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Abstract 

Streptococcus pyogenes or group A streptococcus (GAS) is a common human 

pathogen responsible for a variety of diseases ranging from the uncomplicated 

common sore throat (pharyngitis), pyoderma (impetigo) to more life threatening 

conditions such as bacteremia, necrotising fasciitis, and toxic shock like syndrome. 

Recurrent episodes may lead to serious sequelae such as acute glomerulonephritis 

(APSGN) and acute rheumatic fever. Streptococcus pyogenes strains may express 

several distinct fibronectin binding proteins (FBP's) which are considered as major 

streptococcal adhesins. Sfbl a GAS FBP was shown in vitro to promote both 

adherence and internalisation of the bacterium into host cells and has been implicated 

in persistence. In the tropical Northern Territory (NT) of Australia, skin and not 

throat is the major reservoir for isolation of GAS. Recent studies suggest association 

of NADase in conjunction with streptolysin 0 a pore forming cytolysin, in 

subsequent cellular toxicity and tissue destruction in invasive disease. It has also 

been suggested as an alternate mechanism in GAS inernalisation and subsequent 

persistence. This thesis investigated the association of FBP's, NADase and 

streptococcal pyrogenic exotoxins with invasive disease propensity in isolates from 

bacteremia, necrotising fasciitis and uncomplicated infections. We have used 

molecular biological tools such as polymerase chain reaction (PCR), southern 

hybridisation using radiolabelled DNA probes, serological and fluorometric assays 

on invasive and non-invasive cases from the NT and South Western Sydney (SWS) 
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to screen for these particular phenotypes. The sample isolates included seventy five 

strains from the NT (INVASIVES = 37, NON-INVASIVE= 38 and 39 from SWS 

(INV ASIVES = 26, NON-INVASIVE = 13). The results showed that although sjbl 

the gene for the FBP Sfbi implicated in propensity for invasiveness and persistence is 

found in 60 % of NT isolates there was no significant association with invasive 

disease and the same was for SWS. Interestingly prtjll although not significant with 

a p value of 0.0732 showed a trend towards association being represented more often 

in invasive case isolates. In both the NT and SWS no significant association 

between NADase production and posession of the three streptococcal pyrogenic 

exotoxins with invasive disease was found. There was however significantly more 

expression overall of speC and NADase in SWS than the NT, p = 0.0034, p = 0.0013 

respectively. This is interesting, given that the overall crude incidence of severe 

GAS diseases in the indigenous population of the NT is much higher than SWS. It 

appears that these results do not directly implicate adhesins, NADase or 

streptococcal pyrogenic exotoxins with invaisve disease in the NT and SWS. 
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CHAPTER! 

General Introduction to 

S. pyogenes 

(Group A streptococcus) 



1.0 GROUP A STREPTOCOCCUS INFECTION THROUGH THE AGES 

Streptococcus pyogenes or group A streptococcus (GAS) is a common human 

pathogen responsible for a variety of diseases. These range from the uncomplicated 

common sore throat (pharyngitis), pyoderma (impetigo) to more life threatening 

conditions such as bacteremia, necrotising fasciitis, pneumonia with empyema, 

erysipelas, meningitis and toxic shock like syndrome. 1 2 3 Recurrent episodes may 

lead to serious sequelae such as acute glomerulonephritis (APSGN) and acute 

rheumatic fever (ARF).4 5 

Hippocrates first described S. pyogenes infections in humans around 400BC.6 7 Back 

in the mid 1600's to mid 1800's GAS was responsible for the epidemics of puerperal 

sepsis post partum which was further compounded ironically by the institutional 

obstetrics care and the lack of understanding of the role of the microorganism in the 

transfer of disease. 7 8 This continued throughout the rest of the 191
h century with 

waves of scarlet fever and rheumatic fever being accompanied by outbreaks of GAS 

infections causing necrotising fasciitis and puerperal sepsis which varied in lethality, 

time period and socioeconomic origin. 8 Before the introduction of antimicrobials 

Streptococcus pyogenes was responsible for as many as 50% of post partum deaths 

and was the major cause of death in patients with burns.3 9 

Early attempts at treatment using passive vaccination were hindered by the antigenic 

complexity of the streptococcus.7 The arrival of the sulfonamides in the 1930's had 

initial success in puerperal sepsis but later proved problematic with resistant strains 

emerging as well as allergic reactions in some patients. 7 With the use of penicillin in 
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the post war era, GAS as a pathogen of serious life threatening disease was virtually 

eliminated, however other factors such as improved obstetrics practice the change in 

virulence of the streptococcus, improved access to health care and social economic 

factors may also have contributed.7 5 10 Other arguments propose crowding as a 

major factor in GAS infections. Indeed some arguments cast doubts on the role of 

penicillin in the decline of rheumatic fever in the USA since the declining 

occurrences predated the availability of antibiotics.8 11 12 Evidence for this can be 

seen in the 25% - 30% mortality rates due to scarlet fever in the latter part of the 

1880's in New York, Chicago and Norway dropping to under 2% by 1900 in all three 

locations.5 Since socioeconomic factors were not likely to have changed markedly in 

this time and antibiotics were not yet available the decrease in mortality rates may 

have been due to the reduced expression of one or more virulence factors or by a 

slow acquisition of herd immunity. 

While streptococcal infections have shown a declining incidence in modern western 

industrialized nations this has not been the case for many of their respective 

indigenous populations, where the prevalence of GAS infections and their sequelae 

remain high. However increases of invasive GAS infections in recent times in these 

same western nations in relatively healthy individuals indicates the complexity of the 

epidemiology of GAS infections. 

13 



1.1 GROUP A STREPTOCOCCAL INFECTIONS IN HUMANS 

The upper respiratory tract and skin are the primary focal sites of GAS infection and 

principle reservoirs of transmission.3 8 13 GAS are implicated in a wide range of 

invasive and non-invasive diseases (summarized in Table 1). Non-invasive 

infections are usually self-limiting; these range from non-symptomatic carriage to 

pharyngitis and impetigo. It has been argued however, that these minor infections 

may provide a reservoir from which progression may lead to more serious life 

threatening invasive disease and acute streptococcal sequelae. 

Invasive infections are life threatening with an overall mortality rate of 

approximately 25% or greater. 14 15 These infections are characterized by the 

isolation of bacterial organisms from sterile sites such as the blood, deep tissues, or 

synovial fluids. Examples of severe invasive disease include necrotising fasciitis 

(NF) and streptococcal toxic shock-like syndrome (STSS); examples of the acute 

sequelae are acute rheumatic fever (ARF) and acute post streptococcal 

glomerulonephritis (APSGN). 
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Table 1 Summary of Streptococcus pyogenes (GAS) diseases, modified from 16 

17and 18 

PRESENTATION 

Pharyngitis 

Erysipelas 

Vaginitis 

Infected 
wounds 
Otitis 

externa 
Impetigo 

PANDAS 

APSGN 
(Giomulero 
nepheritis) 

Rheumatic fever 

Poststreptococcal 
reactive arthritis 

(PSReA) 

Endocarditis 

Nccrotising 
fasciitis 

Bacteraemia 

Toxic shock syndrome 

Puerperal 
sepsis 

Meningitis 

INFECTION 
TYPE 
Non-

invasive 

Non-
invasive 

Non-
invasive 

Non-
invasive 

Non-
invasive 

Non-
invasive 

Sequelae 

Sequelae 

Sequelae 

Sequelae 

Invasive 

Invasive 

Invasive 

Invasive 

Invasive 

Invasive 

COMMENTS 

Extremely common in children but is self limiting .. Can be 
severe in the case of exudative pharyngitis. Recurring 
pharyngitis is often treated by tonsillectomy 

Peadiatric autoimmune neuropsychiatric disorders associated 
with streptococcal infections. Includes obsessive compulsive 
behaviour and tics. 

Severe kidney damage. Associated with skin colonisation. Often 
results in end stage renal disease. 

Associated with pharyngitis. Recurrent episodes result in heart 
damage and if let! untreated has very high mortality. 

High mortality when complicated. Associated with streptococcal 
heart disease. 

High risk of fatal outcome. Severe valve damage. 
Skin route of entry. 

"Be bloody, bold and resolute" Treatment includes aggressive 
surgical intervention (amputation) and repeated debridement. 

Bacteraemia is often associated with underlying conditions. 
Average 25-30% mortality 

Presentation is characterised by shock and multisystem failure. 
Frequently fatal. 

Pre 1930 this infection was a major killer of women after 
childbirth. Antibiotics and improved hygiene has eradicated this 
infection in the first world. 

In one study there was a mortality rate of 27% (10 of 37 
patients) and neurological sequelae occur in 36% (12 of38) of 
surviving patients 
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1.2 WORLD WIDE DISTRIBUTION OF GAS INFECTIONS. 

The incidence of GAS infections in developed countries leading up to the 1980's 

showed a marked decline.3 10 This subsequently led to complacency in some 

European countries which abolished the requirement for notification of such diseases 

as scarlet fever and in many countries the routine prophylactic use of penicillin in 

army recruits was stopped.8 Indeed in the USA towards the end of 70's a five year 

retrospective study concluded that treatment strategies should be reevaluated in the 

light of declining incidence of rheumatic fever. 19 However in the past 2 decades a 

world wide resurgence of GAS invasive infections has been seen. 

This resurgence occurred not only in developing countries but also in regions such as 

Northern Europe and North America in previously healthy individuals as well as 

those with predisposing medical conditions.8 20 21 22 Factors that were traditionally 

associated with outbreaks of GAS infection such as poor socioeconomic conditions 

access to adequate medical and pharmaceutical services as well as overcrowding 

were not implicated in developed countries. 12 There are millions of cases of GAS 

pharyngitis causing billions of dollars in medical expenses and work stoppage in the 

United States alone. 23 Approximately I 0,000 - 15,000 cases of invasive GAS 

disease occur annually in the United States, associated with a I 0-13% mortality rate. 

23 

Ultimately the interaction of the genetic properties of both host and pathogen and 

their ability to respond to particular environmental influences will determine 

pathogenicity. GAS have shown interactive associations with various virulence 

factors however no one determinant has been implicated in the recent resurgence. 
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An example of this interaction put forward is the role of antibiotics in placing 

selective pressures on these pathogens and consequently favoring the re-emergence 

f . l . 24 19 11 20 2s 26 F h h' · c. · · 11 o more vtru ent strams. urt er t ts nse comes trom patients typtca y 

middle aged healthy hosts with no apparent predisposing health factors or immune 

deficiencies.24 

1.3 DISTRIBUTION OF GAS IN THE NORTHERN TERRITORY 

The recent resurgence in the incidence and prevalence of these streptococcal 

infections and sequelae both in Europe and in the USA, have shown concordant 

results in Australia and New Zealand.27 The Top End of the Northern Territory of 

Australia represents a unique environment consisting of a monsoonal climate with 

high humidity and a relatively small range in seasonal temp. Among the Aboriginal 

population living in the Northern Territory of Australia (NT), the incidence and 

prevalence of streptococcal infection and streptococcal diseases are high28 and 

subsequently, rates of ARF, RHO and APSGN are amongst the highest in the 

world. 29 3° Compared with non-indigenous Australians, the average annual incidence 

of end-stage renal disease (ESRD) is 17.4 times higher31 and, in the NT, the 

incidence has been approximately doubling every 4 years, reaching epidemic 

proportions with 87 new cases reported in the period 1993-1996 alone.
32 

The 

incidence of ESRD amongst Aborigines has increased in recent years, however 

glomerulonephritis is still the major contributing factor for ESRD at 30%.
32 

It is 

believed that APSGN is endemic in these communities where epidemics are 

relatively frequent. 33 34 ARF occurs worldwide usually in children 5-15 years old 

with rates varying from 1 per 100,000 amongst populations in developed countries, 
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to > 1 per 1,000 in developing countries.30 In Aboriginal communities rates of post-

streptococcal sequelae are significantly higher 35 36 with an annual rate of ARF of 2.5 

per 1,000 Aboriginal children and a prevalence rate of 10.4 cases of rheumatic heart 

disease (RHO) per I ,000 Aboriginal people.29 Furthermore, Australian Aboriginals 

are slightly more than five times as likely to have invasive streptococcal diseases 

h . d' l 28 30 37 t an non-m rgenous peop e. 

The tropical region of the NT has a high rate of GAS molecular diversity with over 

I 00 distinct molecular types being identified.38 39 This epidemiology is evidenced in 

small aboriginal communities (populations of 200-2000) with up to 15 distinct 

molecular types circulating at any one time.40 

1.4 IDENTIFICATION AND TYPING OF GAS 

1.4.1. Microbiological/ Morphological Identification 

Traditional microbiological identification distinguishes Streptococcus pyogenes as a 

Gram-positive catalase-negative cocci, presenting in pairs or in chains, is non motile 

and non spore forming exhibiting beta-hemolysis on blood agar.41 42 43 Streptococci 

are ovoid in shape and vary in size but are usually in the order of 0.5-1 micron in 

diameter forming spherical mucoid, matt or glossy colonies on nutrient blood agar 

plates.44 43 

The architecture of GAS is divided morphologically into three distinct cellular 

compartments; the cytosol containing the soluble intracellular products such as 

streptolysin 0 (SLO) NAD-glycohydrolase (NADase) streptococcal pyrogenic 
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exotoxins SPE A, B and C; a single cytoplasmic bilayered phospholipid membrane; 

and the cell wall containing hyalauronic acid capsule, M protein (fimbriae), 

fibronectin binding proteins (FBP's), group A carbohydrate (C-substance), glycerol-

teichoic acid I lipoteichoic acid (LT A) and peptidoglycan mucopeptide Fig 1.1 The 

external projected GAS proteins can be seen as they form chains in growth. Fig. 1.2 

Protoplasmic membral\e 

Infernal 
protoplasmic ::0!~~-- Glycerol-teichoic acid 

mass-----

Extracellular soluble 
products: 

Streptolysin 0 
Streptolysin S 
Specific onzymes 

Peptidoglycan fmucopeptide) 

Fig. 1.1 Schematic representation of the Gram-positive cell wall of group A 

. h . l 41 streptococci s owmg structura components. 
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Fig 1.2 Transmission electron micrograph (20,000X) of a chain of group A 

streptococci . Note the fimbriae projecting and the cell to cell interactions. 

