowrnal of

Medical Microbiology 31 125-132.

Coleman, D.C., Sullivan, D.J., Russell, R.J., Arbuthnott, J.P., Carey, B.F. and
Pomeroy, HM. (1989). Staphylecoccus aureus bacteriophages mediating the
simultaneous lysogenic conversion of B-lysin, staphylokinase and enterotoxin
A: molecular mechanism of tiple conversion.  Jowrnal of General

Microbiology 135 1679-1697.

Cookson, B.D. and Phillips, 1. (1988). Epidemic methicillin-resistant
Staphylococcus aureus. Journal of Antimicrobial Chemotherapy 21 57-65.

176




Couto, 1., Melo-Cristino, J., Fernandes, M.L., Garcia, T., Serrano, N., Salgado,
M.J., Torres-Pereira, A., Sanches, 1.S. and de Lencastre, H. (1995). Unusually
large numbers of methicillin-resistant Staphylococcus aurews clones in a
Portuguese hospital. Journal of Clinical Microbiology 33 2032-2035.

Crichton, P.B. and Oid, D.C. (1980). Differentiation of strains ol £. c¢oli:
multiple typing approach. Journaf of Clinical Microbiology 11 635-640.

Crossley, K., Loesch, D., L.andesman, B., Mead, K., Chern, M. and Strate, R.
(1979a). An outbreak of infections caused by strains of Staphylococcus aureus
resistant to methicillin and aminoglycosides. 1. Clinical studies. Journal of
Infectious Disease 139 273-279.

Crossley, K., Landesman, B. and Zaske, D. (1979b). An outbreak of infections
caused by strains of Staphylococeus aureus resistant Lo methicillin and
aminoglycosides. lI. Epidemiologic studies. Jourrnal of infectious Diseases 139
280-287.

de Lencastre, H., de Jonge, B.L.M., Matthews, P.R. and Tomasz, A. {1994).
Molecular aspects of methicillin-resistance in Staphylococcus aureus. Journal
of Antimicrobial Chemotherapy 33 7-24.

de Lencastre, H. and Tomasz, A. (1994). Reasscssment of the number of
auxiliary genes essential for expression of high-level methicillin-resistance in
Staphylococcus aureus.  Antimicrobial Agents and Chemotherapy 38 2590-
2598.

de Lencastre, H., Couto, 1., Santos, ., Melo-Cristino, I., Torres-Pereira, A. and
Tomasz, A. (1994). Methicillin-resistant Staphylecoceus aureus disease in a
Portuguese hospital: characterisation of clonal types by a combination of DNA
typing methods. European Journal of Clinical Microbiology and Infectious
Diseases 13 64-73.

Delmer, M., Laroche, J., Avesani, V. and Cornelis, G, (1986). Comparison ol
serogrouping and polyacrylamide gel electrophoresis for typing (Clostridium
difficile. Journal of Clinical Microbiology 24 991-994.

de Sousa, MLA., Sanches, LS., Van Belkum, A., van [.eenwen, W., Verbrugh,
H. and de Lencastre, 11. (1996). Characterization of methicillin-resistant
Staphylococcus aureus isolates from Portuguese hospitals by multiple
genotyping methods. Microbial Drug Resistance 2 331-341.

de Sousa, M.A., Santos Sanches, I., Ferro, M.L., Vaz, M.]., Saraiva, Z.,
‘l'endeiro, T., Serra, J. and de Lencastre, H. (1998). Intercontinental spread of a
multidrug-resistant methicillin-resistant Staphylococcus aureus clone. Journal
of Clinical Micraobiology 36 2590-2596.

Dice, L.R. (1945). Measures of the amount of ecologic association between
species. Ecology 26 297-302.

177




Dominguez, M.A., dc Lencastre, 1., Linares, J, and Tomasz, A, (1994). Spread
and maintenance of a dominant methicillin-resistant Staphylococcus aureus
{MRSA) clone during an outbreak of MRSA disease in a Spanish hospital.
Journal of Clinical Microbiology 32 2081-2087.

