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ABSTRACT 

Group-specific polysaccharide was extracted from 

group A streptococci by various methods and after 

purification it was adsorbed on to polystyrene latex 

particles, which were used in an agglutination test to 

detect group-specific antibody in hyperimmune rabbit 

sera, The most pure and serologically specific extracts 

were obtained by extraction with formamide. Formamide-

extracted polysaccharides of groups A-var, B, C, G and L 

were also adsorbed on to latex particles. Inter-group 

cross-agglutination reactions corresponded to known 

chemical relationships between group polysaccharides. 

Latex agglutination tests were used to detect 

group . A and A-var antibodies in human sera. Antibodies 

were found in 90% of patients suspected of suffering 

from streptococcal disease but in less than 40% of 

controls. In paired sera from patients with known 

streptococcal infections, initial antibody titres were 

high in most cases. 

M-proteins from group A streptococci belonging to 

a number of types were extracted with hot acid and 

precipitated with 30% and with 60% saturated ammonium 

sulphate. The precipitates were designated P30 and 

P60 respectively. The supernatant (S60) was further 



purified by precipitation at pH 5.5 and washing with 
absolute'alcohol. Immunological tests showed that 

purified. $60 fraction was more type-specific than 

P60 fraction. Absorption of rabbit hyperimmuneji 

antisera , with s60 fraction removed the specific bacteri-

cidal activity 

The'verified $60 was used in latex agglutination 

tests to detect typea.specific M antibodies in human 

sera. Sera from patients suspected of suffering from 

streptococcal infection and from control persons showed 

no significant difference in the number of serotypes 
for which antibody was present in high titre. Most of 

the paired sera from patients who had suffered from 

infection with group A streptococei of 'known serotype 

showed a significant rise In antibody titre to the 

infecting serotype. Rises in titre to heterologous 

serotypea also occurred frequently, but showed no 

constant pattern. 
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PART  

INTRODUCTION) GROUP A STREPTOCOCCI 

Streptococci are Gram-positive, catalase negative, 

spherical or ovoid cocci that are usually arranged in 

chains of varying lengths. The association of streptococci 

with human diseases such as erysepalis, puerperal sepsis 

and acute abscesses was demonstrated by Billroth, Pasteur, 

Ogaton, Koch, Fehleisea and Rosenbach between the years 

1874 and 1884 (for early references see Wilson & Miles, 

1964). Later, streptococci pathogenic to = =le were 

also isolated. The organisms pathogenic for an were 

called,Strept. rYogenes by Rosenbach in 1884. However, 

this name is now used only for group A streptococci, 

which are the main cause of 'streptococcal disease in man. 

The claseification of streptococci is at present far 

from satisfactory. It may be made on the basis of (1) the 

presence of haemolysis on blood agar plates and its character, 

(2) biochemical characters, or (3) the group-specific poly- 

saccharide. There are some correspondences between the 

subdivisions made by each of these methods, but there are 

also many discrepancies. In general, the streptococci 

fall into three main groups. 

(1) The pyocenic cocci, most but by no means all of which 



are p-haemolytic on blood agar (viz. the colonies are 
surrounded by a clear zone), and most of which possess 
a recognisable group-specific polysaccharide. 

(2) A group of related species that have several common 
biochemical characters separating them from  the pyogenic 
cocci and possess the group antigen D (or occasionally N). 
Most of them are found in animal faeces or in dairy produce 
(Deibel, 1964). Their action on blood is variable. 
(3) The "viridian'," streptococci, which produce alpha 
haemolytic (greening) on blood agar or are without any 
haemolytic activity. Group-specific polysaccharides have 
been found in relatively few of them and their classifi- 
cation is particularly difficult (Colman & 	1965). 

The group-specific antigens the "C" polysaccharides 
of Lancefield (1933) - are each designated by .a letter of 
the alphabet from A to T with the exception of I and J. 
At least one of them, the group D antigen, is not a true 
polysaccharide, but is a teichoic acid. Group A strepto-
cocci possess a carbohydrate group-specific antigen 

composed of rhamnoae and N-acetylglusosamines 



I UORPHOLOGY AND STRUCTURE of STRi PTOCOCCUS PYc NES 

A. General 

Like most streptococci, these organisms are usually 
spheres of varying size with an average diameter of 1 p. 

They are arranged as pairs in chains, and at the time of 
division they elongate with the long axis perpendicular 

to the axis of 'the chain. The minimum number of cocci 
found in one chain is generally not lean than eight, and 
longer chains are seen quite frequently. These chains 

result from the existence of intercellular bridges between 
individual cocci after cell division. Slade and Slamp 
(1956) showed that the chains could be disrupted into 
single cells and pairs by sonic oscillation for 1 minute. 

Excessively long chains can be produced by growing the 

organisms on broth to which has been added type specific 

serum (Stollerman & Ekstedt, 1957). Growth in normal serum 

results in the formation of short chains. The mechanism 
of production of short chains was suggested by the results 

obtained by Ekstedt & Stollermn (1960 a & b) to be an 

enzymatic action, which is inhibited by the union of a 

surface antigen, e.g. M, R, with its homologous antibody. 

Group A streptococci are non-motile. They are normally 

Gram-positive unless overdecolourised. However, unfavourable 



conditions of growth lead to loss of this and other 

characteristics like shape and size which become highly 

irregular even within the same chain. 

B. Capsule  

Capsules can be demonstrated in group,  A streptococci 

of very young cultures in serum broth during the logarith-

mic growth phase by India ink staining (Morison, 1940). 

During the stationary phase, capsular material is shed 

into the culture medium and can no longer be demonstrated 

on the cells. The capsular material is composed of the 

polysaccharide hyaluronic acid*  Capsules of the same 

material are produced by members of group C. This capsular 

hyaluronic acid is more or less the same as the hyaluronic 

acid of animal tissue and is non-antigenic. Production of 

capsular hyaluronic acid stimulates the production by the 

streptococci of the enzyme hyaluronidase, which will be 

discussed fully later. 

C. The cell wall  

This is the tough, rigid frame which gives the cell 

its characteristic shape. Cell walls may be Obtained by 

the mechanical disruption of streptococcal. cells in a 

Nickles disintegrator (Salton, & Horne, 1951) or by freeze-

pressing (Edebo, 1961). The streptococcal cell wall 

consists of a mucopeptide backbone which provides rigidity 



6. 
and support. On the surface are found the protein antigens 

viz* M, T and R. In between is the group-specific poly-

saccharide, which seems to be closely attached to the 

mucopeptide (Krause & McCarty, 1961). Apart from providing 

rigidity and shape the cell wall protects the protoplast 

under• unfavourable conditions, e.g. against phagocytosis. 

However, it has no osmotic: activity, which is a main 

function of the protoplaat membrane. But the passage of 

extracellular products throUgh the cell wall shows that 

it is not an absolute barrier. By virtue of the presence 

of M"protein, the cell wall provides an effective defence 

against phagocytosis. The various antigens in the cell 

wall will be discussed on pages 9-25. 



11 CULTURAL CHARACTERS CF STREPTOCOCCUS PYOGEBES 

A. Growth reauirements 

Group A streptococci grow beet at a temperature of 

37°C and are inhibited if the temperature exceeds 1100C. 

They are aerobic and facultatively anaerobic. They require 
a wide range of amino acids and vitamins particularly the 

B complex group of vitamins. Since they grow best in the 
presence of peptides, satisfactory synthetic media for 

their growth are difficult to achieve. Growth can be 
obtained in defined media but the full range of antigens 

and extracellular products is not formed under these 

conditions. Streptococci metabolise glucose and give 

rise to lactic acid..which limits their growth; the use 

of buffer helps to overcome this difficulty,  

B. Co3onial morpholoxv 

Gro4 A streptococci generally give rise to colonies 
not xceeding 1 mm in diameter on solid media. On blood 

agar they exhibit large zones of fr.haemolysis surrounding 

the colonies. Colonies may have one or three different 

appearances' (a) Mucoid colonies are highly viscous due 

to the formation of abundant amounts of capsular hyaluronic 

acid. Cb) ratt colonies appear as a result of drying or 

of the action of hYaluronidase on the capsule. They look 



dry and irregular in surface*  Both mucoid and matt 

colonies generally produce large amounts of ;-proteins. 

(c) Glossy colonies are regular in shape and their 

surface is shiny but they are smaller in size than the 

mucold or matt colonies* They produce little or no M. 

protein* 

Growth in broth gives a granular appearance, but 

this may be lost on repeated subculture, incubation at 

220C or changing the medium*  Under such conditions, 

growth tends to be turbid and the chains are shorter. 



III ANTIGENIC STRUCTURE OP STREPTOCOCCUS PYOGENES 

The antigenic structure of group A streptococci is 

complex and as yet not completely understood. The antigens 

that have been most studied are of two classes, cellular 

antigens forming part or attached to the cell wall and 

extracellular antigens detectdble in culture supernatants. 

The capsular hyaluronto acid is not antigenic.  

A. The cellular antigens  

These include the group-specific polysaccharide, 

various proteins including the M,  T, R and other antigens, 

the cell wall mucopeptide and the glycerol teichoic acid. 

3.• 	21211292pv2peclAl2mk sul.mha e 

The carbohydrate nature of this antigen was 

established by the work of Lancefield (1928 co  1933). 

It forms two-thirds of the cell wall material and 

6.10% of the dry weight of the whole cell (McCarty, 

1952). The pure polysaccharide consists of about 

60% Ie-rhamnose and 30% N-acetylglucosamine viz'. an 

approximate ratio of 2:1 (Schmidt, 1952; McCarty, 

1952; Salton, 1953; Krause„ 1963). 

In the cell or the cell wall the polysaccharide 
is masked by the surface proteins rendering it 
ineffective for agglutination reactions in group- 



10.  

specific antleera. However, agglutination duo to a 

group antigen was suspected by Griffith (1926) during 

his early attempts at the serological typing of 

streptococci, Later, after the group-specific poly-

saccharide had been recognized (Lancefield„ 1933), 

he essumed that the cross-reactions amongst certain 

of his types were due to this antigen (Griffith, 193L) 

and could be absorbed out by heterologous streptococcal 

suspensions•  Rosendal (1956) demonstrated the specific 

agglutination of streptococcal cells, which had been 

treated with proteolytic enzymes by their respective 

grouping sera. More recently, Cummins & Slade (1961) 

carried out agglutination reactions with cell walls 

treated with proteolytic enzymes. Nevertheless, the 

most commonly employed aerological test for grouping 

lxr streptococci is a precipitin reaction in which the 

polysaccharide is in a crude extract obtained from 

the cells. There,  are various recognized methods of 

extraction: (1) lancefieles acid-extraction method, 

in which the deposited cells are boiled in N/5 HU 

(pit) and neutralized with caustic soda; after centri-

fugation the supernatant is collected for use as 

antigen; (2) the hot formamide method (Puller, 1938) 

in which the cells are heated in formamide at 1600C 



and the soluble polysaccharide is separated from 

the residue by acid-alcohol and acetone fractionation; 

(3) treatment of the cells by the enzymes from the 

soil organism Strestomyces albus, which dissolve the 

cell wall (Maxted, 1948); (4) the use of a muralytic 

enzyme, group C phage-associated lysin, obtained by 

propagating the bacteriophage on group C streptococci 

and found to lyse the cell walls of streptococci of 

groups A, C, E, and under certain circumstances the 

cell sells of group R streptococci with the liberation 

of the grcop-specific polysaccharide (Matted, 1957). 

Krause (1957) also reported similar results on groups 

A and C; (5) by autoclaving a suspension of cells 

(Rants & Randall, 1955). The polysaccharide can be 

isolated from intact cells or from cell walls, but 

the latter are the most suitable starting material 

to obtain a pure polysaccharides 

The pure soluble polysaccharide is metabolically 

inert and non-toxic, s and is rapidly excreted in urine 

when injected into animals (Schmidt, 1952), But, 

when it is injected intradermally in rabbits in the 

form of soluble cell wall fragments which also contain 

mucopeptide, nodular akin lesions develop (Schwab, 

Cromartie & Roberson, 1959). 
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Electrophoretic mobility of the polysaccharide 

is negligible. Its antigenic specificity is determined 
by p—Ni-acetylglucosaminide side chains on the rhamnose 
backbone of the molecule (Schmidt, 19524 Ecearty, 
1956, 1958). However, some strains of streptococci 
have been found to lose this specificity as a result 

of variation during passage through mice (Wilson, 19145). 

The work of McCarty & •Lancefield (1955) and McCarty 
(1956) has shown that in fact this variation is due 
to the loss of N-acetylglucosamine moiety, thus 

exposing the rhamnose oligosaccharide which is the 

antigenic determinant of the variant strain. This 

variant polysaccharide (-variant) reacts in antisera 

prepared against it, and also in antisera prepared 

against the parent polysaccharide but to a leaser 

degree. It has a higher ratio of rhamnose to gluco-
amine. The same authors showed that variation 

occurred during mouse passage in group A streptococci 
of several different serotypes. In addition, a strain 

was encountered - designated group A-intermediate - 
that poimessed a polysaccharide intermediate in 
chemical and serological properties between group A 

and group A-variant polysaccharide Viz. reacted 

equally in both antisera. 



These variants so far have not been isolated 

from cases of natural infection in man, but they 

are established experimental mutants. However, 

accidental infections in laboratory workers have 

been reported (Lancefield, 1962). 

2. Surface protein antigens  

These constitute the outer layer of the cell 

wall, and are consequently referred to as the surface 

proteins. Sixteen different amino acids have been 

identified in these surface proteins (Salton, 1953; 

Tepper, Hayashi & Barkulis, 1960). There are three 

main classes of protein antigens namely the M-protein„ 

the T antigen and the R antigen, and some minor antigens. 

The M and T antigens confer type-specificity on the 

organisms and have been extensively used for type 

classification of group A streptococci (Lancefield, 

1940)• 

(a) The Mtprotein. The location of this type. 

specific antigen in the cell wall has been 

established in various ways. The first evidence 

was obtained by the removal of ti-protein from 

the living streptococci by proteolytic enzymes 

without, affecting their viability (Lancefield, 

1943). '.Further studies by other workers (Salton, 
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1952; Earkulls & Jones, 1957; Cole & Hahn, 

1962) confirmed the attachment of the Msproteins 

to cell walls. However, cell walls do not 

manufacture Muiprotein. This stbstance is an 

established product of protoplasts and Lsforms 

(Sharp, Hijmans & Dienes, 1957; Gooder & Masted, 

1958, 1961; Freimer, Krause & TcCarty, 1959; 

Karakawa, Hotta & Krause, 1965). Moreover, 

Fox & Krampitz (1956) showed that the utilization 

by streptococci of amino acids in a growth medium 

for protein synthesis was dependent on the presence 

of purine and pyrimidine bases, vitamins and other 

growth substances, 

The Msproteins although differing in anti-

genic specificity from type to type, share some 

common physical and chemical properties. Extraction 

of the antigen is commonly achieved by treatment 

With hot acid (Lanoefield, 1928 a); boiling in 

acid does not impair its antigenic specificity. 

A more gentle method of extraction is treatment 

of cell walls with group C phage-associated 

lysin (Krause, 1957; Kantor & Cole, 1960). 

M-proteins are highly susceptible to proteolytic 

enzymes e.g. trypsin, pepsin. They are considered 
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to be alcohol soluble. Their isoelectric point 

has been defined as pH 5.3 (Lancefield & Perlman, 

1952 a). 

Studies on type 214 by Cayeux & Wahl (1964) 

showed that extraction by acid at 100°C fragmented 

the }k protein molecule into two parts each with 

different antigenic specificity in contrast to a 

single antigen obtained by acid extraction at 

37°C. VilsOn41 Wiley (1963) demonstrated .a type. 

specific fraction designated E in type 17 in close 

association with the IA antigen; they suggested 

that this E antigen was a part of the L molecule 

which had teen separated from it by acid hydrolysis 

and could be recognised only by immunoelectro-

phoresia. Fox & Wittner (1967) isolated a high 

molecular weight M antigen (Hi-?) of - type 12 by 

extraction at alkaline pH at 37°C and a low 

molecular weight IS antigen (1,640 by extraction 

in acid at 95°C. This 14.44, which had more 

antigeniC reactivity, when heated to 95°C at 

pH7 or 37°C at p112, was partly converted to Lo-M. 

Moreover, Voati & Johnson (1967) purified two 

fractions of low and high molecular weights 

from type 12 M-►protein extracted by hot acid 
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and both fractions showed high antigenic activity. 

All these results signify one fact Ariz, that the 

M-protein can be split into at least two anticenic 

fractions*  

Recent work of Pox & Wittner (1965) revealed 

a unique multimolecular structure of M-protein 

observed by gel electrophoresis in.contraat to 

the homogeneity shown by analysis by ultra- 

centrifugation and by immunodiffOsion. The 

multimolecules of the X antigens of individual 

aerotypes are identical in antigenic specificity 

but differ in molecular sine. 

The M-proteins are non-toxic. This fact 

was elicited during investigations of the anti- 

genic properties of this substance in mice and 

rabbits (Stamp &Hendry, 1937; Hirst & Lancefield, 

1939; Schmidt, 1957; Kantor & Cole, 1960). 

Kaplan (1958) showed that M-proteins injected 

in mice were deposited mainly in the endocardium 

of the heart, the glomerular tufts of the kidneys, the 

alveolar walls of the lungs and also in the 

reticulo-endothelial cells of the spleen, liver 

and lymph glands. These findings mere confirmed 

by Miller (1961). All of these experiments have 
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established both antigenicity and non-toxicity 

in experimental animals. In man, administration 

of the /3-protein showed no evidence of toxicity 

(Schmidt, 1960; Potter, Stollerman & Siegel, 

1962) but induced type-specific antibody formation 

in non-immune subjects and gave a secondary 

response in patients known to have had experience 

with homologous types. However, Lawrence (1952) 

reported that intradermal injection of n-protein 

caused skin reactions in 365 of 293 adult patients 

presumably as a result of sensitization to strepto-

coccal products during previous infections. The 

use of adjuvants with M-protein considerably 

enhanced their antigenicity; mineral oil adjuvant 

was used by Hayashi & Walsh (1961) in immunising, 

rabbits with either M•protein or isolated cell 

walls. Fox (1964) and Fox & wittner (1966) tested 

several adjuvants including Bordetellavez  
vaccine, sodium alginate, polyethylene glycol, 

dextran, mineral oil, peanut oil and aluminium 
hydroxide but only ford. pertussis mineral oil, 

peanut oil and aluminium hydroxide enhanced Id-

protein antibody response. 

M-proteins are believed to be a major 
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virulence.ofactor in group A streptococci. This 

is clearly demonstrated by the fact that 4.proteins 

counteract phagocytosia which, on the other hand, 

is enhanced by the presence of antibodies against 

these antigens. This is the basis for the bacteri-

cidal test described by Todd (1927 a and b) and 

modified by Kuttner and Lenert (1924), The 

association of Pe-protein with virulence is well 

doc3panted by Lancefield (1962). Virulence may 

be lost with the loss of U-protein e.g, by repeated 

subculture in artificial media. Virulence is, to 

some extent, host-specific viz, virulent strains 

isolated from human patients are avirulent for 

mice; but strains rendered mouse virulent by 

passage through these animals still retain, their 

virulence to man. This suggests that, although 

14-protein is a major virulence factor, other 

factors also play some role in virulence e.g. 

capsule (Foley & Wood, 1959). Finally, strains 

isolated from convalescent patients suffering 

from streptococcal infections may exhibit only 

small ,amounts of M-protein (Rothbard & Watson, 

1948). 

The antibodies to M antigens are protective 



19. 
against their respective eerotypes viz. they 

induce type-specific immunity (`►maker, 

Denny, Perry, Siegel & Rammelkemp, 1953; Denny, 

Perry & Wannamaker, 1957). The protective 

properties of these antibodies were demonstrated 

in experimental animals by many workers both 

actively and passively (Stamp & Hendry, 1937; 

Hirst & Lancetield, 1939; LanPefield & Perlman, 

1952 a; Kantor & Cole, 1960; Hayashi & Walsh, 

1961, etc.). Sera of patients suffering from 

group A. streptococcal infections equally protected 

mice against experimental infections and exhibited 

bactericidal activity (Todd, 1927 b; Lyons & 

Ward, 1935; Kuttner & Lenert, 1944; Rothbard, 

1945; Rothbard, Watson, Swift & Wilson, 1948; 

Lancefield, 1958, 1959; Masted, 1956; Stoyanova, 

1966)• The long-chaining test has also been used 

to measure streptococcal type.specific immunity 

(Stoneman & Ekatedt, 1957; Stoneman, Siegel 

& Johnson, 1959; Dunlap & Harvey, 1967) • Non"' 

biological methods for the detection of the type. 

specific antibodies are also available by the 

application of the haemagglutination teat (Holmes, 

1958; Quinn & Lowry, 1963, 1967; Vosti & Rants, 
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1964; Fox, 196L&; Nishimura, Kuwigai & Kobayashi, 

1966). The latex agglutination teet has also been 

employed (Molina & Saletti, 1961; Bray, Bass, 

Dodge & Travie, 1966; Brighton, 1967) Lien & 

Pierce (1961) used a tentonite flocculation teat 

for the same purpose. (For a full discussion of 

these methods see the section on the diagnosis of 

streptococcal diseases)* 

In aerological typing of group A. streptococci, 

M-proteins are identified by a precipitin test 

with crude acid extracts (Lancefield, 1928 a ab) 

and absorbed typing sera (11 antisera). This is 

carried out in capillary tubes (Swift, Wilson & 

Lencefield, 1943). Accurate differentiation and 

identification of the various M-type antigens 

is carried out by the indirect bactericidal test 

.(Maxted, 2956; Lancefield, 1957, 1958). 

(b) TpkT pntigens.  These are protein in‘nature 

and are type-specifio. Unlike the M-proteins 

they, are susceptible to hot acid but resist 

trypain digestion and to a lesser extent pepsin 

digestion. Their extraction is, therefore, 

conveniently achieved by treatment of the cells 

with proteolytic enzymes at low temperatures 
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(Lancefield & Dole, 1946; Pakula, 1951); they 

are Insoluble in alcohol and their isoelectric 
pointhas been defined as pH 14.9 (Lancefield & 
Perlman, 1952 s). They are strongly antigenic 
and in the rabbit induce agglutinating antibodies 

which, however, do not protect mice against 

infection with homologous streptococci. T antigens 

extracted with proteolytic enzymes precipitate 

with their homologous antisera (Lancefield & Dole, 

1946; Pakula, 1951; McLean, 1953 ). They are 

also active in complement fixation arid in lahibition 
of the corresponding T-agglutination reactions. 

The serological classification of, group A 
streptococci introduced by Griffith (1934) was 

established by means of slide-agglutination of 
intact cells. This reaction depends on the 

presence of the T antigen and hence it is now 

universal practice to use trypsinized cells for 
T-typing. By this method Griffith identified 
30 types. At the present time over 50 types 
are recognised, but some of them (types 7, 16, 

20, 21. and 45) have now been identified as 
members of groups C and G. 

(c) The R antinerks. So far these protein 
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antigens have been identified Ina restricted 

number of types. The R antigen of type 28 is 

also found in .types 2 and 48 (Lancefield, 1957) 

as well an in some strains of groups Bp C and G 

(Masted, 1949; Lancefield & Perlman, 1952 b)„ 

The R antigen of type 3 has not been found in 

any other type (Lanoefield, 1958). These antigens 

react in both precipitation and agglutination 

reactions but their antibodies are not protective. 

They resist tryptic digestion but not peptic 

digestion. They are more resistant to heat and 

acid than the T antigens and hence may be found 

in acid extracts. 

(d) Other surface antigens. The B antigen 

(HaMbly, 1958) is another protein similar to the 

Wsprotein in that it is extractable with N/5 HCl 

at 1000C. It is also susceptible to tryptic and 

peptic digestion, but is lost during mouse passage. 