(images Vincent Fischetti http ://www.rockefeller.edu/vaf/chain20.htm) 

1.4.2 SEROLOGICAL TYPING 

1.4.2.1. Polysaccharide cell wall antigens 

Rebecca Lancefield in 1928 demonstrated that the ~-hemolytic streptococci could be 

subdivided into groups A-E, where most of the human infection derived strains 

45 7 46 
belonged to group A. Lancefield used a serological typing system which 

recognized group specific polysaccharide antigens in the cell wall of GAS . This was 

referred to as the C-substance.41 46 44 This GAS polysaccharide antigen is composed 

of N-acetyl-~-0-glucosamine linked to polymeric rhamnose backbone. 17 Since these 

initial efforts of Lancefield the number of these immunogenic groups has expanded 

to include F, G, H, K, L, M, N, 0.44 41 Lancefield further recognised the breakdown 

of GAS to specific types based on the reognition of antigenic serology of the M

protein (see 1.6.2).45 The M protein is a much studied GAS cell wall associated 

protein which has been implicated as a major virulence factor of S. pyogenes.17 
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1.4.2.2. Opacity factor OF 

Opacity factor (OF) or serum opacity factor SOF is an apoproteinase produced by 

some strains of GAS and is responsible for opacifying serum.47 OF does this by 

cleaving the apolipoprotein component of high density lipoprotein fraction of serum 

rendering it insoluble which leads to opacification.48 The data strongly suggests that 

OF is produced almost exclusively by those isolates deficient in epitopes 

crossreactive with the C repeat domain of the M 6 protein.49 Those serotypes that 

share surface exposed antigenic epitopes with the C repeat domain of M 6 protein 

and fail to produce OF are classified as Class I M proteins.47 50 The opacity factor is 

also known as Stbii and has also been shown to be a GAS fibronectin binding 

protein. 51 52 

1.4.2.3 M-typing 

GAS can be typed into individual serotypes based on the antigenic variation of the 

N-terminal region of the M protein.44 53 Presently there are over 100 serological 

types of GAS based on available sera. 53 47 However many strains prove to be M non

typeable and this is especially true of strains from Northern Australia, where up to 

60% of strains are M non-typeable.40 It is also noted that the M protein of some 

serotypes share cross reactive epitopes at their N terminal regions leading to 

ambiguous typing results. 54 17 The high cost in production of highly titrated anti sera 

for all known serotypes is another disadvantage. 17 55 
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1.4.2.4. T -typing 

As well as M protein surface expressed T, and R antigens are also used as 

epidemiological markers in GAS disease using an agglutination test, although less 

information is available for the R antigen classification. 17 T -typing is based on the T 

antigen which is also surface expressed in GAS and is independent of the M protein. 

44 43 56 Unlike the M protein the conserved region of the T-protein molecule is theN-

. I . 11 termma regwn. Presently the T -antigens form a group of approximately 25 

distinct serotypes of group A which possesses the common property of being 

resistant to digestion with trypsin. 17 47 57 They have been used to subclassify M-

types when there was a lack of available typing sera or the lack of expression, 

however antibodies to the T-antigen are not protective so therefore have not been 

. I d. d 47 extensive y stu 1e . 

1.5 MOLECULAR TYPING 

In the study of the epidemiology of GAS invasive disease, typing of strains from 

outbreaks has been an important tool in the discrimination of clonal species and in 

association with various molecular typing methods such as M-typing, emm sequence 

analysis and vir typing allows identification of strain diversity. 17 The availability of 

quick and inexpensive typing procedure in endemic and remote regions would be of 

particular advantage. This was shown to be of particular importance in a recent 

reported outbreak of GAS postnatal infection in the Northern Territory of Australia, 

where there was suspicion of nosocomial transmission. 58 

Various methods are available to molecularly type GAS strains such as Ribotyping, 
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multilocus enzyme electrophoresis (MLEE), random amplification of polymorphic 

DNA (RAPD) and restriction fragment analysis (RFLP) using pulse field gel 

electrophoresis. Some of these methods have been shown to have limitations either 

in reproducibility, length and cost of the procedure.59 55 With respect to M 

serological typing availability of sera and the high cost is an important aspect 

particularly in endemic regions of low socioeconomic nations. Also GAS isolates 

have been shown to react with more than one M reference type sera during 

serological typing, due to shared N-terminal antigenic regions of the M protein.54 

Further in GAS endemic regions of South East Asia, India and Northern Australia 

M-typing has not been applicable due to the existence of M non-typeable strains.40 60 

Rebecca Lancefield recognised the antigenic diversity of the M protein and since 

those times, typing methods have centered around M protein serology and more 

recently emm sequence typing and the chromosomal structure surrounding the vir 

regulon of GAS. 

1.5.1 Vir typing 

Vir typing was developed at Menzies School of Health in response to these 

limitations and involves discrimination of restriction fragment length 

polymorphism's (RFLP's) of a long PCR product for a conserved specific region of 

the GAS chromosome called the vir or mga regulonY 59 The vir regulon contains 

genes encoding the multiple gene regulator (mga) formerly known as virR I mry, M 

protein (emm) and M like protein genes (fcrA, enn) and the gene encoding the C5a 

peptidase (scpA). 62 63 47 The mrp or (/(:rA) gene codes for the immunoglobulin G 

(lgG) Fe receptor whilst the enn gene codes for the immunoglobulin A (IgA) binding 
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. . 47 
activity. 

virR I@ {erA @emm ~ enn 

virR @emm @enn scpA 

virR @emm 

Fig 1.3 The structural model of the GAS vir regulon showing 3 arrangements of the 

regulon genes and the subsequent variability in size from ~ 4 - 7 kb 62 63 

Concordance of vir typing with sequence typing has been seen when selected vir 

types were subjected to sequence analysis of the hypervariable region of the emm 

gene in a Northern Territory study in indigenous communities.64 In addition nearly 

one third of the isolates sequenced in the study, represented new sequence types 64 

and in a region of high GAS endemicity the ability to process large numbers of 

isolates (for the purpose of epidemiological analysis) easily and at low cost with high 

discrimination in comparison to running an automated sequencer is an advantage. 

So vir typing is defining of both GAS and strain variation. 
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The architecture of the GAS mga regulon can provide type specific molecular 

characterization due to the specific arrangement of the M, M like and other virulence 

genes. The sequence diversity of the emm gene and the allelic variation within this 

cluster has recognized epidemiological significance since Class I M proteins are 

found in OF negative strains which exhibit four different gene arrangements whilst 

Class II OF positive strains exhibit only one (see also 1.4.2.2 above). 65 3 13 

1.5.2. Emm-sequence typing 

The emm gene located in the mga regulon of GAS encodes M protein. Since the 

antigenic variation of the M protein lies in the N-terminal region of the protein, 

specific conserved primers directed to the corresponding portion of the em m gene are 

used in PCR reactions with subsequent sequencing of the first 160 bases.23 This is 

sufficient to identify a separate emm sequence type from a reference sequence 

located in the S. pyogenes data base.66 67 In order to match a given emm sequence 

there has to be at least 95% or greater homology with the reference sequence.66 68 

The emm GenBank includes the M type specific hypervariable region of about 200 

emm genes plus around 50-100 alleles of these various em m genes.23 Each em m type 

sequence includes a 5' portion encoding about 15-23 residues of the membrane 

export signal sequence and up to 200 amino acids of the mature M protein N 

terminus.23 Used along with other typing systems further discrimination of clonal 

isolates can be achieved as there are many more emm sequence types and allelic 

variants than there are M or T serotype designations. 
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1.6. VIRULENCE FACTORS 

1.6.1. Hyaluronic Acid (HA) 

There is evidence, which suggests that hyaluronic acid (HA) capsules act to resist 

phagocytosis 69 and streptococcal HA is identical to HA found in mammalian extra 

cellular matrix (ECM) and connective tissue.44 70 71 

S. pyogenes attaches to both human pharyngeal or skin epithelial cells through its 

specific recognition of its hyaluronic acid capsular polysaccharide by the host 

hyaluronic acid binding protein CD44 and Protein F I Stbl binding by host CD46 

keratinocyte receptor. 71 72 Furthermore, the degradative enzyme hyaluronidase of 

GAS is thought to assist bacterial spread through host tissues by hydrolysis of 

glucosaminic bonds of the host hyaluronic acid. 70 So the cell wall provides not only 

a rigid exoskeleton for protection against both mechanical and osmotic lysis but also 

serves as a site of attachment for proteins, carbohydrates and assorted molecules 

which interact with the bacterial environment.47 

1.6.2. Strptococcal inhibitor of complement (SIC) 

The multiple gene regulator of Steptococcus pyogenes a chromosomal region known 

as (mga) coregulates genes important to the virulence of the organism. 173 GAS M 1 

serotype are frequently isolated from human infections and shown to contain in this 

regulon the sic gene encoding a hypervariable streptococcal inhibitor of complement 

protein SlC. 172 171 In the complement pathway a protein called C3b is deposited on 

the bacteria which opsonises the pathogen for phagocytes. Other complement factor 

proteins are C5a and C5b of which C5b forms complexes with the membrane attack 
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complex (MAC) whilst the C5a acts as a chemo-attractant for the phagocytes. The 

SIC protein binds to the MAC and in doing so inhibits lysis of the pathogen. 173 

1.6.3. M protein 

The M proteins are dimeric a-helical coiled coil protein molecules attached at the 

bacterial cell surface at the carboxy-terminus.3 They present as fibrillar cell surface 

expressed proteins, which enables the pathogen to avoid macrophage engulfment. 54 

M protein, hyaluronic acid capsule and streptococcal inhibitor of complement (SIC) 

are thought to act as virulence factors via their antiphagocytic activity by avoidance 

I 47 73 74 53 . . c: • h of the comp ement system. This IS achieved by their direct inter1erence wit 

the complement cascade and the MAC by the interaction of the M protein I 

hyaluronic acid capsule's ability to bind serum factor H a complement down 

regulator removing the target marking function, preventing recognition by 

phagocytic immune cells. 73 M proteins have the ability to bind a variety of host 

components such as immunoglobulins (IgG, lgA,) fibrinogens, kinogens, 

plasminogens, and albumins.47 M protein binds immunoglobulins and plasminogens 

via the amino terminal end of the protein. Plasminogen is the biologically active 

precursor to plasmin, a fibrinolytic molecule speculated to be involved in the 

invasive properties of cells. M proteins bind both, immunoglobulins and human 

plasminogen bind via the variable N terminal region of the protein.47 75 Fig 1.4 The 

evidence of the interactivity of the bacterial M protein with ECM host proteins would 

suggest that a number of mechanisms exist to establish primary contact whilst 

avoiding the immune system of the host. 
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M protein serotypes are non randomly· represented among GAS invasive disease 

causing strains with M types 1,3,11,12 and 28 being frequently reported, with M 1 

and M 3 being the most common identified in the first world. 17 Certain M protein 

serotypes have shown a strong association with throat and rheumatic fever; M 

1,3,5,6, 18, 19,and 24 and do not produce opacity factor i.e. Class I M proteins whilst 

others such as M 2,49,57,59,60, and 61 are associated with pyoderma and 

glomerulonephritis and are referred to as Class II M proteins.22 76 77 78 

It appears that in many cases type specific distributions of the organism were seen in 

both the invasive and non-invasive infections with the re-emergence of more virulent 

strains such as the M 1 serotype which in earlier decades were primarily seen in cases 

of pyoderma or scarlet fever. 3 Protective immunity to GAS is directed to the M 

protein and is type specific.23 

It is unclear how GAS gain entry into the blood stream, since many individuals with 

sepsis lack local pyoderma which traditionally has been the focal point for invasive 

. c: . 74 mtectwns. 
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Fig 1.4 Model of the streptococcal M protein, as adapted from, 'Structure and 

antigenic composition of group A streptococci' in 79
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1.6.4. Fibronectin Binding Proteins (FBP) 

The virulence of a pathogen is considered to begin with adherence and colonization 

of the ECM, involving specific interactions between molecules on the cell surface of 

both host and pathogen. 80 81 82 One such interaction is mediated by pathogen cell 

surface expressed fibronectin binding proteins (FBP's) initiating a receptor ligand 

. . . h h h fib . 83 82 F'b . . 1 commumcatwn wit t e ost I ronectm. 1 ronectm IS a very arge 

multifunctional glycoprotein ~ 440,000 daltons found as a disulfide linked soluble 

dimer in most body fluids, loose connective tissues, basement membranes and 

I 
. . 84 85 47 

granu atwn tissues. Fibronectin also acts in cell to cell attachment, 

embryogenesis, nerve regeneration and is found in areas of fibrosis and inflammation 

as well as being included in the immune complexes found in patients with bacterial 

h . d' 85 and r eumatlc Iseases. 

There are several streptococcal FBP's described in the literature including, protein F 

. 86 52 87 81 88 s (Sfbl), serum opacity factor (SOF I OF, Stbll), Fbp54, and PrtFII. ome 

of these FBP's share structural similarities such as an N terminal signal peptide, 

fibronectin binding repeats and a cell wall membrane anchor region Fig. 1.5 A. 89 

The fibronectin binding domains for some species of FBP's appear to be conserved 

and are shown to be the sites for fibronectin binding, usually at the C-terminal 

region.89 51 An exception to this is Fbp54, which has been shown to interact with 

buccal epithelial cells via the first 89 N-terminal residues.86 Also recent studies have 

demonstrated that all clinical isolates of S. pyogenes contain the gene for Fbp54 with 

the deduced amino acid sequence highly (>98%) conserved amongst different M 

serotypes.90 
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Fig 1.5 A) Shows schematic fibronectin binding protein structure of Stbl, PrtFII, 

and SOF, used in this study showing conserved C terminal regions of the fibronectin 

binding domain (FBRD) containing various numbers of repeats having various 

affinity binding characteristics and variable N terminal region, modified from 51 91 92 

B) Shows amino acid homology between fibronectin binding repeat domains in four 

streptococcal proteins. PrtF 15, another fibronectin binding protein was included to 

show the range of conservation of this region. Black highlight shows residues 

identical I conserved within 2 units to the fibronectin binding repeat domain 

consensus (NCBI Genebank Protein alignment). 