Duckworth, G.J., Lothian, J.L. and Williams, J.D. (1988). Methicillin-resistant
Staphylococcus aureus: report of an outbreak in a London teaching hospital.
Journal of Hospital Infection 11 1 - 15,

French, G.L., Cheng, AF.B., Ling, JM.L., Mo, P. and Donnan, S. (1990).
Hong Kong strains of methicillin-resistant and methicillin-sensitive
Staphylococcus aureus have similac virulence. Jowrnal of Hospital Infection
15 117-125.

Gilbart, J., Pery, C.R., Slocombe, B. (1993). High-level mupirocin resistance
in Staphylococcus aureus: evidence for t(wo distinet isoleucyl-tRNA
synthetases. Antimicrobical Agents and Chemotherapy 37 32-38.

Goering, R.V, and Duensing, T.D. (1990). Rapid field inversion gel
electrophoresis in  combination with an tRNA gene probe in the
epidemiological investigation of staphylococei.  Jowrnal of Clinical
Microbiology 28 426-429.

Granato, P.A., Jurck, E. A, and Weiner, L.B. (1983). Biotypcs of Haemophilus
influenzae: yelationship to clinical source of isolation, serotypc and antibiotic
susceptibility. dmerican Journal of Clinical Pathology 79 73-77.

Grimont, P.A.I). and Grimont, F. (1978). Biotyping of Serrafia marcescens
and its use in epidemiologicai studies. Journal of Clinical Microbiology 8 73-
83.

Grothues, D., Koopman, U., Von Der Hardt, H. and Tummler, B. (1988),
Genomic fingerprinting of Pseudomonas aeruginosa indicates colonisation of
cystic fibrosis siblings with closely related strains.  Jowrnal of Clinical
Microbiology 26 1973-1977.

Hadorn, K., Lenz, W., Kayscr, F.H., Shalit, 1. and Krase-mann, C. (1990). Use
of a ribosomal RNA gene probe for the epidemiological study of methicillin
and ciprofloxacillin-resistant Staphylococcus aureus. Furopean Journal of
Clinical Microbiology and Infectious Disease 9 649-653.

Hall, LM., Jordens, J.7. and Wang, F. (1989). Methicillin-resistant
Staphylococcus aunrens from China characterised by digestion of total DNA
with restriction enzymes. Epidemiology and Infection 103 183-192.

Hartstein, A.l, Valvano, M.A., Morthland, V.I1., I'uchs, P.C., Potter, S.A. and
Crosa, 1.}, (1987). Antimicrobic susceptibilitics and plasmid profile analysis
as identity tests for multiple isolates of coagulase-negative staphylococci.
Journal of Clinical Microbiology 25 589-593.

178




Hawkey, P.M. (1987). Molecular methods for the invesligation of bacterial
cross-infection. Journal of Hospital Infection 9 211-218.

Hiramatsu, K. (1995). Molecular evolution of MRSA. Microbiology and
Immunclogy 39 531-543.

Hobbs, B.C., Carruthers, ILL. and Gough, J. (1947). Sycosis barbae:
serological types of Staphyviococcus pyogenes in nose and skin and results of
penicillin treatment. Lances 572-574.

Holderbaum, 1., Spech, T., Ehrhart, L.A., Keys, T., and IHall, G.S. (1987).
Collagen binding in clinical isolates of Staphyloceccus aureus. Journal of
Clinical Microbiology 25 2258-2261.

Holmberg, S.D., Wachsmuth, LK., Hickman-Brenner, F.W. and Cohen, M.L.
(1984). Comparison of plasmid profile analysis, phage typing, and
antimicrobial susceptibility testing in characterising Selmonella typhimurium
isolates from outbreaks. Jowrnal of Clinical Microbiology 19 100-104.

Ichiyama, S., Ohta, M., Shimokata, K., Kato, N. and Takeuchi, J. {1991).
Genomic DNA fingerprinting by pulsed-field gel electrophoresis as an
epidemiological marker for study of nosocomial infections caused by
methicillin-resistant Staphviococcus aureus. Journal of Clinical Microbivlogy
29 2690-2695.

Jevons, P.M. (1961). "Celbenin" -resistant staphylococcl. British Medical
Journal 124-125.

Joly, LR., McKinney, RM., Tobin, J.O., Bibb, W.F., Watkins, L.D. and
Ramsey, D. (1986). Development of a standardised subgrouping scheme for
Legionella preumophila serogroup I using monoclonal antibodies. Journal of
Clinical Microbiology 23 768-771.