It is found in various types, but it is not type. 

specific. Its antibody is not bactericidal and 

its role in mouse protection is not known. 
The F antigen (Wilson & Wiley, 1963) is an 

antigen found in some strains of serotype 17 but 

its antibody does not enhance bactericidal activity 
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of blood (see page 47) • 

The mucopeptide 

This forms the rigid framework of the cell vaill 
and is composed of alternating units of N-acetylglucos-
amine and 14-acetylmuramic acid linked to a short peptide 

chain consisting of the amino acids alanine, glutamic 
acid and lysine in an approximate ratio of 3:1:1 

together with smaller amounts of glycine (Krause & 

McCarty, 1961), The mucopeptide can be extracted 
either chemically by the action of enzymes such as 
Streetomyces fib enzymes, group C phage-ansociated 
lysin and egg lysozyme, or physically by sonic dis-
integration of the cell walls.. Hot formanide (Fuller, 
1938) removes all the group-specific polysaccharide 

from cells or cell walls and leaves behind the muco-

peptide layer, which can then be oolubilized by enzyme 

treatment (Krause & McCarty, 1961), Mucopeptides from 

various bacteria are antigenic and immuno-chemically 

related (Abdulla & Schwab, 1965 a & b; Karakawa, 

Lackland & Krause, 19661. The specific antigenic 

moiety of mucopeptide in group A streptococci was 
attributed by Karakaws, & Krause (1966) as a result 

of inhibition tests to the peptide part of the 

molecule and also in certain instances to the hexoeamine 



24. 

polymer. They concluded that immunization pith ,  

mucopeptide would result in the appearance of anti-

bodies directed against either antigenic determinant. 

The mucopeptide-polysaccharide complex obtained 

as cellular fragments by conic disintegration of cell 

walls induces a nodular skin reaction of a chronic 

nature when injected intraderzally into rabbits 

(Schwab, Cromartie & Roberson, 1959; Schwab & 

'Cromartie, 1960; Schwab, Qooder &.Maxted0962)•  

Cromartie & Craddock (1966) have also demonstrated 

cardiac lesions resembling those of rheumatic fever 

in mice after injection of this material. Abdulla 

& Schwab (1966) eh►wed that injection of the mucoi. 

peptide without the polysaccharide produces an acute 

dermonecrotic reaction after 4 hr, but that the 

chronic nodular lesion which followed injection of 

cell wall fragments did not appear,for 7 days, Cell 

wall antigens can be detected in the tissues long 

after their parent cells have- disappeared, suggesting 

that they are. released during disintegration of the 

streptococci in phagocytes (Ghanian & Schwab, 1967). 

Moreover, the intravenous injection of mucopeptide 

produces a pyrogenic response in rabbits together 

with a localized Schwartzman reaction (Rotta, 1967a). 



25. 

to. Teichoic acids 

These antigenic substances are not attached to 

the cell wall, but occur on the surface of intact 

cells. They are polyglycerophosphatee which can be 

extracted by hot acid or formamide, trypsinization of 

the cells or extraction at pH 9 at room temperature 
(Hearty, 1959). McCarty (1959) demaastrated them 

in most haemolytic streptococci, in some of which 

(groups D and N) they form the group-specific antigen; 

also he demonstrated them in staphylococci and aerobic 

sporing Gram-ipositive bacteria but not in pneumococci, 

clostridia, corynebacteria or Gram-negative bacteria* 

A polyglycerophosphate (FGP) antigen in streptococci 

was also described by Stewart (1961). The biological 

significance of teichoic acids is not yet defined, 

and so fur they play no role in the practical aspects 

of the diajioeie of streptococcal diseases. 

B. The extracelluler antigens 

These are eubatancea found in the supernatant broth 

of the culture, but the demonstration of their respective 

antibodies in human serum indicates that they are also 

produced by streptococci in vivo. It is possible that 

some of them play a part in the pathogenicity of the 

organism either by contributing to tissue invasion or 
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by causing intoxication of the patient, In the following 

passages only those of diagnostic and epidemiologic 

importance will be reviewed in any detail. 

1,. The soluble haemolveins 

These substances present in the culture cupernate 

are lethal to experimental animals when injected intra-

venously as well as being haemolytic, The animal shows 

haemoglebinuria and intravascular haemolysis on post-

mortem examination. These haemolysina are responsible 

for the p-haemolysis and consist of two distinct 

substances known as streptolysin 0 and streptolysin S 

(Todd, 1934, 1938, 1939). 

(a) 21Eg2121173A9. O. This lysin is oxygen-labile 

and thus rendered inactive and loses its haemo-

lytic power on exposure to oxygen at room 

temperature, It can be reactivated by reduction 

with 0,1% sodium hydrosulphite, It is stable in 

the cold if protected from atmospheric oxygen. 

However, inactivation at 55°C is irreversible. 

It is produced by strains or groups A, C (human) 

and t streptococci, and when isolated it retains 

its antigenicity, The fact that it is susceptible 

to digestion by trypsia indicates its protein 

nature (Bernheimer, 1948). streptolysin 0 forms 
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P-haemolysis more rapidly than streptolysin S, 

but only when the culture is grown anaerobically or 

in the depth of the medium. Strains of group A 

streptococci that fall to produce streptolysin 0 

may occasionally be encountered (Herbert & Todd, 

1944)4,  

Streptolysin 0 combines with its antitoxin 

in both reduced and oxidised form. After infection, 

antibodies to it are formed; they can be measured 

by determining the amount of Usti neutralized by 

the serum (see page 43). 

Streptolysin 0 has been incriminated by Todd 

(1942) in toxicity to leucocytea. Its lethal 

effect on intravenous injection might be due to 

its cardiotoxic action (Bernheimer & Catoni, 1945; 

Kellner, Bernheimer, Carlson & Freeman, 1956; 

Halbert, Bircher & Dahle, 1961). 

(b) Streotolysin 8. This is a lipoprotein and 

is oxygen stable, but very sensitive to acid and 

beat and may be stored satisfactorily only at 

-73°C. It is responsible for the haemolysis 

produced by colonies growing on the surface of 

blood agar. Its production is stimulated by 

ribonucleic Acids (Bernheimer & Rodbart, 1948)s 
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and it can be reasonably purified from the broth 

by fractionation with methanol under controlled 

conditions of temperature, pH and ionic strength 

(Cinder & Pillemer, 1950). Unlike the 0 lysin, 

the U lysin is produced by all Lancefield groups 

of streptococci and shows strict group.specificity. 

It is antigenic only when present in the organism 
but loses antigenicity when released in the free 
state. Vieissmann, Keiser & Bernheimer (1963) 

reported that both streptolysins cause the release 

of lysozomal enzymes by the disruption of lysozomes 

of mammalian cells* It has been incriminated as 

a cause of renal tUbular lesions during experiments 

on mice (Tan & Kaplan, 1962). However, etreptolysin 

S plays no part in' the aerological tests used for 

the diagnosis of streptococcal infection. 

2. The erythrogenic toxin 

This toxin is produced by many strains of group A 

streptococci end by some strains of groups C and 0 

streptococci. It is responsible for the skin rash in 

scarlet fever. The intradermal injection of the anti- 

toxin in patients with this disease leads to blanching 

of the erythematoua rash (Schultz-Charlton reaction). 

On the other hand, the intradermal injection of the 
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toxin-containing filtrate in a dilution of 1:100 

gives rise to an erythematous and oedematous reaction 

at the site of injection within 6-24 hr covering an 

area of more than 10 mm in diameter in non-immune 

persons (a positive Dick teat). Immune subjects 

give a negative Dick test viz, no reaction at the 

site of injection, because the toxin is neutralized 

by circulating antitoxin. 

Strains of group A streptococci which are not 

active producers of erythrogenic toxin can be induced 

to produce it by infecting them with temperate phages 

from toxin-producing strains (Zabriskie, 1964). About 

80% of group A strains produce a serologically identical 

erythrogenic toxin, while the remaining 20Z may produce 

one of two other serologically different toxins 

(Coffey, 1938), 

3. HYaluronidase 

Streptococcal hyaluronidase differs from testicular 

hyaluronidase in that it breaks down hyaluronate to 

trisaccharides and not to disaccharides, and that it 

does not attack chandroitin sulphate. In addition 

to group A streptococci, it is also produced by certain 

members of groups 13, C and G. The enzymes of the 

latter two groups are serologically distinct from 
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that of group As The simultaneous production of 

this enzyme and its substrate hyaluronic acid by 

the, same strain seems at first sight to be inconsistent. 

However, the production of capsules is prevented by 

the addition of hyaluronidase to the culture medium 
(McClean. 1941). The enzyme appears late in the 

logarithmic growth phase (Pike, 1948) in contra-

distinction to the capsular material which appears 

during the early logarithmic phase and then decreases 
during the stationary phase. Furthermore, Hill, James 

& Heated (1963) produced evidence that hyaluronic acid 
we shed into the medium at the beginning of the 
stationary phase and then depolymerised by hyaluronidase 

very 'slowly. The addition of hyaluronic acid to the 
culture medium stimulates the production of hyaluronidase 

(McClean, 1941;  Roger° 194.5 ) • 
Hyaluranidase is antigenic) and stimulates antibody 

formation following streptococcal infection. This 

antibody specifically inhibits the action of hyaluronidase 

on hyaluronic acid, The entihyaluronidase must be 

distinguished from an acute phase non-specific inhibitor 

found in patients sera during the acute infection. 

This non-specific "Inhibitor acts in the presence of 

marraecium and is inactivated by heating the serum 
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to 56°C for 30 min. 
14.• Fibrinolzsin (streptokinase)  

This enzyme was first described by Tillet & 
Garner (1933). It is produced by almost all croup A 

streptococci and some members of groups C and Go  and 

occasionally by a few strains in groups B and F. 
There is wide variation in the amount of enzyme 

produced by different strains. The enzyme resists 
heating at 100°C for 50 minutes; it activates plas-

minogen, the precursor of the serum protease, which 
dissolves fibrin. clot (Milstone, 1%l; Christensen, 

1945). This action may be inhibited by natural 

inhibitors in the plasma. In assaying the enzyme, 

this difficulty is overcome by heating the serum at 
56°C for 45 minutes. Its assay is accomplished by 

adding a constant amount of a mixture of thrombin, 

and fibrinogen to increasing dilutions of the enzyme 
and incubating at 37°C for 3. hour. The end-point is 

the highest dilution that gives lysis of the clot 

(Report, 1947). 
The role of fibrinolysin in the pathogenesis 

of streptococcal infection is not /mown, but it seems 

to attack the fibrin barriers that help to localise 

the lesion. It is antigenic, and in convalescent 
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sera antibodies against it are detectable. Its 

antibody level in serum can be estimated by determining 

the highest dilution of serum that inhibits lysis of 

a clot by a standard dose of the enzyme. 

50 Streptococcal proteinase  

The studies of Elliot (1945) showed that this 

enzyme is best produced by group A streptococci grown 

in broth of pH 5.5-6.5. M-proteins are destroyed by 

it. However, the production of the enzyme is suppressed 

by mouse passage of the streptococcus. In general, 

little proteinase is produced between pH 7.0-8.0, 

which is the optimal pH for the growth of the organismic 

Oxidation inactivates proteinase; it is most active 

at pH 8.0 and is destroyed by heating at 70°C for 30 
minutes. Both proteinase and its precursor have

/ 
 been 

isolated in a crystalline form (Elliot, 1950). rystal-

line precursor can be activated by treatment with 

trypsin in low concentrations or by the addition of 

reducing agents e.g. thioglycollic acid, cyeteine 

hydro-chloride. In addition to li-proteins, proteinase 

also destroys fibrin, casein, gelatin, fibrinolysin 

and many other proteins, thus resembling papain and 

other related enzymes (Elliot, 1950). Like other 

proteolytic enzymes, proteinase causes tissue dnmsge 
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in experimental animals (Kellner &Robertson, 195I), 

but whether it causes similar changes in natural infections 

is not known. 

The enzyme is antigenic, and antibodies to it may 

be detected in the sera of patients by a haemagglut-

/nation test (0#burn, }Terris & Harris, 1958).-  The 

precursor possesses two antigenic components, one of 

which is identical with that of the proteinase (Elliot, 

1950). 

6. Deoxyribonuclease 

This enzyme is also known as streptodornase. 

It attacks deoxyribonucleic acid, and is produced by 

a wide range of group A strains (Tillet, Sherry & 

Christensen, 191.8;_ McCartip 1948). It is also produced 

by members of several other groups, notably groups C 

and G. Warn amaker (1958, 1962) reported four sero- 

logically different deoxyrIbonucleases designated A, 

B, C and :D.  They are inactivated by versene ab - well 

as by their respective specific antibodies. Activation 

of the enzymatic activity is effected by magnesium. 

The most commonly encountered enzyme .of these four 

is deoxyribonuclease B, a fact which i.e consistent 

with the wide distribution of the corresponding anti- 

body in the sera of patients. For this reason, it is 
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a useful substitute of ASO determinations for 

diagnostic purposes (wsnnsmaker & Ayoub, 1960). 

In streptococcal infections there is no evidence 

that it attacks the nucleic acids of the tissue cells, 

but it seems to attack nucleoproteins in the pus at 

the site of infection. 

7 	Diphosphopridine nucleotidase (pPNase)  

This enzyme attacks Coenzyme PPR liberating 

nicotinamide, and hence its other name nicotinamide 

adenine nucleotidase (RADase), Evidence of its 

presence in streptococcal filtrates and its activity 

on, DI was provided by the work of Carlson, Kellner 

& Bernheimer (1956, 1957). The enzyme is highly 

toxic for leucocytes when they ingest streptococci, 

and evidence for this leucotoxicity by DPNase was 

obtained by Wilson (1957) and by Bernheimer, Lazarides 

& Wilson (1957). DPNase is antigenic, and its activity 

is inhibited by convalescent serum. Discrepancies 

may be encountered in the detection of DPNase antibody 

due to the presence in the culture filtrates of an 

inactive form of the enzyme or a Orogen which 

combines with this antibody (Ayoub & WannAmaker, 1963). 

It is produced by streptococci of group A and of 

Several other groups, including groups C and G, 
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In group A, its production seems to be associated 

with certain M-types (Lazarides & Bernheimer 1957). 

8. Amylase 

This enzyme attacks starch, glycogen and azylo-

pectin, and the presence of these substances in the 

medium enhanees its production (Crowley, 1950, 1954). 

On the other hand, a starch-like carbohydrate may te 

formed by the same strains of streptococci under 

different conditions of culture (Crowley, 1955; 

Crowley & Jevons, 1955). Nothing is known about its 

antigenicity and immunising power. 

9* iaterase 

This enzyme attacks P-naphthyl acetate (Stock, 

Uriel & arabar, 1961). 

10. Lipoprgteinase  

This antigen is detected by serum opacity 

reactions (Krumwiede, 1954; Gooder, 1961). Another 

group A streptococcal factor responsible for opacity 

in aged sera has been described by Hill & Wannamaker .  

(1960« 



TV ANTIGENIC RELATIONS OF GROUP A TO  
OTHER GROUPS OP HAEMOLYTIC STREPTOCOCCI  

The moat striking of these relationships is in the 

chemical composition of the cell walls and gronp-specific 

polyaaccharides of groups A, 13, C, E and 0, all of which 

contain leirhamnoee as a main monosaccharide (Cummins & 

Harris, 1956; Slade & alamp, 1962; Krause, 1963) These 

similarities in chemical composition, are responsible for 

cross-reactions between the group-specific polysaccharides 

of some of these groups viz. groups A and A-variant on one 

hand (McCarty &Lancefield, 1955; McCarty, 1956) and C and 

C-variant on the other hand (Krause & McCarty, 1962; 

Araujo & Krause*  1963; Krause, 1963). Group G was found 

to contain in addition to rhamnose, glactose and V-acetyl-

galactosamine (Krause, 1963) but its antigenic determinant 

is believed to be the L-rhamnose monosaccharide unit 

(Curtis & Krause, 1964). aerological cross-reactions 

between groups A, C and 0 were renorted by Cummins & Slade 

(1961) 

As has been mentioned several times in the section 

on the extracellular products of group A streptococci, 

several of these products are also produced by strains 

of groups C and G and sometimes by membero of other groups. 
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The streptolysin 0, the erythrogenic toxin, hyaluronidase„ 

streptokinase, deoxyrfbonuclease are all produced by some 

strains in groups C and G and in some cases by group B 

streptococci. Byaluronic acid capsules are•also produced 

by group C streptococci. 

Maxted (1949) reported the presence of type 28 R 

antigen in some strains of groups Bo  C and G. Recently, 

Masted & Potter (1967) described three group 0 strains 

which had an M antigen indistinguishable from that of 

group A type, 12 streptococci. Moreover, the type-specific 

antigens of group C are proteins but their relations, with 

the M-proteins of group A streptococci have not yet been 

fully investigated. 

The relationships between haemolytic streptococci may 

prove to be important in immunity against infection with 

,these organisms. They may also be of great help in under"  

standing the pathogenesis of the non-suppurative sequelae 

of streptococcal infection. 
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V CROSS-REACTIONS BETWEIll STREPTOCOCCAL 
ANTIGENS AND TISSUES  

The occurrence of rheumatic fever and glomerulo- • 

nephritis as sequelae to streptococcal infection is well 

established, but the pathogenesis and the actual mechanism 

of causation of these diseases is not 'yet known. In the 

efforts to find a satisfactory explanation, the role of 
auto-immunity and hypersensitivity induced by the infecting 
streptococci has been investigated by many workers. This 

involved a detailed study of the relation of streptococcal 

_antigens to mammalian tissue, particularly the heart, 
kidney and skeletal tissue. Kaplan & Meyeserian (1962) 

demonstrated a cross-reaction between group A streptococci 
and heart tissue of a rheumatic patient by means of 

complement fixation tests ,and immuaofluoreacences This 

was followed by the description of a cross-reactive 

antigen in the cell walls of group A streptococci, It 

was Ghoul to be closely aaaociated with the M-protein. 

(Kaplan, 1963, 1964), Further confirmation came by the 

work of Kaplan & Suchy (1964) who showed that this cross-

reactivity was not only given by streptococcal antisera 

but also occurred with antisera prepared primarily against 

mammalian heart tissue, Furthermore, Kaplan & Svec (1964) 
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detected in patients with suppurative and non-suppurative 

streptococcal diseases a streptococcal antibody which 

cross-reacted with human heart tissue. They found this 

antibody in 2I of patients with uncomplicated streptococcal 

infections but in the majority of those suffering from acute 

rheumatic fever, rheumatic heart disease or acute glomeru-

lonephritis. The streptococcal antigens cross-reacted with 

mammalian ant gene that were found mainly in the earcolemma 

of heart and skeletal muscle and in the smooth muscles of 

blood vessels. Kaplan (1964) suggested the probable 

existence of more than one cross-reactive antigen la the 

streptococcal cell, This was confirmed by Lyampert, 

Vvedenekaya & Danilova (1966) who described four such 

antigens and auggested that the immunizing action of 

cross-reactive antigens depended on the presence or absence 

of immunological tolerance to them in the subject immunized. 

However, progress in this field of study is rapid and 

more workers are involved. Zabriskie & Preimer (1966) 

studied another streptococcal antigen that showed a cross- 

reaction with the sarcolemma of muscle- and gave good evidence 

that it was located in the protoplast membranes of all 

streptococci of group A but not of other groups. A 

further approach was made by Nakhla & Glynn (1967) who 

demonstrated another antigen in most of the strains of 

group A streptococci they studied, and .one strain of group 
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0 streptococci, and pointed out that it was distinct 

from the M*protein and probably a complex of protein, 

polysaccharide and lipid, They also isolated from human 

saliva a similar substance which gave the same cross-

reaction with cardiac and voluntary muscle. Finally, 

Goldstein, Halpern & Robert (1967) reported the occurrence 

of a cross-reaction between the group-specific polysaccharide 

of group A streptococci and the glycoproteins of the heart 

valves, 

To conclude, Kaplan observations have been fully 

confirmed, but it seems to be too early to assume with 

certainty any major role played by these cross-reactive 

antigens in the pathogenesie of the aequelae of strepto-

coccal infection, 
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VI LABORATORY METHODS FOR THE INVESTIGATION 

OF STREPTOCOCCAL DISKASES 

The laboratory methods used for the diagnosis of 

the individual cases and for epidemiological investigations 

of infection with group A streptococci fall into,three 

groups viz, the isolation of the organism, the detection. 

of its type and the detection of an antibody response in 

the patient• Although the isolation and identification 

of group A streptococci plays an important part in the 

diagnosispf infection in the individual case, it is often 

not possible to be. sure that the patient from whom the 

organism la isolated is suffering from clinical streptococcal 

disease unless there is a rise in serum antibody. Neglect 

to observe these precautions may lead to a gross over—

estimate et-the incidence of primary streptOcoccal disease 

and to. an underestimate of the frequency with 'which non. 

suppurative sequelne follow it. Typing methods are of 

little importance in the investigation of the indtvidual 

patient, but are essential in most epidemiological studies. 

A. Isolation and identification 9f group A streptococci 

A good account of modern methods for the isolation 

and identification of group A streptococci is given by 

Williams (1958); since the present work is not connected'  



42* 

with this subject, they will not be discussed further. 

B. Type identification of group A streptococci 

As mentioned in ,a previous section, group A streptococci 

possess two main type-specific antigens viz, the M-protein 

and T antigen. Griffith (1934) classified these organisms 

by the slide agglutination technique in which the T antigen 

was shown to play the main role. On the other hand, 

Lancefield (1941) introduced her scheme of classification 

according to the M-protein precipitation with the specific 

serum. In practice moat'cultures are T-agglutinable, but 

it is usually not possible to identify an If antigen in more 

than about one-half of cultures with current available 

antisera (Williams & Maxted, 1953;  Williams, 1954, 1957; 
Parker, 1967). Therefore, Williams & Vaxted (1953) adopted 

a combination of the two systems i.e. they typed their 

strains first by T.agglutination and then examined them 

with a limited selection of If antisera determined by the 

T-egglutination pattern. Strains agglutinated by some 

T antisera include only strains with a single U antigen 

e.g. Ti.type 1 strains include meMbers only of M.type 1, 

but others, notably membera of the T-agglutination complexes, 

include streptococci with several M antigens e.g. the 

3/13/B3264 complex includes members of M-types 3, 13, 33, 

41, 52 and 53. For a discussion of the advantages of the 
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two typing systems for different purposes see Parker (1967). 
Serol cal tests of the •atient's serum 

Serological tests are essential aids in the confirmation 

of recent streptococcal infection or in establishing; the 

diagnosis of sequelae such as rheumatic fever. 

1. Antibodies to extracellular antigens  

The most commonly used test for both diagnostic 

and epidemiological purposes is the estimation of 

.ASO in'sera. Antibody responses in patients to other 

extracellular antigens e.g. streptokinase, hyaluronidase, 

deoxyribonuclease, rase (DPNase) are less frequently 

used. 

The properties of etreptolysi.n 0 have been 

discussed in some detail on p.27. For the determination 

of ASO, Williams (1958) recommended a modification of 

the method of Johnson (1955) based on that of Rantz 

and Randall (1945). In this modification, the titre 

expressed in Todd units (T.U.) is taken as the reciprocal 

of the highest dilution of serum that gives complete 

baemolysis in the presence of 1 T.U. of toxin. A 

convenient method which is lees elaborate in serum 

dilution and more economic in the use of serum has 

been introduced by Gooder and Williams (1959). The 

endpoint is the dilution of serum giving 50% haemo—

lysis measured visually or by a colorimeter. This 



method has been adopted in this work and mdll be 

described in detail in Part Two (page 83). 

The antibody reeponse to streptolysin 0 results 

generally from infection with group A streptococci 

and less frequently with groups C and G. ASO may 

be detected as early as one week after the meet of 

infection, and usually reaches its maximum level 

within 3 weeks and then starts to decline, but there 

are considerable individual variations. A negative 

ASO titre does not exclude infection, and observations 

have shown that up to 30% of patients may fail to 

produce antibody to streptolysin 0. In the general 

population only 10-15% show high titres i.e. 250 T.U. 

and over; such high titres in normal individuals 

depend on several factors such as age, occupation, 

geographical location etc. So, higher titres are 

more frequent in children than in adults, and in 

adults in military service more than in civilians. 

Thus a significant rise in ASO titre is diagnostic 

of streptococcal infection. Furthermore, the presence 

of ASO at sufficiently high titres (500 T.U. per ml 

or over) in single specimens of sera may be taken 

as evidence of recent streptococcal infection 

(Vannamaker & Ayoub, 1960). Nevertheless, under 
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certain circumstances false high titres may occur 

e.g. in contaminated serum, or serum from patients 

with hepatitis which contains lipoprotein inhibitors 

of atreptolysin 0 in large amounts, Cholesterol in 

normal serum levels does not:inhibit the 	To 

remove lipoproteins absorption of.the serum with 

e.g. dextran sulphate can be made before the test 

(Haien. 1963). The:streptolysin 0.should be.used.in  

the reduced form and tested against a standard serum 

of known titre in parallel with the sera, being tested. 