Serum opacity factor is a FBP that opacifies human sera by the cleavage of 

apolipoprotein A 1 component of high density lipoprotein fraction of sera and IS 
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expressed by some GAS strains that cause impetigo, pharyngitis and acute 

glomerulonephritis.93 48 94 SOF was shown to be expressed in~ 35% of known GAS 

serotypes and in a study by Kriekemeyer et al 1995 sof I s.fbll gene was present in 

43% of isolates from invasive GAS infections and 56% of streptococcal isolates from 

wound throat and skin. 52 When the gene for FBP Sfbll was insertionally inactivated 

it was shown to have a greatly reduced ability to bind fibronectin. 52 In addition mice 

challenged intraperitonally with SOF positive YL3 (pNZ28), SOF negative YL3 

mutants as well as the wild type GAS SOF positive strain T2MR resulting in 0/10, 

12115 and 1115 survival respectively. 52 This suggests that the virulence of SOF may 

be linked with its ability to adhere ECM proteins such as fibronectin. SOF is 

regulated at least in part by the multiple gene regulator mga of the vir regulon along 

with M protein, C5a peptidase.47 

Although S. pyogenes Sfbl and Sfbll proteins share structural and biochemical 

similarities manifested in their ability to bind fibronectin and common repeat 

regions, polyclonal antibodies directed against the binding domains of each protein 

exclusively recognized the respective protein without cross reactivity. 51 

Sfbl mediates GAS adherence to respiratory epithelial cells VIa its fibronectin 

binding domain as evidenced by the disabling of fibronectin binding to epithelial 

cells via insertional inactivation of the s.fbl gene. 87 Epidemiological studies revealed 

that using fibronectin binding repeat (FNBR) domain (see Fig 1.5) as a probe, the 

Sfbl protein was present in 70% of 51 epidemiologically unrelated S. pyogenes 

isolates and of these 36 Sfbl probe positive isolates, 95% bound fibronectin and 89% 
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adhered strongly to epithelial cells.95 Although previously considered a model for 

extracellular pathogenesis, streptococci have shown the capacity to invade and 

persist in epithelial cells.96 Molinari et a! demonstrated that Sfbl His-tag fusion 

protein constructs, containing truncated forms of the fibronectin binding repeat 

domain coupled to latex beads and incubated with HEp-2 epithelial cells were 

sufficient for both adherence and internalisation of HEp-2 cells whilst the non 

fibronectin repeat containing construct showed little or no association to the 

epithelial cells. 97 

Previous studies have shown an unexplained failure of antibiotic treatment to 

eradicate GAS in up to 30% of patients with pharyngotonsillitis.98 99 Since 

penicillin's (~-lactams) do not reach bactericidal concentrations intracellularly the 

ability of Sfbl to assist in both pathogenesis and persistence was investigated. 100 To 

this end Neeman et a! 1998 studied the presence of S.fbl in persisting strains and 

showed that in 9/10 90% of patients with symptomless carriage had Sfbl containing 

strains (not recolonised strains) compared to 16/54 30% of patients with successful 

eradication (p = 0.0009). 100 

PrtFII has been cloned and sequenced and shows high homology to other 

streptococcal FBP's containing species such asS. dysgalactiae and S. eqisimilis and 

in contrast to the other FBP's contains two domains responsible for fibronectin 

binding.91 These include fibronectin binding repeat domain (FBRD) consisting of 3 

consecutive repeats and the other unique fibronectin binding domain (UFBD) which 

contains a non repeated stretch of~ 1 00 amino acids towards the amino terminal. Fig 
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1.5 91 Both of these domains are able to bind fibronectin when expressed as a 

separate protein and shown to be regulated in response to atmospheric oxygen 

concentrations.91 Another streptococcal FBP also recently characterized from an 

M 12 strain is PFBP and exhibits significant similarity with PrtFII particularly in the 

C terminal region (96% homology). 81 These various forms of FBP's whilst having 

variable N-terminal regions posses these conserved binding domains which suggests 

conserved function. The variation in these proteins also raises questions of tissue 

trophic associations. As has been previously suggested a mechanism for bacterial 

pathogenesis is via primary contact with the ECM of the host organism and given 

that the FBP, Stbl is able to internalize respiratory epithelial cells begs the question 

as to the epidemiology ofFBP's in invasive disease. 

However given that fibronectin has been shown to have ubiquitous binding ability 

the results of any in vitro binding study should be viewed with a relevance to the 

biological significance. 

1.6.5. NAD Glycohydrolase (NADase) 

NAD-glycohydrolase is an nicotinamide adenine dinucleotide (NAD+l metabolizing 

enzyme which exist in many organisms from bacteria to mammals, being 

extracellular and membrane bound in eukaryotes to being secreted by S. 

101 102 103 104 . + pyogenes. NAD-glycohydrolase ts able to hydrolyse NAD (a coenzyme 

in biological oxidation reduction reactions) at the nicotinamide-ribose linkage to 

yield adenosine-diphosphoribose (ADP-ribose) and nicotinamide Fig 1.6. 105 102 

NAD+ and its metabolites are important regulators of numerous eukaryotic 
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intracellular processes. 101 Unlike eukaryotic NAD glycohydrolases most prokaryotic 

enzymes with the exception of S. pyogenes are unable to catalyse the synthesis and 

hydrolysis of cyclic ADP-ribose. 102 106 

B 

NAD+ 
uni1 

Adenine Ribose 

unit 

NADase 
Cleavage 

site 

Fig. 1.6 NAD+ molecule showing NADase cleavage site and the the two 

distinct moieties formed A) Nicotinamide and B) Adenosine

diphosphoribose.107 

Streptococcal NADase is coded for by the nga gene (also known as spn) and recent 

studies by Stevens et al and Ajdic et al showed it to be present in all GAS isolates 

tested however expression was variable. 103 102 108 NADase once having gained 

access to the cell cytoplasm could deplete the intracellular NAD reservoir and cause 

apoptosis or cell death due to the uncoupling of electron transport.' 09 Further 

streptococcal NADase may contribute to virulence by the disruption of cellular 

permeability affected by the nicotinamide moiety as well as being proposed to 

35 



modulate development of autoimmunity. 106 101 In addition the ADP-ribose acts as a 

second messenger by disrupting the host intracellular ci+ concentrations which in 

turn may lead to disruption of key cellular functions. 103 102 106 110 An example of this 

is seen in fragment A of diphtheria toxin which has been reported to possess such 

enzymatic action giving it the ability to inhibit protein synthesis whilst the cholera 

toxin has been reported to possess both NADase and ADP-ribosyltransferase 

activities. 111 It has been suggested that the ADP-ribose generated by NADase 

induces lymphocyte proliferation or activation causing several disorders through 

cytokine networks. 106 112 The ability of NADase activity to cause such cellular 

destruction and its involvement with cellular infiltration warrants investigation of 

invasive disease case isolates. Since it has been shown that FBP Sfbl can internalize 

epithelial cells, S. pyogenes may be able to induce severe invasive disease such as 

necrotising fasciitis with the aid of such an enzyme as NADase. Particularly in the 

case of apoptosis where events can progress quickly may explain the action of GAS 

in fast progressing invasive diseases such as necrotising fasciitis. 

1.6.6. Streptococcal Pyrogenic Exotoxins (SPE) 

Typically streptococcal pyrogenic exotoxins (SPE) cause fever, erythematous 

reactions, cytotoxic and immunological effects. 113 114 The SPE's belong to the 

superantigen family and thus can induce massive secretion of inflammatory 

cytokines, such as gamma inteferon (IFN-y) interlukin-1 (IL-l), and tumor necrosis 

factor a, which if overproduced can lead to tissue damage organ failure and shock. 

115 116 GAS are known to produce several of these extracellular pyrogenic toxins 

also referred to as cysteine proteases and have been implicated in the recent 
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resurgence of severe invasive disease such as streptococcal toxic shock syndrome 

(STSS) with multi organ failure. Three main types have been described in the 

literature; streptococcal pyrogenic exotoxins A, B, C (SPE A, SPE B and SPE C) of 

which SPE A and SPE C are bacteriophage encoded whilst SPE B is chromosomaly 

encoded and ubiquitous in all GAS. 120 114 121 24 Streptococcal pyrogenic exotoxins 

responsible in scarlet fever are suspected in playing a critical role in the pathogenesis 

of STSS. 117 These exotoxins have the capacity to super stimulate T lymphocyte 

receptors. 118 T-lymphocytes such as helper T cells and suppressor T cells are 

responsible for cell mediated immunity by up or down regulating the actions of the 

other white blood cells, whilst cytotoxic T cells react with foreign antigens 

presenting on the surface of other host cells. The consequence of these 

superantigens stimulatory action on the immune system is to produce an accelerated 

cascade of cytokines which is thought to explain the dramatic shock and organ 

failure.21 12 17 22 118 119 

In the early 20111 Century SPE A producing strains were less coincident in cases of 

rheumatic fever in the United States, Europe and Great Britain showing a shift 

towards SPE B and SPE C.22 SPE A producing strains have in the recent times 

coincided with M 1 and M 3 producing strains which are those strains most 

d . GAS . c- • d' 22 122 represente m recent severe In1ecttous 1sease. 

The effects of SPE A involve direct B cell activation and the proliferation ofT cells 

with the massive production of cytokines such as tumor necrosis factor-a, interlukin-

1 p, and interlukin-6 by human mononuclear cells.22 121 These potent cytokines are 
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known to mediate fever, shock and tissue injury 22 and the massive release of these 

compounds is thought to be the mechanism involved in dramatic shock and multi

organ failure. 118 In fact studies show that a majority of invasive disease associated 

strains demonstrated SPE A production. 123 124 22 However cases of streptococcal 

toxic shock has also been reported in association with SPE C and SPE B as well as 

with combinations of toxins, 123 113 this may imply that various serotypes may 

increase in virulence by acquiring new genetic material such as a toxin gene and in 

the case of speA and speC this occurs through lysogenic conversion. 114 Hence the 

change in virulence may be due to genetic factors carried by these two SPE's 

associating with invasive disease case isolates. 

1.6.7. Streptolysin 0 (SLO) 

GAS produce two extracellular hemolysins 0 and S which are responsible for the 

zone of clearing (hemolysis) around streptococcal colonies on blood agar plates.44 

SLO is produced by most GAS and also observed in some strains of group B, C, D, F 

and G streptococci. 125 Streptolysin 0 is an oxygen labile protein and accounts for the 

anaerobic hemolysis beneath the colonies whilst streptolysin S (SLS) is oxygen 

insensitive and causes the surface hemolysis. 41 Both these proteins have been shown 

to produce cell and tissue destructive activity, with only SLO being immunogenic. 126 

127 Streptolysin 0 has the ability to induce tumor necrosis factor a, which may have 

a synergistic effect with the exotoxins. 117 21 

In an effort to understand GAS virulence, the ability to translocate effector molecules 

from the bacterial cytoplasm into the host cytosol has been investigated. Gram-
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negative bacteria have developed complex protein secretion systems termed type Ill 

to deliver effector proteins into host cells that then modulate host cellular functions. 

1oo 128 129 130 A Ill l'k · c · · · f f-c · h type - 1 e secretiOn system 10r InJection o e 1ector protems as not 

been described in Gram positive bacteria. 108 Recent studies describe an injection 

pathway for Gram positive Streptococcus pyogenes utilizing streptolysin 0 a 

cholesterol dependent thiol-activated cytolysin. 108 127 Like other thiol-activated 

cytolysins SLO binds to cholesterol present in eukaryotic cell membranes where it 

I. . c b 127 o 1gomenzes to 1orm transmem rane pores. 

A model for delivery of effector molecules such as NADase via a SLO delivery 

system using FBP using receptor ligand interaction for cell attachment is shown in 

Fig 1.7. This system may act to use this interaction with the ECM to deliver 

cytokines and other signaling molecules that may lead to disruption of cellular 

systems through to cell death and apoptosis. If this process has the ability to 

facilitate entry of cytotoxic molecules then it may also serve to shelter pathogens via 

cell invasion to evade the immune system and antibiotic treatment. 

Investigation of the streptococcal genome shows that nga (spn) the gene for NADase 

and slo are adjacently located and regulated by the same promoter. 108 Recent studies 

using SLO and SPN mutant constructs reveal that translocation of NADase is a 

coordinated process involving adherence of the bacteria to the host followed by 

· · · f h f-c 1 1 · SLO d' d 108 102 126 InJection o t e e 1ector mo ecu e via a me mte pore. 
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Fig. 1. 7 Model of cytolysin mediated translocation for Gram-positive bacteria and 

eukaryotic cells. This model shows a generalized secretion pathway (sec) through the 

bacterial cell membrane (hem) and cell wall (cw) of effector molecules through a 

translocation pore, assisted by a receptor (R) ligand-adhesin (A) interaction, 

modified from 108 

GAS isolates from streptococcal toxic shock syndrome (STSS) and scarlet fever 

patients from Japan were compared for the expression of SLO. In the ten patients 

studied from each group SLO was detected at high to moderate levels in eight of the 

ten STSS derived GAS isolates whilst only two of the ten scarlet fever derived GAS 

isolates showed moderate levels of SLO production. 131 Both conditions are toxin 

mediated but the SLO produced by GAS in STSS patients that invaded and 

proliferated multiple organs may have exerted toxic effects on various tissues. 

Streptococcal cysteine protease (SCP) or streptococcal pyrogenic exotoxin B has the 

ability to degrade ECM proteins such as fibronectin and vitronectin. 132 It has also 

been suggested that SCP may trigger host factors to participate in ECM breakdown 
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by such enzymes known as matrix metalloproteases (MMPs). These enzymes are 

thought to initiate a pathogenic pathway that is responsible for tissue destruction in 

peridontal disease, 133 however the same is seen in cases of GAS necrotising fasciitis. 

In rats, purified SCP augmented lung injury induced by streptococcal cell wall or 

SL0. 134 135 So it appears that many factors are at play with regard to both host and 

pathogen although it would seem a sensible step to engage effector molecules 

causing disruption at the ECM and an effective transportation avenue such as pore 

forming SLO, for the translocation of various other enzymes, which may lead to 

further virulence. Thus the evidence suggests that the virulence and toxicity of a 

GAS pathogen is a complex amalgam of interaction with pathogen compounds and 

the host ECM. This interaction between the host and the pathogen with the ECM 

involves bacterial cell wall compounds including M proteins and fibronectin binding 

proteins (FBP). 

1.7 VIRULENCE FACTORS ASSOCIATED WITH GAS INVASIVE 

DISEASE 

These virulence factors described above are by no means exhaustive although they 

serve to illustrate the variety of strategies by which GAS achieves pathogenicity. In 

the period leading up to the 1980's GAS infections were shown to be in decline, 

however the last two decades has seen a resurgence of severe GAS invasive 

infections and streptococcal toxic shock syndrome in the USA and north western 

Europe.8 46 

The human individual is not defenseless against invading pathogens and the balance 
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between them is maintained by the aid of the immune system and the integrity of the 

physical barriers of skin and endothelium. It is reasonable to assume that the 

"disease state" is a product of the interaction of host, pathogen and environmental 

attributes although the controlling mechanism is illusive. For example the fact that 

rheumatic fever develops in some people and not in others with identical 

precipitating illness implies that host differences contribute to the progression of the 

disease. 28 Also rheumatic fever is considered to follow on from a throat infection 

and not pyoderma although this has been described 28 which may suggest that the 

organism is responding to the host resistance and or reflecting a change in it's own 

virulence. It is well known that the M protein of GAS elicits anti phagocytic behavior 

enabling it to avoid the complement system. 17 It has also been shown that host 

immunity is directed towards the variable antigenic region of the M protein and this 

. . . . 'fi 12 17 136 protective Immumty IS serotype spec! IC. 