Jordens, J.Z. and Tall, L.M. (1988). Characterisation of methicillin-resistant
Staphylococcus aureus isolates by restriction endonuclease digestion of
chromosomal DNA. Journal of Medical Microbiology 27 117-123.

Kay, C.R. (1962). Sepsis in the home. British Medical Journal 1048-1052.

Kayser, F.I1. (1975). Methicillin-resistant staphylococei 1965 - 1975, Lancet 2
650.

Keane, CT. and Calferkey, M.T. (1984). Re-emergenee of methicillin-
resistant Staphylococcus aureus causing severe infection. Jowrnal of Infection
9 6-16.

179




Kilimek, 1.J., Marsik, F.J., Barlett, ¥.C., Weir, B., Shea, P. and Quintiliani, R.
(1976). Clinical, epidemiologic and bacteriologic observations of an outbreak
ol methicillin-resistant Staphylococcus aureus at a large community hospital,
American Journal of Medicine 61 340-345.

Kloos,W.E. (1998). In: Topley and Wilson's Microbiology and Microbial
Infections (9th Edn.). Volume 2, Chapter 27. Eds Collier, L., Balows, A., and
Sussman, M. Publisher: Arnold, London.

Knox, R. (1961). "Celbenin”-resistant staphylococci. British Medical Journal
126.

Kreiswirth, B.N., McGeer, A., Komblum, J., Simor, A.E., Fisner, W., Poon, R,
Righter, J., Campbell, I. and Low, D.E. (1990). Use of variable gene probes to
investigatc a multihospital outbreak of MRSA. In: Molecular biology of the
Staphylococei, Chapter 39, 521-530. Novik, R.P. (Bd.) New York: VCH
Publishers, Inc.

Kreiswirth, B., Kornblum, J., Arbeit, R.D., Eisner, W., Maslow, J.N., McGeer.
A., Low, D.E. and Novick, R.P. (1993). Evidence for a clonal origin of
methicillin resistance in Staphviococcus aureus. Science 259 227-230.

Lacey, R.W. and Grindsted, [f. (1973). Genetic analysis of methicillin-resistant
Staphylococcus aureus: evidence for the cvolution from a single clone.
Journal of Medical Microbiology 6 511-526.

Tacey, RW. (1987). Multi-resistant Staphayplococcus aureus - a suitable case
for inactivity? Journal of Hospital Infection 9 103-105.

Tee. W. and Buenic, JLP. (1988).  Fingerprinting methicillin-resistant
Staphylococcus aureus by the immunoblot technique. Jowrnal of Medical
Microbiology 25 261-208.

Levine, D.P., Cushing, R.D., Jui, J. and Brown, W.J. (1982). Community-
acquired methicillin-resistant Staphviococcus aureus endocarditis in the Detroit
medical center. Annals of internal Medicine 97 330-338.

Locksley, R.M., Cohen, M.L., Quinn, T.C,, Tompkins, L.S., Coyle, M.B.,
Kirihara, JM. and Counts. G.W. (1982). Multiply antibiotic-resistant
Staphyloccocus aureus: introduction, transmission, and cvolation of
nosocomial infection. Awunals of Internal Medicine 97 317-324,

Lyon, B.R. and Skurray, R. (1987). Antimicrobial resistance of Staphylococcus
aureus: genetic basis. Microbiological Reviews 51 88-134.

Macrina, F.L., Kopecko, D.J., Jones, K.R., Ayers, D.J., and McCowen, S.M.
(1978). A multiple plasmid-conlaining ZLscherichia coli strain: convenient
source of size reference plasmid molecules. Plasmid 1 417-420.

180




Mato, R., Santos Sanches, L., Venditit, M., Platt, D.J., Brown, A., Chung, M.
and de Leneastre, H., (1998). Spread of the mudtiresistant lberian clone of
methicillin-resistant Staphylococcus aureus (MRSA) to Italy and Scotland.
Microbial Drug Resistance 4 107-112,

Matsuhashi, M., Song, M.D., Ishino, F., Wachi, M., Doi, M., Inoue, M.,
Ubukata, K., Yamashita, M., and Konno, M. (1986). Molecular cloning of the
gene ol a penicillin-binding protcin supposed to cause high resistance o beta-
lactam antibiotics in Staphylococcus avreus. Journal of Bacteriology 167 975-
980.