Moreover, the titre may vary according to the system 

of dilution adopted (WonnAmsker & Myoub, 196p). 
The magnitude of the ASO level also depends on 

various factors e.g. nature and severity of infection 

and the infecting - strain.' RheUmatic patients generally 

give more, elevated titres than patients convalescent 

from suppurative streptococcal infections but this 

finding is by no means diagnostic of rheumatic fever, 

since the ASO response is only indicative of,recent 

streptococcal infection. Other factors include previous 

experience of streptococcal infection which explains 

high initial titres in some.individualsas secondary 

responses. The response in infants'is poorer than 

in older children and adults. The use of drugs such 
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as cortisone and bactericidal antibiotics e.g. 
penicillin, may suppress the ASO response in patients 
treated with them. 

Owing to the failure of some patients to give 

an ASO response tests for the determination of anti- 

bodies to some of the other extracellular antigens 
notably hyaluroaidaee, streptokinase, DPNase and 

Mee B are available and may be used in such 
circumstances. In fact the use of more than one 

test increases the proportion of patients giving 

high titres that are of diagnostic value in strepto-
coccal diseases. 
2. .Antibodies to cellular antigens  

The detection of antibodies to cellular antigens 
has not been widely practised, because, until recently, 
convenient and reliable methods have not been available. 
Most attention has been directed to antibodies to the 
M-protein, because these antibodies are believed to 
confer immunity, but some information is available 
about antibodies to the group-specific polysaccharide. 
The mucopeptide and teichoic acid (polyglycerophosphates) 

are shared by many Oran-positive bacteria, and antibodies 

to them are not necessarily strictly specific to group A 

streptococci. The T antigens show a wide range of 

cross-reuctions among different serotypes and are not 
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thought to play a part in pathogenesis. 

Tests for measuring group specific antibodies 

are now available. HaemagulutinRtipn teets with 

tanned human group 0 erythrocytes have been employed 

by Schmidt & Moore (1965) and Goldstein & Caravano 

(1967). Streptococcal cell walls were also used in 

an indirect Coombs test for the detection of group 

A specific antibodies, and directly for the detection 

of group i-var antibodies by Karakawa, Osterland & 

Krause (1965). These methods will be discussed fully 

in Part Four in comparison with a latex agglutination 

test developed in this wort. 

Several methods have been used for the detection 

of M antibodies. The most important and most widely 

used is the bactericidal test (Todd, 1927 a & b). 

The original test of Todd has been modified by several 

workers (pages 18..19). The test depends on the enhanced 

bactericidal activity of the serum after streptococcal 

infection caused by the appearance of M-protein anti- 

bodies. In the direct test thole blood from convalescent 

patients is incubated with a streptococcus, and in the 

indirect test convalescent serum is added to blood 

from a non-immune individual and incubated with a 

streptococcus. The modification of the indirect 
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method described by 'axted (1956) has been used in 

this investigation, and will be described in detail 

in Part T. The test is highly specific and sensitive, 

but it is also laborious and difficult to perform on 

a large scale. Wan and monkeys are practically the 

only suitable source of blood for the indirect bacteri-

cidal test. The strains of streptococci should be of 
high virulence*  and passage through mice or through 
blood may be necessary before use. 

Another reliable test, which is also of biological 
nature, is the long-chaining test (Stoneman & Ekstedt, 

1957). It depends on the formation of long chains by 
group A streptococci In the presence of the homologous 
antiserum. In the presence of normal rabbit serum 
or protein-enriched broth the chains are usually short 

and consist of 4-12 cocci. The number of cocci per 

chain may increase by up to ten times the initial 
number when the homologous serum is added. Each of 

fifty chains randomly chosen from different microscopic 

fields is examined, and the average number of cocci 

per chain is taken as the mean chain length. The 
result is expressed as the chain index, which is the 

ratio of the mean chain length of streptococci grown 
in homologous serum to their mean chain length when 
grown in the presence of normal rabbit serum. An 
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increase of three times in the chain length is 

indicative of the presence of the relevant type. 

specific antibody in significant amounts. However, 

long chaining may occur in the absence of M-protein 

and in the presence of R antigens when the organisms 

are tested in R antisera (Stollerman, 1967). Spon-

taneous long chaining may also occur in Todd-Hewitt 

broth without protein enrichment. In general, the 

teat requires the use of a highly virulent strain 

and antiserum free from antibiotics and antiseptic 

preservatives.. Furthermore, the pH of the medium 

must be adjusted between 7.5-8.0 before inoculation. 

The third biological teat for the M-protein 

antibodies is the mouse protection test. Mice are 

passively protected by the administration of antiserum 

and then challenged 11th a lethal dose of homologous 

streptococci, The limitations of this test include 

the difficulty of selecting strains of sufficient 

virulence for mice. Numerous mice are required for 

each test, and this results in an extravagant use 

of antiserum. 

Non-biological methods for the detection of 

M-protein antibodies are also available. These 

employ carrier particles with adsorbed purified or 

partially purified antigen, which are used in 
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agglutination reactions. The first of these tests, 

which is widely used, is the haemagglutination test 

(Boyden, 1951). To facilitate adsorption of the 

antigen, erythrocytes are first treated with tannic 

acid. The technique has been adopted to detect M 

protein antibodies by several workers referred to in 

page 18, Spontaneous agglutination of the cells is a 

major disadvantage, together with intrag.species 

cross.reactions. Baemolysis of the red cells may 

occur if excess antigen or old cells are used. 

To overcome these difficulties, inert non-

biological particles have been recently introduced 

as antigen carriers in agglutination tests. Bentonite 

flocculation WW1 described by Bozicevich, Bunim, 

Freund & Ward (1958) for the diagnosis of rheumatoid 

arthritis and was employed by Liars & Pierce (1961) 

to detect M-protein antibodies. The use of latex 

particles is more popular than bentonite. It was 

originally used in a test for the rheumatoid factor 

by Singer & Plotz (1956) and has since been extensively 

used for other aerological tests e.g. in histoplasmosis 

(Carlisle & Saelaw, 1958) tuberculosis (Duboczy & White, 

1966), and farmer's lung (Murray, Pepys & Brighton, 

1967). Latex agglutination tests to detect U-protein 

antibodies were first introduced by Molina & Saletti 
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(1961). The method was also used by Bray et al 
(1966) and Brighton (1967) for the same purpose. 

For a specific reaction to be obtained in the latex 

agglutination test, an antigen should be used that 
is at least serologically pure* it fuller discussion 
of the test will be given below. 
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VII ©F33ECTIVES OF THE PRESENT INVESTIt ATION 

The detection of antibodies to the two main cellular 

antigens laz• the group. pecific polysaccharide and the 

type specific M.protein is a promising field of itudy, 

since it may lead to the development of simple specific 

techniques that can be used freely in various aetiological, 

epidemiological and clinical studies of streptococcal 

diseases. In the field of prevention, handy and accurate 
methods for the assessment of immunity are important and 

will be greatly needed if active immunisation is contemplated. 

The use of carrier particles in an agglutination reaction 

was aimed at in this work. To develop such a method it was 

necessary to obtain reasonably pure antigens for adsorption 

on to inert, non-biological particles. For this purpose 

polystyrene latex particles from a commercial source were 

used. Therefore, with the pure antigens and the inert 

particles of non.biological origin it was possible to 

develop a latex agglutination test which provided a simple 

and sensitive method for the detection of antibodies to 

cellular antigens in buthan sera. 
The latex agglutination test, therefore, has been 

applied for the detection of group-specific antibodies 

as part of this work in the first place. It has not been 
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used in this respect before. Purified extractsobtained 
by various standard methods have been employed for adsorption. 
The full account of the experiments is given in Part Two. 
The test is shown to be applicable in the case of groups 
other than group A streptococci. 

The use of latex agglutination as mentioned above has 
already been adopted by several workers for the detection 
of the type.lpecific M-protein antibodies, In this work 
the same principles and procedures concerning the test 
are followed except that the M-protein fraction differs 
from fractions used by other workers in that it is derived 

from a supernate after precipitation of an acid extract 
with 60% ammonium sulphate and further purified by repeated 

precipitation at pH 5.5 and washing in absolute alcohol 
(see Part Three), 

A comparison between this fraction and the conventional 

fraction precipitated by 60% aamonium sulphate is given. 
It has been tested against rabbit sera and sera from 
patients suffering from streptococcal diseases. Its 

specificity has been verified by indirect bactericidal 
tests* 

All the experimental details of tests on both group-
specific polysaccharide and M-protein will be, given in 
Part Two, The results will be presented In, Part Three, 

while a full discussion of the findings will follow in 
Part Four. 
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PART 

WtTERIALS AND MICTII9DS 

Group.specific polysaccharides and type.specific 
tl-proteins were extracted and purified from intact 
streptococcal cells or from cell walls. They were used 
for the detection of antibodies in sera from hyperimmunised 
rabbits and els* in human sera collected from patients and 
controls by the use of a latex agglutination test which 
has been established by several experiments described 
below. 
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I MATERIALS 

Cultures of streptococci  

1. 	tures used for the 	 ract 

specific olysaccharides, 

Strains of streptococci maintained in the 

treptococcus Reference Laboratory, Colindale, London, 

re used for the preparation of group specific 

eaocharides:- 

GroupGroup As 	(i) 
	

1, 8g/130 glossy (100079) 

(ii) Type 2/44/Rb4, li•C.T.C• 8322 

(iii) Type 4, 4990, N.C.T.C. 8326 

(iv) Type 6, T6 glossy, N.C.T.C. 8709 

(v) Type 3, Richards, 14C.TiC., 8191 

(vi) Type 12, SF/42 (100081) 

Other oups: (vii) Group .A..vari, T27/32/3 

(viii) Group 	090R N.C.T.C. 9993 

(ix) Group C, Chestle„ N.C.T.C. 8543 

(x) Group G, Valente, N.C.T.C. 9603 

(xi) Group L, 9HC/16, (10238) 
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2. 	Cultures used for .thepre a; ion of the t e- 
specific M.proteins 

Strains of group A streptococci of the following 

types maintained in this laboratory were used: 

Type 1: Sr/130/13, N.C.T.C. 8198 

2: T2/44Rb4 matt, N.C.T.C. 8322 

3: T3M, B930/24, (100064) 

" 4: 4990, N.C.T.C. 8326 

5: SB BSI. 776 

6: S43/78, 	8302 

" 9 	101/4 matt, (100067) 

12: n53/1077 Nephritogenic (100085) 

" 14: Lowe, N•CsT444. 8199 

" SR= .7170, ii.,04,Tip0* 8320 

" 22: T22/83/2 matt, (100071) 

" 25: T25/34 PM small 

" 49: 000/1 and C274/1 (two strains) 

In addition freshly isolated strains of group A 
types 4. (R67/1826), 12(R67/2531-8teve) and 49(R67/2327) 

were used as substitutes of stock strains of the same 

types which failed to produce sufficient amounts of 

M-proteins. 
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B. Sera used for detection of antibodies to cellular 

antigens  

1. Antisera from hyperimmunised rabbits  

These had been prepared in this Laboratory for 

the grouping and typing of streptococci. They► were 

as follows:- 

(a) Grouping sera, Grouping antiserum for 

group A streptococci was prepared bi immunising 

rabbits with heat-killed trypdased type 1, SF/130, 

cells. Also grouping antisera for groups A-var, 

B, C, D, El  P, G, 1.1, X, L, V, N, 0, p and Q were 

availdble. They were all prepared by immunising 

rabbits with heat-killed trypsinised cello except 

in the case of group 13 where formalised untreated 

cells were used, and groups LI and 0 where heat-

killed cells without trypsin treatment were used. 

Antiserum for group D was prepared by immunising 

rabbits with cells disintegrated in a Mickle's 

disintegrator. 

(b) Typing sera. Type...specific antisera for 

typing of group A streptococci by LI-precipitation 

were prepared by immunising rabbits with uatryp-

sinised culture of H-types 1, 2, 3M, 3R, 4, 5, 6, 
9, 12, 14, 15, 18, 19, 22, 23, 24, 26, 28R, 290  

30, 46, 48, 49 and 51. The group-specific 
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antibodies were removed by absorption  

type 6 gloesy (but antisera for type 6 were 

absorbed with type 1s4 cells). Special absorptions 

were carried out on certain antisera viz. types 

9, 15 and 49 were re-absorbed with type 11 cells, 

type 3R antiserum with type 3M cells and vice 

versa, type 18 antiserum with type 36 cells, 

type 22 with type 11 and type 13 veils, and 

types 2L, 26, 29, 46 and 48 with type L cells. 

(c) Unabsorbed typing serq. These were prepared 

as in (b) with the same strains but no absorption 

was carried out and therefore they contained the 

group-epecific antibodies as well as the type-

specix is antibodies. 

(d) Normal rabbit sera. Sera from 3 unimmunised 

rabbits were pooled and used as negative controls 

in the serological tests. 

2. Human sera 

Considerable difficulty was experienced in 

obtaining suitable sera from patients who had suffered 

from streptococcal infections. When a bacteriological 

diagnosis of acute streptococcal infection is made, 

antibiotic therapy Is usually begun immediately, and 

infecttan maybe eradicated before en antibody response 

occurs; and when a streptococcal infection has remained 
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untreated sufficiently long for an antibody response 

to take place evidence of bacteriological confirmation 
is often lacking. 

The following sera were available and were used 
for detection of group-specific antibodies, and in 
some cases, also for type-specific antibodies. The 

ASO was detected in nearly all of them. 

(a) Sera sent from public Health and hospital 
laboratories in southeast England for the 

estimation of ASO from patients thought to be 
suffering from a streptococcal infection or one 

of its sequelaes In each case the sender had 
been circularised and asked to confirm that the 

case was of suspected streptococcal infection and 
to give the evidence upon which the conclusion 
was based and the supposed date of onset. The 
sera included were all from cases where such 

confiraation was obtained, or which the information 
submitted with the specimen left little doubt that 

a clinical diagnosis of streptococcal infection, 
rheumatic fever or acute glomerulonephritis was 

justified. It was clear from the replies that 
nearly all of the sera had been collected often 

in the second week of the supposed infection or 
later, and often very much later. In the latter 
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case, however, the exact date of onset was 

seldom determined accurately. Group A streptococci 

had seldom been isolated during the acute stage 

of the infection. 

The 73 sera included single specimens from 

61 patients and 6 pairs collected at intervals 

of 4 to 15 weeks. 

(b) Sera from patients from whom group A strepto- 

cocci had been isolated in the laboratory of 

Burnley General Hospital; the patients had 

been seen in consultation by the paediatrician 

and were seldom suffering from acute infection 

at the time. There were 3 paired and 11 unpaired 

specietns of sera in this group. 

(c) Sera from young men in a closed institution 

who were suffering from an acute upper respiratory 

tract infection and from whom group A streptococci 

were isolated. These sera composed 25 paired 

specimens. The first sera of each pair were 

collected within 2 or 3. days of the supposed date 

of onset of the infection, and the second serum 

is each pair was collected 2 to 5 weeks later. 

All of these patients received antibiotic treatment 

as soon as streptococci were isolated. 

(d) Five pairs of sera from American Indian 
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children with acute glomerulonephritis following 

skin infection with type 49 group A streptococci 

were kindly-supplied by Professor L 	Wannamaker, 

University of Minnesota, U.S.A. 

Also one paired specimen r ae Obtained from 

a worker in this Laboratory who had suffered from 

repeated throat infections and from whom type 12 

group A streptococci were isolated during the 

most recent attack. 

(e) Eighty-nine sera were obtained from specimens 

sent to the Wright-Fleming lnstitUte for Wasserman 

reaction and were used as controls, Four sera 

from volunteers in this Laboratory were added to 

this group, 
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III 

Preparation of streptococcal cells 

1. streptococcal cells used for the extraction of 

group-specific pol~ycaocharides 
Lyophilised cultures were resuscitated in Oxoid 

Todd-Hewitt broth for about 6 hr and used to inoculate 

50 ml amounts of the same medium. After overnight 

incubation in air at 37°C the 50 ml cultures were 

tested for purity by subculture onto blood agar plates. 

Two-litre amounts of Oxoid Todd.41ewitt broth were then 

inoculated from the. 50 ml cultures and incubated in 

air at 37°C for 48-72 hr and then killed by heating 

in a water-.bath at 60°C for 30 min, Thereafter the 

bottles were left overnight at room temperature, and 

next morning the deposits were collected after removal 

of the supernatant broth by a suction pump, and were 

washed thrice in sterile normal saline. These deposits 

provided intact cells which were either used as such 

or further degraded into cell walls where needed. 

2. Streptococcal cells used for the extraction of 

type specific M.-proteins 

Oxoid Todd-Hewitt broth was used with added 

neopeptone to give a high yield of M-protein by 

inhibiting the production of proteinase in the culture 
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(Elliot & Dole, 1947). All the procedure° followed 

for preparation of the cells for extraction were as 

described above.. No cell walls were prepared. 

B. Preparation14cell walls 

For the extraction of group A polysaccharide cell 

walls were prepared either in a tickle's disintegrator 

(Salton & Horne, 1951) or by means of an X-press (Edebo, 

1960) us follows. 

1 # 	Tackle's disintegrator 

Washed cells from 2-litre cultures were resus- 

pended in 100 ml amounts of sterile distilled water. 

To each of the two tickle's cups was added 10 ml of 

the suspension and an amount of No. 12 glass beads 

to form a third of the height of the mixture in the 

cup. A drop of octyl alcohol was added to the mixture 

to prevent frothing. Disintegration was allowed to 

continue for 40 min at maximum oecillation. Gram-

stained films of the mixture were examined at the 

end of the period for the absence of Gram-positive 

cocci and for the presence of Oramunegative sheets 

of cell walls. Forty minutes was found to be a suitable 

period for effective disintegration. The cell 

walls were separated from intact cells and lerEe 

particles by centrifuging the final disintegrated 

suspension at 2,500 r.p.m. for 20 min. The cell 
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walls were still suspended in the supernatant at 

the end of this time. Too-aeparate them from dissolved 

cellular material they were recentrifuged at 10,000 r411).04 

for 30 min. The deposit of cell walls obtained was 

sashed twice in cold sterile saline and redeposited 

at the same high speed of centrifugation. 

2. The,press method 

The principle of this method is t 	ce s frozen 

at 25 PC are driven through a hole a few millimetres 

in diameter at a pressure of 2000 atmospheres, This 

pressure transforms ice crystals from one form to 

another (ice / to ice /II) thus reducing the volume 

by about 20%. Disintegration of the cells results 

from this chance (Edebo, 1960, 1961). The process 

is carried out in a device that consists of a cylinder 

divided equatorially by a disc with a small central 

hole. This method was found to be lengthy and did 

not yield more bulk of cell walls than the Micklets 

disintegrator. Since only a small deposit of cells 

from one batch of 2 li broth culture was disintegrated 

by this method, the resulting cell walls were added 

to the bulk of cell wails prepared in the Micklets 

disintegrator. 

C, 	preparation of cellular antirena 

1. 	Extraction and purification of group-specific 

polysaccharides  
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Intact cells or cell walls of streptococci were 

treated with one of the following methods for the 

extraction of group-specific polysaccharides:- 

(a) Hot formamide. Extraction in hot formamide 

was carried out according to the method of Fuller 

(1938). The deposit from a so-litre broth 

culture either as intact cells or as cell walls 

was resuspended in L. ml formamide. The suspension 
was heated at 160°C in an oil4oath for 15 mm. 
Undissolved cells were deposited by centrifugation 

at 2,500 r.p.m. for 20 min and re-extracted in 

hot formamide. The crude extracts were pooled 

and 25 ml of acid-alcohol (0.5% H01 in absolute 

alcohol) was added to every 10 ml of crude extract. 

The precipitate was separated by centrifugation at 

2,500 r.p.m. for 20 min and discarded; the super-

natant fluid was treated by the addition of 50 ml 

acetone to every 25 m1. The precipitate formed 

after acetone treatment was collected and re-

dissolved in buffered saline pH 7.2 (normal saline 

to which is added 0.005 H di-sodium hydrogen 

phosphate and the pH corrected to 7.2 by N 1103.), 

The presence of the polysaccharide in this solution 

was detected by the ring precipitin reaction of 
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Lancefield (1933) with group antiserum, There- 

after it was purified by one of the following 

two Kethods: (i) two further treatmeats with 

acid-alcohol and acetone as described above, 

(ii) shaking in chloroform in the presence of 

amyl alcohol (11cCarty, 1952), One volume of 

chloroform was added to 2 volumes of extract, 

followed by 1/5 volume of amyl alcohol, The 

mixture was shaken briskly by hand and allowed 

to stand for 5 min on the bench before being 
centrifuged at 2,500 r.p,m. for 20 min. The 

impurities collected at the interface between the 

chloroform and the extract. The extract was 

removed with a pipette, and the process was repeated 

until no more material formed at the interface. 

This was usually achieved after the third time. 

The addition of amyl alcohol was omitted in most 

occasions and its absence did not affect the 

purity of the product. Polysaccharide fro:a 

group J. type 1 streptococci was purified by both 

of the above methods, but polysaccharides from 

other types of this croup (types 2, 3, 4, 6, 
and 12) and from other groups of streptococci 

groups A-var, 	C, G and L were purified 
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only by repeated acid-alcohol and acetone 

precipitation. 

MISPLIMURELLI1022221alag• The CreuP"' 
specific polysaccharide was extracted by digestion 

with atreptomycos arbus enzymes according to the 

method of Maxted (1948). Cells from 2-litre 

culture were resuspended in 25 ml of the enzyme 

preparation and incubated in a water-bath at 56°C 

for 5 hr. The digest was then cooled and centri-

fuged at 2,500 r.p.m. for 20 min. The supernatant 

fluid was collected and dialysed against saline 

buffer pH 7.2 overnight in the cold. Then it was 

shaken in chloroform as described above to remove 

the proteins. The deproteinised extract was 

further purified by three acid-alcohol and acetone 

precipitations (see above). Deproteinisation vas 
also carried out on another batch of the crude 

extract by precipitation in 5Ci saturated ammonium 
sulphate as follows:- 

Saturated ammonium sulphate vas prepared 

by adding 1,000 g of ammonium sulphate to one 

litre of distilled water. This was shaken 

thoroughly and left overnight at room temperature 

for saturation or alternatively it as heated in 

a vater4mth at 50°C for 2-4 hr. 50 saturated 
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ammonium sulphate was made up by adding equal 
volumes of the saturated solution and distilled 
water. The pH was adjusted to 7.2 by adding 0.88 
ammonia dropwise while the reading was wade on a 
pH meter. The extract was dispensed in dialysis 
bags and immersed into the 50% ammonium sulphate 
solution. For every 10 ml of extract 100 ml of 
the solution was used. The dialysis was allowed 
to continue overnight in the cold. Thereafter, 
the precipitated proteins were deposited by centri-

fugation at 2,500 r.p.m. ior 20 min. and the super-

natant fluid containing the extract was collected 
and dialysed against four changes of distilled 
water in the cold to get rid of the nmwonium 
sulphate. Further purification was carried out 

by acid.alcohol acetone precipitation as above. 
(a) Hot acid. Intact cells from 2..litre culture 
were resuspended in 3.5 ml N/5 H01 and boiled in 
a water-bath. After cooling, neutralisation was 
carried out by means of 11/2 NaOH with phenol red 
as indicator. The suspension was then centrifuged 
at 2,500 r.p.m. for 20 min. The supernatant fluid 
was collected while the deposited cells were re-
extracted in the same way, The two supernatant 

fluids were pooled. reproteinisation was initially 
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carried out in 50% ammonium sulphate as above. 

The supernatant fluid containing the extract 

was dialysed in distilled water, in the cold and 

further deproteinieed by shaking in chloroform. 

Purification was again carried out by repeated 

precipitations in acid-alcohol and acetone. 

2. Extraction and purification of the,t7pe-specific 

H-proteins 

Extraction with hot acid was carried out according 

to the method of Lancefield (1928 a) described in the 

preceding paragraph. After neutralisation, the super-

natant fluid from two extractions was pooled and 

proteins were precipitated by two treatments with 

ammonium sulphate as follows: (a) the first precipita-

tion was carried out in 30% ammonium sulphate by 
dialysis (30 ml saturated solution added to 70 a 
distilled water and pH corrected to 7.2 by the addition 

of 0.88 ammonia). The precipitate formed after over-
night dialysis was separated by centrifugation and 

designated P30 fraction while the supernatant was 

designated 830 fraction. P30 'fractions were freed 

from ammonium sulphate by dialysis in distilled water 

and tested serologically for type.ispecific.V-protein 
and group-specific polysaccharide (see below); 
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(b) the second precipitation was carried out on the 

830 fraction; 60% ammonium sulphate was used (60 ml 

saturated solution and 40 ml distilled water and pH 

corrected to 74)* After overnight dialysis the thick 

precipitate was collected and designated P60, while 

the supernatant solution was designated S60* Both 

were dialysed against distilled water to remove the 

ammonium sulphate* The P60 was the fraction which 

had been adopted as the type-specific M-protein in 

the first stages of this work (see results in Part 

Three). After dialysis in distilled water, the pH 

of the solution P60 was adjusted to 746 to dissolve 

any precipitated part of this fraction during distilled 

water dialysis* Then it was tested chemically and 

serologically' (see below). These tests revealed the 

presence of group-specific polysaccharide, which was 

removed by waahing'the P60 fraction three times in 

4 volumes absolute alcohol (Barkulis & Jones, 1957). 
The final P60 fraction was again tested serologically 

and chemically (see results in Part Three). 