A study in Ontario Canada during 1992 and 1993 revealed that the highest incidence 

of invasive GAS infections occurred in young(< 10 years) and in old (> 60 years) 

individuals respectively 2.0 I 100,000 I year and 3.5 I 100,000 I year, with a low 

incidence of those between 10 - 60 0.8 I 100,000 I year, 137 which may be expected 

in a normally distributed population. In the same study an excess of cases 1.2 I 

100,000 I year was seen in the 30-39 year age group however in 54% a strong 

association of underlying disease was found. 137 In contrast a similar study done in 

the Netherlands between 1993-1995 showed quite different distributions than that of 

the Canadian study and reflect similar patterns as seen in other Scandinavian 

countries and the USA.8 The Netherlands study showed that the mean yearly 
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incidences of GAS invasive infections and streptococcal toxic shock syndrome 

(STSS) were highest in the > 60 years, 30 - 39 and 0-9 year age groups with the 

association of underlying disease lower than that of the Canadian study 32% versus 

54% respectively.8 

Although the resurgence of invasive GAS infections has been related to various 

functional aspects of specific virulence factors, studies of strain clusters and disease 

outcomes reveal that the same streptococcal strains can be isolated from cases of 

STSS, non-severe invasive cases and asymptomatic contacts. 138 Taken together with 

the previous data it is not unreasonable to suggest that both, the health status of the 

individual as well as other host factors play an important role in host susceptibility 

and disease pathogenesis. 

As mentioned previously certain attention has been given to the environmental 

factors relating to affluence and socioeconomic predisposition affecting disease 

outcomes although evidence indicates that the resurgence in GAS invasive disease is 

seen in the affluent developed countries and in previously healthy individuals. GAS 

gene expression has been shown to be regulated by a variety of environmental 

conditions and in the case of vir regulon and surface proteins in GAS, these have 

been shown to be regulated by carbon dioxide and or growth phase.47 

Regulation of certain virulence genes such as those responsible for fibronectin 

binding and other virulence genes involved in host cell damage has been shown to be 

modulated by Nra a global GAS regulator. 139 Virulence may also be affected by the 
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extent to which pathogens are able to control gene expression under conditions of 

varying temperatures as encountered in the host infection cycle. 140 Heat shock 

response is a universal phenomenon employed by all living cells when exposed to 

sub-lethal heat shock or to various other stress factors and is achieved by the 

production of heat shock proteins (HSP's). These proteins function as molecular 

chaperones in the maturation of newly synthesized proteins assisting in the refolding 

or degradation of denatured proteins. 141 

1.8 RATIONALE FOR THE STUDY 

GAS virulence factors and invasive disease association worldwide are not uniformly 

distributed suggesting a much more complex interaction of host pathogen and 

regional influences. It would be beneficial to be aware of regional variations 

involved with host cell adhesion. 

As has been described in the introduction the NT of Australia is a unique region with 

regard to the distribution of GAS related disease. The NT also has a high diversity of 

GAS strains overall (> 100 molecular types) with up to 15 molecular types 

represented in indigenous communities at any one time as well as a large proportion 

• 4o 142 h · · M (60%) of M non-typeable GAS strams. We have also seen t at m usmg 

protein serotyping alone, the allelic variations observed in the literature may be 

missed and clonal associations may be misleading. Vir typing has been shown to be 

concordant with both M protein serotyping and emm sequence typing and enabled 

another level of discrimination in molecular epidemiology. 
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An important factor relating specifically to the NT is that while the incidence of ARF 

and RHD is very high, throat carriage is very low with the incidence of pharyngitis 

being virtually non-existent with the skin being the major reservoir for GAS. 

This is contrary to the rest of the world including other third world communities in 

the epidemiology of rheumatogenic and nephritogenic strains. Previous studies from 

other world regions have implicated certain GAS virulence factors in explaining the 

recent resurgence of invasive disease. The determination of strain variation based on 

M protein typing alone and the confusion over definitions of isolates and strains as 

well as the lack of detailed reference to sample isolates has been one of the problems 

in direct comparisons between previous studies. The NT contains diverse GAS strain 

variation and an investigation of the specific epidemiology of the region would be a 

helpful step in the recognition of appropriate control strategies such as vaccine 

development. Thus this work looks at various virulence factors from strains based 

on molecular typing from an extensive well-documented collection from the NT and 

a cohort group from NSW. In this way we have removed the clonal representations 

of isolates as in previous studies making the results able to be compared across future 

investigations. The results of this study will also provide further insight into vaccine 

antigen inclusion with regard to these particular virulence factors and regional 

specific associations. 
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2.0 INTRODUCTION 

This chapter will deal with a general explanation of the procedures involved in this 

thesis. These include sample collection, isolate DNA extractions, typing methods, 

PCR, radiolabelling of DNA probes, southern hybridization, biochemical assays, 

fluorometric assays and finally statistical analysis. Any further details of procedures 

will be discussed in the relevant chapter/s. 

2.1 METHODOLOGY 

2.1.1 Source of isolates 

The sample isolates used m this study were collected from both the Northern 

Territory (NT) and South Western Sydney (SWS). The NT isolates were initially 

derived from the microbiological departments of Royal Darwin Hospital, Tennant 

Creek Hospital and Alice Springs Hospital between 1990 and 1998 including 

samples taken from various Aboriginal communities. Access to these samples was 

through the Menzies GAS collection, which is stored in MSHR molecular laboratory. 

The SWS samples were obtained from the South Western Area Pathology Service 

(SWAPS) between 1996 and 1999 and were obtained through Or Michael Maley. 

2.1.2 Isolate Storage 

The isolates have been stored in the Menzies School of Health Research molecular 

genetics lab freezers at -70°C. Duplicate isolates have been stored in TSB (tryptone 

soya broth)(OXOID) + 15% glycerol and assigned a unique NS number, if the isolate 

origins are from the NT or an ES number, if they were not. This was recorded on 
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both manual hardcopy system and a GAS database, which is resident in Menzies 

School of Health Research. 

2.1.3 Isolate selection process 

As was discussed in the introduction there have been many virulence factors 

described and various associations have been noted in different parts of the globe. 

Also a predominance of various strains has been noted in recent resurgent GAS 

outbreaks, however no clear-cut association has been made with a particular 

virulence factor and invasive disease. This may have been due in part to strain 

selection, where in some studies multiple representatives of the same strain may have 

been selected as well as the lack of typing information, which made it difficult to 

make direct comparisons. In this study we have chosen isolates on the basis of; 

A) Temporal, geographic, and strain variation distribution spread over 8 years in the 

NT and 4 years in SWS and 

B) Site of isolation i.e. strains isolated from invasive infections such as bacteremia 

and necrotising fasciitis and non-invasive strains isolated from uncomplicated 

pyoderma and throat infections. 

Thirty-seven vir-types represented GAS isolated from blood culture of patients 

admitted to Royal Darwin Hospital, a major hospital in the tropical Top End of the 

NT, during 1990-1997 for bacteremia (n = 35) and necrotising fasciitis (n = 2). 

Seventy three percent (73%) of the patients from invasive cases were of Aboriginal 

descent. Thirty-eight vir-types represented GAS isolated from uncomplicated 

infections in the same geographic area during the same period. 
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Thirty-nine vir types were found among isolates causing invasive and uncomplicated 

infections in S WS between 1996 and 1999 of which 26 distinct vir-types were 

obtained from invasive disease cases and 13 from noninvasive disease case isolates 

from SWS. 

The isolates from invasive disease cases were collected from normally sterile sites, 

such as blood, CSF, pleural fluid, peritoneal fluid, joint fluid and bursa fluid. The 

114 genotypes analysed in this study comprised of 63 vir-types from invasive disease 

cases (necrotising fasciitis, toxic shock syndrome, cellulitis, bacteremia) and 51 vir

types from uncomplicated infections from the NT and SWS. In both the regions, no 

dominant GAS clone was identified within invasive disease cases 30 (Maley et al 

unpublished). Every isolate included in this study was a distinct genotype as 

determined by vir typing. The NT isolates represent nearly 75% of the circulating 

vir-types identified in this region and the SWS isolates represented I 00% of the vir

types collected during 1996-1999 from that region. Apart from selecting for a 

unique genotype as determined by vir-typing, no other selection was applied in either 

of the collection sets. For more detail see Appendix A. 

2.1.4 Isolate growth 

GAS isolates were taken from the -70°C and grown overnight on horse blood agar 

(HBA) plates (OXOID) at 37°C in 5% C02. An individual representative colony was 

selected and grown in THY+ 20 mM glycine (see Appendix B) at 37°C overnight. 
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2.2 DNA EXTRACTION PROTOCOLS 

The DNA used in all the molecular biological assays performed was extracted as per 

Chassy et al. 143 This procedure produced DNA quality, which resulted in high 

percentage success in PCR reactions over time (results not shown). Briefly, these 

overnight cells were pelleted by centrifugation at 850 x g for 10 minutes at 4 oc. The 

supernatant was discarded and the cells were resuspended with l 0 mL of TE 

(appendix B). The cells were again pelleted and resuspended in 300 f!L of TE, to 

which was added 700 f!L of 24% polyethylene glycol (20,000) (BDH Laboratory 

Supplies) and 350 f!L of 20 mg/mL lysozyme (Boehringer Mannheim) in succession. 

The suspension was then incubated at 37°C for 1 hour with agitation. The cells were 

pelleted by centrifugation at 17500 x g for 10 minutes at 4°C, and the supernatant 

was discarded. The cells were resuspended with 500 f!L of 1% SOS, made up in TE, 

and incubated at 65°C for 15 minutes. 10 f!L of 10 mg/mL RNase A (Boehringer 

Mannheim) was added and the suspension was incubated at 37°C for 30 minutes. 10 

f!L of 20 mg/mL Proteinase K (Boehringer Mannheim) was added and the 

suspension was incubated at 3 re for 30 minutes. 1 volume of phenol (Sigma) was 

added with vigorous mixing and the suspension was then centrifuged at 7300 x g for 

3 minutes. The top aqueous phase was taken. Following this, DNA in the aqueous 

phase was extracted with phenol I chloroform and chloroform (BDH AnalaR) in 

succession. The DNA was then recovered by precipitation in 0.3M sodium acetate 

(BDH Laboratory Supplies) and 67% ethanol (BDH AnalaR). The resulting mixture 

was incubated at -20°C for 5 minutes. The DNA was pelleted by centrifugation at 

16300 x g for 10 minutes at 4°C. The supernatant was discarded and the pellet was 
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washed with 1 mL of 70% ethanol (BDH AnalaR) and centrifuged at 9000 x g for 5 

minutes at 4°C. The supernatant was discarded and the pellet dried in a Speedy Vac 

Concentrator (Savant) for 20 minutes. The pellet was then resuspended with 200 11L 

of TE and stored at -20°C for future use. An example of the quality of DNA 

extracted by this procedure is shown in fig 2.1. 

ES ES ES ES ES 
M 14 78 95 77 ll 

23kb __. 

Fig 2.1 DNA recovered from SWS study isolates run on a 0.8 % 

agarose in ethidiurn bromide gel showing good quality high yield 

GAS chromosomal DNA. This was the same of NT isolate DNA 

extractions. M = 4 11L loaded Molecular Weight Marker Il 0.12 -

23.1 0.25ug/ j..LL (Roche) from this point referred to as (MWM II) 

2.3 MOLECULAR TYPING 

2.3.1 Vir typing 

Group A streptococcus isolates in this study were characterized by a molecular 

typing procedure, called vir typing, which is based on a long polymerase chain 

reaction (PCR) and subsequent restriction profiling of the mga locus of GAS, which 

comprises genes for M and M-like proteins (enn) , C5a peptidase (scpA) and their 

positive regulator (mga). Amplification of the mga regulon typically produces a 
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product of 4-7 kb due to the variation in genetic structural composition. (see Fig 1.3) 

59 60 

PCR primers, used in this procedure are VUF situated 342 bases upstream of mga I vir 

and, SBR situated 53 bases into scpA. (see Table 2.2 for primer pairs ) The PCR 

reaction was performed as per 60 briefly, a PCR master mix was set up as in Table 2.1 

dll 20 

IOX PC2 Buffer 

Enzyme taq I pwo 8: I 

(10 units I J.1L) 

Deoxynucleotide 

triphosphates (dNTP's) 2 

mM 

VliF (20 J.1M) 

SBR(20 J.1M) 

Template DNA 

37.1 J.1L 

5 J.1L 

0.4 J.1L 

5J.1L 

I J.1L 

I J.1L 

0.5 J.1L 

Table 2.1 Constituents used in a 50 f.ll vir 

typing long PCR reaction. Cycling 

conditions were, 1 cycle at 95 ° C for 1 min, 

then 25 cycles at 95 ° C for 15 sec 60 ° C for 

2 min then 68 ° C for 6 min using an 

(Eppendorf Mastercycler). Results can be 

seen in Fig 2.2. 

The product of the reaction was halved and one aliquot digested using 2 units of 

Hae/11 (Boeringer Manaheim) and the other 2 units of Hinfl (Boeringer Manaheim) 

at 37 ° C overnight. The RFLP was determined by size fractionation using 1.5 % 

T AE agarose gel electrophoresis containing ethidium bromide, illuminated via 

ultraviolet light followed by visual comparison (see Fig 2.3). These processes where 

standardised for PCR constituents, cycling settings, particular thermal cyder used 

agarose gel concentrations, digestion times, electrophoresis run times and voltages. 
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Table 2.2 Showing oligonucleotide primer sets used in the PCR reactions in this 

study. These primers were synthesized by Genset Pacific Oligos. Underlined 

pfb54 sequence contains restriction sites not present in the jbp54 gene. 

Primer Sequence 
Name 
VUF 5' AAACCGTATCTTTGACGCACTCGAGGACAATTTGCGAGATTAG 3' 

SBR 5'AGACATGAGCTCAA TGGCAAGTTTATCAAATGGTAATTTTTG 3' 

sfh! (F) 5 '-TA TCAAAA TCTTCT AAGTGCTGAG-3' 

sfb! (R) 5 '-AA TGGAACACT AACTTCGGACGGG-3' 

prtfll (F) 5 '-GAAGAAAAGCTTCCAGACGAGCAAGG-3' 

prtfl! (R) 5"-GGAATCTCAGAGTTACTTTCTGGTTCC-3' 

pjbp5.J (F) 5 '-CCGGA TCCATGA TT ATGCGT AAATACCTCCAG-3' 

pjbp5.J (R) 5' -CCCTGCAGTGCTT ATCAGAAT AATTTCAT AGAGAGAATTTTGGC-3' 

emmF2 5'-TATTCGCTTAGAAAATTAA-3' 

emmR 5'-GCAAGTTCTTCAGCTTGTTT-3' 

speA F 5 '-ACTT AAGAACCAAGAGA TGG-3' 

speAR 5 '-CCTT A TTCTT AGGT ATGAAC-3' 

speB F 5 '-GGATCCCAACCAGTTGTT AAATCTCT-3' 

speB R 5 '-AACGTTCT AAGGTTTGATGCCTACAA-3' 

speCF 5 '-AAGTGACTCT AAGAAAGACA-3' 

speC R 5 '-TTGAGT ATCAATGTTT AATG-3' 

sic F 5 '-CCGAAACGT AT ACA TCACGC-3' 

sic R 5 '-CTCAGGTTT AGGAAT ATGTCC-3' 
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M 

9.4 kb 

4.4 kb --

Fig 2.2. 0.8 % T AE agarose gel showing vir typing PCR products for 

NS 730 through toNS 1033 in Fig 2 below. M = MWM 11 

M NS NS NS NS NS NS NS NS NS 
730 14 436 I 210 179 567 225 1033 

23 kb ____. + + + + 
2. 3 kb ____. 
2. 0 kb ____. 