Matthews, P., and Tomasz, A. (1990). Insertional inactivation of the mec gene
in a transposen mutant of a methicillin-resistant clinical isolate of
Staphylococeus aureus.  Aniimicrobial Agents and Chemotherapy 34 1777-
1779.

Matthews. K.R., Jayarao, B.M. and Oliver, S.P. (1992), Restriction
cndonuclease fingerprinting of genomic DNA of Staphylococcus species of
bovine origin. Epidemiology and Infection 109 59-68.

Mayer. L.W. (1988). Use of plasmid profiles in epidemiologic surveillance of
disease outbreaks and in iracing the transmission of antibiotic resistance.
Microbiology Reviews 1 228-243,

Mickelsen, P.A., Plorde, I.J.. Gordon, K.P., Hargiss, C., McClare, J.,
Schoenknect, F.D., Condie, F., Tenover, F.C. and Tompkins, L.S. (1985).
Instability of antibiotic resistance in a strain of Staphylococcus epidermidis
isolated from an outbreak of prosthetic valve endocarditis. Jowrnal of
Infectious Disease 152 50-58.

Mulligan, MLE., Kwok, R.Y ., Citron, D.M., John, J.F.J. and Smith, P.B. (1988).
Immunoblots, antimicrobial resistance, and bacteriophage typing of oxacillin-
resistant Staphylococcus aureus. Jowrnal of Clinical Microbiology 26 2395-
2401.

Murphy, E., Phillips, S., Edelman, I. and Novick, R.P. (1981). Tn354: isolation
and characterization of plasmid insertions. Plasmid § 292-303.

Musser, I.M. and Kapur, V. (1992). Clonal analysis of mcthicillin-resistant
Staphylococcus aureus strains from intercontinental sources: assoclation ol the
mec gene with divergent phylogenetic lineages implies dissemination by
horizontal transfer and recombination. Jowurnal of Clinical Microbiology 30
2058-2063.

Owen, R.J. Chromosomal DNA fingerprinting: a new method of species and
strain identification applicable to microbial pathogens. (1989). Journal of
Medical Microbiology 30 89-99.

181




Pattee, P.A., Lee, H.C. and Bannatine, J.P. (1990). In: Molecular biology of
the Staphylococci, Chapter 2, 41-38. Novik, R.P. (Ed.) New York: VCH
Publishers, Inc.

Patterson, J.E.. Patterson, T.T., Farrel, P., Hier-Holzer Jr, W.J. and Zervos,
M.J. (1989).  Evaluation of restriction cndonuclease analysis as an
epidemiological typing system for Brawhamella catarrvhalis.  Journal of
Clinical Microbiology 27 944-946.

Pavillard, R., Harvey, K. and Douglas, D. (1982). Epidemic of hospital
acquired mfection due to methicillin-resistant Staphyiococcus aureus i major
Vietorian hospitals, Medical Journal of Australia 1 451-454.

Parisi. 1.T. (1985). Coagulase-negative staphylococci and the epidemiological
typing ol Staphylococcus epidermidis. Microbiological Reviews 49 126-139.

Pcacock, J.E.J., Marsik, IF.J. and Wenzel, R.P. (1980). Mecthicillin-resistant
Staphylococcus aureus: introduction and spread within a hospital. Annals of
Internal Medicine 93 526-532.

Peacock, LE., Moorman, D.R., Wenzel, R.P. and Mandell, G.L. (1981).
Methicillin-resistant  Staphylococcus aurens: microbiologic characteristics,
antimicrobic susceptibilitics and assessment of virnlence of an epidemic strain.
Journal of Infectious Disease 144 575-582.

Petersen, P.K., Verhoet, )., Sabath, L..D. and Quie, P.GG. (1977). Effect of
Protein A on staphylococcal opsonisation. fnfection and Immunity 15 760-764.

Pfaller, M.A. and Herwaldt, L.A. (1988). Laboratory. c¢linical and
epidemiological aspects of coagulase-negative staphylococeil,  Clinical
Microbiology Reviews 1 281-299,

Phillips, S. and Novick, R.P. (1979). A site-specific repressor-controlled
transposon in Staphylococcus aureuns. Nature (London) 278 476-478.