The S60 fraction was also cleaned from ammonium 

sulphate in distilled water. its pH was re-adjusted 

to 7.5, and it was tested chemically and serologically. 

For details of further studies on this fraction see 

results in Part Three. 
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D. Chemical ana;ysis 

The chemical nature and purity of each of the two 

cellular antigens was investigated by the detection and 

estimation ()fits nitrogen content and its rhamnose content 

according to the following methods 

1. Estimation of nitrogen content 

Nitrogen content of the extracts was estimated 

by a micro-Kjeldahl technique in which the ammonia 

was recovered in a Markham's apparatus {Markham, 1942; 

Kabat & Meyer, 1961)* Duplicate samples of 0.25 ml of 

each extract were transferred to thick test tubes, 

and 1. ml of a digestion solution (concentrated sulphuric 

acid saturated with copper sulphate)waS added to-each; 

digestion was allowed to continue for 2 hr on an 

electric heater. The solution was cooled and trans-

ferred to the Markham apparatus. It was neutralised 

by 10 ml of freshly prepared 50% Neal, and steam was 

bubbled through it. The steam was condensed in a cold-

water jacket, and the,ammonia solution was collected 

is a measuring cylinder. From each specimen 50 ml 

distillate was collected* A. blank buffer'control 

was also tested in duplicate. 

The distillates 'were treated with 2 ml Fressler's 

reagent per sample. Jtter development or the colour 

the optical densities of the distillates were measured 
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Figure l• Calibration curve for nitrogen determination. (See text.) 
This calibration is in use for routine work in this Laboratory. 
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in 1 cm cells in a S.P. 600 spectrophotometer, at 

a wavelength of 420 a. The nitrogen content of each 
sample was read off a calibration of optical densities 

against the nitrogen content of 50 ml diotillatea 

prepared from know stantismd solutions (Figure 1). 

The average of the duplicate specimens wax taken and 

corrected by subtraction of the value obtained for 

the control. This corrected value gave the estimated 
nitrogen content of the extract per 0.25.ml, and it 
was therefore multiplied by 4 to obtain the nitrogen 
content per ml. In polysaccharide preparations this 

was very small and could not result from gross protein 

contamination (see results in Part Three)* In the 

case of M..proteinsthe values were higher and conversion 

.to protein content per ml was made by multiplying each 

value X6.25. This conversion factor warySbtained from 

Documenta Oeigy Scientific Tables, page 126, 1956. 
2. Estimation of rhamnose content 

• Rhazmose content was estimated by the cysteine-

sulphuric acid reaction of Dische and Shettles (1948) 

as described by Dische (1955). 

A preliminary test was carried out on ?mown 

rhamnose solutions for the construction of a standard 

calibration curve. Solutions containing hop 35, 30, 



Table 1. The optical denoitieo of known solutions 
of rhamnose measured by the 

cynteine-sulphuric acid reaction 

Specimen 
No • 

Aihannose 
content O.D. 396 O.D. 428 O.D. 396 

O.D. 428 

I (distilled 
water) 

0 0.00 0.00 0.00 

2 5 ;045 0.05 0.1 

3 10 0.24 0.08 0.16 

4 15 0.39 0.13 0.26 

5 20 • 0.42 0.12 0.3 

6 25 041 0.13 0.4 

7 30 0.53 0010 04'43 

8 35 0.52 0.11 0.53. 

9 40 0.714 0.15 0.59 

0.D. = optical density. 396 and 428 wavelength in la 
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Figure 2: Calibration curve for rhamnose concentrations at values of 0.13.396 minus 0.D.428, 

after allowing 3 hr for the development of the colour (see Table 1). 
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25, 20, 15, 10, 5 pg per ml rhamnose uere prepared. 

Volumes of 1 ml of each solution 'were transferred to 

thick-walled test tubes and mixed with ti.5 ml volumes 
of a mixture of 6 parts of concentrated B:2804  plus 

1 nart of distilled water. After one minute the tubes 

were shaken briefly in ice water and then placed in 

tap water for 2 min and finally in boiling water for 

3 min, Then, after again cooling in tap water, 0.1 ml 

volumes of 3% cyteine hydrochloride solution were 
added and the taws were shaken. Colour was allowed 

to develop for 3 hr. Optical dens ties were read in 
an S.P,600 spectrophotometer at wavelengths 396 A 
and 426 p. A blank of distilled water was also included. 

The results were as shown in Table 1. 

Both hexosea and rhamnose give coloured solutions 

In this reaction, The optical density given by hexoses 

is identical at wavelength 396 )2 and 1428 	but the 

optical density at 396 u  is greater than that at 
428 u with rhamnose, Therefore, rhamnose can be 

estimated by finding the difference between the optical 

densities at these two wavelengths. From the data in 

Table 1 the calibration curve is Figure 2 was constructed 

and used to work out the rhamnose content of the extract. 

The extracts viere tested by the same procedure. 
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Polysaccharide extracts were diluted to contain 

approximately 30 pg/m1 as rhamnose. This .s estimated 

by calculating the total rhamneee content in the extract; 

the polysaccharide content of each extract was adjusted

to -10 memlv and therefore the rhamnbse content should 

be 6 mg/ml (the rhamnose content' of group-specific 

polysaccharide was reported by e.g. Krause (1963), to 

be 60Z).: The dilution of the polysaccharide extracts 

to contain 30 pg/M1 rhamnose was necessary because 

values of rhamnose higher than 40 pg/Ml-gave non. 

linearity.in  the calibration curve constructed from 

testing the known solutions. For this reason, accurate 

estimations were only made with such dilute eolutions. 

In all tests a solution of 20 ug/m1 rhamnose was 

included as a control. A blank control of distilled 

water was also included (see. results in Part Three). 

Serolopl.cal tests 

1, The ring precipitin test (Lancefield. 1933) 

This test was performed in grouping-pipettes by 

superimposing a drop of extract on a drop of antiserum, 

It was performed to detect group-specific polysaccharides 

in extracts with grouping antisera. A positive test 

is indicated by a ring of precipitate at the interface 

between the antigen and the antiserum. An immediate 
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reaction was graded as 4+, a reaction developing 

in the first min as 3+, in the second tin as 2+, 

in 3-5 min as 1+, and after 5 min ii was considered 

negative, 

2. Capillary pipette precipitation test 

PrelimiTrfty tests for M-protein in extracts 

were performed in capillary pipettes (Swift, Wilson 

& Lancefield, 1943). The.  antiserum was run in by 

capillary action making a column about 2 cm high 

in the pipette, and the extract was drawn up as a 

column of the same height after the serum. The 

pipettes were fixed upright on a plaaticine holder 

and incubated at 37°C for 2 hr. A first reading of 

the reaction was made after incubation, but the 

final reading was made after overnight settlement 

in the cold, A thick precipitate rising to midway 

or more of the height of the serum-extract mixture 

was graded as 4+, 3/4 of that was graded 3+1  1 or 

that height was 2+, while 1/4 was 1+. Less than 

1+ was considered a trace reaction. Absence of 

precipitation indicated a negative result, 

3, Double ce1-diffusion tests (Ouchterloney, 1953) 

Agarose gel on microscope slides was used for 

double gel-diffusion tests. The slides were cleaned 
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by boiling in a suitable detergent and rinsed three 
times in distilled water. They were dried with filter 

paper or clean towels. Then. they were placed on a 
horizontal surface and a few drops of 0.8% agarose 
in buffer. pH 7.2, were spread on each slide and 
allowed to dry completely to form a base layer for 
the gel. Molten agarose was then transferred to the 
slides by a pipette as 2.5 ml volumes on each elide 
and allowed to set. To bore the boles in the gel a 
template was used together with a metal canula. Cut 
agarose was sucked by a suction-pump through a pipette. 

The antigen was placed in the centre well and 
the antisera in the peripheral wells. The aides 
were kept in a moist chamber (a sandwich box with 
moist filter paper or cotton wool) overnicht. Lines 
were inspected and either photographed or drawn. 

Xmmunoelectrophoresis 
nlorowteohnique in gel-slid,q1 was adopted 

according to the method of Grabar & Williams (1953) 
modified by Scheideggar (1955 The gel-.slides were 
prepared as for gel-diffusion tests with 0.8% agarose 
dissolved in barbiturate buffer pH 8.5. The buffer 

was made up by dissolving 20.62 g sodium barbitone 

and 3.6814jg diethylbarbituric acid in one litre of 
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distilled water, and the pH was corrected to 8.5 by 

the addition ofD111,HC1. The same buffer was also 

used isc the electrophoreals tank. On each slide a 

centre trough and a hole on either side were made with 

a gel-punch. The antigens were placed in the holes -and 

the slides were run at a constant voltage of 200 for 

varying periods (15 min to 45 min). After electro-
phoreale, the antisera were run into the troughs and 

the slides were left at room temperature overnight in 

a moist chambers The linep were again recorded either 

by photographing or by drawing. 

5. Latex agglutination test  

This teat was developedlo measure antibodies to 

both group-specific polysaccharides and type-specific 

U-proteins. The biologically inert latex particles 

were used as antigen carriers. The procedures were 

as follows:- 

(a) Latex particles,  A commercial preparation 

of polystyrene latex particles, standard suspension 

of particle size 0,81 p (DM() Dacto Latex 0.81) 

was used as antigen carrier. The suspension was 

stored at refrigerator temperature. 

(b) Adsorption of antigen to latex particles. 

To one volume of the standard suspension en equal 

volume of the appropriate antigen solution (for 
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suitable concentrations see results 	 Part 

Three) was added and mixed gently for 30 sec. 

Then the suspension was further diluted X50 and 

incubated at 37°C for 2 hr with polysaccharide 

extracts and 1 hr with M.-protein extracts. 

After incubation, it was chilled to refrigerator 

temperature and merthiolate was added as preser- 

vative to a final concentration of 1:10,000. 

(c) The agglutination test. Serial dilutions 

of the sera were made with buffer (phosphate 

buffer saline pH 7.2 described above) as 0.2 ml 

volumes in a clean %M.O. haemagglutinating plate, 

each serum in one row. Two drops or the antigen 

prepared as in (b) above were added to each 

dilution with a 50-dropper. pipette. The plate 

was thoroughly agitated to mix and left overnight 

at room temperature. In the morning the plate 

was again agitated and left for a further 2 hr. 

Then it was gently but firmly agitated forwards 

and backwards, and sideways. Agglutination was 

shown by the aggregated particles settling to 

the sides of the cup and rolling towards the 

bottom in ring formation. The intensity of the 

agglutination was graded as; 4+ curdy agglutination 

in clear fluid, 3+ coarse agglutination in clear 
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fluid, 2+ moderate agglutination in clear fluid 

and 1+ fine agglutination in partially clear 

fluid. In all tests, the last cup in each row 

of dilutions contained buffer and antigen only 

as control to exclude spontaneous aggregation. 

In sUbsequent tests a known positive serum was 

titrated with the teat sera. Three normal rabbit 

sera mere also titrated individual y, but later 

they were pooled and used as a negative control. 

The reciprocal of the highest dilution of serum 

showing agglutination was recorded as the titre 

of that serum. When testing for group-specific 

antibodies in human sera it was noticed that the 

quality of agglutination reaction vas improved 

when the plates were allowed to stand at refrigerator 

temperature for some time. Therefore, after reading 

the titres as previously described the plates were 

kept in the refrigerator until the end of the . 

working day or until next morning. However, the 

end.point showed no change from the first reading. 

(d) Cleaning of thesaateq. Spontaaeous agglu" 

tination of the latex particles may occur if 

inadequately cleaned plates are used. Dried 

proteins from various sources e.g. serum, red 
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blood cells, micro-organisms, are the main 

sources or error. Another difficulty in obtaining 

good results is also the drying of the latex 

particles themselves. It is therefore of great 

importance not to allow used plates to dry up 

and they should be washed in running tap water 

cup by cup as soon as the results have been 

recorded. The washed plates are further cleaned 

by immersing in a suitable detergent solution 
overnight,. In this work the detergent Labrite, 

obtained from British Hydrological Corporation, 

Deep Park Road, 8.1U19, was used as a l% solution, 

in tap water. The plates are rinsed in running 

tap water cup by cup and then in distilled water. 

Immediate drying of the cups is achieved by 

inverting the plate and beating it against a 

clean towel on the bench several times followed 

by wiping the surface with the same towel. 

6. Absol,tion tests  

In a series of tests for establishing the speci-

ficity of the latex agglutination in detecting group 

A specific antibodies, group A antiserum was absorbed 

with homologous cells and also with heterologous cells 

of groups A-var, B, C, G and L. The cells were 
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prepared as previously described. , They 'were further 

treated with, crystalline ,trypsin to remove any surface 

proteins that might mask the group reactions. Trypsin-
isation was carried out by the addition of 0.5% solution 

of the enzyme as one volume to 20 volumes of the cell 
suspension. Incubation at 37°C was allowed for 2-3 hr. 
The cells liwere then washed and packed in Kahn test 

tubes by centrifugation to a height of 1 cm. The 

serum was added to an equal height and the cells re-

suspended in it. Absorption 'was allowed to continue 
at 37°C for 2 hr and thereafter repeated once. 

7 	,The indirect bactericidal , test, 

A modification of the method describedby Maxted 

(1956) was used. 
(a) Sera. Both human sera and IS ant sera from 

hyperimmune rabbits were used. Antisera from 

rabbits were absorbed with homologous and hetero-

logous extracts by precipitatfen In small tubes. 
Equal volumes of extract and serum were mixed, 

incubated. for 3-4 hr at 37°C and the resulting 

precipitate was separated by centrifugation. 
Absorbed and unabsorbed sera were used as 1:2 
and 1:10 dilutions. Human sera were used neat. 

The merthiolate preservative in rabbit sera was 
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neutralised by the addition. of 1:50 thioglycollic 

acid (0.02 ml to 1 ml serum). 

(b) Bacterial cultures. The M-strains,(see above) 

were grown in 2-3 ml Todd.glewitt broth with neo... 

peptone overnight. In the morning fresh amounts 

of broth were inoculated from the overnight 

culture and incubated at 37CQ for 3 hr,. Serial 

10-fold dilutions of the young culture were made 

in sterile broth saline (5 ml Todd -Hewitt broth 

in 100 ml normal saline). The number of colony 

forming unite in each broth saline wee determined 

by Miles &Piera count. 

(c) Blood. Human blood from a subject previously 

shown not to have bactericidal activity for the 

types under investigation was drawn aseptically 

in the required amount and mixed with heparin 

(10 units per 0.05 ml distilled water to every 1 ml 

of the blood). The blood was used immediately. 

(d) The bactericidal test. Sterile freeze-drying 

tubes were prepared in racks end to each was added 

0.3 sail of the heparinised human blood followed 

by a drop of the serum to be tested from a 50... 

dropper pipette. The appropriate culture dilutions 

ere also added with a 5G-dropper pipette as one 
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drop per -tdbe. The tubes are then sealed in 

a bunsen flame and incubated, at 37°C in a rotator 

which makes 5 revolutions per min. Subculture 

was carried out at the end of 3 hr by mixing 

0.02 ml blood delivered by a 50-dropper pipette 

with 1 ml sterile saline in a Petri. dish. Blood 

agar at 50°0 was poured into the Petri dish and 

mixed well with the blood. After the agar had 

set, the poured plates were incubated at 37°C 

overnight,. and the colonies were counted. 

(e) Controls. The test included normal rabbit 

serum as a negative control and also some tubes 

were inoculated with the dilutions of the organisms 

but no serum of any kind was added. A heterologous 

organism was included in each test as a control, 

8., Antistre tol =in 0 ASO estimations 

ASO levels in human sera were estimated by the 

method recommended by Cooder & Williams (1959). 

(a) General. The streptolysin 0 was an unreduced 

commercial preparation (Burroughs ftllcome). It 

was reconstituted in ASO buffer and reduced by 

100 thioglyeollic-  acid (1 part of the acid was 

mixed with 20 parts of buffer and 4% Naar was 

added dropwise in the presence of'a universal 

indicator (EDT!) until the colour became blue. 



green; the volume was completed to 50 parts by 

addition of buffer). The buffer (A.S0 buffer) was 

prepared by dissolving 1 g of bovine plasma 

albumen (Armour) in 500 ml of 0.65% NaCi; to 

this was added 270 ml of 3.12% liali2PO4. 21120 

and 126 ml 7.6% Na2I1PO4. 12E10, and the volume 

was completed to 3. 11. by the addition of distilled 

rater. Its final pl! was 6•3-6•5 
A standard antiserum was used for the 

standardisation of the streptolyein 0. A dilution 

of 1:100 of the antiserum was made and from it 

further dilutions of 1:150, 1;200 and 1:250 were 
also made in eight sets as 1. ml volumes per tube. 

Each 4 sets were placed in a rack in order of 
dilution from left to right and in 4 rows from 

top to bottom. Streptolysin 0 dilutions 1:50, 1145, 

1;40 and 1;35 were added each in one row in both 

racks. The racks were kept in the refrigerator 

for 2 1w. Horse erythrocytes washed and standard- 

ised in buffer to 8% were added to each tube as 

0.5 rail. volumes. The tubes were ineubeted In a 

water-bath at 37°0 tor 30 min. Then they were 

centrifuged, and 1 ml volumes of the supernatant 

were added to 2 ml volumes of distilled ris.ter, 
and the haemoglobin content was read in the SP 600 
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spectrophotometer at 520 pi. A calibration for 

percentage haemolysie on the spectrophotometer 
scale was available. The titre of the antiserum 
for each dilution of the streptolysin was read 

off a standard curve for the 50% end*►point. The 

streptolysin 0 dilution that gave the closest 

titre to 200 Todd unitg4m1 was used for all ASO 

tests on patients' sera. 

(b) Testily of the paqents' sera. Each serum 

was diluted 1:501  1:100, 1:200, 11400 and 1:800 

in ASO buffer in final volumes of 1 ml. Sera 

were inactivated for 30 min at 560C. The reduced 

standardised streptolysin 0 was added to each tube 

as 0.5 ml (containing 1 unit of toxin) and mixed. 

The tubes were put in the refrigerator for 2 hr. 

Then 0.5 ml of the standard 8% red cells mere 

added to each tube. The tubes were incubated in 

a water—bath at 370C for 30 min shaking after 

15 min. The approximate 50% end••point was located 

and each tube on either side of it was centrifuged. 

One ml of the supernatant was added to 2 ml of 

distilled water; the exact haemoglobin percentage 

was read in the spectrophotometer as above and 

hence the accurate ASO titre was determined. 
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PART TREE 

RESULTS 

DETE T ON OF 
	

0 OCCAL CI 0 P-SPECI IC ANTI DIES 

A. 	pre~~'yyaration of group A specific jsolyeaccharide 
Group A specific polysaccharide wan extracted by the 

three main methods Viz, acid extraction (Lancefiold, 1928), 

formamide extraction (Fuller. 1938) and atuamem aIbus 
enzymes extraction (Maxted. 1948). 'The crude extract in 

each case was purified as described in Part Two (pages 65-69) 

and the following preparations were obtained:- 

1. The formaillazolmstssUpalsaccharkag 

Extraction in hot formamide was carried out on 

intact killed cells, as well as on cell walls, of 

group A type 1 streptococci (SF/130). Each crude 

extract was divided into two parts. One part was 

purified by two further treatments with acida.alcohol 

and acetone while the other part was purified by 

shaking in chloroform. In the end four purified 

preparations were obtained viz. two differently 

purified preparations from intact cells and two from 

cell walls. The concentration of polysaccharide in 

each preparation was adjusted as followa: poly-

saccharide extracted from intact cello and purified 



Table 2. nitrogen content of forimmideu.extracted polysaccharides from 
intact group A streptococcal cells and from group A cell walls, 
purified by either acid-alcohol and acetone precipitations or by 
shaking in chloroform. The nitrogen was estimated by the 
micro-Kjeldahl technique. 

Starting 
:aterial purification 

Optical density * 
Specimen 	Specimen 

1 	2 

:!.ethod of Percent- 

	 .6.1*.M. 	  

Nitrogen content, mg per ml ++ 
Specimen 	Specimen Average 	Corrected 

1 	2 	of 1 8: 2 	average di) 
age 

Nitrogen 

Intact 
cells 

(a)acid-alcohol 
and acetone 
(b )chloroform 

0.05. 	0.049 

0.062 	0.027 

	

0.052 	0.048 	0.05 	0.0)42 

	

0.060 	0.020 	0.04 	0.032 

3.3 

2.8 	• 

cell-. 
walls 

(a)acid-alcohol 
and acetone 
(b )chloroforms 

	

0.03 	0.04 

	

0.040 	0.030 

	

0,028 	0.01i2 	0.035 	0,027 

	

0.04 	0.030 	0.035 	0.027 

2.7 

2.7 
Control 
(Buffer) 1 

1 	. 0.000 	0.002 0.000 	0.018 	0.008 	- . 

* The optical density is that of 50 ml distillate treated with Nesslerls reagent and read 
in the SP 800 spectrophotometer in silica cells and at wavelength Z20 g. 

++ This is obtained by multiplying the value in 0.25 ml by 4 (see text). 
a5This is the result of subtracting the average nitrogen content in control buffer from 

the average nitrogen content of specimens 1 8: 2. 
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by acid-alcohol and acetone precipitation was in a 
concentration of 12.5 mg/m1„ while that purified by 

chloroform treatment was 12.0 mg/mi. Both extracts 

from cell walls were in concentration of 10.0 meml. 

Before the estimation of nitrogen content was carried 

out dilutions of 1/10 were made fro each preparation. 

Each of the four polysaccharide preparations was 

examined chemically, and also immunologically to reveal 

the degree of its purity as a single antigen. The 

chemical teats included estimation of the nitrogen 
content and the rhammee content. Immunological 

tests included the ring precipitin test of Lancefield 

(1933), gel-diffusion tests, and immunoelectrophoresis. 

(a) EltroRen content. Eight specimens were 

tested. They consisted of a pair frori each of 

the four polysaccharide preparations. Two 
controls of buffer without polysaccharide were 

also added. The results of the readings of the 
optical densities and their corresponding nitrogen 

values obtained after testing the duplicate 

specimens and controls are shown in Table 2. 

Tice nitrogen contained in 0,25 ml of each dilute 

preparation was read off from the calibrations 

of optical densities against nitrogen content 



88. 

of 50 ml distillate derived from the digestion 

of,the preparation (Figure 1). allowance being 

made for the nitrogen content of the control 

buffer. The preparation from intact cells 

pUrified by acid-alcohol and acetone precipitation 

showed a nitrogen content of 3.55,, while that 
purified by chloroform had a nitrogen content 

of 2.8%. Preparations from cell walls showed 

nitrogen content of 2.7%. McCarty (1952) obtained 

values of nitrogen content ranging from 171 to 5:,, 
for polysaccharide extracted by Streptomyces  

albs s enzyme digestion of cell walls. Schmidt 

(1952) obtained a nitrogen content of 2.r in 
a group A polysaccharide extracted by a pepsin 
digestion method. Thus it would appear that 

simple shaking is chloroform or repeated acid-

alcohol and acetone precipitation when applied 

on a formami  de-extracted polysaccharide from 

intact cells or cell walls resulted in a 

reasonably pure preparation. 

(b) Rhamnose content. it has been mentioned 

in Part Two (page 74) that to obtain accurate 
values of rhamnose its concentration in the 

preparation should not exceed 40 final because 



Table 3. Rhamnose content of formamide-extracted polysaccharides from intact 
group A streptococcal cells and from cell walls, purified either by 
acid-alcohol and acetone precipitation or by shaking in chloroform. 
MIA-mope was estimated by the cysteine sulphuric acid reaction of 
Dische & Shettles (1948). 

Starting 
Material 

Llethod of 
purification 

Optical density 
396A 	428} 	0.D.-0.D. 

396 	428 

Observed 
Rhamnose. 
content 
RAJ. 