0. 6 kb • 

Fig 2.3 1.5 % T AE agarose gel showing the products of a double digestion of 

representative invasive and non-invasive NT case study isolates using haei/1 in 

the arrowed lane and hinfl in the adjacent lane. The restriction patterns above 

allow us to identify variant GAS strains and assign a unique vir type identifier 

number. M = MWM II 
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2.3.2 emm sequence typing 

Although vir typing was used to determine molecular GAS type, it was also intended 

to emm sequence type all the strains. The diversity of the M protein emm is due to 

N-terminal region of the protein and so the corresponding regions of the emm gene 

were amplified by PCR using specific conserved primers (Table 2.2) and the 

subsequent sequencing of the first I60 bases of the resultant DNA. The protocol for 

emm sequence typing PCR used was modified from 23 66 67 briefly, PCR mastermix 

Table 2.3 was established by substitution of the I OX PCR buffer (Boeringer 

Manaheim) for I OX (NH4) 2 S02 (Fermentas) which along with a titration of 

magnesium concentrations (not shown) resulted in a final concentration of I.5 mM 

MgCh in a 50)11 reaction (Table 2.3). In order to improve specificity and yield, a range 

of annealing temperatures were investigated (not shown) to yeild final product (see Fig 

2.4). 

dll 20 

(NH,),SO, 
IOX PCR Buffer 

MgCI, 250 ml\1 

Enzyme taq 

(5 units I J.1l) 

Deoxynurleotide 

triphosphates (dNTP's) 

2ml\1 

emm F2 (20 J.LM) 

emm R (20 J.LM) 

Template DNA 

J0.3J.1l 

5J.1L 

0.3J.1L 

0.4J.1L 

5J.1L 

4J.1L 

4 J.1l 

I J.1l 

Table 2.3 Constituents used in a 50 )ll emm 

sequence typing PCR reaction.The cycling 

conditions used were; an initial cycle of 

95°C I min then 3I cycles of 95°C 30 sec, 

40°C 40 sec, 72 °C 2 min, then I cycle of 

72°C IO min 
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I kb __. 

500 bp __. 

M 

-

ES -ve 
7 c 

Fig 2.4 0.8 % TAE agarose gel showing emm PCR for NT invasive Case 

isolates No. 1-10 Table 1-A Appendix A. M = Molecular weight marker 100 bp 

(BioLab) ladder from this point on referred to as MWM 100, ES 7 is a positive 

control as well as, -ve C, no template control 

These emm PCR products were then purified usmg QIAquick spin columns 

(QIAGEN) as per manufacturers directions. This was done to remove buffers and 

primers and prepare the template for cycle sequencing reactions. Sequencing was 

done using ABI Prism Big Dye Terminator Cycle Sequencing Ready Reaction kits 

(PE Biosystems) as per manufactures directions. Briefly, 10-40 ng, of spin column 

purified emm PCR product, 3.2 pmol of emm F2 forward primer was added to the 

Big Dye terminator ready reaction mix, containing enzyme nucleotides and dye in a 

20~-tL reaction. Cycle sequencing used an initial cycle of 96 °C 2 min, then 25 cycles 

of 96 °C 30 sec, 50 °C 15 sec, 60 °C 2 mins in an Eppendorf Mastercycler. Cycle 
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sequencmg reactions were purified usmg Dye Ex Spin Kit (QIAGEN). These 

samples were then speedy vac dried for ~20 min then sent to Dr D. McMillan at 

QIMR (Queensland Institute of Medical Research) for loading onto an automated 

sequencer. 

Firstly the sequence data and chromatograms (ABI files) returned from QIMR were 

investigated using a program called Chromas version 1.43. I then edited these 

sequences using Edit Seq DNA STAR program to remove sections of primer reads 

and review the designated bases before initiating a search with these sequences to the 

streptococcus emm data base at http://www.cdc.gov/ncidod/biotech/strep/doc.html. 

2.4. ELECTROPHORETIC TECHNIQUES 

DNA extractions, DNA enzyme digestions and PCR reactions were loaded onto a 

TAE ethidium bromide agarose L E (Roche) gel of various concentrations ranging 

from 0.8% to 1.5% using sample loading dye, agarose loading dye (ALD). The 

running buffer was T AE containing ethidium bromide. Electrophoreses was applied 

at 1 OOV for between 30-90 min and visualisation of the individual band/s was 

achieved using ultraviolet light excitation of the intercalated ethidium bromide in the 

DNA. This was recorded digitally using Gel Doe, Molecular Analyst (BIORAD). 

2.5 PCR PROBE CONSTRUCTION FOR DETECTION OF FBP GENES 

Primer sets were designed for specific recognition of the fibronectin binding repeat 

domain of the C - terminal conserved region of Sfbl, PrtFII. Fig 1.5 and the N -

terminal region of the Fbp54 protein. Probes of s.fbl and prt.fll were generated by 
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PCR (see Fig 2.5 - 2.6) using primer sets in Table 2.2 PCR reaction mix and thermal 

cycling conditions as in Table 2.4 using an Eppendorf Mastercycler. All PCR's were 

run with a no template control, although not shown in some images. 

Table 2.4 Shows 50 ~-tL PCR master mix for sjbl and prtfll. Primer pairs are in 

Table 2 .2. Cycling conditions were, 30 cycles of 95 °C 15 sec, then of 50 °C (sjbl) or 

60 °C (prtftl) 60 sec, 72 °C 60 sec. 

2. 0 kb 

0. 6 kb 

dl120 

IOX PC2 Buffer 

Enzyme taq 

(5 units I 1-1L) 

Dcoxynucleotidc 

triphosphates (dNTP's) 2 

mM 

F primer (20 J.LM) 

R primer (20 J.LM) 

Template DNA 

M 

--·· = 
... 

sfb/ prtfll 

32.6~-LL 36~-LL 

51-LL 5 ~-LL 

0 .4~-LL I1-1L 

5 ~-LL 5 ~-LL 

3~-LL 1~-LL 

3~-LL 1~-LL 

I1-1L 1~-LL 

Fig 2.5 0.8 % TAE agarose gel 

showing sjbl PCR probe generated 

from JRS145 DNA template. M = 

MWM ll 
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2. 0 kb 

0. 6 kb 

M 

Fig 2.6 0.8 % T AE agarose gel showing 

prtfll PCR probe generated from NS 

1140 DNA template. M = MWM 11 

2.6 PURIFICATION OF PCR PRODUCTS 

PCR products were purified using QIAquick PCR Purification Kit (QIAGEN) as per 

the manufacturer's directions. Briefly, 5 volumes of the supplied PB buffer was 

added to I volume of the PCR product. The resulting solution was applied to the 

QIAquick spin column and centrifuged for 30-60 seconds at 12300 x g. The flow

through was discarded and the spin column was washed with 0.75 mL of the supplied 

PE buffer. The spin column was centrifuged as above and the flow-through was 

discarded. The spin co lumn was centrifuged again and placed in a clean tube. 50 ~-tL 

of deionised water was added to the column and it was centrifuged for 1 minute at 
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12300 x g. The flow through, containing the purified PCR products was kept at -

20°C for future use. 

2.7 SOUTHERN BLOTTING 

Although S. pyogenes Stbl and Stbll proteins share structural and biochemical 

similarities manifested in their ability to bind fibronectin and possession of common 

repeat regions, polyclonal antibodies directed against the fibronectin binding 

domains (FBD) of each protein exclusively recognized the respective protein without 

cross reactivity. 51 These sequences as well as the FBD of PrtFII were investigated in 

NCBI data base for specificity to insure against cross reactivity (see Fig 1.5). 

In order to determine the epidemiology of these FBP genes in our study group, these 

unique PCR probes were radiolabelled and hybridised to a nylon membrane

containing enzyme digested GAS isolate chromosomal DNA. The genomic DNA 

was digested with $pe/ (Roche) in 301-LL reactions 3 7°C for 12-18 hrs then run on 

0.8% TAE ethidium bromide agarose gel (Fig 2.7) at 45 volts overnight. 

This gel was soaked 2X 40 min in 0.4M NaOH then transferred to a nylon membrane 

(Hybond +) for 4hrs or overnight. Neutralisation was done by application of 2 X 

SSC. Pre hybridisation was done at 65°C for l hr using KR oligomix (Appendix B) 

as blocking solution. Hybridisation with the radiolabelled probes to screen for sjb! 

and pr(fl! was done overnight followed by 3 X I 0 m in washes in 0.1 X SSC + 0.1% 

SOS also at 65°C, all else as described earlier.39 A similar approach to screen for 

sjb!! often gave ambiguous results, as the hybridisation signals were weak, possibly 

59 



due to sequence variation in sjbll. Therefore, for this study the sjbll status was 

inferred using opacity factor assays, which correlates well with the genotype, in our 

earlier study, where 24 of25 sjbll positive strains were OF positive.39 

M 

23kb _. 

0.6kb _. 

ES ES 
66 11 

ES ES NS NS 
106 31 176 930 

Fig 2.7 0.8% TAE agarose gel showing spel chromosomal DNA digestion ofSWS, 

ES 66-31 and NT, NS 176-930, prior to transfer to Nylon membrane. M = MWM 11 

2.8 RADIOLABELLING OF PCR PROBES 

Radio labelling of sjbl and prtftl PCR was carried out using the gigaprime labeling kit 

(Perkin Elmer) using a 32P-dATP 1 OmCi/ml (Geneworks) as per manufacturer ' s 

directions following PCR purification above. Briefly, a total volume of 3.5 ~L PCR 

product + dH20 of both sjbl and pr(fll, (proportions depending on the DNA 

concentration) was heated 95°C for 5 min to allow DNA denaturation, then placed 

directly on ice. To this mixture was added the decanucleotides I nucleotide buffer, 

followed by addition of a 32P-dA TP and enzyme, incubated at 3 7 °C for 10-15 m in . 

This reaction was then S-400 spin column purified to remove unincorporated 
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radionucleotides. These probes were checked for activity using a Geiger counter and 

either used immediately or stored -20 °C if to be reused within 24- 72 hr. 

2.9 AUTORADIOGRAPHY 

Autoradiography was done using X-Omat film (Kodak). Films were exposed for up 

to 24 hours at -80°C and were developed using a Curix 60 developer (Agfa). 

2.10 BIOCHEMICAL ASSAY (OF) 

Microtechnique For Serum Opacity Factor 

This assay was performed as described previously. 50 Briefly, 5 m! overnight cultures 

in Todd Hewitt broth (THB) (OXOID) containing 2% neopeptone (OXOID) were 

centrifuged and 1 Ofll of the supernatant mixed with 1 OOfll horse serum (Sigma) in 

microtitre plate wells. The plates were then incubated at 37 °C overnight in a humid 

chamber (Insert plates into plastic bag taking care to not damage or scratch the 

optical surfaces of the microtitre plates) this protected plate was enclosed in a larger 

plastic bag containing a moistened gauze sponge. Ensure contents are mixed by 

carefully rotating plate for the first 15 mins. One hundred microlitres of saline was 

mixed with the contents of each well and then each well scored for opalescence (Fig 

2.8). 
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Fig 2.8 A 96 well micotitre plate showing opaque SOF I OF positive samples 

against a contrasting dark background. Taken from 50 control wells contained 

known positive and negative samples i.e. NS 730 and NS 931 respectively as 

well as growth media horse serum and saline control 

2.11 FLUOROMETRIC NADase ASSAY 

NADase activity was measured as per 103 using culture supernatants, overnight 

cultures of GAS were clarified by centrifugation at 2000g for 10 minutes, and 

supernatants collected as in and kept on ice. NAD fluoresces in the presence of 

sodium hydroxide. Degradation of NAD by NADase was measured by decrease in 

the fluorescence .103 Briefly, the assay mixture contained 25)!1 each of 1 OOmM 

potassium phosphate buffer with 0.1% bovine serum albumin (Sigma), pH 7.3, GAS 

culture supernatant and NAD (1.8 mg/ml, Sigma). Assays were carried out in 96-well 

plates . After incubation at 37°C in 5% C02 for 20 min, 50)!1 of 5M NaOH was added 

to each well and the plates incubated in dark for 1 hr at room temperature. 

Fluorescence was measured (excitation 360 nm, emission 508 nm) in FL600 

Microplate Fluorescence Reader (BioTek). 
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2.12 STATISTICAL METHODS 

All raw data on all genes possessed by the study isolates from both regions was 

analysed using STATA (statistics I data analysis 6.0) software package. It is based 

on the chi square goodness of fit statistic, which tests the closeness of fit of the 

observed frequencies to a hypothetical distribution or an expected event, by the 

calculation of a P value. This value represents the chance of getting an even more 

extreme discrepancy in repetition of the experiment, so the null hypothesis is that 

there is no difference between the two groups. You would normally set a 

significance level of 95%, that is if P values are calculated to be less than 0.05 you 

would reject the null hypothesis and conclude the two groups do vary significantly. 
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CHAPTER3 

Fibronectin Binding Proteins 

FBP's 



3.0 INTRODUCTION 

We have seen that in the NT Aboriginal population the incidence of acute rheumatic 

fever is amongst the highest reported although major isolation of GAS is from the 

skin and not the throat as in northern hemisphere studies.30 144 In this way it appears 

that the NT has a unique epidemiology to the northern hemisphere. 