Platt, D.J. and Sommerville, 1.8. (1981). Serratia species isolated from
patients in a gencral hospital. Journal of Tospital Infection 2 341-348.

Platt, D.J. and Sullivan, L. (1992). lfernational Lab Mate. 16 Issue 7 11-13.

Platt, D.J., Candlish, D., Pyett, H.E., Smith, LW., Sommerviile, L., Gunn, I.,
and Logue, D.N. (1994) Genetic [ingerprinting of Staphylococcus aureus {rom
mastitic milk samples. Proceedings of the British Mastitis Conference 69.

Platt, D,J., Browning, L.M., and Candlish, D. (1996). Molecular analysis of
Saimonella enterica serotype Dublin: building bridges between population
genetic and molecular epidemiological studies. Electrophoresis 17 667-671.

182




Plikaytis, B.D., Carlone, G.M., Edmonds, P, and Mayer, L.W. (1986). Robust
estimation of standard curves for protein molecular weight and linear duplex
DNA base-pair number after gel electrophoresis. Aralyiical Biochemistry 152
346-364.

I’lorde, J.R. and Shertis, I.C. (1974). Staphylococcal resistance to antibiotics:
origin, measurement and epidemiology. Annals of the New York Academy of
Science 236 413-434.

Poh, C.L., Yap, EM., Tay, L. and Bergen, 1. (1988). Plasmid profilcs
compared with serotyping and pyocin typing for epidemiological surveillance
of Pseudomonas aeruginosa. Journal of Medical Microbiology 25 109-114.

Porthouse, A., Brown, D.I., Smith, R.G. and Rogers, T. (1976). Gentamicin
resistance in Staphylococcus aureus. Lancer 1 20-21.

Prevost, G., Jaulhac, B. and Piemont, Y. (1992). DNA fmgerprinting by
pulsed-field gel eclectrophoresis is more cffective than ribotyping in
distinguishing among methicillin-resistant Staphyiococcus aureus isolates,
Journal of Clinical Microbiology 30 567-973,

Price, E.H., Brain, A. and Dickson, J.A.S. (1980). An outbreak of infection
with gentamicin and methicillin-resistant Staphylococcus aureus in a neonatal
unit. Journal of Hospital Infection 1 221-228,.

Rahman, M., Noble, W.C., and Cookson, B.D. (1987). Mupirocin-resistant
Staphylococcus aureus. Lancet 2 387,

Rankin,S.C., Benson, C.E. and Platt, D.J, (1995). The distribution ol serotype-
specific plasmids among different subgroups of strains of Salmonella enterica
serotype Enteritidis: characterisation of molecular variants by restriction
enzyme fragmentation patierns. Fpidemiology and Infection 114 25-40.

Renaud, F., Treney, J., Eticnne, J., Bes, M., Brun, Y., Barsotti, O., Andre, S.
and Fleurette, J. (1988). Restriction endonuclease analysis of Staphylococcus
epidermidis TINA may be a uselul epidemiological marker. Jowrnal of Clinical
Microbiology 26 729~1734.

Rennie, R.P., Nord, C.E., Joberg, L.S. and Duncan, I.B.R. (1978). Comparison
of bacteriophage typing, serotyping and biotyping as aids in epidemiological
surveillance. Journal of Clinical Microbiology 8 638-642.

Report of a combined working party of thc Hospital Infection Society and
British Society for Antimicrobial Chemotherapy. Guidelines for the control of
epidemic methicillinresistant Staphylococcus aureus (1986).  Jouwrnal of
Hospital Infection 7 193-201.

183




Report of a combined working party of the Hospital Infection Socicty and
British Society for Antimicrobial Chemotherapy. Revised guidelines for the
control of epitdemic methicillin-resistant Staphviococcus aureus (1990).
Journal of Hospital Infection 16 351-377.

Report of a combined waorking party of the Hospital Infection Society and
British Society for Antimicrobial Chemotherapy. Guidelines on the controf of
methicillin-resistant Staphylococcus aureus in the community (1995). Jowrnal
of Hospital Infection 31 1-12.