Per cent 
Rhamnose 
content 

Intact 
cells 

(a)acid-alcohol and 
acetone 

0.50 	0.075 	0.42 28.2 53.8 

(b )chloroform 0.60 	0.125 	0.48 32.7 54.0 
Cell 
walls 

(a)acid-alcohol and 
acetone 

0.515 	0.100 	0.415 2e.1 56.2 

(b)chloroform 0.50 	0.09 	0.41 27.5 54.1 
Controls 1. 20}x?/ail. rhamnose 0.275 	0.00 	0.275 18 90 

2. Distilled water 0.000 	0.00 	0.00 00 00 
 	. anaos.114..01•6 
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greater concentrations give non-linearity of the 

curve. To achieve ouch a concentration each. of 

the four preparations was diluted in distilled 

water to 1:200thuo giving polysaccharide concen-

trations of 62.5 paml, 60.0 ug/M1, 50 pg/ml and 

50 pg/ml. The first two are the preparations 

from intact cello and the last trio from cell walls 

(see above) • The theoretical rhamnoee content of 

these preparations calculated according to the 

approximate percentage of this sugar in group A 

polysaccharide (60;t, rharinoue) should, therefore, 

range from 30 ug/m1 to 37 pg/mi • A control rhamnose 

solution of 20 pg/M1 concentration was included 

in the test together with a distilled water control. 

The results are shown in Table 3. The observed 

value' for the rhamnose content of each preparation 

in pg/M1 was read from the graph (Figure 2) against 

the relevant difference between optical densities 

at wavelength 396 u and 428 u. These values were 

used in the calculation of the percentages of 

rhamnose in the various preparations (Table 3). 

The percentage of rhamose ranged from 53.8 to 

56.2 and there was no significant difference 

between preparations from intact cells end those 



Table 4. Ring precipitin tests with group A antiserum and formamide extracts 
prepared from intact cells and from cell walls of group A streptococci; 
the extracts were purified by either acid alcohol and acetone 
precipitation or by shaking in chloroform. 

Polysaccharide 
preparation 

Antigen dilutions 

Neat 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 	1:512 	1:1024 	1:2048 

Extract from cells 
(a)acid-alcohol & 
acetone purified 
(b)chloroform 
purified 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 3+ 

3+ 

2+ 

2+ 

2+ 

2+ 

2+ 

1+ 

1+ 	- 

- 	. 	. 	. 

Extract from cell 
walls 

(a)acid-alcohol & 
acetone purified 
(b)chloroforn 
purified 

4+ 

4+ 

4+ 

4+ 

3+ 

4+ 

3+ 

2+ 

3+ 

2+ 

3+ 

2+ 

2+ 

2+ 

- 

2+ 

= 	. 	. 

. 	. 

4+ : immediate strong reaction, 3+ : strong reaction within 30 sec., 2+ : moderate reaction, 
1+ : weak reaction, - : no reaction. 
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from cell walls irrespective of the method of 

purification. ince the rhaunoce estimations 

performed in this work appeared to underestimate 

the true rhamnose content by about 10,-L, the 

rhamnose content of the preparations of croup A 

Polysaccharide agree well, with those reported 

by Krause (1963). 

(c) RinKprescipitin tests. Serial dilutions 

were made from each, of the four preparations 

starting at 1:2 up to 1:2048 Each of these 

dilutions vas tested by the ring precipitin test 

(Lancefield, 1933) against group A antiserum 

(grouping serum). The results are shown in 

Table 4. They all showed good , reactions even 
at high dilutions. no reactions were given in 

normal rabbit sera. 

(d) 119412ml-diffuelon teat!. The tent was 

carried out on agarose-gel slides. All poly-

saccharide preparations were tested against 

grouping sera of groups A to Q. In addition, 

group Apmar antiserum, unabsorbed group A type 1 

antiserum and absorbed group A type 1 antiserum 

(typing sera) were tested. A pool of three 
normal rabbit sera was included as control. A 



gore 3: Group A polysaccharide extraoted by hot formamido 
from type 1cell tells and tested by immunos 
electrophoresis with group A antiserum. veal 
Acontained polysaccharide purified byrepoated 
acid alcohol and acetone precipitation, and 
well i contained polysaccharide purified by 
shaking with chloroform. The centre trough 
contained unabsorbed type 1 antiserum. A single 
line of precipitation, with negligible mobility, 
was given by,  each preparation after running at 

200 volts for45 
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single line was given by the homologous group A 

antiserum (grouping serum) and also by group A 

type 1 unabsorbed serum but no reaction was seen 

with the group A type 1 absorbed or. group A—var 

antisera. Furthermore, none of the heterologous 

group antisera gave any reaction with any of 

the four polysaccharide preparations* 
(e) 	immunoelectrophoreele. Group. A specific 

polysaccharide is an inert substance which is 
electrophoretically immobile. To demonstrate this, 

each preparation was run at constant voltage 

(200 volts) for either 20 min or 45 min* This 

was followed by the addition of- group A type 1 

unabsorbed serum in the serum trough. Single 
arcs of precipitation were seen between the trough 

of the antiserum and the antigen wells (Figure 3). 
This teat further confirmed the specificity and 

purity of these preparations by the absence of' 

any second lines that could indicate the presence 

of any antigen of different electrophoretic 
properties. 

In summary the group'A polyeacoharide purified 
from the formamide extract contained a minima.' amount 

of nitrogen in agreement with results by other workers 

(see page 88) but a high rhamnose content. It was 



Table 5. Nitrogen content of polysaccharide extracted from group A 
streptococcal cells by treatment with Streptomyces arbus enzymes 
and purified by either shaking in chloroform followed by acid-
alcohol and acetone precipitations or by precipitation with 
ammonium sulphate followed also by acid-alcohol and acetone 
Precipitation. 

Polysaccharide 
preparation 

4MINNIOMMEIrm•••••• 

Optical 

Specimen 1 

density 

Specimen 2 

Nitrogen content (mg per ml) 
Average 	Corrected Specimen 1 	Specimen 2 	of 1 & 2 	average 

Per cent 
nitrogen 

Preparation puri-
fied by chloro- 
form and acid-
alcohol-acetone 

0.055 0.07 0.56 0.064 0.06 0.052. 5.2 

Preparation _purl - 
fled by 50,-; 
ammonium sulphate 
and acid-alcohol - 
acetone 

0.055 0.05 0.056 0,042 0.049 0,041 14.1 

Duffer control 0.035 0.035 0.008 0.008 0.008 - 



92. 

also serolocically pure and specific as demonstrated 

by ring precipitin tests, gel.diffueion tests and 

immunoelectrophoreeis*  

2* 	Polysaccharide extracted by 	 omyces albus 

enzymes  

Cells of group A type 1 streptococci tere treated 

with Streotmlyces arbus enzymes as described in Part 

Two (page 67), The extract was purified by two methods 

viz. one part was first shaken in chloroform several 

times and then further purified by acid-alcohol and 

acetone precipitation three timee; the other part 

was first precipitated with 50:4 axmonium sulphate and 

then purified with acid-alcohol and acetone three 

times. Both fractions were tested chemically for 

nitrogen content and serologically by ring precipitin 

tests, gel-diffusion tests and immunoelectrophoresis* 

(a) Nitro en content or enz 	extracted -ol 

eaccharide*  The concentration of the polysaccharide 

in the two differently purified preparations was 

adjusted to 10.0 mg/M1, Again the ca:;:e 

Kjeldahl technique was employed.  Ac before, 

dilutions of 1:10 (1 mg/M1) were used for the 

test as 0.25 ml in duplicate, for each preparation 

as well as the buffer control* The results are 

shown in Table 5. The nitrogen content of the 



Table 6. Ring precipitin tests with group A antiserum and polysaccharide 
extracted by almstamma  alb enzymes from group A streptococcal 
cells and purified by either shaking in chloroform followed by acid-
alcohol and acetone precipitation, or by precipitation in ammonium 
sulphate also followed by acid-alcohol and acetone precipitation. 

P  olysaccharide 
preparation 

Degrees of reactions given by antigen dilutions: 

Neat 	1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 	1:1024 	1:2048 

Chloroform, acid- 
alcohol & 
acetone 

4+ 4+ 4+ 4+ 3+ 3+ 2+ 2+ 	- 

A.7,0nium sulphate 
4+ 4+ 4+ 4+ 4+ 4+ 2+ 2+ 2+ 	. 	- acid-alcohol 

& acetone 
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purified enzyme-extracted group A polysaccharide 

ranged from 4.15 to 5.25. This is a higher value 
than that for the purified formamide-extracted 

polysaccharides. Chemical tests to determine 

rhamnose content were not carried out. 

(b) Ring precipitin tests. Testing of a range 
of serial dilutions of the two preparations against 
group A antiserum revealed high reactivity of 

polysaccharide extracted ty,Streptomycce albue 

enzymes. Table 6 ehow the details of the results. 
Good reactions were given at dilutions higher than 

those of the formamide.extracted polysaccharide 

(of Table L), The tests were repeated against 

normal rabbit serum but no reactions were given. 

(c) Immunoelectrophoresie.  This test was carried 

out in the same way as for the formamidc-extracted 

polysaccharide. The preparations were run at 

200 volts (constant voltage) for periods of 

20 min only. Group II antiserum and group A type 

1 unabsorbed antiserum were tested against both 

nrenarationss, In all occasions two distinct 

arcs :° :re given by each extract. The first arc 

showed no mobility and was the same as that 

obtained for the formamide-extracted polysaccharide. 



Table 7. Summary of the chemical and serological properties of the 
various polysaccharide preparations extracted by the three" 
main methods from group A type 1 streptococci. 

Polysaccharide 
preparation 

Test 
Nitrogen 
content 
(%) 

Rhamnose 
content 
CO 

Ring precipitin 
tests 

Gel-diffusion 
tests 

Immtuw- 
electrophoresis 

Formanide-extracted 
polysaccharide 2.7-3.3 

. 

53-56 
reactions good 
up to dilutions 
1:128 to 1:256 

single lines 
with homolo- 
gous sera 

. 

single immobile 
line 

Streptomyces albus 
4.1-5.2 N.D. 

good reactions 
up to dilutions 
of 1:512 

N.D. 
2 lines: 
one immobile 
second is mobile 

enzymes.extiFRO 
polysaccharide 

Acid-extracted 
polysaccharide 3.6 N.D. 

good reactions 
up to dilution 
of 1:32 only 

single lines 
with homolo-. 
gous sera 

N.D. 

N.D. = Not done. 
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PW2 

z 

Figure Group A polysaccharide extracted by Streptomvces albus 
enzymes and tested by immunoelectrophoresis. 
P. 	= well containing the polysaccharide. 
S.T. = trough containing group A antiserum. 
In both preparations A and B FPI contained 
polysaccharide purified by ammonium sulphate, 
while PW2 contained polysaccharide purified by 
chloroform. In preparation A, S.T. contained 
group A antiserum (grouping serum). In preparation 
B, S.T. contained group Atype 1 unabsorbed serum. 
Line 1 represents the polysaccharide reaction and 
line 2 represents the mucopeptide reaction. 

NW& 

0111•0111. 
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The second arc was quite mobile and its movement 

vas directed towards the.positive pole (Figure 4). 

Since ,streptomyces albus enzymes also attack the 

mucopeptide and expose the peptide moiety which 

in the antigenic determinant of that substrate 

(Karakawa ems, 1966b) ,this second arc is 

presumably due to the mucopeptide. 

3. Polysaccharide extracted by hot acid 

Lancefield's hot acid extraction was carried out 

on cells of group A type 1 strain sp/13o, The extract 

was purified by first precipitation of the proteins in 

50% saturated ammonium sulphate. The supernatant fluid 

was freed from this salt by dialysis in distilled water 

and then shaken in chloroform for further deprotein-, 

isation. It was then further purified by treatment 

with acid-alcohol and acetone. The nitrogen content 

of this extract after three acid-alcohol and acetone 

treatments was found to be 3.6%. No estimation of 

rhamnose content :was made. Ring precipitin tests 

showed good reactions up to a dilution of 1:32 of 

the extract. Gel-diffusion tests showed no apparent 

cross.-reactions. 

A sum:4,ary of the properties of the three poly-

saccharide extracts is given in Table 7, The formamide- 
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extracted polysaccharide was, therefore, the most 

chemically pure and serolocically specific of the 

three extracts. 

• The latex a ,lutination test on rabbit ant 

Each of the preparations of polysaccharide was then 

adsorbed to latex particles in suspension and used as 

antigen. The following account deals with results obtained 

after testing different Polysaccharide preparations. Hyper- 

immune rabbit sera prepared against group A. and other groups 1 1 
were used all through these tests. 

1. The psse of latex particles coated with group A 

specific polysaccharide 

The procedure, of adsorption of the polysaccharide 

to the latex particles has already been described in 

Part Two (Page 77). In general, the method described 

by rolina and Saletti (1961) was adopted. 	screening 

experiment was first made by adsorbing each of the 

four preparations of the formamide-extracted poly-

saccharide at concentrations of 10 mg/ml,to latex 

particles and testing them against a group A antiserum. 

A suspension of latex particles in buffer in the same 

final dilution was included as control to exclude 

agglutination in the absence of the polysaccharide. 

The control latex suspension cave no agglutination 

reaction in the test sera. Strong agglutination 



Table 8. Latex agglutination test on group A antioera (grouping serum) 
by the use of latex particles sensitised with each of the four 
preparations of formamide -extracted polysaccharides. 

Polysaccharide 

to latex particles 

Agglutination reactions in serum dilutions 
preparation adsorbed ne  Sali 1:10 	1:20 	1:40 	1:80 	 1:160 	1:320 	1:640 	1:1280 	1:10 buffer 

Extracted from cells 
(a) acid-alcohol & 

acetone 
purification 

(b) chloroform 
purification 

4+ 3+ 

2+ 

2+ 2+ 

2+ 

. 2+ 
• ' 

- 

- 	- 

Extracted from cell walls 
(a) acid-alcohol & 

acetone 
purification 

(b) chloroform 
purification 

4+ 3+ 3+ 2+ 2+ 2+ 

3+ 

. 

. 

1+ 

- 	. 	- 

- 	- 	- 

Buffer control without 
polysaccharide - - . - . - . 	. 

4+ : curdy coarse agglutination in clear fluid, 3+ : coarse agglutination in clear fluid, 
2+ : moderate agglutination in clear fluid, 1+ : fine agglutination is more or less clear 
fluid, : no agglutination. 
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reactions were given by each, of the onti ens against 

the serially diluted serum to titres varying from 

320 to 640 (reciprocals of dilutions) as shown in 

Table 8. These results strongly suggested the validity 

ofthe:adsorption of the nolysaccharido on the latex 

particles and their possible use in a specific agglu-

tination test to detect antibodies to this antigen in 

hyperimmune rabbit sera. The next step was to determine 

• the most suitable concentration of the antigen that 

could be adsorbed to latex particles so that they 
agglutinated effectively in homologous sera. 

(a) Determination of a suitable concentration of 

• 
One of the four preparations '(polysaccharide' 

fro foramide-treated intact cells, purified by 

acid-alcohol and acetone treatment) was diluted 

serially from 1:2 to 1:64.  Since the initial 

concentration was already adjusted to 10 mg/ml, 

subsequent doubling dilutions contained, 5, 2.5, 

1.25, 0.6, 0.3 and 0.15 meigl aPproximatelre 
Latex particles were coated with each preparationi. 

Reasonably good agglutination was given by suspen-

sions prepared from polysaccharide at concentrations 

of o.6 yea and higher but with greater dilution 

of the material the reaction was very teak. 

However, the strongest agglutination was given 



Table 9. Deterthination of a suitable concentration of group A specific 
polysaccharide to be adsorbed on to latex particles for use 
in the latex agglutination tests. 

Concentration of 
group A specific 
polysaccharide 

Degree of reaction in serum dilutions 

1:10 1:20 1:40 1:80 1:160 1:320 	1:6t.0 	1:1280 DRS 	saline 
1:10 buffer 

10 mg/61 4+ 3+ 3+ 2+ 2+ 1+ 	. 	.  — 

5 mgbol 3+ 3+ 2+ 2+ 2+ 1+ 	. . 	. 

2.5 methl 3+ 3+ 2+ 2+ 2+ + 	. 	. . 	. 

1.25 mg/61 3+ 2+ 2+ 2+ 1+ ..., 	— — 

0.625 mg/ml 3+ 2+ 2+ 1+ 1+ .. 	— — 	— 

0.3125 ng/ml 2+ 2+ 1+ 1+ 1+  + 	— 
•••Mr..•101...3111.1.•••••MIONI 

— 	— 

0.15625 mg/ml 2+ 2+ 2+ 1+ 1+ . — 	. 

N.B. For explanation of signs see footnote for Table 8. 
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by particles coated with the undiluted poly 

saecharide (1C mg/u1: see Table 9), 1$11 

subsequent latex agglutination tests employing 

croup-specific polysaccharide were therefore 

carried out with particles coated with preparations 

at concentrations of 10 mg/mi. 

(b) 412EAgelutination tests on xol Imms and 

heteroloc'ous rabbit an sera 

To investigate the specificity of the latex 

agglutination test, further tests on group A 

antiserum (grouping serum), group A type 1.absorbed 

and unabsorbed antiserum (typing sera) and antisera 

to all other groups, including group A-var, were 

tested with latex suspensions prepared from the 

four forzamide-extracted preparations, two enzyme-

extracted preparations and a hot acid extract 

(see above). A pool of three normal rabbit sera 

was also tested an a negative control, Reactions 

at significant titres (640-1280) were given by 

all formamide-extracted preparations with group A 

antiserum and group A type 3. unabsorbed antiserum. 

Vinor reactions were given by this preparation in 

group A type 1 absorbed antiserum, group A-var 

antiserum and group 0 antiserum. The enzyme- 



Table 10. Agglutination by antisera of latex particles sensitised with group A. polysaccharide 
prepared in various ways. The figures given are the reciprocals of agglutination 
titres. 

Amtiscra 

Formamide-extracted 
intact cello 
purified 

acid-alcohol 
& acetone 
precipita- 

tion 

& 
by 
chloro- 
form 
treat- 
ment . 

4 

polysaccharide 
cell walls 
purified 

acid-alcohol 
& acetone 
precipita- 

tion 

from 
& 

by 
chloro- 
form 
treat- 
went 

Stre 	om cos aiurrizymcarr-d—es-Ac'..exrace 
polysaccharide 
purified by 50% 
ammonium sul-
phate, chloro-
forml: acid-
alcohol & aoetaa 
precipitation 

640 

ex racted polysaccharide 
purified 

chloroform & 
acid-alcohol 
& acetone 
treatment 

by 
50-;0 ammonium 
sulphate & 
acid-alcohol 
&. acetone 
treftment 

1280 
Group A 
antiserum 
(groutng 
serum 

640 320 320 320 1280 
. 

na sor ed  group A 
type 1 
antiserum 
(typing 
ser4m) 

640 1280 640 640 10240 5120 1280 

Absorbed 
A 

type
group 

 1 
antiserum 
(typing 

10 20 10 

serum)_  

_ 
10 - 40 '40 	• 10 

-aroup A-var 
antiserum 10 10 10 10 320 80 20 
Groups B,C, 
DiEsF,G,H, -  
Iii,L,M,U,P, 
n antisera 
Group 0 
antiserum 

- - 
Group B: 10 
" 	C:160 
" 	E: 40 
" 	0: 80 

Group C: 40 
" 	0: 10 

Group C: 10 
" 	01 10 

10 20 10 10 40 40 40 

bit serum 
Nor 	ray-

.y.,.,. 

- - 
rot.o. 

- 
w.farvm..r 

.. 
...,-,..... .400 

. 
- 

- 
VOMNSMNINIMI 
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extracted preparations gave reactions with the 

homologous sera to higher titres (1280-10240) 

than did the formamide extracts, but they exhibited 

marked cross-reactions especially with group Ai-var. 

In addition, they showed cross-reactions with 

groups B, C, E and G (see Table 10). The ammonium 

sulphate treated enzyme-extracted polysaccharide 

had lese cross-reactions than the extract deprotein- 

ised with chloroform. The acid-extracted poly-

saccharide also showed reactions with the homologous 

sera to the same level of titres as those with 

formamide extracts but exhibited some crows-reactions 

particularly with groups C and G, frowever, none 

of the preparations tested reacted to any degree 

in normal rabbit serum.  

It is obvious from these results that the 

formamide-extracted preparations gave serologically 

more specific reactions and were more easy to 

purify than extracts made either with hot acid 

or withtintalesma albus enzyme digeetion. 

No further attempts were made to improve the 

purity of the latter two preparations and the 

formamide extracts were used in all subsequent 

experimental, including the testing of human sera. 



Table 11. Reactions of formamide—extracted polysaccharides from group A. 
streptococci of six different aerological types, adsorbed to 
latex, with =Users to streptococci of homologous and heterologous 
groups. 

Source of antigen Group A 
type 1 Group A 

type 2 
Group A 
type 

Group A 
type 4 

 Croup A 
type 6 

Group A 
type 12 

Antiserum Titre P.R. Titre P.R. Titre P.R. Titre 	P.R. Titre P.R. Titre P.R. 

Group A 	(1) 
(grouping serum) 

640 4+ 640 4+ 640 4+ 320 4+ 640 4+ 320 4+ 

Group A 	(2) 
type llunabsorbed 

1280 3+ 1280 3+ 1280 3+ 2560 3+ 640 3+ 1280 3+ 

Group A 	(2) 
type 1, absorbed 
with type 6 
glossy 
(typing serum) 

. 	20 — 10 — 40 — 10 -. 20 — 20 — 

Group A—var 
(grouping serum) 

10 . 10 — 10 — 10 — 10 — 10 — 

Groups B, c, D, E, — — — — MB MP gle MP 9.10 Oft WO OW 

P, G, U, it, L, Lip 

(grouping sera) 
Group 0 antiserum 

(grouping serum) 
10 — 10 — — . 20 — . . . 

Normal rabbit sera — — 
M. al OM SW WO OP MP M. ON et 

-- N 

= Precipitin reaction with undiluted serum. 	— = less than 10 
(1) = prepared with trypsinised vaccine. 	(2) = prepared with untrypsinised vaccine. 
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(e) The use of formamide.extracted ol wiccharide 

fj.....LaeLziAliL.o:: reptococci of 'knee other than type 1. 

In this experiment group A specific polysaccharide 

preparations were obtained from strains of group A 

of types 2 (2/44/Rb4). 3 (Richards), 4 (4990, 
6 (T6 glossy) and 12 (sp/40,0 Intact cells were 
extracted in hot formamide and the extracts purified 

by repeated acidwalcohol and acetone precipitations. 

Each preparation was adjusted in concentration to 

10 mg/M1 end adsorbed on to latex particles. These 

five preparations together with the preparation 

from group A type 1 cells (see above) were tested 

in parallel by the use of latex agglutination and 

the ring precipitin tests against croup A antiserum 

(grouping serum), group A type 1 absorbed and 

unabsorbed antisera (typing serum) and antisera 

to all other groupsincluding group A«.var, together 

with a pool of normal rabbit sera. Similar reactions 

were givenby'all preparations (Table 11). Specific 

reactions were given with homologous sera. Cross- 

reactions with group A-var, and group 0 were also 

noted, In general the results given here were 

typical of the formamide-extracted preparations 

Obtained above (compare Table 10), Thus, the 



Table 12. Agglutination test with latex particles coated with group A 
polysaccharide and unabsorbed antisera of various types of 
group A streptococci. 

Antiserum 
1 2 31A 3R 5 

Antiserum 
6 

of 
9 

type: 
11 J  12 14 15 17 18 

Latex agglutination 
Titre

* 
2560 <10 2560 160 320 160 2560 40 2560 2560 

Precipitin reaction 3+ - 3+ 1+ = 2+ 1+ 3+ 3+ '2+ 

Antiserum Antiserum of type: 
t:,z1t 

19 22 23 24 25 26 28 Group A, Absorbqd NRS 
antiserumf type 10  

Latex agglutination 
Titre 2560 2560 2560 — 1280 = 20 640 10 — 
Precipitin reaction 2+ 3+ 3+ - 2+ 2+ . 

* The titre is the reciprocal of the highest dilution of serum showing agglutination. 
t Grouping serum 
gf Absorbed to remove group specific antibodies 
•* Normil rabbit sera (pooled) 

Less than 10 
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specificity of the latex agglutination teat was 

not affected by extracting the group-specific 

polysaccharide from different types of group A 

streptococci. 

(d) The detection of,group A specific antibodieo 

in unabsorbed sera. Unabsorbed sera were collected 

from rabbits immunised with untrypsinised cells 

of group A types 1, 2, 3m, 3R0 5, 6, 9, 11, 12, 
14, 15, 17, 18, 19, 22, 23, 24, 25, 26 and 2B. 
They were teoted by latex agglutination and ring 

precipitin teats with a formamide extract of a 

type 1 group A streptococci that had been purified 

with acid-alcohol and acetone. Group A antiserum 

(Grouping serum), group A type 1 antiserum (typing 

serum) and normal rabbit serum were included as 

controls. The results are shown in Table 12. 