The differences in the repertoire of GAS FBP's may reflect the propensity of the 

strains to colonize different tissues thereby causing different patterns of disease as 

was seen in 1.6.3. The assertion that Stbi mediated internalization may be 

responsible for persistence is challenged by a more recent German study which did 

not concur with the observation of a positive association between ~/b!-positive strains 

and persistence. 145 In the NT, 4bl is present in 60% of the S. pyogenes isolates.39 

Since the rate of streptococcal invasive disease in the Aboriginal population is 5 

times that of the general population, investigation of several FBP's including Stbi 

was undertaken in invasive case isolates in the NT. 174 It was also decided to 

investigate a subtropical SWS region were the incidence of invasive disease is much 

lower. The NT has an" extensive array of molecular types and previous studies have 

concluded that no major clonal species are involved in GAS invasive disease in the 

. d" I . Jo m 1genous popu atwn. In our study we used a variety of molecular types taken 

from geographic and temporal distributions. In order to obtain a more detailed 

knowledge of the isolates an M I hybridisation was investigated as per below, and in 

20 of the NT isolates emm sequence typing was performed. 
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3.1 MATERIALS AND METHODS 

There are three components to this section, and they involve investigation of invasive 

and non-invasive disease case isolates from the NT and NSW for; 

A) The distribution of four FBP's (Stbl, OF, PrtFII and Fbp54) 

B) The distribution of M 1 isolates using sic DNA probe and 

C) To emm sequence type invasive isolates from the NT. 

To understand these differences in epidemiology we have undertaken to screen group 

A streptococcal strains cultured from blood of patients with bacteremia and 

necrotising fasciitis, and wound and throat swabs (see 2.1.1 and 2.1.3) for the 

presence of these four FBP genes in these two populations. 

Some NT isolates (Table 3 Appendix A) were emm sequence typed. It was not 

possible to complete all emm sequence typing but out of 20 NT isolates completed 

I 00% have shown concordance to vir typing in showing separate strains. As was 

indicated in 1.6.2 streptococcal inhibitor of complement protein SIC has also been 

seen as a virulence factor inhibiting the host immune response. 146 The M 1 protein 

has been reported to have many allelic variants. 147 The gene for sic crs (closely 

related sic) resides in the GAS mga regulon of only M 1 isolates thus one could 

rapidly determine if any M 1 strains are present in our collection by hybridising 

strongly to the PCR product corresponding to the mga regulon with the sic specific 

probe. By contrast, strains of Ml2 and M55 which contain the gene for sic drs 

(distantly related sic) (allelic variant) in the mga regulon, one would expect only a 
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weak hybridisation signal. In determining the M 1 status of our sample isolates 

would determine if there was a similarity to GAS invasive disease epidemiology 

regarding M 1 strains recorded in other studies. in particular renal disease which is an 

endemic problem in the NT indigenous communities. Further investigation of emm 

sequence types of all isolates in this study would be useful molecular 

characterizations available for comparisons in future studies. 

The construction of specific .~jb! and prtfl/ FBP PCR radiolabelled probes and 

southern blotting was done as in 2.5, 2.7, 2.8, using protocols in Table 3.1 and 

primers from Table 2.2 followed by detection using gel electrophoresis and 

autoradiography as in 2.4 and 2.9. In order to determine sfbll status opacity factor 

assay was employed as in 2.1 0, since sfbll probe hybridisation signals were weak 

possibly due to sequence variation of the .~fbll gene. 

3.2 RESULTS 

Results for this section are summarized in Apendix A and in Fig 3.1. Figs 3.2, 3.3, 

show the PCR of.fbp5-l of NT throat isolates. All isolates were positive for fbp5-l 

(NT isolates 1-67 fbp5-l PCR done by J. D. McARTHUR - University of 

Wollongong, NSW). Figs 3.4 and 3.5 show selections of results of southern 

hybridisation of .~fb! and pr(/ll from SWS and NT invasive and non invasive isolates. 

Fig 3.7 shows results of sic hybridisation to southern blot of NT and SWS invasive 

and non invasive isolates. For OF, 38% of strains from invasive and 50% strains 

from uncomplicated infections were positive (p = 0.288) suggesting that this protein 

may not have a role in promoting invasive diseases fig. 3.1. Since Sfbl is sufficient 
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for GAS invasion of host cells, we anticipated that a greater proportion of strains 

representing isolates from invasive diseases might be positive for this gene than 

those from uncomplicated infection. Contrary to this expectation, we did not find a 

difference in the distribution of sfbl between the two sets of strains (p = 0. 7342). 
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Fig. 3.1 Right Shows summary results of A NT and B SWS invasive and non

invasive case isolates for FBP 's. This was determined using radiolabelled gene 

probe for sjbl, prtfil andjbp54 as in 2.5, 2.7, 2.8. OF was determined using serum 

opacity factor assay as in 2.10. No significant associations may be drawn between 

invasive and non-invasive source isolates, although there appears to be a trend 

towards prtfil in the NT population. 
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A 
100 

80 p = 0.0732 

0/o p = 0.7343 p = 0.2888 

Positive 60 

40 

20 

o• 
sjbl prtf/1 OF jbp54 

Invasive n = 37 1 Non-invasive n = 38 

100 

80 

60 
0/o 

Positive 40 

20 

0 
sjbl prtfl OF jbp54 

• Invasive n = 26 • Non-invasive n =13 
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2 kb 

2 kb 

2 kb 

2 kb ___. 

0. 6kb ___. 

NS 
M 180 

NS 
1107 

Fig 3.2 0.8 % TAE agarose gel showingjbp54 PCR of throat 

isolates from the NT, from left to right, NS 180, NS 182, NS 

199, NS 236, NS 672, NS 678, NS 696, NS 1107. See Table 

l-A and 1-B appendix A for isolate identification details and 

summary results. M = MWM 11 

ES 
M 14 

-

ES -VC 

37 c 

---

Fig 3.3 0.8 % TAE agarose gel showingjbp54 PCR results for all 39 

SWS isolates n = 1 - 39 i.e. ES 14 - ES 37 with a no template control 

( -ve C). See Table 2 appendix A for isolate identification details and 

summary results. M = MWM 11. 
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23 kb _____. • -A 

2. 3 kb _____. 

23 kb _____. 

B 

2. 3 kb _____. 

NS NS 

~: 176 930 

• 

Fig 3.4 A 0.8 % TAE agarose gel showing results of spe1 digest of 

SWS isolate DNA from ES 58, ES 92, ES 94, ES 103, ES 15, ES 52, ES 

76, ES 60, ES 61 , ES 101 , ES 36, ES 26, ES 40, ES 45, ES 46, ES 30 

prior to nylon membrane transfer. NS 176 = negative control (this was 

done since numerous blots could be generated at once for various probes) 

and NS 930 = positive control. B Shows respective results of southern 

blotting with radilabelled sjbl. Probe. M = MWM 11. See Table 2 

appendix A for isolate identification details and summary results. 
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A 

B 

M 

23 kb _. 

0. 6 kb _. 

0. 6 kb _. 

NS 
6 

NS 
909 

Fig 3.5 A 0.8% TAE agarose gel showing the results of spe1 DNA 

digests of NT isolates from left to right starting at NS 6, then NS 8, 

NS 20, NS 25, NS 66, NS 78, NS 83 , NS 1 I 2, NS 195, NS 204, NS 

205 , NS 216, NS 344, NS 476, NS 340, NS 878, NS 909 prior to 

nylon membrane transfer, note blue arrows represent isolates not 

included in this study. B Shows from left to right respective results 

from southern blotting using radiolabelled prtfll probe on nylon 

membrane. See Table 1-A and 1-B appendix A for isolate 

identification details and summary results. 

72 



M 

-
0. 6 kb __. 

sic 
crs 

Fig 3.6 0.8 % TAE agarose gel showing 

sic crs PCR probe. This DNA was 

radiolabelled as in 2.8 for use in vir 

regulon hybridisation as previOus 2. 7 of 

NT and SWS invasive and non-invasive 

case study isolates. M = MWM II 

Table 3.1 Constituents used in a 50 f..ll sic crs PCR reaction. Template DNA NS 844 

and primers were as in Table 2.2. Thermal cycling conditions used are, 1 cycle at 

95°C 1 m in, then 30 cycles of 95°C 15 sec, 55°C 30 sec, 68°C 90 min, and 1 cycle of 

72°C 10 min. 

dH20 41. 6~tL 

IOX PC2 Buffer 2. S~tL 

Enzyme taq 0.4~tL 

(10 units l ~tL) 

Deoxynucleotide 2. 5~tL 

triphosphates 

(dNTP's) 2 mM 

VUF(20 I1M) 0. S ~tL 

SBR (20 I1M) 0. S~tL 

Template DNA 2~tL 

NS844 
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Fig 3. 7 Right, Southern blot of A NT nvasive and non-invasive isolates using sic 

specific probe. M 1 = NS 844 is the positive control also note that the faint 

hybridisation in the M 12 = NS 9. Results show positive for sic crs inNS 344. B 

shows positive sic crs southern blot of SWS invasive and non-invasive case isolates 

M = MWM II which is hybridised by a radiolabelled version of itself to enable 

orientation. 

74 



M M 

\ 
I 

/ 
M ... 

~ 

M 

NS 
25 

46 

t 
NS 
344 

A 

ES ES 
14 7!! 

B 

12 

75 



3.3 DISCUSSION 

Previous work showed that many commonly circulating group A streptococcal 

strains in the Northern Territory could cause invasive disease and there is no one 

dominant strain. 81 Given this observation, the demarcation between strains 

associated with invasive and uncomplicated infections is less defined. Nevertheless, 

it is possible that some strains have greater predilection for invasion. Specific 

virulence determinants that are required by strains to cause invasive diseases are 

unknown. Given that group A streptococcus may contain up to four genes encoding 

FBP's (sfb!, s.fbii, pr(fl! andjbp54) and that Stbl has been shown to be preferentially 

associated with persistent cases of infection in one study, 100 the carriage of FBP 

genes by group A streptococcus isolates from non-invasive and invasive diseases was 

determined. 

Surprisingly, the results show that the presence of s_fbl, which is the only FBP 

reported to mediate pathogen internalization of host cells, is not associated with 

invasive disease in NT or SWS, nor is it overly represented in throat derived isolates. 

However a trend showing a greater proportion of pr(fll positivity was observed 

among strains recovered from the NT invasive disease cases. 

Since these S. pyogenes isolates belong to distinct vu types, they are 

epidemiologically unrelated isolates. Thirty-seven and 38 distinct vu types 

represented isolates from invasive and the uncomplicated infections respectively (see 

Table 1 Appendix A). Overall they comprise about two thirds of reported strains 

circulating in this region. The ratios of invasive to non invasive between the two 
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regions were dependent on the available iosolates and in the SWS region there is a 

2:1 invasive non invasive ratio respectively. Apart from this the two regions were 

compared on the basis of pathogen isolation and molecular diversity. 

Forty-five of the 75 NT strains (60%) possess prffl!. A larger proportion (70%) is 

represented among the strains from the blood than among the strains from 

uncomplicated infections (50%) (p = 0.073). Although this is not statistically 

significant, the trend is important given high endemicity of group A streptococcus 

infection in this area ("passenger" strain hypothesis, see below). Consistent with our 

observation on PrtFII distribution, a recent study on a novel FBP (FbaB) of S. 

pyogenes, a close relative of PrtFII, revealed that the FbaB is expressed on the 

surface of isolates from invasive disease cases (toxic-shock syndrome) but not on the 

surface of isolates from non-invasive cases. 148 

S. pyogenes may utilise different adhesins for attachment and colonisation of 

different tissues and for invasion. For instance, M protein may mediate adherence to 

keratinocytes in the epidermis, whereas Sfbl may be necessary for adherence of 

group A streptococcus to pharyngeal cells and Langerhans' cells, a component of the 

basal layer of the epidermis. 149 Different repertoires of adhesins and their regulators, 

and the interactions of the adhesins with each other may determine tissue tropism and 

pathogenicity of S. pyogenes. From Table 1 A and 1 B, Appendix A 21% of the 

strains from uncomplicated infections are from the throat. Comparison of the 

distribution of the FBP genes between these throat isolates and the wound I skin 

isolates revealed no significant difference (p = 1.000 for sfbl; p = 0.232 for OF; p = 
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0.698 for prtflf). Calculations on the permutations of association of OF, sjbl and 

pr~fll were also investigated but did not reveal any significant result. These 

observations suggest that the primary site of infection cannot be attributed to any of 

the four FBPs or combinations there of. 

Several reports describe that a limited number of clones are responsible for group A 

I . . d' 22 24 124 ISO Th d' . . streptococca mvas1ve 1seases. ese stu tes were earned out m non-

endemic regions for streptococcal infection where the per capita diversity of the 

organism is likely to be low. Our recent studies with isolates from the tropical NT 

where the per capita diversity of group A streptococcus is high 38 reveal that many 

strains may cause invasive disease and that there is no clonal spread of a dominant 

strain among both Aboriginal and non-Aboriginal residents. This raises questions 

regarding the identity of common features of the group A streptococcal strains, 

which render them more invasive. While pr~fll is present in a greater proportion of 

invasive vir types, 30% of the vir types that were isolated from the invasive disease 

patients did not harbor the gene. Alternatively, in a population with a high pathogen 

load where infection with multiple molecular types being recovered from an 

impetigo lesion, 151 a eo-infecting pr(fll-positive strain might somehow promote a 

less benign pr(/Il-negative "passenger" strain to cause invasive disease. 

Sfbl, Fbp54 and Sfbll have been shown to elicit protective immune responses 90 152 

The knowledge of distribution of FBP genes among S. pyogenes isolates from 

defined geographical areas may provide a basis for selection of appropriate antigens. 

Finally, despite inference of an association between Stbl-mediated cellular uptake 
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and persistent infection, our data failed to show greater distribution of 4bl among 

strains from invasive disease cases. The implications of these findings on vaccine 

design suggest that a great deal more needs to be understood about population 

genetics and host pathogen interactions. For example we would need to understand 

the extent to which transduction events due to GAS DNA bacteriphage intergration 

mediate interstrain differences in virulence gene compliment. 
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CHAPTER4 

NAD-Glycohydrolase Production and 

streptococcal pyrogenic exotoxin 

distribution in Group A Streptococcus 

(GAS) Isolates from invasive disease 

cases in the Australian Population 



4.0 INTRODUCTION 

All GAS strains encode NAD-glycohydrolase (NADase) gene, another secretory 

protein, however, only some strains express this enzyme. 102 103 Ajdic et a! observed 

that of 73 GAS strains isolated from cases in a Texas outbreak which caused invasive 

disease and death, 92% produced NADase. 102 In addition, M1 isolates obtained prior 

to 1988 i.e., prior to the resurgence of invasive GAS diseases, are generally negative 

for NADase production; but the post-1988 M 1 isolates are generally positive for this 

phenotype 103 supporting a role for NADase in the pathogenesis of invasive GAS 

infections. 