Reporl of a combined working parly of the Hospital Infection Society and
British Society for Antimicrobial Chemotherapy. Revised guidelines for the
control of epidemic methicillin-resistant Staphylococcus aureus (1998).
Journal of Hospital Infection 39 253-290.

Rosendal, K., Jessen, Q., Bentzon, M.W. and Bulow, P. (1977). Antibiotic
policy and spread of Staphylococcus aureus strains in Danish hospitals. Acta.
Pathologica. Microbiologica, Scandanavia. 85 143-152,

Sabath, L..D., Barrett, F.F., Wilcox, C., Gerstein, D.A. and Finland, M. {1968).
Methicillin-resistance of  Staphylococcus  oureus and  Staphylococcus
epidermidis. Antimicrobial Agents and Chemotherapy 8 302-306.

Saitou, N., and Nei, M. (1987) The neighbor-joining method: a new method
for reconstructing phylogenetic irees. Molecular Biology and Evolution 4 406-
425,

Sanches, 1.S., de Sousa, M.A., Sobral, L., Caiheiros, L., Felicto, L., Pedra, 1. and
de Lencastre, H. (1995). Multi-drug resistant Iberian epidemic clone of
methicillin-resistant Staphyiococcus aureus endemic in a hospital in northern
Portugal. Microbial Drug Resistance 1 299-306.

Saraglou, G., Cromer, M. and Bisno, A.L. (1980). Methicillin-resistant
Staphyiococcus aureus: interstate spread of nosocomial infections with
emergence of gentamicin-methicillin resistant strains, Infection Control 1 81-
87.

Saravolatz, 1..D., Markowitz, N., Arking, L.M., Pohled, D.J., and Fisher, E.
(1982a).  Methicillin-resistant  Staphviococcus awreus.  Lpidemiologic
observations during a community-acquired outbreak. Annals of Internal
Medicine 96 11-16.

Saravolatz, L..D., Pohlod, D.J., Arking, L.M. (1982b). Community-acquired
methicillin-resistant Staphviococcus aureus infections: a new source for
nosocomial outbrcaks. Annals of Internal Medicine 97 325-329.

184




Schaefler, S., Joncs, D., Perry, W., Baradet, T., Mayr, F. and Rampersad, C,
(1984). Methicillin-resistant Staphylococcus aureus strains in New York City
hospitals: inter-hospital spread of resistant strains of type 88. Journal of
Clinical Microbiology 20, 536-538.

Schwarzkopt; A. and Karch, H. (1994). Genetic variation in Staphylococcus
aureus coagulase genes: potential and Jimits for use as epidemiological marker.
Journal of Clinical Microbiology 32 2407-2412,

Sclander, R.K., Caugant, D.A., Ochman, H., Musser, J.M., Gilmour, M.N. and
Whittam, T.S. (1986). Mcthods of multilocus enzyme clcctrophoresis for
bactcrial population genetics and systematics. Appfied and Environmental
Microbiology 51 873-884.

Selkon, J.B., Stokes, E.R. and Ingham, ILR. (1980). The role of an isolation
unit in the conirol of hospital infection with methicillin-resistant staphylococei.
Journal of Hospital Infection 1 41-46.

Shaberg, D.R., Tompkins, L.S. and Falkow, S. (1981). Use of agarose gel
electrophoresis of plasmid deoxyribonucleic acid to fingerprint Gram-negative
bacilli. Jowrnal of Clinical Microbiology 13 1105-1108.

Shanson, D.C., Kensit, J.G. and Duke, R. (1976). Outbreak of hospital
infection with a strain of Staphylococcus aureus resistant to gentamicin and
methicillin, Lancet 2 1347-1348.

Shanson, D.C. (1981). Antibiotic-resistant Staphylococcus aureus. Journal of
Hospital Infection 2 11-36.

Song. M.D., Wachi, M., Doi, M., Ishino, I?. and Matsuhashi, M. (1987).
Evolution of an inducible penicillin-target protein in methicillin-resistant
Staphylococcus avreus by gene fusion. FEBS Letters 221 167-171.

Speller. D.C.E.. Raghanath, D., Stephens, M., Viant, A.C.. Reeves, D.§,,
Wilkinson, P.J., Broughall, .M. and Molt. H.A. (1976). Epidemic infection by
a gentamicin-resistant Staphylococcus aureus in three hospitals. Lancei 1 464-
466.