Unabsorbed sera of types 2, 5, 12, 14, 24 and 26 

were all negative for group-specific antibodies 

by both tests. The remaining sera were all 

positive by both tests and latex agglutination 

titres ranged from 160 to 2560. The control 

group A antiserum was positive, while the absorbed 

group A type 1 serum and the normal rabbit serum 

were negative ao tooted by both tests. These 



Table 13. Agglutination of latex particles coated with group A 
polysaccharide in group A antiserum absorbed with 
streptococcus of hoiaologous and heterologous groups. 

Group A specific antiserum absorbed with 
cells of 

Group specific 
antiserum 

A A' 13 C L (unabsorbed) 

Titre 10 320 640 640. 640 640 

* Grouping serum 

A' = A-var. 
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sera had been prepared from t4-types and contained 

variable amounts of group-specific antibodies as 

shown by the ring precipitin tests with the 

purified group-specific polysaccharide' 

(e) Absorption tests*  To investigate the 

specificity of the, latex agglutination test 

further, samples of group A antiserum (grouping 

serum) were absorbed pith_ homologous cells (group 

A type 1) and with the,  heterologous but immuno-

chemically related groups A-var and Co  Absorption 

with the unrelated groups B and L was also carried 

out All the cells used for absorption were heat-

killed and trypainised. The latex agglutination 

test ma carried out on each absorbed sample by 

the use of group A polysaccharide-coated latex 

particles* Table 13 shows the results of these 

absorption tests*  The coated latex particles 

failed to agglutinate in significant titre in 

group A antiserum absorbed with the homologous 

group A cells. On the other hand they agglutinated 

in the samples of serum absorbed with heterologoua 

cells and also in the control unabsorbed sample 

of group A antiserum, 



Table 15. The group-specific antibody response in rabbits during the course of 
immunisation with group A vaccines. The latex agglutination test was 
used to detect both group A and group A-var antibodies in these rabbits. 

Rabbit 
No. 

Initial 
serum 

is 	serum 
specimen after 
start of 
imamisation 

2nd serum 
specimen 

3rd serum 
specimen 

4th serum 
specimen 

5th serum 
specimen 

group 
A 

anti- 
body 
titre 

group 
A-var 
anti- 
body 
titre 

group 
A 

anti- 
body 
titre 

group 
A-var 
anti- 
body 
titre 

group 
A 

anti. 
body 
titre 

group 
A-var 
anti- 
body 
titre 

group 
A 

anti- 
body 
titre 

group 
A--var 
anti- 
body 
titre 

group 
A 

anti.. 
body 
titre 

group 
A-var 
anti- 
body 
titre 

group 
A 

anti- 
body 
titre 

group 
A-var 
anti-
body 
titre 

1 <20 <20 320 40 320 80 2560 160 5120 160 5120 160 

2 <20 <20 40 <20 320 160 2560 160 5120 160 

3 <20 <20 160 40 320 80 640 80 1280 80 

4 <20 <20 80 40 160 40 320 40 320. '40  

J r 320 80 .2560 320 2560 320 2560 320 2560 320 2560 320 

6 320 40 2560 320 2560 640 2560 640 5120. 640 5120 640 

7 <20 <20 <20 <20 <20 <20 <20 <20 



Table 14. Detection of antibodies in homologous and heterologous 
group antisera with latex particles coated with 
polysaccharides of groups A, A-variant, B, C, 0 and L. 

Group 
Titre with 
homologous 
antiserum 

Titres with heterologous antisera 

A 640 A -var: 10, 0: 10-20 

A-var 320 A: 	160, C: 80, Cs 20 

B 640 Nil 

C 640 A -var: 20, G: 20 

G 320 A-var: 20, C: 80 

L 160 Nil 
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2. The use of the latex agV1utfttrtion test to detect 

ou A-varer_ 	and 	 erroue  group-ajecffic antibodies 

Group-specific polysaccharides of groups A...var, 

13, C, G and L were extracted in hot formamide and 

purified by repeated acid-alcohol and acetone precipita-

tions. Double gel-diffusion tests showed specific 

reactions with homologous antisera and no cross-reactions 

with heterologous antisera. Specific reactions were 

also given by these polysaccharides tested with the 

ring precipitin tests. The results in Table 14 were 

those given by the latex agglutination test of each 

polysaccharide. The homologous antisera gave high 

titres with their respective antigens. Cross-reactions 

were noted amongst groups A-var, C and G. 01 the other 

hand group A antisera gave high titres with group A-var 

antigen. 

3 	The use of the latex agglutination tedjajalltilay 

of the deve o merit of 	Anud 
	

A.-Afar 

antibodies in immunised rabbits 

Sera from 7 rabbits were collected at weekly 

intervals. Initial sera before the commencement of 

immunisation were also tested. Table 15 shows the 

results of the study of the appearance and deveIoxent 

of group A and group A-var antibodies. Cue of the 

rabbits (rabbit 7) was imciunised with group B cells 
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and was, therefore, included as a control, Two other 

rabbits (rabbits 5 and 6) were receiving booster doses 

of group A vaccinegof U.-types 41 and 49 after a rest 

of three months. The remaining four rabbits, viz. 

rabbits 1, 2, 3 and 14 started their immunisation for 

the first time* The vaccines used for their immunisation 

were cells of group A streptococci of n-type 29 and T-

types 14, 17 and 22 respectively. The boosted rabbits 

shoved a typical secondary response for group. A anti-

bodies giving a rise from a titre of 320 to 2560 in 

the first week and continued to rise in the case of 

rabbit 6 to 5120. Rabbit 1 showed a dramatic rise in 

group A antibodies after the initial injection to a 

titre of 320 which reached its maximum after the third 

week. Another high titre, 160, after the first week 

was given by rabbit 3, the fourth specimen of which 

gave the maximum titre. Rabbits 2 and 4 shoved low 

primary responses (titree 40 :and 80) and again the 

maximum titre was reached after the third Week. The 

appearance and development of group A specific anti-' 

bodies was paralleled by a similar appearance and 

development of group A-var specific antibodies but 

at correspondingly lower titres as shown in Table 15, 

e.g. rabbits 2, 3 and 4 showed low titres after the 
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first week (20,40) which also reached their peaks 

after the third week but at a lower level than those 

of group A antibodies (titres 160-1280). Neither 

group A nor group A-var antiodies were detected in 

sera from the control rabbit 7 immunised with group B 

cells. Thus it was evident that both group A and 

group A-var antibodies were formed following immunisation 

of rabbits with group A cells alone and that their 

first appearance at detectable levels occurred in the 

second week after the initial dose of vaccine. The 

maximum titres were generally reached after the third 

week. These findings are in agreement with those of 

Karakawa, Lackland and Krause (1966a). 

C. 	The detection  of 	A and A var antibodies in human 

sera by latex agglutination tests 

The latex agglutination test for group A or group A-var 

antibodies was performed on all the human sera listed.under 

Materials and Methode. la addition ASO tests were performed 

on all except one of the sera from patients suspected of 

suffering from streptococcal disease or its eequelae, and 

on all of the Wassermann test sera from which sufficient 

amounts were available for the test. 

As stated on page 58, it had been found difficult to 

obtain a large collection of sera from untreated patients 



Table 16. Results of latex agglutination tests on 147 sera from patients 
(including 30 "acute-phase" sera), and on 89 control sera (collected 
for the Wassermann test) for the detection of group A and group A-Var 
antibodies. 

Description 
of 

sera 

No. of 
sera 

tested 

Group A antibodies Croup A.var antibodies ABO.  
e p sera 

<1/20 

reacting 

1/20 

at titres 

1/40 & 
1/80 

of 

1/160 
& over 

% sera 

<1/20 

reacting 

1/20 

at titres 

•1/40 & 
1/80 

of 

1/160 
& over 

% sera 
acting 
titres 
200 & 
less 

re- 
at 
of 
2014 
over 
2 t "formal" controls 

(v.v. patients) 
89 60.7 7.8 28.0 3.3 71.9 10.1 14.6-  3.3 98 4 

All sera from 
.z14ents 
"aispected strep- 
tococcal sera" * 
(a )Upper respira-
tory tract infec- 
tion 
(b)rheumatic 
fever 
(c) acute glover- 
ulonephritis 

147 7.5 3.4 16.4 72.5 11 7.5 20.6 60.3 48.3 51.7 

117 9.5 4,3 17.2 69.0 13.8 7.8 . 20.7 58 43.6 56.4 

68 10.3 3.0 16.2 70.6 11.8 8.8 20.6 - 58.8 50 50 

32 9.4 6.2 22 62.5 9.4 9,4 25 , 56.2 37.5 62.5 
17 6 6 11.8 76.5 29.4 0 17.6 53 41.2 58.8 

* excluding "acute-phase" sera. 	t only 45 sera iere tested. 
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who had undoubtedly suffered from group A etreptococcal 

infection. There sere 147 sera from patients for whom 

there was a strong clinical suspicion of streptococcal 

infection, but 30 of them were acute phase sera collected 

soon. after the onset of illness and before an antibody 

response was to be expected (25 from young men in a closed 

group, and 5 from American Indians in Uinneeota)*  The 

remaining 117 sera were taken to constitute a group in 

which there was a large proportion of established strepto-

coccal infection; this group, which shall be referred to 

as "suspected streptococcal sera", included ASO sera and 

second sera from the closed group and from the American 

Indians; 68 were from patients who had had respiratory 

symptoms, 32 from patients with a provisional Clinical 

diagnosis'of rheumatic fever, and 17 from patients thought 

to have acute glomerulonephritis (Table 16), In all, the 

117 sera came from 103 patients; it was considered 

justifiable to include pairs of sera from 9 patients, 

because none of the cora had been collected at the onset 

of disease* 

1, Studies on the ou, antibod res 	e in 

patients' sera and 89 control sera 

The latex agglutination tests carried out on all 

the specimens of sera from patients revealed the 
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presence of group A and group A 

about 905 (Table 16). On the o 

antibodies in 

hand, 60.7;1, and 

71.9% of the control sera were negative (titres of 

less than 20) for group A antibodies and A-var anti'. 

bodies reepectively. Amongst the patients 	a only 

7,5; were negative. ►When the acute-phase sera had 

been excluded the "suspected streptococcal sera" ere 

found to give rather similar results to thou found 

in all sera from patients with suspected streptococcal 

diseaee. This unexpected finding will be considered 

later, when the results obtained on the pairs of sera 

are given. The "suspected streptococcal sera" were 

studied in more detail and were subdivided into 3 groups; 

the first consists of 68 sera from patients with 

streptococcal upper respiratory tract infection, the 

second of 32 sera from rheumatic patients and the 

third of 17 sera from patients with acute glomerulo-

nephritis (Table 16). They all showed the presence of 

group A and group A-var antibodies in 70% - 90% of 

cases. 

High antibody titre, (160 and over) were obtained 

in the majority of the patients' sera at proportions 

ranging from 53% to 76% (Table 16). Moderate antibody 

titres (40 - 80) were shod by 11% to 25;:„ while low 
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titres. (°20) were shown by 	to 9% of the sera. 

In contrast AS© titres of 200 T or leas were 

observed in 98,E of the control sera while 40% to 50 

of the patients/sera showed 1$0 titres of 201 T..1.7./mlari ovezi 

It is convenient to consider and compare the 

results of the test and control sera in more detail. 

Results from control sera showed that most of these 

sera reacted to titres of 40 or less as illustrated 

in Figure 5 viz. the individuals with no apparent or 

suspected streptococcal infections either gave negative 

group antibody reactions or reacted to low titres but 

rarely to high titres. Figure 6 shows the magnitude 

of the reactions of groups A and A.-var antibodies as 

titres plotted against the percentages of 117 sera 

from patients suspected to be suffering from etrepto- 

coccaldiseases. The majority of the sera reacted to 

titres from 80 to 1280 while the others gave titres 

of 40 or less. However. few sera (10n gave titres 

of 1280, but none gave titres higher than that. 

Similar findings are shown in Figures 7a. b and c 

for sera from streptococcal upper respiratory tract 

infection. rheumatic and nephritic patients respectively. 

Furthermore, As0 titres of control and natients/ 

sera plotted in the same manner showed a similar 
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distribution indicating a response to these antibodies 

in patients* Figure 8a shows ASO titres obtained from 

48 control sera arld.it is evident that over 95% of them 

showed titres of 200 T.U./ml and lees but only 4% showed 

titres of 201 P.U./ml or more, In contrast, over 55% of 

116 sera from patients gave titres'of 201 TAXWm1 and 

over. A more detailed study of the ASO response of 

these 116 sera revealed that similar contrast existed 

between sera from patients with Upper respiratory 

tract infection, rheumatic patients and nephritic 

patients on the one hand and the control sera on the 

other hand as illustrated by Figures 9a, b, c and 8a. 

2. studies on paired sera from patients  suffering 

from various streptococcal diseases 

All the paired Aera available (39 pairs) from 

patients suspected of suffering from various strepto-

coccal diseases were studied and their group antibody 

(A and A-var) titre acre plotted tcvshow the titres 

of the first sera and those of the second sera. The 

majority of the latter showed little significant 

difference in the magnitude of titres from the former. 

In fact most of the first sera' had high titres as 

illustrated in Figures 10a and b. 

In 25 of the 39 pairs, the first serum was thought 



Table 17. Grow—sneeifie antibody and ASO titres of 14 pairs of sera of patients 

suffering from various streptococcal diseases. 

Patient -T  ,,,,,• age sex Onset in relation 
to 1st serum 

Interval 
'between 
lot & 2nd 
sera 

Croup 
body titre 

A arta:broup A—var 
antibody 

. 	titre 
ASO titre 

1st 
serum 

2nd 
serum 

lst 
serum 

2nd 
serum 

1st 
serum 

2nd 
serum 

3 20 F 1 	week before let serum 5 weeks <20 <20 4:20 <20 lgs- gg- 
34 	' 5 F li' 	" 	II 	•11 	ti . 3 	" 640 61s.0 1280 1280 180 160 

35 28 M 1 	" 	" 	" 	" .111 	" 1280 1280 1280 1280 240 400 

120 30 2 3 	" 	It 	1p 	ft 5 	ts 160 1280 160 320 480 >800 

1381 5 'Li 32 • 	" 	• 	it 	• t. 	11 . 0 	It 	• 20 640 ' 20 640 310 >800 

1370 26 2 17 	" 	to 	u 	u 13 	u 320 1280 320 1280 670 1490 

1380 15 F 8 	' 	u 	• u 	n 	" 10 " 320 1280 320 1280 260 650 

1399 	• 11 .2 4 	" 	• 0 	" 	" all 	" 	• 80 1280 640 1280 510 400 

1493 5 P 3 	" 	u 	u 	ii 6 	It 160 1280 160 1280 300 650 

39  6 2 5 weeks after let serum 6 	" 160 320 160 320 240 200 

40 6 F 4 	" 	u 	u 	a 6 	It 1280. 1280 1280 1280 200 N.D. 

40 41 ''' 3 F 10 	" 	0 	to 	iv ler& 	so 640 640 640 640 40 

42 8 F 11 	" 	li 	II 	11 13 	If  320 640 160 640 240 400 
43 * 10 F 2 years 	to 	" 	" 2 years 320 640 320 1280 5C0 400 

* Sera from these patients were kindly supplied by Prof. 1.4.% Viannamaker. University of 
Lannesota, U.S.A., with. ASO titres already determined. P = female, M = male, N.D. = not done. 
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G
R

O
up

  A
 -V

AR
.  

A
N

T
IB

O
D

Y 

IS
T.  

SE
RU

M
 

TIME INTERVAL BETWEEN 1ST. & 2ND• SERA 

10 

Yigure 12: Rise in titres of group A—var antibodies 
in 25 pairs of sera of patients suffering 
from streptococcal upper respiratory tract 
infection. There is overlapping of lines 
representing pairs of sera with identical 
titres. 



109* 

to have been collected within 2-3 days of the onset 

of a streptococcal infection, and a group A strepto-

coccus was isolated at this time (25 from the upper 

respiratory tract and 5 from the skin). First, in 

most sera the rise in antibody titre was oho= to 

be either absent (equal titres) or negligible as:  

illustrated in Figure 11 (group A antibodies) and 

Figure 12 (group A-var antibodies). second, Lost 

of the initial Sera had high titree viz. Lacher than 

expected, rangiag from 160-1280 (PiEurea 11 and 12). 

Third, it was clearly obvious that titres of group 

A..Var antibodies were generally lower than those of 

group A antibodies (compare Figures 11 and 12), 

although some 'were equal, 

Penults from the remaining 14 pairs of sera are 

shown in Table 17. The first sera of these pairs 

were taken from 2 years bor.the illness to one week 

after it, and again most of them showed high titres. 

However, patient 3 failed to give any antibody response 

in botn first and second sera. Patient 1381 gave a 

titre of 20 in the first serum taken 3i melts after 

onset and gave a sharp rise to a titre of 640 41 weeks 
later. 



Table 19. Low, moderate and high titres of 
group A--mar antibodies in 146 sera 
of patients correlated to low, 
moderate and high ASO titres of 
the same patients. 

ASO 
titres 

Group A—var antibody titres 

20 & less 40 & 80 160 & over 

200 & less 20 17 33 

201 — 4co 4 11 28 

401 & over 1 2 30 



Table 16, Low, moderate and high titres of 
group A antibodies in 146 sera of 
patients correlated to low, moderate 
and high ASO titres of the same patients. 

ASO  
titres 

Group A antibody titres 

20 or less 40 & 80 26o & over 

2C0 	less 13 13 44 

201.44c0 1 5 37 

4o1 & over 0 3 30 
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ation between ou.  
ASO titres 1n individual sera 

• Finally, a comparison was made of the results 

obtained in the various tests on individual 'sera. 

Figures ].3, and 14 compare the titre of the latex 

agglutination test for group A.andA«var antibodies 

respectively with the ASO result on sera from .patients 

thought to be; suffering from streptococcal disease, 

-:- -and Figure 15a and b gives similar findings on the 

control sera., 

• The results for the patients' sera are sumaarised 

in Tables 18 and 19, which group the results for each 

test into "low", "moderate" and "high". in general, 

the higher the ASO titre, the more likely it is that 

antibody for group A and group A--var will be detected 

in large amounts. On the other hand, high titres for 

both group A and group A-var antibody are more frequently 

found in the absence of a significant ASO titre. This 

finding, taken together with the relative rarity of 

high titres for any of the three antibodies in the 

control sera, provides suggestive evidence that the 

test for group A and group A»var antibodies is a 

sensitive indicator of streptococcal infection. 

In Figure 16, the results of tests for croup A 

and group As.var antibodies are compared. In general, 



Table 20. Details of studies on, 4 patients whose sera reacted either to group A 
antibodies or group Aar antibodies alone when tested by the latex 
agglutination test. 

Patient A3e  
(Yrs) 

Sex Diagnosis 
Onset in 

relation to 
let serum 

Group A 
antibody 
titres 

Croup A-var 
antibody 
titres 

ASO 
titres  

67/3/89' 21 F Recurrent S.T. unknown <20 80 10O-200 

67/R/48 20 F Recurrent R,F. h  <20 320 50 

201 36 F Acute (5, 11 2 weeks /60 <20 460 

345 12 Iii II 	ti 2 	" 160 K20 380 

S.T. = sore throat, 	= rheumatic fever, 0-11 = glomerulonephritis 

P = female, II = male. 
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the correlation was good. Moreover, group A antibody 
titres in most patients tended to be ecual to or one 

dilution more or, occasionally, less than the titres 
of group A.-var antibodies. However, Figure 16 also 

shows that 2 of the sera gave high group A antibody 
titres (160) and negative (<20) group A-var antibody 

titres; on the other hand 2 other sera gave titres 

of 80 and 160 for group A-var antibodies and negative 

titres for group A antibodies. Table 20 contains the 

details of results on these it s r a•  The 2 sera which 

reacted for only group A-var antibodies showed ASO 
titres of 100-200 T.U•/ml for one and 50 T.U./ml for 

the other. The 2 sera which reacted only to group A 

antibodies gave ASO titres of 1460 T.U./m1 and 380 T.U./ral. 

These findings will be discussed further in Part Four. 



Table 21*  Homologous and heterologous (control) 
1 antisera from hyperimmunised rabbits 
used in the capillary precipitation 
teats for L..proteins. 

M.types 
Homologous 
M antiserum 

Ueterologous 
M antisera 
(controls) 

3M 	3R 

2 2 6 

3t1 3m 314, 1 

4 4 24, 26, 28R„ 
29, 46, 48 

5 12,155  

6 

9 9 18 

12 12 5, 15 

...... 14 14' 49, 51 

18 18 17, 19, 23, 3C 

22 22 28 

49 49 14, 51 
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1CTION OF  GP SPPEPTOC©CCAL 	SP C C 11T TI °DIES 

Pre aration of ou• A stre toe meal t ►e 	to 

Lancefield's acid extracts from killed intact group A 

streptococcal cells of stock strains of types 1, 3, 13, 51 

6, 12, 25 and 149 were prepared as previously described in 

Part Two (page 69). After treatzent with ammonium sulphate 

solutions (3©F and 60) three fractions were obtained:- 

(1) P30 fraction iriz. the precipitate that formed 

after treatment with 30Z ammonium sulphate. 

(ii) P60 fraction which resulted from treatment of 

the supernatant separated from P30 with 60% ammonium sulphate. 

(iii) S60 fraction viz. the supernatant fluid collected 

after the treatment of the supernatant separated from P30 

with 6O ammonium sulphate. 

The three fractions were tested for the presence of 

the type-specific M....protein by the capillary pipette 

precipitation method, and for the group-specific poly-

saccharide by the ring precipitin reaction. The control 

heterolotous sera tested for TA antibodies with each of the 

above types and other types of group A streptococci used 

in this work are shown in Table 21 for reference. Chemical 

analysio for both protein and polysaccharide were also 



Table 22. To show the results of the capillary pipette precipitation tests on 
fractions P60, S60 and P30 separated by ammonium sulphate fractionation 
from an acid extract of intact cells of certain serotypes of group A 
streptococci, 

3erotype 

Crude extracts .  
reactions with 

Homolo- Heterolo- 
gous 	one sera 
sera 	(controls) 

P60 fractions 
reactions with 

Homolo- Heterolo- 
gous 	gous sera 
sera 	(controls) 

S60 fractions 
reactions with 

Homolo- Heterolo- 
gous 	ems sera 
sera 	(controls) 

P30 fractions 
reactions with 

Homolomw 	Heterolo- 
gous 	gous sera 
sera 	(controls 

1 2+ . 2+ - 1+ . Tr. 	. 
3 3+ Type 3R: 1+ 2+ Type 3R: 1+ 2+ Type 3R: 	+ 

4 + 

Type 1: 	- 
- Tr. 

Type 1: 	- 
- - 

Type 1: 	.., 
- 

Tr. 	. 
- 	- 

5 2+ - 1+ - 1+ - Tr. 	- 
6 4+ - 3+ - 2+ - 1+ 	- 
12 3+ - 2+ - 1+ . Tr, 	- 
25 2+ . 1+ - Tr. . . 	- 
49 1+ - Tr. Type 14:Tr. Tr. Type 1L4: Tr. - 	- 

Type 51:Tr. Type 51:Tr. 

4+ = precipitation column 11 cm high, 3+ = precipitation column. 1..11 cm high, 
2+ = 	" betueen 1 cm 1 cm high, 1+ = precipitation column *4 cm high, 
Tr. (trace) = 4 cm high, - = negative. 
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carried out on fractions P60 and 060. The results of all 

these tests were as follows: 

1.  aIeadEalIMU 

Preliminary serological tests were carried out 

to reveal the extent of the type.specific reactivity 

of each of the three fractions and the degree of contam-

ination with the group-specific polysaccharide The 

results of capillary precipitation tests for the type-

specific N-proteins are shorn in Table 22. The two 

fractions P60 and S60 contained significant amounts 

of the type-specific antigen. On the other hand, 

fraction P30 was the least reactive of the three 

fractions and gave only trace or negative reactions 

with the homologous type-specific aatisera. A cross-

reaction was obtained with type 3 crude extract and 

its fractions P60 and 860 tested with type 3R antiserum. 

Cross-reactions were also obtained with type 19 fractions 

P60 and 860 reacting in types 14 and 51 antisere. 