Correlation between speA and .~peB, and the course of streptococcal disease has been 

investigated and has yielded conflicting results. 103 115 153 For instance, observations 

reporting a greater proportion of isolates from severe invasive disease cases are 

.~peA-positive than isolates from patients with uncomplicated infection are abundant 

in the scientific literature 117 124 154 1 ss observations of the lack of association have 

also been made. 156 The level of expression of extracellular cysteine protease, SPE B, 

was reported to be low in GAS isolates from severe disease cases in Canada, 157 

however no such inverse correlation was found in a separate study in the 

Netherlands. 156 A recent report did not support a role for SPE A in severe invasive 

d. . B I . ''3 tseases m e gmm. · 

The Northern Territory (NT) of Australia has the greatest diversity of GAS strains 

per capita reported in the world.38 In this region the epidemiology of GAS does not 

appear to follow epidemiological patterns found elsewhere (see 1.3 and 3.0). We 

80 



have determined the distribution of speA and speC genes, and NADase activity in 

GAS strains from the NT and from South Western Sydney (SWS). We then analysed 

the differences between GAS isolates from invasive disease and uncomplicated local 

disease from skin and throat isolates both within and between the two regions. 

4.1 MATERIALS AND METHODS 

4.1.1 Streptococcal Pyrogenic Exotoxin PCR 

Isolate, storage, selection, growth and DNA extraction is as in 2.1.2, 2.1.3, 2.1.4 and 

2.2 respectively. Screening for speA, speB and !lpeC was carried out using 

polymerase chain reaction as previously described in. 115 Briefly, PCR master mix 

and thermal cycling was set up as in Table 4. 1 
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Table 4.1 Shows 50 )lL PCR master mix for spe A, speB and .speC Primer pairs are 

in Table 2.2 Thermal cycle settings are, 30 cycles of 94°C for 2 min, 55°C (for spe 

A and B) or 45°C (for speC} for 2 min followed by 72°C for 60 sec. 

speA speB speC 

dHzO 37.1 35.1 35.1 

J.!L J.!L J.!L 

I OX PCR Buffer 5 J.!L 5 j.LL 5 ~LL 

Enzymetaq 0.4 0.4 0.4 

(5 units I f.!L) J.!L J.!L J.!L 

Deoxynucleotide 5 ~LL 5 J.!L 5 J.!L 

triphosphates 

(dNTP's) 2 mM 

F primer (20 f.!M) I J.!L 2 J.!L 2 J.!L 

R primer (20 I J.!L 2 J.!L 2 J.!L 

f.!M) 

Template DNA 0. 5 0.5 0.5 

J.!L J.!L J.!L 

4.1.2 Fluorometric NADase ASSAY 

To measure NADase activity in culture supernatants, overnight cultures of GAS were 

grown in Todd-Hewitt Broth supplemented with 0.02% yeast extract and 20mM 

glycine at 37°C. These cultures were analysed as in 2.11. The negative control 

contained 25 )ll of growth medium in place of culture supernatant in the assay 

mixture. All samples were assayed in duplicate. A standard curve for the NADase 

assay was established using commercial NADase (Sigma). NADase positive strains 
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decreased NAD in the assay mix by greater than 30% and are easily distinguished 

from the negative strains in this assay. 

4.2 RESULTS 

Results for this section are summarized Appendix A and in table 4.2 and Figs 4.1, 

4.2, and 4.3, Figs 4.4, 4.5, 4.6, 4.7 are examples of the raw data. All vir-types 

possessed gene for .~peB, confirming studies with strains from other geographical 

114 A . . h . . areas, ;.,pe IS present m 8% of t e mvas1ve disease cases and 5% from the 

uncomplicated case isolates from the NT, Table 4.2. The difference in the 

distribution of ;.,peA between these disease categories is not significant in the NT (p = 

0.674). Likewise, the distribution of ;.,peA in the invasive and non-invasive disease 

cases in the SWS region is not significant (p = 0.643). Thus in the two areas of 

Australia, one representing tropical and the other subtropical climatic condition, 

disparately different life-styles and socio-economic conditions where large numbers 

of distinct GAS strains are circulating (see 1.3) it appears that the presence of ;.,peA 

does not correlate with severe invasive disease case isolates used in this study. In the 

NT and particularly in the indigenous communities where overcrowding, humidity, 

poor water supply and hygeine is a contributing factor to pyoderma and pathogen 

overload stands in contrast to the SWS populations where living conditions and 

access to extensive medical care is optimal. The variance between earlier studies in 

which an association between speA and invasive diseases was inferred may have 

been due to a clonal structure of isolates collected. 124 154 
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The differences in distributions of speC among isolates from severe and 

uncomplicated cases in these two geographical regions of Australia were also not 

significant (p = 0.3098 and 0.8208 for the NT and SWS respectively, Table 4.2). 

Overall however, a greater proportion of SWS than the NT strains (51% and 24% 

respectively) harbor speC genes (p = 0.0034; Figure 4.1). We should also note that 

invasive disease isolates from SWS contain a higher proportion of speC than NT 

invasive case isolates 50% and 19% respectively (p = 0.0091 ). Our results are 

consistent with earlier observations of lack of association between speC and disease 

25 114 outcomes. 

Table 4.2 Relative distribution of the genes for streptococcal pyrogenic 

exotoxins A and C and ability to express NADase among strains isolated 

from patients with invasive and non-invasive disease from the NT and SWS 

regions of Australia. 

No.(%) positive No.(%) positive 
NT isolates SWS isolates 

Phenotype Invasive Non- P value Invasive Non- P value 

(n = 37) invasive forNT (n = 26) invasive for SWS 

(n = 38) isolates (n = 13) isolates 

SpeA 3 (18) 2 (5) 0.67 5 (19) I (8) 0.64 
Spec 7 (19) 11(29) 0.31 13 (50) 7 (54) 0.82 
NADase 15 (41) 19 (50) 0.41 19 (73) 11 (85) 0.69 

Fifteen ( 41%) vir-types from the NT associated with invasive disease cases, and 19 

(50%) of strains from uncomplicated infections were positive for NADase activity 

(Table 4.2). This difference was not significant (p = 0.41 07). Likewise, strains from 

invasive and uncomplicated cases in SWS did not show significant differences in 

their NADase activity. Our observations demonstrate a lack of association between 
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• 

NADase activity and invasive disease and contrasts with the interpretation of Ajdic 

et al. 102 It is possible that host factors and clonal spread or the lack of it could 

explain the differences between the two studies, but lack of typing information in this 

earlier study prevents direct comparison. 

Comparison of the NT and SWS strains revealed that a significantly greater 

proportion of the SWS vir-types were NADase positive (p = 0.0013) (Figure 4.1). 

Once again invasive disease case isolates from SWS show higher proportion of 

NADase positive than from invasive disease case isolates from the NT (73 %AND 

41% respectively; p = 0.01 07). This is interesting, given that the overall crude 

incidence of severe GAS diseases in the indigenous population of the NT is 9.3 per 

100,000 per year, 30 compared to SWS where the rate is 1.45 per 100,000 per year 

(Maley et al, unpublished). This observation is also consistent with the above 

interpretation of lack of correlation between strains expressing NADase and severity 

of disease outcomes. 
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p = 0.0013 

80 

70 
p = 0.0034 

60 
%Positive 

50 

40 • NT 
30 • SW 

20 

10 

0 
speC NADase 

Fig 4.1 Shows graphical representation of the% positive di stribution of 

speC and NADase between the NT and SWS regions showing p-values. 

These results indicate SWS isolates have a higher proportion of speC 

and NADase producing strains than in the NT isolates. 
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Fig. 4.2 Top Right A Summary of results of NADase fluorescence assay and 

streptococcal pyrogenic exotoxin genes PCR for speA, speB, and speC in the SWS 

study isolates. No significant associations were found between invasive and non

invasive source isolates 

Fig. 4.3 Bottom Right B Summary of results of NADase fluorescence assay and 

streptococcal pyrogenic exotoxin genes PCR for speA, speB, and speC in the NT 

study isolates. No significant associations (P = ns) were found between invasive and 

non-invasive source isolates 
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ES ES 
M 14 78 

0. 5 kb ____. 

ES 
M 46 

0. 5 kb ____. .... 

ES 
71 

ES 
94 

Fig 4.4 0.8% TAE agarose gel showing results from speA PCR 

distribution in SWS study isolates ES 14, ES 78, ES 10, ES 94 and 

ES 46 M = MWM 1 00 Arrowed lane indicates no template 

control. 
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M I 

-
I kb _____. -

0. s kb _____. -

M 

I kb _____. 

0. 5 kb _____. -

--- ----------- --

39 

Fig 4.5 Results from speB PCR distribution in SWS isolates from 

1-39 (see Table 2 Appendix A for isolate details and summary) 

M =MWM I 00. Arrowed lane indicates no template control. 
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1\1 8 9 13 16 

100 kb ___. 

100 kb 

100 kb 

1\1 30 32 36 42 46 47 49 so 

___. 

1\1 61 63 67 71 72 73 - l ___. 

Fig 4.6 Results of speC PCR NT study isolates. M = MWM 

100 and numbers above the individual positive PCR's refer to 

No. column in Table 1 Appendix A Arrowed lane indicates no 

template control. 
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1\1 

500 bp 

100 bp 

1\1 63 

10 24 

68 
ES 
78 

28 

500 bp ___. 1 
100 bp ___. 

Fig 4.7 Results of speA PCR NT study isolates. M = MWM 100 and 

numbers above the individual positive PCR's refer to No. column in Table 1 

Appendix A ES 78 is positive control. Arrowed lane indicates no template 

control. 
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4.3 CONCLUSION 

Delivery of NADase into host cells has been shown to be mediated by a 

streptococcal cytolysin after adherence to the host cells. 108 The ability of NADase to 

induce cellular changes through cyclic ADP-ribose synthesis, and recent studies 102 

103 implicitly attribute a role for this enzyme in the pathogenesis of invasive disease. 

However, the work presented in this study does not lend support to such an 

interpretation. Contributions of the host and other bacterial factors may be important 

in influencing the disease outcomes. 

In summary while we have not observed a correlation between the distribution of 

speA or speC or NADase activity with respect to invasive disease in these two 

locations in Australia, the significantly higher proportions of speC and NADase 

positive strains from SWS (where there is a relatively lower incidence of GAS 

associated invasive diseases) remains unexplained. 
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CHAPTERS 

General Discussion 



The assumption is that strains classified as "non-invasive" are not able to invade the 

deeper tissues and cause serious disease. These non-invasive skin or throat 

originating isolates may end up to be self limiting and uncomplicated infections or 

they may be "carriage strains." It may be that these "carriage strains" have the 

potential to invade due to the possession of a particular virulence factor(s) but are 

isolated prior to the onset of an invasive disease episode. It is possible that these 

"non-invasive" carriage strains are later seen in future episodes of invasive disease 

but in this study there are no repetition of strains between these two groups. So to 

the best that the source data and molecular typing can allow we have chosen two 

distinct groups and the concordance with vir typing and emm sequence types as we 

have seen in our study is evidence for this. 

The preliminary experiments with NT isolates revealed that possession of a particular 

fibronectin binding gene was almost universally observed within each strain (results 

not shown). This suggested that a bias would be created if multiple representations 

of the same strain were used in epidemiological studies. Studies such as those done 

by Stevens et al looked at expression of NADase enzyme to help explain the unusual 

high incidence of GAS infections in the last decade in otherwise first world 

countries. However the data set that was used did not specifY whether strains or 

isolates representing multiple examples of the same strain were used, therefore it is 

not possible to draw direct comparisons between the two sets of data. 

There have also been assertions of tissue trophic associations of GAS strains from 

northern hemisphere studies where pharyngitis is the primary reservoir for GAS and 
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ARF is the sequelae, however in Aboriginal children in the NT the incidence of 

throat infections is low but the rate of ARF is the highest reported.29 M types that are 

historically associated with rheumatic fever are not highly represented in this 

indigenous population. 142 It appears that isolates from other geographic locations 

such as China, Thailand, Malaysia, Africa, and South America also do not conform 

to these trends. Although the clonal spread of some strains has been noted during 

some invasive disease outbreaks 124 159 it has not been universally observed.30 

Studies by Molinari et a! and Neeman et a! presented evidence for both the adherence 

and internalisation and subsequent persistence of GAS. They suggested this ability 

was linked to possession of GAS FBP Sfbl. Contrary to our expectation of sfbl 

being overly represented in invasive case isolates, the results showed no significant 

difference between the invasive and non-invasive isolates in the NT and SWS. It 

appears that sfbl mediated internalisation of host cells is not likely to be a necessary 

characteristic of invasiveness in both populations. In contrast, strains containing 

prtfll may be more likely to be recovered from invasive disease cases than strains 

that lack the gene in the NT population. 

Also the distribution of phage encoded speA and speC as seen in the NT and SWS 

did not show significant association with invasive disease although in the SWS 

isolates there was a significantly higher proportion of speC and NADase. This may 

indicate that the S WS case isolates have a greater propensity for genetic 

rearrangement than the NT population. The results of the sic hybridisation show that 

in the NT invasive group only one M 1 isolate was seen whilst in the SWS 5 were 
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seen. This may suggest that SWS M 1 positive isolates may be polymorphic for the 

M 1 protein in this population but only sequence examination will determine this. 

M 1 strains have shown to be the most common M types isolated from TSLS and 

serious invasive disease. Also in a recent study, Taero et al found that M I strains 

did not contain either sfbl! or pr(fl/. 160 However our NT study results show 

Streptococcus pyogenes pr(fll is more frequently represented among invasive disease 

isolates than strains that lack the gene in the top end of tropical Australia. This 

would lend credence to the belief that S.pyogenes employs different adhesins in 

conjunction with other virulence factors to initiate infection. 

GAS contain Nra (negative regulator of GAS) which has been shown to be a 

negative regulator of fibronectin binding protein PrtFII and a collagen binding 

protein Cpa. 161 In addition it has also been shown to regulate negatively 4-16 fold 

the positive regulator mga of GAS. 161 It may be that these particular pr(flJ positive 

strains contain sequence variation in regions outside the fibronectin binding repeat 

domain. This may explain why approximately 30% of non-invasive case isolates in 

the NT also contained pr(fll. It may be useful to investigate further sequence 

variation of these genes and compare functional receptor ligand properties in these 

strains. 