Stokes, E.J. and Ridgway, G.L. (1980). In: Clinical Bacteriology. 5th edn.
London: Edward Arnold publishers Ltd.

Tenover, F.C. (1985). Plasmid fingerprinting: a tool for bacterial strain
identification and surveillance for nosocomial and community acquired
infections. Clinics in Laboratory Medicine 5 413-416.

185




Tenover, F.C., Arbeit, R., Archer, ., Biddle, J., Byrne, S., Goering, K.,
Hancock, G., Hebert, G.A., Hill. B., Hollis, R., Jarvis, W.R., Kreiswirth, B.,
Fisncr, W., Maslow, J., McDougal, L.K., Miller, IM., Mulligan, M. and
Plaller, MA. (1994). Comparison of traditional and molccular methods of
typing isolates of Staphylococcus aureus. Journal of Clinical Microbivlogy 32
407-415.

Thompson, R.L., Cabezudo, 1. and Wenzel, R.P. (1982). Epidemiology of
nosocomial infections caused by methicillin-resistant Staphyiococcus aureus.
Annals of Internal Medicine 97 309-317.

Tillotson, L.E., Jenssen, W.D., Moon-McDermott, L. and Dubin, D.T. (1989).
Characterization of a novel insertion of the macrolides-lincosamides-
streptogramin B resistance transposon Tn 554 in methicillin-resistant
Staphylococcus avreus and Staphylococcus epidermidis. Antimicrobial Agents
and Chemotherapy 33 541-550.

Tokue, Y., Shoji, S., Satoh, K., Watanabe, A., and Motomiya, M. (1992).
Comparison of a polymcrasc chain reaction assay and a conventional
microbiologic method for detection of methicillin-resistant Staphyviococcuis
aureus. Antimicrobial Agents and Chemotherapy 36 6-9.

Tulloch, T..G. (1954). Nasal carriage in staphylococceal skin infections, British
Medical Journal 2 912-913.

Unal, S., Werner, K., de Girolami, P., Barsanti, F. and Eliopoulos, G. (1994).
Comparison of tests for the detection of methicillin-resistant Staphylococcus
aureus in a clinical microbiology laboratory. Antimicrobial Agents and
Chemotherapy 38 345-347.

Valentine, F.C.O. and Hall-Smith, S.P. (1952). Superficial staphylococcal
infection. Lawncef 2 351-354.

Wadstrom, T. (1991). Molecular aspecls on palthogenesis of staphylococcal
wound and foreign body infections: bacterial cell surface hydrophobicity,
fibronectin, fibrinogen, collagen, binding surfacc proteins, determine ability of
staphylococci to colonize in damaged tissues and on prosthesis materials. In:
The Staphylococci, eds Jeljaszewicz, J., Ciborowski, P., Published by Gustav
Fischer Verlag, Stuttgart, 37-52.

Warren, R.E. and Roberts, S.0.B. (1976). Gentamicin-resistant staphylococei.
Lancet 1 543-544.

Weisblum, B. and Demohn, V. (1969). FErythromycin-inducible resistance in

Staphylococcus aureus: survey of antibiotic classes involved. Journal of

Bacteriology 98 447-452.

186

i



Wu, S., Piscitelli, C., de Lencastre, H. and Tomasz, A. (1996). Tracking the
evolutionary origin of the methicillin resistance gene: cloning and sequencing
of a homologue of mecA from a methicillin-susceptible strain of
Staphylococcus sciuvi. Microbial Drug Resistance 2 435-441.

Wu, 8., de Lencastre, H. and Tomasz, A. (1998). Genetic organization of the
mecA region in mcthicillin-susceptible and methicillin-resistant strains of
Staphylococcus sciuri. Journal of Bacteriology 180 236-242.

Wyatt, T.D., Ferguson, W.P.,, Wilson, T.S. and McCormick, E. (1977).
Gentamicin-resistant Staphylococcus aureus associated with the use of topical
gentamicin. Journal of Antimicrobial Chemotherapy 3 213-217.

GLASGOW
UNIVEER.SeTY
LIBRARY

187