Furthermore. type 4 (strain 4990) crude extract showed 

only a weak reaction in the homologous antiserum. while 

its P60 fraction showed a trace reaction and its S60 

fraction gave a negative reaction. Also type 49 

(strains 0300/1 and 0274/1) gave similar weak reactions 

(Table 22). In order to obtain abetter yield of 

U-proteins for these two types freshly isolated strains 



Table 24. Results of ring precipitin reactions for .group A specific 
polysaccharide obtained by testing fractions P60, s60 and P30 
separated by ammonium sulphate fractionation from acid extracts 
of certain types of group A streptococci. 

Serotype 
Ring precipitin reactions of group A antiserum in the presence of 

Crude extract P60 fraction S60 fraction P30 fraction 

1 4+ Tr, 4+ Tr. 
3 4+ + 4+ Tr. 
4 4+ Tr, 4+ Tr, 
5 4+ + 4+ Tr, 
6 4+ + 4+ Tr, 
12 4+ Tr, 4+ Tr, 
25 4+ 	• + 4+ Tr. 
49 4+ Tr, 4+ Tr. 

4+ = immediate reaction, 3+ = reaction in the 1st minute, 2+ = reaction in the 
second minute, 1+ = reaction in the third minute, Tr, = reaction in 3-5 minutes 

(trace) - = neEative. 



Table 23. Results of the capillary nrecipitation test for U-proteins on fractions 
P60, C60 and P30 separated from acid extracts of freshly isolated 
types t and 49 group A streptococci obtained by ammonium sulphdte 
fractionation. 

Serotype 

Crude extracts 
reacting with 

Eomolo- 	Heterolo- 
gous 	aous sera 
Gera 	(controls 

reacting 
Homolo- 
gous 
sera 

2010MCITEB---- r 
with 

Heterolo- 
gous sera 
(controls 

a5o tractions 
reacting with 

Homolo- 	Heterolo- 
ems 	ous sera 
sera 	controls) 

reacting 
Homolo- 
goes. 
sera 

zumilmar---- 
with 

Heterolo-
&roue sera 
(controls 

4 

49 

2+ 

2+ . 

1+ 

1+ 

. 

Type lk: 1+ 
Type 51: 1+ 

1+ 

1+ Type 14: 1+ 
Type 51: 	+ 

- 

Tr. 

- 

- 

U.B. Fox' abbreviations and signs see footnote for Table 22. 
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whichgave strong precipitation reactions in routine 

typing were extracted (type 4 strain P67/1826, and 

type 49 strain T67/2327). The results of'tosting the 

new extracts are shown in Table 23. 

The extracts from the new strains of types 4 and 49 

gave a better yield of -A-proteins as shown by the 

improvement in reactivity demonstrated in Table 23. 

The cross...reactions of type 49 M-types 14 ad 51 anti-

perawere also enhanced, 

So far, both P60 and 260 fractions fromall types 

Hof group A streptococci tested showed high serological 

reactivity for the presence of n-proteins. However, 

the P60 Was found to be less contaminated with group A 

specific polysaccharide This was well demonstrated 

by the results of the ring precipitin reactions shown 

In. Table 24, The 260 fraction obviouely contained the 

bulk of the polysaccharide as shots) by the strong 

reactions in group A antiserum. As recommended by 

Barkulis and Jones (1957) further removal of the poly-

saccharide from fraction P60 was effected by 2-3 waehes 

in 4 volumes absolute alcohol (see page 70). This 

procedure quickly removed the small amounts of poly-

eaccharide without affecting the 17-protein reactivity. 

This was shown by testing the purified P60 by both 



Table 25. Results of capillary tube precipitation tests for ..-proteins and 
ring precipitin reactions for group-specific polysaccharide on 
alcohol-purified P60 fractions of certain types of group A streptococci. 

P60 
fractions 

M -precipitation tests 
......- 

Group precipitin reactions 
 HoLaologous sera Heterologous sera 

(controls) 

'type  2+ . 
.1016... 

. 
tr 	3 2+ Type 3R: 1+, 

Type 1: 	- 
. 

" 	14 1+ . . 
u 	5 1+ . . 
" 	6 3+ . 
" 	12 2+ - 
" 	*25 1+ . . 
" 	49 1+ Type 14: 1+, 

Type 51: 1+ 
- 

a.B. For explanation of signs see footnotes of Table 22. 



Table 26. The protein and polysaccharide contents of fractions P60, 360 and P30 
obtained by ammonium sulphate precipitation from acid extracts of 
sozae types of group A streptococci. 

Serotype 
Protein content in mg/ml Polysaccharide content in }g/ml 

Unpurified 
P60 

Purified*  
P60 

S60 P30 Unpurified 
P60 

Purifie r 
 P60 

860 

1 3.1 3.6 3.1 -1
  

-1*  
r4

  (N
I
 ril O

N
 C

O
 O

N
  •

 

•
 
•

 
•

 
•

 
•

 
•

 
•

 
r
4

 0
  

r4
  
r
4

 r-4
 0

  
0

 0
  

15 . >200 
3 5.3 5.7 4.0 29 - 99.3 
4 5.3 3.9 1.3 17 - > 200 
5 3.0 3.4 3.4 30 - ;>200 
6 3.2 3.7 2.9 35 - 109 
12 3.4 3.0 2.2 12 . 174 
25 3.3 3.2 3.1 20 - "7 200 
49 3.3 3.6 3.7 10 — 162 

= not detectable 
' treated with absolute alcohol to remove the group—specific polysaccharide. 
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capillary tube pl,ecipitation teats and ring.  
reactions (Table 25). In addition to their reactions 

with homologoua antisera, P60 fractions of types 3 and 

49 retained the cross-reactions discussed above 

(compare Tables 22, 23 and 25) 

2. Chemical analysis 

Further comparison of fractions P60, 360 and P30 

was carried out by determining their respective protein 

content by the micro-Rjeldahl technique. The poly... 

saccharide content of fractions P60 and S60 was estimated 

but not that of P30 which only gave trace precipitin 

reactions (Table 24), The results Obtained showed 

slightly higher protein content of P60 fraction than 

360 fraction but low protein content of P30 fraction 

(Table 26). However, type 4 gave a protein content 

of P60 fraction which ma four times that of the 360 

fraction. On the whole, the unpurified P60 fractions 

had very low polysaccharide contents as compared with 

the SGO fractions, whose polyeaccharide concentrations 

ranged from 60 pg/M1 to over 200 	aa. These results 

confirmed the absence of aerological interference by 

the group-specific polysaccharide in all tests carried 

out on the purified (alcohol treated) P60 fractions. 

In emmary, the P60 fractions and 360 fractions 
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of types 1, 3, LI, 5, 6, 12, 25 and 49 contained the 

bulk of tS-protein and cave cood.reactions ulth the 

respective type-specific antisera; but the SG° fraction 

was grossly contaminated with 'the group-specific poly-

saccharide. On the other hand, the. small amounts -of 
• polysaccharide in the PG0 fractions were easily. removed, 

and their reactivity in the grouping serum was abolished, 
by washing in absolute alcohol without affecting the 

• type-specific reactivity. For these reasons the P60 

fraction vas used in preference to the S60 fraction 

in preliminary latex agglutination tests carried out. 
onhyperimmune type-specific rabbit sera. 

13. 	The determination of 	e s ecific_Mantibodies in 
hyperimmune rabbit_sprajm_thp agglutinatien  of latex 
particles carry 	P60 fractions of 	oteins 
The 1?60 fractions of N-preteins from streptococci of 

types 1, 3, 4, 5,  6, 12, 25 and 49, purified by Washing in 
absolute alcohol and tested as above, were dissolved in 

distilled water and adsorbed to latex particles, Each 

fraction was tested against its homologous antiserum and 

the alopropriate control heterologous antisera .employed in 
the routine typing of group A streptococci by capillary 

tube precipitation tests, All the homologous and hetero!. 

lecous antisera used here were.those'absorbed and prepared 

for typing purposes (see Part Two). Homologous and control 



Table 27. Results of latex agglutination tests with purified P60 
fraction of some group A streptococcal types tested 
against absorbed typing sera. 

Type-specific 
P60 fraction 

Agglutination titres of M sera nuality of agglutination of M sera 

Homologous Control heterologous Homologous Heterologous 

1 80 Type 3n: 20, Type 3R: 1+ 1+ 
80 

3 1280 " 	3R: 80 4+ 2+ 
4 20 " 	24: 40, 

" 	26: 40, 
" 	28R: 80 

1+ 1+ 

5 640 " 	15: 640 3+ 3+ 
6 5120 " 	2: 20 4+ 2+ 
12 40 " 	5: 80, 

" 	15: 160 
1+ 3+ 

25 - . 
49 2560 " 	14: 640 4+ 4+ 

" 	51: 320 

-1;0. For explanation of signs see Part Two, pace 78. 
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heterologous sera used in testing each type-specific 

P60 fraction were as shown on Table 21 

It should be noted that the P60 fractions used for 
types 4 and 49 were those prepared from the new strains 

R67/1826 and R67/2327 respectively. 

The technique for the latex agglutination test was 

as described for the detection of the group-specific 

antibodies, but it was fornid  that the quality of agglutination 

was improved considerably by shaking the plates in a mech- 

anical horizontal rotatory shaker for 10-50 min at a speed 

of 125 r.p.m. before leaving them overnight at room temper- 

ature, Refrigeration of the plates was not necessary. 

2oreover, adsorption of the antigen to latex particles 

was effectively achieved after incubation at 57°O,for 

only one hour. 

The results of the latex agglutination tests on the 

P60 fraction showed considerable disagreement with those 

obtained by capillary tube precipitation on the came fraction 

(Table 27). Vhereas in precipitation tests the homologous 

sera showed a reasonable degree of reaction, in latex 

agglutination tests some of these sera showed low titres 

and a poor quality of agglutination (1+); type 1 specific 

serum gave a titre of 80 with the homologous P60 fraction 

and the quality of agglutination was equivalent to 1+ 

(fine agglutination). Type 12 specific serum gave a titre 
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of 140 and 14 agglutination reaction. Type14 specific serum 

reacted very weakly to a titre .of 20. However, type 25 

antiserum failed to react with the homologous antien. 

All other type.specific sera reacted satisfactorily with 

their homologous antigens to hi h titres (640-5120) and 

cave reaction,ofadeauate strength (>2.0,-lb:weever. there 

mere ,more crops-reactions in control heterologous sera 

revealed by the latex ,aer_autination test.thanby.the pre. 

cipitation test. All the control sera -tested gave cross- 

reactions by the latex agglutination test. In some instances 

the titres given by the heterologous sera _wore equal or even 

hither than those given by the homologous sera e.g. hetero- 

logous control sera of types 1, 4.5,- 12.. 

. 	Since the type 25 extract did not react with the. 

homologous antiserum, a freshly-isolated'strain of type 25 

R67/2784 vae obtained from a routine specimen and extracted 

in hot acid as before. Fractionation in 30% and 6O$ 

ammonium sulphatetas carried out and the P60 fraction was 

purified by washing in absolute alcohol. The crude extract 

and the three fractions obtained were tested aeIpefore for 
the type-specific 14-proteins by capillary tube pvecipitation 

and for the croup-specific polysaccharide by the ring 

precipitin reaction. Finally the P60 fraction was used 

in a latex agglutination test against the homologoustype 25 

antiserum and the control heterologous type 17 antiserum. 



Table 28. *Results of :S-precipitation tests and group-specific reactions 
on crude extracts and fractions P60, C60 and P30 of.!-protein 
of type 25 867/2784, together with results of latex agglutination 
test on purified P60 fraction. 

Antigen 
fraction 

L-precipitation reactions Group-
specific 
reactions 

Latex agglutination titres 

IToologoun serum 
type 25 

Control serum 
type 17 

Homologous serum 
type 25 

Control serum 
type 17 

Crude extract 
Unnurified P60 
Purified P60 
s60 
P30 

2+ 
1+ 
1+ 
1+ 
. 

- 
- 
. 
- 
- 

4+ 
1+ 
. 

4+ 
Tr, 

. - 

D.B. For explanation of signs see footnote for Tables 22 and 24. 
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The results of all theoo tests are shown in Table 28. 

No practical differences were noted between the new P60 

fraction and the previous P60 fraction of type 25 TI-protein. 

Again there was no agglutination of the latex particles 

carrying the purified P60 fraction in the homologous or 

the control antiserum. 

In view of these results and the considerable number 

of cross-reactions exhibited by almost all of the types 

tested acsainst absorbed typing sera it appeared that the 

P60 fraction was unlikely to be useful in the latex agglutin-

ation test with human sera. 

C. The preparation and purification of highly specific 

fractions of 7proteins from some serotypes  

The 860 fractions had been shown to contain large 

amounts of protein that reacted specifically with type-

specific antisera in the capillary tube _,-precipitation 

test. As will be described below, removal of the group-

specific polysaccharide from these fractions results in 

the isolation of U-proteins that are highly specific in 

their reactions with homologous antieera. When tested with 

heterologous antisera only a few of them will show cross-

reactions at considerably low titres compared with the P60 

fractions when both were tested with the latex agglutination. 

1, The removal of polysaccharide from 660 fractions 

The leo-electric point of U-protein was defined 
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by Lancefield & Perlman (1952 a) as pH 5.3. This 

fact was utilised to precipitate the protein from 

solution leaving the greater part of the polysaccharide 

in solution. The pH of the solution was adjusted to 

5.5 by the addition'ofg HO1 dropwise and checking 

with indicator paper after each drop. At this pH 

a flocculent heavy precipitate formed. If the pH 

was overshot end the solution became too acid (pH < 5.0), 

it could be readjusted to pH 5,5 by the addition of 

NaOH or ., Na0H. The precipitate was separated by 

centrifugation at 2500 r.p.m. for 20 min The deposited 

precipitate was redissolved in a minimal volume of 

distilled water to which a drop of MOH was added 

to assist quick solution of the material. It was then 

neutralised with HC1 to pH 7.5 and tested for the 

presence of the group-specific polysaccharide. Usually 

at this stage a 2+ reaction was given (eee footnote of 

Table 21). The pH was readjusted to 5,5 as above to 

re-precipitate the M-protein; 4 volumes of absolute 

alcohol were added, and the mixture vas shaken. The 

alcohol enhanced the precipitation. The precipitate 

was alloyed to settle for an hour or two, centrifuged, 

redissolved and neutralised as above. Again it was 

tested for group-specific polysaccharide and in most 

'cases it gave a 1+ reaction. After the second or the 



Table 29. Protein and polysaccharide content of purified S60 fractions 
of r.!...proteins from acid extracts of some types of group A 
streptococci fractionated by ammonium sulphate. 

S60 fractions of serotypes 

1 3 4 5 6 12 25 49 

Protein content mg/nil 1.2 1.2 1.4 1.08 0.9 0.8 1.3 1.25 

Polysaccharide content pg/M1 - - . .. 
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third waah in alcohol the group reaction completely 

disappeared and was not observed even after allowing 

the ring precipitin test to stand for 2-3 hr. At 

this stage the purified S60 fractions were collected 

ready for chemical analysis and aerological tests. 

2. Chemical analysis 

' The protein content of the purified S60 fractions 

was estimated by the micro-Kjeldahl technique and the 

polysaccharide content was determined by the method 

described previously. The results are shown. on Table 

29. After purification, the amounts of protein in 

S60 fractions were lower than before purification 

(compare Tables 26 and 29). In fact, estimation of 

the protein content of the supernatant of type 1 SGO 

fraction resulting from the initial precipitation at 

PH 5.5 before washing with alcohol showed that its 
protein content was 1.0 mg:/ ml. So, it maybe that 

a part of the protein remains attached to the poly- 

saccharide. Ca the other hand, chemical analysis 

revealed the absence of the polysaccharide from all 

the purified S60 fractions, thus verifying the 

elimination of group-specific reactions after the 

second or third washing in absolute alcohol, This 

emphasized the validity of the ring precipitin reaction, 



Table 30. Capillary tube-precipitation and group-specific ring precipitin 
reactions carried out on purified Z60 fractions of 11-mproteina 
from acid extracts of some types of group A streptococci. 

Test Antiseruu 
$60 fractions of serotypes: 

13 4 5 6 12 25 49 

LI-precipitations 
Homologous Tr. 1+ Tr, Tr. Tr. Tr, 

Heterologous - ... type 14: Tr. 
51: Tr. 

ing precipitin test Grouping serum - - . - . 

NO, For explanation of signs see footnotes of Tables 22 and 24. 
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when observed for long periods (2-3 hr)., as a guide 

to the presence or absence of the group-specific 

polysaccharide. 

3. Serological tests for specificity 

The specificity of the purifIed 860 fractions 

was established by the following aerological tests. 

(a) Capillary tube 1-precipitation tests. The 

purified 860 fractions were found to precipitate 

poorly in the presence of the homologous antisera 

(Table 30) In comparison with the purified P60 

fractions (Table 25). It was also observed that 

the cross-reaction of type 3M with type 3R was 

not given by type 3 fraction 860. However, the 
crosse.reactions between types 49, ]4 and 51 
persisted. The results of testing the purified 

860 fractions for the presence of the group. 

specific polysaccharide were also included in 

Table 30, and as mentioned previously they were 

all negative. Table 30 should be compared with 

Table 24. 
(b) eel-diffusion tests. These tests were 

carried out according to the method described 

on page 75. The purified 860 fractions were 

used concentrated five times and unconcentrated. 

Precipitin lines were not detectable in either 



Table 31. Results of latex agglutination tests with purified s60 fractions 
of :1-proteins, from some types of group A streptococci, tested 
against absorbed typing sera. 

Type-specific 
S60 fractionMoloagiiiFTara voro ogous 

Agglutination titres of sera Quality of agglutination 
Homologous sera=reTaiSTOZZfirreFr 

1 64o - 3+ . 

3 1280 . 4+ . 

4 320 3+ 
5 2560 - 3+ . 
6 2560 . 3+ - 

12 	. 320 Type 15: 20 34- 
25 . . 

49 1280 Type 14: go, 
Type 51: 80 

160. l'or explanation of signs see Part Two, pace 78. 
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case. This further confirmed the poor precipitating 

ability of this antigen. 

(c) The latex agglutination tact. This was 

carried out as before. Purified S60 fractions 

were adsorbed to latex particles as usual and 

tested against homologous and control heterologous 

antisera in the same way as for the P60 fractions. 

The results are shown in Table 31. All the 

purified S60 fractions showed highly specific 

agglutination reactions with homologous antisera 

to considerably high titres. L:ost of the cross- 

reactions with heterologous antisera disappeared; 

the only cross-.reactions observed were given by 

type 12 360 in type 15 serum to a titre of 20, 

and also by type 49 260 in types V. and 31 anti- 
sera to titres of 80 in both cases. However*  

type 25 s60 fraction like its P60 fraction failed 

to agglutinate to any degree. To compare reactions 

of purified P60 fractions see Table 27. 

4. Preparation of 860 fractions from further Eroup A  

serptynes 

From the above results the purified S60 fractions 

appeared to be highly specific and mite suitable for 

use in latex agglutination tests. Therefore, it was 

the aim to detect this specificity in S60 fractions 



Table 32. Results of chemical analysis and serological tests on purified 
P60 and 860 fractions from group A serotypes 2, 9, 14, 18 and 22 
streptococci extracted in hot acid and fractionated by ammonium 
sulphate. 

'J-protein 
fraction 

---- 

Protein 
content 
mg/M1 

Polysac- 
charide 
content 
ug/m1 

Croup- 
specific 
reaction 

- 

i,T-precipitation reactions Latex agglutination titres 
Coniroi 

heterologous 
sera 

- 
Homologous 

sera het=lotus  
sera 

Homologous  
sera 

Type 2 P60 2.75 Nil - 1+ . 160 Type 6: 80 
S60 1.4 11 - 1+ . 5120 : 	... 

n 	9  P60 3.4 n . 2+ . 40 " 18: 20 
s60 1.0 n - Tr. . 1280 . 

--' ........ 
n 3.4  P60 

`860 

5.7 

1.4 

AIIMIMMMONV 

it 

II 

. 

. 

1+ 

Tr. 

Type 51: 1+ 

" 	51: Tr. 

80 

1280 

" 49: 160, 
" 51: 320 
" 51: 40 

... ...- 
" 18 P60 

860 

5.7 

1.25 

U 

It 

. 

- 

3+ 

1+ 

-- 80 

2560 

" 23: 160, 
" 30: 640 
" 17: 20, 
" 23: 20, 

30: 640 
"22P60 ft .• 1+ - 80 

S60 in - Tr. - 320 . 

N.B. For explanation of signs see Part Two page 78 and Table 22 footnote. 
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of more types•  So, cells of group A types 2 9, 14. 

18 and 22 were extracted In hot acid and fractionated 

by ammonium sulphate to obtain both P60 and 860 
fractions. These fractions were purified as previously 

described and tested chemically and serologicallY. 
The results are Ghoul in Table 32. The rgme situation 

experienced with purified P60 and 260 fractions of 

types 1, 3, 14 etc presented above was also reproduced 

here. The P60 fractions of types 2, 9, 14, 18 and 22 

gave more protein content than the 260 fractions but 
both fractions showed absence of polysaccharide 

chemically and serologically. g-►precipitation was 

given by both fractions, and again the $60 fractions 

generally gave the weaker reactions. The P60 fraction 

exhibited cross•-reactions in the case of type 14 with 

type 51 antiserum and this persisted with the 260 

fraction of the same type. In latex agglutination 

the P60 fractions showed weaker reactions in the 

homologous antisera and gave very low titres (40-160) 

compared with the S60 fractions which gave strong 
agglutination to high titres (320.5120) in the homo—
logous sera. L'oreover, in the heterologous sera the 

P60 fractions gave cross—reactions in the case of all 

types except type 22. The titres of the heterologous 
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sera tested against types 14 and 18 were much higher 

than those of the respective homologous sera: the 

homologous sera in both occasions gave titres of 80 

while the heterologous titres ranged from 160 to 640* 

However, the S60 fraction of type 14 reacted in the 

heterologous type 51 to a low titre of 40 compared 

with the homologous titre (1280). Also the S60 fraction 

of type 18 gave a negligible reaction with types 17 

and 23 sera (titres of 20) but its reaction with 

type 30 antiserum gave a titre of 640 viz. the same 

titre given by P60 fraction, but it should be noted 

that the titre of the homologous serum with type 18 

860 is remarkably high (2560) compared with that of 

type 18 P60 fraction which was only 80. 

5. Latex a autination tests ith P60 and S60 

fractions on unabsorbed antisera 

Before applying the latex agglutination test with 

the purified 560 fractions on human sera these fractions 

were tested with unabsorbed hyperimmune rabbit sera. 

Sera for typing with M-precipitation are absorbed for 

the removal of the group-specific antibodies in the 

first place, but also special absorptions with hetero-

logous U-strains are necessary for many type specific 

sera (see pace 58). Therefore, the application of the 



Table. 33. Results of latex agglutination tests with purified P60 and 860 
fractions of U-sroteins of twelve serotypes of group A streptococci 
extracted in hot acid and fractionated in amaonium sulphate. 
All sera used were unabsorbed. 

Cerotype 
Titres of type sera tested with P60. 

........... 
Titres of type sera tested with 060 

---- 
Homologous HeterolOgous Homologous lieterologoua 

1 320 Type 37.1; 640, type 311: 640 640  

2 320 " 	6: 	40 2560 . 

311 1280 " 	3R: 320, 	" 	1: 40 5120 . 

4 160 " 	24: 	640, 	" 	26: 1280, 640 
" 	28: 	640 

5 1280 " 	12: 	160, 	" 	15: 	320 2560 . 

6 640 " 	2: 	40 10240 .. 

9 160 " 	18: 	20 640 . 

12 320 " 	5: 320, 	" 	15: 	160 1280 Type 15: 80 

14 320 " 	49: 160, 	" 	51: 	80 5120 " 49: 80, type 51: 160 

18 320 " 	23: 320, 	" 	30: 1280 5120 " 
" 

17: 40, 	" 
23: 160, " 

19: 160, 
30: 640 

22 80 " 	28: 	20 5120 . . 