In worldwide population surveys. 50-60% of GAS serotypes contained the gene for 

the invasin protein Sfbl I PrtFI whilst some strains have acquired resistance to certain 

antimicrobials.99 162 This is of concern in light of the already mentioned studies by 

Molinari et al and Neeman et al in 1.6.3 as such a combination in strains would give 

the pathogen selective advantage for evasion and colonisation. However in the NT 
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and SWS results did not produce evidence to support this association. The ability 

for GAS to exhibit a varied distribution of virulence with respect to strain variation 

and particular virulence factors may suggest either that some form of genetic 

rearrangement occurs via processes of horizontal gene transfer or some regulatory 

system affecting expression of particular host adherence receptor ligand interaction. 70 

163 In a recent study in Norway emm genes in representative T typed isolates from 

GAS invasive disease (T L T 3, T 6,) were found to contain nucleotide substitutions 

which in 3 of 4 T 3 type isolates induced a charge difference in the N terminal region 

of the M protein. 164 In the T 6 isolates the nucleotide substitutions shown could 

induce conformational changes in the hypervariable region of the M protein. 164 

Evidence for intergenomic exchanges of complete emm related genes or segments 

between different vir regulons was observed in M 5 GAS strains which normally 

contain a single emm like gene between the virR and scpA genes, however in M 5 

strain NCTC8193 two distinct emm like genes were identified. 147 165 Further studies 

on M 5 type strains showed extensive emm gene polymorphisms which has 

implications for epidemiological studies since the serological phenotypes of these 

allelic variants were M 5. 166 The M 1, M 3, M 18 serotypes have been implicated as 

major virulence factors and are highly represented in cases of GAS invasive diseases, 

d I h h. h d f' 11 I" 0 0 IS9 167 168 E "d 1 0 t f an a so s ow a tg egree o a e 1c vanatwn. · v1 ence a so exts s o 

recent horizontal transfers between M 1 and M 18 sharing an identical allele of a 

collagen like gene sc/. 167 Another hypothesis postulates episodes of horizontal 

transfer and recombination of all or part of M 1 protein gene emm 1. 147 
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Furthermore, genetic transfer between species of streptococci is seen between group 

A streptococcus and group G streptococcus (GGS). 169 The long PCR amplification 

of the vir regulon in GAS produces a species specific 4-7 kb amplification product. 

In contrast, GGS gave a 1.6-1.8 kb fragment containing a relocated version of the 

emm gene. 169 The exact mechanism by which this transfer occurs is still unclear 

except to conclude that the transfer of information can be in both directions since 

both GAS and GGS are ubiquitous in the environment and commonly eo-colonise. 169 

170 

The evolution of emm genes and the generation of emm gene diversity may involve 

several genetic mechanisms including intragenic recombination between repetitive 

sequence units involving insertions or deletions.61 163 We have seen some evidence 

of this in the emm sequence typing (Table 3 Appendix A) of NT invasive and non

invasive case isolates which show 2 separate molecular type isolates, NS 93 I 

VT3 7.1 and NS 980 I VT 129 contained a 6 base pair deletion within their respective 

emm genes. In emm sequencing NS 980 the nearest homology in a NCBI nucleotide 

search is an em m 12 with only an 86% homology with a near 100% sequencing 

reaction (data not shown). 

There is an assertion that adherence and internalisation is essential for pathogenesis 

but the results suggest that the only FBP that has been shown to be both sufficient to 

adhere to and internalise human epithelial cells does not appear to be essential in 

invasive disease case isolates from the NT and SWS. It is unclear to why this is so 

and may indicate that GAS has alternate mechanisms for pathogenesis such as M 
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protein, which has been implicated in adherance. 

One of the strengths of this study is the extensive library of well characterised GAS 

isolates with clinical data attached ranging across the NT and over a 10 year period 

held in the Menzies collection from which our sample isolates were extracted and 

that a wide range of molecular types (strains) were included. 

In conclusion this study shows that with regard to virulence factors in GAS the FBP 

gene pr(/II and not 4bl shows a trend towards higher positivity in invasive strains in 

the NT a unique environmental region. Also NADase production showed no 

significant association with invasive disease cases in the NT and SWS. The 

implications of this with regards to vaccine development is not clear cut and regional 

diversity may need to be investigated further. Thus it is not surprising that in some 

cases, other streptococcal or host factors or both might be more critical in 

establishing adherence, colonisation and subsequent pathogenesis. 
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Appendix A 

Isolate identification and summary details 



Table 1-A - Invasive, non-invasive isolate identification table NT, No.'s 1-38. If 

numbers appear in the text to describe isolates in the NT region they refer to the 

number in the first column. Otherwise isolates are described as in the second column 

(ISOLATE). 

No. ISOLATE VT DATE 1 1/N sjbl prtjll OF Sit jbp54 speA speB speC NADase 

NS 730 

2 NS 210 

3 NS 931 

4 NS 192 

5 NS 13 

6 NS 101 

7 NS 1140 

8 NS 235 

9 NS 1 

10 NS 178 

11 NS 43 

12 NS 88.2 

13 NS 125 

14 NS 240 

15 NS 225 

16 NS 90 

17 NS 223 

18 NS 1133 

19 NS 83 

20 NS 50 

21 NS 226 

22 NS 8 

23 NS 80 

24 NS 344 

25 NS 476 

26 NS6 

27 NS 20 

28 NS 25 

29 NS 66 

30 NS 195 

31 NS 78 

32 NS 204 

33 NS 205 

34 NS 216 

35 NS 878 

36 NS 909 

37 NS 567 

38 NS 14 

2.2 24/2/96 

34 3/6/94 

57 13/9/96 

3.2 12/4/94 

24 19/2/91 

33.1 11/12/92 

101 27/4/97 

118 14/11/94 

23 16/7/90 

26 21/3/94 

9 15/8/91 

17.4 29/7/92 

20.1 29/6/93 

116 30/1/95 

115 13/10/94 

52 19/8/92 

4 30/9/94 

17.1 29/4/97 

3 7. 1 29/6/92 

5 17/10/91 

14.1 13/10/94 

25 1/1/90 

69 23/6/92 

127 15/4/95 

39 17/7/95 

12.2 1/1/90 

3.4 7/5/91 

18 12/6/91 

41.2 17/3/92 

120 19/4/94 

30 23/6/92 

121 18/5/94 

20.2 23/5/94 

122 14/6/94 

124 1/6/96 

123 20/08/96 

38 10/10/95 

96 26/1/91 

DATL 
1 = date of isolation of strain 

I 

N 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ + 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ + 

l!N
2 = I for invasive and N for non-invasive source case isolates 

Site3 = site of isolation B = bacteremia, W =wound, T =throat. 

N 

B 

N 

B 
B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

w 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ + 

+ 
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Table 1-B -Invasive, non-invasive isolate identification table NT, No.'s 39-75. If 

numbers appear in the text to describe isolates in the NT region they refer to the 

number in the first column. Otherwise isolates are described as in the second column 

(ISOLATE). 

No. ISOLATE VT DATE 1 /IN sjbl prtfll OF Sitf! jbp54 speA speB speC NADase 

39 NS 282 

40 NS 836 

41 NS 1033 

42 NS 50.1 

43 NS 179 

44 NS 53 

45 NS 265 

46 NS 351 

47 NS 436 

48 NS 32 

49 NS 1096 

50 NS 506 

51 NS 1045 

52 NS 564 

53 NS 581 

54 NS611 

55 NS 671 

56 NS 684 

57 NS 803 

58 NS 804 

59 NS 980 

60 NS 1030 

61 NS 1095 

62 NS 1099 

63 NS 1122 

64 NS 1185 

65 NS 1210 

66 NS 1216 

67 NS1353 

68 NS 180 

69 NS 182 

70 NS 199 

71 NS 236 

72 NS 672 

73 NS 678 

74 NS 696 

75 NS 1107 

17.2 5/3/95 

46 12/5/96 

3.22 14/1/97 

12.1 22/10/91 

7.2 22/3/94 

29.1 6/11/91 

11 1/3/95 

22 20/4/95 

3.3 19/6/95 

29.2 21/6/91 

32 24/3/97 

134 22/8/95 

117 21/1/97 

119 2/10/95 

42 13/10/95 

3.7 19/11/95 

133 18/12/95 

132 2/1/96 

131 13/4/96 

130 15/4/96 

129 12/11/96 

77 10/1/97 

128 25/3/97 

126 1/4/97 

65 22/4/97 

135 7/7/97 

125 17/8/97 

49.1 10/8/97 

44 7/1/98 

11 0 22/03/94 

60 24/03/94 

55 5/05/94 

111 16/11/94 

112 19/12/95 

113 23/12/95 

114 16/01/96 

33.3 2/04/97 

DATE 
1 = date of isolation of strain 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ + 

+ + 

+ 

+ 

I/N
2 

= I for invasive and N for non-invasive source case isolates 
Site3 = site of isolation 8 = bacteremia. W =wound. T =throat. 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
T 

T 

T 

T 

T 

T 

T 

T 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ + 

+ 

+ + 

+ 

+ 
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Table 2 - Invasive, non-invasive isolate identification table SWS, No.'s 1-39. If 

numbers appear in the text to describe isolates in the SWS region they refer to the 

number in the first column. Otherwise isolates are described as in the third column 

(ISOLATE NT). 

No. VT'ws DATE 1 /!. sjbl prtjll OF Site jbp54 speA speB speC NADase 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Ss12 

Ss36 

Ss 54 

Ss35 

Ss7 

Ss23 

Ss29 

Ss24 

Ss65 

Ss27 

Ss8 

Ss20 

Ss63 

Ss 59 

Ss26 

Ss16 

Ss15 

Ss 50 

Ss 52 

Ss62 

Ss13 

Ss9 

Ss34 

Ss17 

Ss18 

Ss60 

Nss34 

Nss1 

Nss3 

Nss7 

Nss8 

Nss26 

Nss23 

Nss10 

Nss27 

Nss6 

Nss22 

Nss32 

Nss35 

ES 14 

ES 78 

ES 95 

ES 77 

ES 11 

ES10 

ES 71 

ES 66 

ES 106 

ES 69 

ES 51 

ES 63 

ES 104 

ES 100 

ES 68 

ES 59 

ES 58 

ES 92 

ES 94 

ES 103 

ES15 

ES 52 

ES 76 

ES 60 

ES 61 

ES 101 

ES 36 

ES 26 

ES40 

ES 45 

ES 46 

ES 30 

ES 28 

ES 48 

ES 31 

ES 42 

ES 49 

ES 34 

ES 37 

12.1 Jul-96 

11.1 Jul-98 

2.3 May-97 + 

2.1 Jun-98 + 

2.2 Jan-96 + 

5 Aug-97 

7.1 Mar-98 

7.2 Nov-97 + 

? Apr-99 + 

8 Feb-98 + 

9 Mar-96 

10.1 May-97 + 

11.3 Aug-99 + 

12.2 May-99 

13 Jan-98 + 

15.1 Jan-97 

16 Jan-97 + 

17 Jan-99 + 

18 Jan-98 

19 Aug-99 + 

20 Dec-96 + 

24 Apr-96 + 

25 Jun-98 + 

? Jan-97 + 

27 Jan-97 

28 May-99 I + 

4 Feb-99 N + 

6.1 Mar-99 N + 

? Mar-99 N 

10.2 Apr-99 N + 

10.3 Apr-99 N 

11.2 Feb-99 N + 

15.2 Feb-99 N + 

21 Apr-99 N + 

22 Mar-99 N 

? Mar-99 N 

? Feb-99 N + 

? Mar-99 N + 

? Mar-99 N 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

BC 
BC 
BC 

+ BC 
+ BC 

BC 
BC 
BC 

+ BC 
BC 
BC 

+ BC 
+ BC 

BC 
+ BC 
+ BC 
+ BC 

BC 
BC 

+ BC 
+ BC 

BC 
+ BC 
+ BC 

BC 
+ BC 

w 
+ T 

T 

+ T 
T 

+ w 
w 

+ T 
+ w 

T 

+ 

+ 

w 
V 

w 

+ + 

+ + 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 
+ + + 

+ + 

+ + 

+ + 

+ + 

+ + + 

+ + + 

+ + 

+ + 

+ + + 

+ + + 

+ + 

+ + 

+ 

+ + 
+ + 

+ 

+ + 

+ + + 
+ + + 

+ + 

+ + + 

+ + 

+ + 

+ + + 

+ + 

+ + 

+ + + 

+ + 

+ + + 

+ 

+ + + 

+ 

+ + + 

+ + + 

+ + + 

+ + 

102 



Table 2 - cont'd. 

ISOLATEvu:\· = SWS Isolate number identification designated by Or Michael Maley 

ISOLATE''T =Isolate number identification in MSHR GAS sample collection 

VTsws Designated vir type by SWS. ? = isolates with unique but not yet assigned SWS vir type 

DATE 
1 = date of isolation of strain 

I!N
2 

= I for invasive and N for non-invasive source case isolates 
Site3 = site of isolation BC= blood culture, W =wound, T =throat, V =vagina. 

Table 3 Shows NT case isolates that have been sequence typed with the respective 

percentage homology of sequenced emm PCR to data base match. Note in NS 83 

and NS 980 when the deletion was excluded the homology was much stronger. (Data 

not shown) 

ISOLATE Vir emm sequence type lnvasive(I) 
type (% identity) Non-

invasive (N) 
NS730 2.2 90 (99) I 
NS210 34 22 (98) I 
NSI92 3.2 100 (lOO) I 
NSI78 26 54 (98) I 
NS88.2 17.4 98. I (97) I 
NSI25 20.1 95 (99) I 
NS240 116 ST2904 (95) I 
NS225 115 99 (95) I 
NS90 52 STNS90 (95) I 

NS223 4 91 (98) I 
NSII33 17. I 101 (96) I 

NS83 37. I STNS554 (92) I 
Contains a 6 base pair gap 

NS50 5 ST854 (98) I 
NS226 14.1 42 (96) I 

NS8 25 85 (96) I 
NS344 127 I (I 00) I 

86% homology to M 12 
NS980 129 with a I 00% sequence N 

read. Contains a 6 base 
pair gap 

NSI030 77 STCK40 I (92) N 
NSI80 110 112 (96) N 

NSII07 33.3 76 (98) N 
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Appendix B 

SOLUTIONS 



T AE with Ethidium Bromide 

4.84 mg/mL Tris(Sigma) 

0.11% v/v Glacial Acetic Acid (BDHAnalaR) 

1mM EDTA(Sigma) 

0.3mg/mL Ethidium Bromide (Boehringer Mannheim) 

THY with 20 mM glycine 

36.4 g/L Todd Hewitt Broth 
(OXOID) 

2 g/L Yeast Extract 
(OXOID) 

20mM Glycine 
(in house) 

Tris-EDT A (TE) 

10 mM Tris, pH 8.0 

I mM EDTA, pH 8.0 

KR Oligomix 

20 X SSPE In house stocks 

20% SDS (SIGMA) 

10% Non fat Milk 

powder with I 0% 

sodium azide 

10 mg/mL hearing Life Technologies 

sperm DNA (Gibco BRL) 
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Agarose loading dye (ALD) 

0.25% 
Bromophenol Blue 

40% Sucrose 

20X SSC, pH 7.0 

NaCI 175.3g/L (Selby Biolab) 

Tri Sodium 

Citrate 88.2g/L (BDH) 

1 X SSPE, pH 7.0 

NaCI 174g/L 

NaH 2 PO~ .2H2 0 31.2g/ (SIGMA) 

EDTA 7.4g/L 
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