49 5120 " 	14: 1280, 	" 	51: 1280 640 " 14: 80, 	" 51: 80 

A, 
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latex agglutination test on these sera before absorption 

should give a. better assessment of the purified S60 

fractions in. comparisonWiththe P60 fractions, 

Homologous and heterologous unabsorbed sera were 

tested with latex particles carrying each of the 

purified P60 and S60 fractions ef,types 1, 2, 3M, 4, 

5, 6, 9, 12, 14, 18, 22 and 49 group A streptococci 
prepared previously, Since type 25.failed.to  react 

in homologous and.beterologous absorbed.sera tested 

with both fractions it was omitted fromthisand 

subsequent tests. The results for the former types 

are shown in Table 33, As with absorbed sera the 
purified S60 fractions also showed high specificity 

in the unabsorbed sera, and cross-reactions were given 
by the same types encountered before viz. types' 12, 
14, 18 and 49 (compare.Tables 31, 32 -and 33), The 
heterologous titres due to the cross.reactions were 

appreciably lower than the homologous titre's, Which 

ranged from 640-10240. On the other band, the P60 

fractions_exhibited smore marked cross..reacti.nn with 

the unabsorbed than with the absorbed sera (compare 

Tables 27, 32 and 33) and as Usual, all the P69 

_fractions reacted in heterologous sera. Ueterologous 

titres in some cases were greater than the homologous 
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titres e.g. type 1 homologous titre was 320 but the 

heterologous types 3M and 3R sera gave titres of 640; 

type L. homologous titre was 160 and heterologous titres 

ranged from 640 to 1280 and so on, The homologous titres 

given by the P60 fractions ranged from 80 to 5120 and 

were generally lower than the homologous titres given 

by the S60 fractions. In some types the difference 

between the two sets of homologous titres was very 

great e.g. type 22 P60 gave a titre of 80 while its 

360 fraction gave a titre of 5120, types 14 and 18 

P60 fractions gave titres of 320 while their S60 

fractions reacted to titres of 5120 etc. 

6. Removal of the bactericidal activitz of type— 

specific sera by their homologous 860 fractions  

Since the purified S60 fractions showed high 

specificity in their aerological reactiaas, an 

investigation was carried out to elicit their relation 

to antibactericidal activity. This was done indirectly 

by absorbing typei-specific sera with homologous S60 

fractions and then testing the absorbed °era for 

bactericidal activity. The absorption was carried 

out in email precipitation tubes by adding a volume 

of. the 860 fraction to an equal volume of the homologous 

serum*  The tubes were incubated at 37°C for 5-6 hr 

and then allowed to stand in the cold overnight. 



Table 3L. ..... continued 

Serotype 
Grganisms 
dilutions 
in 
broth 
saline 

Controls 
Uiles & 
lasra 

count of 
test 

organisms 

No. of organiwils 
surviving in 
normal rabbit 

serum 
undiluted 

No, of organisms 
surviving in 
the absence 
of serum 

No. of 
heterologous organisms 

surviv 	, in 
absorbed 
sera 

unabsorbed 
sera 

1 10-2 C. C. 	' C. - 	C. C. 

10 C. C. C. C. U.C. 

3:1 10 C. C. C. C. u.C. 
10'3 	- c. U.c.  ,.... c. C. 4C0 
10-  ta • C c C. U.C. 
10'3  U.c. U.C. C. C. 365 

5 10'2 e. %I • CO CO C. U G. 

10 .3  U.C. U.C.  C. 0. 318 
, 0 10 

 
C. 0, C. C. 

104   U.C. U.C. C. 380 
12 10 C. C. C. C. 9.C. 

106.3  C U.C. C. 	v  C. 400 

49 10 C. C. C. C. C. 

10  C. C. C. C. q.c.- 
* Initial dilution of sera used was 1:3, U.D. = not :one, C = confluent growth, 
U.C. = colonies discrete but crowded and uncountable. 



Table 34, Results of indirect bactericidal tests on tyme-snecific sera absorbed 
with homologous and heterologous 360 fractions of types 1,. 3, 4, 5, 6, 
12 & 49 streptococci in comoarison with unabsorbed sera* 

Serotype 
OrganismsNo. 
dilutions 

broth 

Tests 

in saline absorbed 

••••.-,,t %CV 

surviving 
unabsorbed 

of organi sms No. of organisms 
surviving in sera 

with 
homoloqous 360 

Uo. of organisms 
surviving in sera 
absorbed with 
heterolo ous s60 

in 
sera 

1:2 1:10 1:2 1:10- 1:2 1:10 

1 10..2 . 33 60 U.C. C. N.D. 1.D. .. .....,. 	— 
l0 4 19 14c0 C. N.D. J.D.  

3m * lo 
7417___.____7___ 

0 0 U.C. C. 3 10  
10 0 0 U.C. U.C. 0  0 
10-  -300 1500 C. C N.D. U•D. 

10.63  160 260 800 2000 N.D. N.D. 

5 10 2 0 0 c. C N.D. F.U. 

10.63  of 0 U.C. U.C. N.D. N.D. 

6 10 o 0 C C 0 10 
10 0 0 U.C. L.C. 0 3 

12 1072 12 15 790 , 1500 37 
10 0 0 1230 U.C. 2 0 

49 
___„.... 

lo—  0 28 C. C. 0 217 
10-3  • 0 C. C. 0 130 

* Initial dilution of sera used vas 1:3, N.D. = not done, C = confluent growth, 
U.C. = colonies discrete but crowded and uncountable. 
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Finally the precipitate was separated by centrifugation 

and the supernatant was collected and used as the 

absorbed serum. The absorbed sera were thus obtained 

diluted 1:2 unless absorption was repeated. .''.even 

tyne-ispecific acre were absorbed in this way, namely 

specific sera of types 1, 3M, 44  5, 6, 12 and 49. 

However, types 1, 3M and 4 antisera were absorbed 

twice and hence their initial dilutions used in the 

bactericidal tests were 1:3 For each of the absorbed 

sera a second dilution of 1:10 was made. Therefore, 

the bactericidal tests were carried out on two dilutions 

of each sera. In addition, antisera of types 3, 6, 12 

and 49 were absorbed with heterologous S60 fractions 

f types 5, 1, 2 and 14 respectively and then tested 

for bactericidal activity The indirect bactericidal 

test described on page 81, was employed for testing 

both absorbed and unabsorbed antisera. The controls 

included were normal rabbit serum, absorbed and 

unabsorbed serum against a heterologous type of 

group A streptococci, and also homologous streptococci 

in blood without any serum. 

The results shown in Table 34 revealed that the 

purified S60 fractions effectively removed the bacteri-

cidal activity of their homologous type-specific sera. 

However, type 4 showed rather appreciable growth in 
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the presenceof the unabsorbed serum and its 860 

fraction seemed not to have effected complete removal 

of the bactericidal activity in spite of the fact 

that the serum Was absorbed twice. This was indicated 

by the low count in the number of colonies of the 10.'3  

dilution in the presence of 1:2 and 1:10 absorbed 

serum (800 and 2000 colonies) compared with those 

growing in the presence of normal rabbit serum 

(uncountable numbers of colonies). It should be 

mentioned here that the bactericidal activity of the 

Vi—typing serum for type 4, which was used in this 

work, was known to be poor compared with its strong 

precipitation reactions with homologous acid extracts. 
A better result was obtained ia the case of type 12; 

the counts given here were after a single absorption 

of the serum and obviously they could be much better 

by a second absorption as in the cases of types 1 and 

31s but this was not done due to shortage in type 12 

860 traction, However, with these counts in the 

presence of absorbed serum compared with the complete 

bactericidal activity of the unabsorbed serum the 

results for type 12 were quite satisfactory. Types 

5, 6 and 49 showed complete removal of bactericidal 

activity after only a single absorption of each 

homologous serum. 



130, 

Furthermore, absorption of types 3, 60.12 and 49 

antisera with heterologous S60 fractions 5, 1, 2 and 

14 failed to remove their bactericidal 'activity 

(Pable 34).  The results were cenclusive for types 3,. 

and'12'absorbed with 260. fractions of types 50  1 

and 2 respectively. In the case Of type 49 the 

absorption was carried out by type 14 360 fraction. 

As mentioned before type 49 860 fraction showed a 

persistent cross-reactioniv, both t..precipitation 

and latex agglutination tests with type 14 antiserum; 

type 14 860 fraction also reacted with type 49-serum 

by latex agglutination (see above). So, close anti-

genie relationship in the way of the M-Trotein would 

seem to exist betweenthe two types. ,Therefore, it 

!ishouldbe reasonable to assume that type 14 might 

have removed a small part of the bactericidal anti-

:bodies or type 49 as exhibited by the effect of 

dilution iiz. the 1:10 diluted type 49 serum.abscrbed 

with type 14 S60 fraction gave rather high colony 

counts (217 and 130) compared with those of the 

corresponding 1:10 diluted type 49 serum absorbed 

with the homologous fraction (diffuse growth) and 

the 1:10 diluted unabsorbed batch of serum (28-0 colonies) 

In order to confirm further the specific removal 



Table 35: Results of bactericidal tests on series of dilutions of types 5 and 6 
specific antisera both unabsorbed and absorbed with their homologous 
S60 fractions. 

Serotype Crganisms 
dilutions 

Co ony coun s 	presence o 
unabsorbed antiserum dilutions 

1:2 1:10 1:25 1:50 1:100 1:200 1:400 1:800 1:1600 1:3200 

5 
104.2 0 0 0 0 12 29 54 260 U.C. U.C. 
10 0 0 0 0 0 3 9 52 U.C. U.C. 

6 
10+2  0 0 0 0 0 .0 1 3 130 V.0. 

10r3  0 a G 0 0 0 3 5 68 U.C. 

Serotype Organisms 
dilution:: 

Colony counts in presence of 
absorbed antiserum dilutions  

1:2 1:10 1:25 1:50 1:100 1:200 1:400 1:800 1:1600 1:3200 

5 
10-2 C. C. C. C. C. C. C. C. C. C. 

10°.3  ... 
J.C. C. C.. C. C. C. G. C. C. C 

6 
10 2 C. _ C. C. C. C. .. C. C. C. C. C. 

10'3  u.c. U.C. u.c. c. c. c. C. C. . 	C. C. 

C. = confluent, U.C. = uncountable discrete colonies. 
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of the bactericidal activity by the homologous 860 

fraction and to exclude any effect from diluting the 

serum, the bactericidal activity of absorbed and 

unabsorbed types 5 and 6 antisera .was tested after 

diluting them 1:2, 1:10, 1:25, 1:50, 1:100 up to 

1:3200. The results are shown in Table 35. In the 
unabsorbed sera of both types 5 and 6 the bactericidal 
activity was retained at remarkably high dilutions 

(1;800 and 1:1600). This killing effect on the other 

hand was completely removed by absorption with homo-

logous fractions even from dilutions as lout as la, 

D. The determination of type-specific pantibodies  in 

human sera 	the 	lutinati.on of latex rticles 

carrying purified 360 fractions of M-proteins 

Sera from patients suspected of suffering from strepto-

coccal sore throat, rheumatic fever or acute glomerulo-

nephritis, and control sera, were tested for M antibody 

levels with the latex agglutination test by the use of 

purified 360 fractions of types 1, 2, 3M, 4, 5, 6, 7, 9, 

12,14, 18, 22 and 49 of group A haemolytic streptococci. 
..preliminary screening test was carried out by testing 

two dilutions (1:40 and 1:80) of each serum against each 

type. Sera that gave reactions of 2+ or more were further 

doubly diluted up to 1:10,240 to determine their I.: antibody 
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titres, A reaction of 1+ (fine agglutination) in either 

1:40 or 1:80 dilution during the screening was taken as 

the end-point of the serum under test, and no fupther 

dilutions were made. In general the latex agglutination 

test was carried out by exactly the same method as that 

adopted for the detection of M antibodies in byperimmune 

type-specific sera from rabbits. 

1. M antibody titres in sera of patients suffering 

from sore hro and in contra. se 

This group of patients included 38 patients 

suffering from sore throat; group A streptococci 

were isolated from 33 of the patients at about the 

time of collection of the first (or only) serum 

specimens. Specimens of sera from 26 of them were 

paired and 12 were unpaired. The ages of the patients 

ranged from 2...30 years 34 of them were males and 4 

were females. he infecting group A streptococcus 

from 25 patients yielding paired sera was isolated 

and typed. Type 5 U.wpositive strains were identified 

in 19 of the cultures, type 12 in 3, type 22 in 2 and 

type 4 in 1 of the remaining 6 cultures, The serotype 

from the 26th patient was unknown. Cultures from 

patients from whom unpaired sera were collected 

yielded 2 type 12, 1 type 3U, 2 type 5, 1 type 25/104)+19. 
1 type 3/13/B3264 and 1 type ,18. Cultures from the 



Table 36. Results of latex agglutination tests on 12 unpaired sera from patients 
with streptococcal sore throat (uncomplicated). The latex particles 
were coated with purified 360 fractions of :1-proteins from some sorotypes 
of croup A streptococci. 

Patient Age  years 

Infecting type Interval 
between 
onset & 
collection 
of serum 

 (weeks) 

M antibody titres of scrotypes 

1- 
pro- 
tan 

R 
anti- 
gen 

T 
anti- 
Sep 

2 3M 4 5 6 9 12 14 18 22 49 

Daw.(U) 81 31 3 3 40 40 80 640 40 40 640 40 160 - 
Day.(2) 4 12 - 12 11 - - 40 40 40 40 160 40 
Ost.(P) 8 12 12 21 - . 160 320 40 80 40 160 40 80 40 
Hor.(:.i) 7 N.A. N.A. N.A. 3 320 40 320 320 640 160 2560 40 320 40 - 
wit. (n) 13 N.A. N.A. N.A. 4 . 320 - 160 320 40 320 40 80 80 40 
Ne1.(U) 16 5 5 31 - 160 320 80 320 320 80 160 
Ref.(11) 16 5 - 5 u. %1 ... - 80 - 40 - - - 
ov;o1.(F) 11 18 - 18 1 320 640 640 640 1280 320 1280 160 160 320 
Ohe.(F) 81 - - 3/13/63264 5 320 160 320 80 640 80 . 

Has. (F) 2 - - 25/Imp.19 9 - 160 - 640 1280 - 
1381(m) N.A. D.A. N.A. 4 160 40 40 80 40 40 40 40 - 
1436(i) 11 N.A. N.A. N.A. 21 40 80 . 

* Repeated attacks of sore throat since January 1966 (last attack July 1967). 
= less than 40, (n) = male, (F) = female, N.A. = culture not available. 
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remaining L. patients were not available for typing. 

Control sera from 73 individuals not suffering 

from streptococcal infections were collected from 

routine specimens sent for Wassermann reaction at 

St Mary's Hospital and from 4 volunteers in this 

Laboratory. The ages of the subjects here ranged 

from 18.60 years; 13 of them were females and 60 

were males* 

The tests were first performed on the collection 

of 12 unpaired sera as a preliminary to further 

detailed studies on the paired sera (Table 36). 

Uoat sera gave antibody titres for ziore than one 

eeretype Serum from patient Ref. gave reactions 

with only two types (types 5 and 12) and their 

titres were low (40 and 80), while sera .,fro patients 

Dew, Hor and U01 reacted each with ten types but Dew 

serum differed from the other two in showing low 

titres (40) for most of the types with which it 

reacted; on the other hand titres for Lol serum 

mere all high (160 and ever) but might probably be 

explained by the repeated attacks of sore throat 

experienced by this patient over more than one year* 

Other sera gave reactions with several types between 

these two extremes. It will be noticed, however, 
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OTHER THAN THE INFECTING TYPE. 

Figure 17: The number of reactions at high titres (160 & over) 

in secona sera from 25 patients obtained by testing 

with 360 fractions from types other than the type 

responsible for the infection. 
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Table 37 	 continued .C4-). 

Patient Infecting .__ we Serum 
Titres of-rETESTD51771:VOMF _ 

1 2 31 4 5 6 9 12 14 18 22 49 
Par. (0 
16 years 

22 
n+ 

1st - 40 160 80 40 80 40 80- 40 40 - 
2nd - - 160 640 40 80 160 40 - 40 320 - 

Daw.(L') 
16 years 

22 
72+ 

1st - - 320 640 80 160 80 160 .... 40 80 - 
2nd — 40 160 640 80 80 80 320 - 40 320 80 

ill.(F) 
5 years 

4 
11+ 

1st — 40 320 320 -. 320 - 640 40 160 160 
2nd - 80 320 640 160 160 - 320 - 80 640 160 

:.4.cD.(N) 
35 years 
----- 

N.A. 1st - 40 320 - 40 40 - 40 40 - 40 40 
2nd - .... 320 - 80 160 - 320 - 40 40 40 

(2) = maze, (F) = female, N.A. = culture not available. 



Table 37 	 continued ,,C.3). 

Patient Infecting 
type 

, .leruta Titres of ' antibodies of IT t:r.s 
2 311 4 5 6 9 12 14 18 22 49 

y;01.(2) 
16 years 

5 
LC+ 

1st .. 80 640 320 160 320 - 6140 40 160 40 - 
2nd - 160 320. 320 160 320 - 640 40 80 80 - 

Ope.(L1) 
16 years 

5 
LI+ 

lat - 640 160 160 160 - 3.60 - 80 80 80 
2nd 80 320 320 160 640 320 - 320 80 160 320 

Sco.(71) 
16 years 

, 	. 

5 Tt+  
1st - 40 • 80 - .. 80 - 80 - 40 - - 
2nd - 160 160 1280 . 320 - 160 - 160 .... - 

fam.(11) 
16 years 

5 
1.1+ 

1st 
. 

- 60 80 - . 40 - 40 - 40 /40 40 
2nd - 160 320 - 320 160 320 320 = 80 80 - 

Pam.(P) 
20 years 

12 ..,2,4. 1st - . 4°. 40 - . - - . 

2nd - 160 160 - 40 - 160 .0. 140 80 - 
Hal.(11) 
16 years 

12 
It+ 

1st - - 160 - .... 80 - 320 - 
2nd - - 160 - 80 80 80 320 80 - 80 

3.Skj.(11) 
28 years 

12 
11+ 

1st 160 - 40 80 - 160 
2nd - 320 - 80 160 - 640 0. 160 320 



Table 37 	 continued .i?4). 

Patient Serum type Infecting T  itres of 	antibodies of LT. 414 cc 
3. 2 3n 4 5 6 9 12 14 18 22 49 

Ties. (LT ) 
16 years 

5 let 11:11 320 - . - 40 40 40 
2nd 640 C40 320 114 640 80 160 160 . 

V:oo.(11) 16 years 5 st - - 160 320  640 - 80 
2nd - 2560 • 320 640 80 160 

Cur. (2) 
16 years 

5 
:1+ 

ist - 320 - . - . . - 
2nd - 320 - 320 640 1280 160 80 

::ax.(2) 
16 years 

5 
. 60 160 4o CO 320 160 

2nd - 320 .s1 - 60 •. 640 160 
Fra.(1.1) 
16 years 5 1..+ " 

1st - - - - - - 
11111 

320 
320 

- 
111 

111111 

MI 
lell 

- 
11111 

. 
320 

- 

Ell 

80 
640 

... 

111 gi 
MI 
- 

2nd 1111 
lell 

- El 

640 - 
NMI 

614,0 

Ill 

160 
160 

- 

III 
1:11 

Day.(11) 5 st 
2nd 1011 - 

Nos. (U) 
16 years 5 let- oi,  320 - 160  320 640 40 80 

2nd 80 - 320 - 320 320 160 1280 40 160  160 
Cha.(1.1) 16 years 5 let ell OW OP 

.1.  40 — O. 

2nd - 80 - 40 - 160 ,.. - 



Table 37. Results of latex agglutination tests on 26 paired sera from patients 
suffering from upper respiratory tract infection. The latex particles 
were coated with purified S60 fractions of U-proteins from several 
serotypes of croup A streptococci. 

Patient Infecting  
type Serum 

Ti res of 0 an 1 odies of maiiVpes 
1 2 3M 4 5 6 9 12 . 24 18 22 49 

Eva. (M) 
16 years 

5 	. 
il+ 

1st - - - 320 320 - 40 40 - 
2nd - 140 - 320 160 - 320 - 40 80. - 

Joh.(M) 
16 years 

5 
2+ 

1st 40 40 320 320 320 320 -, 80 160 160 
2nd 40 40 320 160 320 320 - 320 ~ 40 160 160 160 

Viic.(1.1) 
16 years 

5 
:-.!+ 

1st - 40 - - 160 40 80 40 

2nd - - 160 - 160 160 - 160 - 40 160 40 

Ple.(11) 
16 years 

5 
U+ 

let - 40 320 40 40 160 40 320 ... 80 160 
2nd - - 320 640 160 320 160 640 - 80 160 

:sai.(11) 
16 years 

5 
n+ 

1st - - 160 - 40 40 - 80 40 40 
2nd - - 320 - 160 160 - 160 .. 40 40 .... 

Say.(U) 
16 yearn 

5 
U+ 

1st - - 640 - 160 320 - 320 - 

2nd - - 640 - 160 640 - 320 - 40 . - 

Hay. 
16 years 

5 
U+ 

let - - 160 - - 40 - 320 - . OP 

2nd - - 320 - 320 . - 160 40 . . 
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that the highest titre was seldom for the type which 

appeared to have been responsible for the most recent 

infection. 

The results for the 26 paired sera are set out 

in detail in Table 374, It will be observed that of 

25 cases in which the presumed infecting type was 

known, there was a high titre of antibody (7160) for 

the type in the second serum specimen in all except 

three; in 16 cases there was a fourfold increase 

in titre with a final titre of 160 or more; and in 

6 cases the initial and final titres were both 160 

or more, while 3 cases were with no antibody response. 

However, equally significant rises in heterologous 

antibody titres were very common. In only 6 pairs 

of sera was there no four-fold or greater rise in 

titre for any type other than the infecting one 

(where the final titre was )160); in 4 pairs there 

was one heterologous rise in titre, in 6 pairs there 

were two, in another 6 pairs there were three and 

in 3 pairs there were four (Figure 17). 

The results on all the first and second sera 

compared with the results on the control sera are 

summarized in Figure 18. In each case the number 

of types with ehich the sera reacted, at a titre of 
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than the infecting serotype in 12 out of 26 secona 

sera of patients. 
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40 or more, and at a titre of 160 or creater, is 

shown separately. Practically all of the sera in 

each group gave a titre of 40 for one or more types. 

Titres of 160 or more for one or more types were given 

by 81% of first sera, 96% of second sera and 89 of 

control sera, 
Vost of the sera whether from patients or controls 

reacted with more than one Li—type antigen, Considering 
only reactions of 160 or greater, 1.1.5 of first sera 

and 51% of control sera reacted with 3 or more M—type 

extracts. A considerably greater proportion (87) 

of second sera gave 3 or more strong reactions This 

is in agreement with the observation (Table 37) that 

increases of titres to heterologous types occurred 

with considerable frequency, 

Figure 19 chows the relative frequencies of 

heterologous reactions with M.-extracts of different 

types in 12 of the second specimens of the paired 

sera whose titres were 160. 

2. 	M antibody titres in sera of patients suffettag 

from rheumatic fever 

Sera from 9 patients were tested; 2 of them were 

paired and the rest unpaired. The ages of the patients 

ranged from 11-50 years and 5 of them pore females and 



Table 38. Results of latex agglutination tests on sera from 9 patients 
suffering from rheumatic fever. The latex particles were 
coated with purified S60 fractions from twelve different 
tyres of group A streptococci. 

Patient Age Sex 

In'terval 
between 
onset & 
collection 
of serum 
(weeks) 

Infecting 
type 

2 antibody titres of serotypes 

1 2 311 4 5 6 9 12 14 18 22 49 

1310 14 2 41_ N.A. - 640 40 - 40 - 40 40 40 
1370 26 H 15-i N.A. 40 - 320 - 320 320 - 320 160 - 80 
1378 51 F 3 N.A. 80 40 640 40 160 160 80 640 80 40 - 
138C1 15 F 9 N.A. 640 - 40 80 80 160 
1380i1 15 F 23 	- N .11. 40 1280 40 320 160 160 320 4D - 
1393 35 F 3 N.A. 40 40 40 - 

-1

1399i 
1399ii 

11 
11 

2 
2 

6 
14 

N.A. 
N.A. 

80 
8C 

-, 40 
40 - 

40 
- 

- 

14C4 18 F 2 N.A. 16C 40 40 40 
149C 12 F 5 N.A. - 1280 320 - 80 160 
1465 35 :1 >4 N.A. 320 640 640 1200.160 320 320 640 80 80 320 80 

0 paired sera, N.A. = not available. 
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4 were males. Streptococcal cultures from these 
patients were not available. The results are shown 

In Table 38, Reactions with more than one eerotype 

vas the dominating picture* The pair of sera from 

patient 1380 ehoved a .distinct and high rise in type 

5 antibody titre. The other pair of sera from patient 

1399, however, showed no such rice of antibody titre 

to any of the types tested but showed low titres 

(80 and less) for a few of them. As before, antibodies 
to types 31,4 6 and 12 were by far the most frequently 

detected antibodies of group A streptococci showing 

high titres. In conclusion there sere no significant 

differences between these patients and the previous 

group of patients suffering from uncomplicated sore 

throat by comparing the type.epecific antibody pattern 

in both (Tables 36, 37 and 38). 

3. Ig antibody titres in sore of tuaatflimmulas 
from acute elomerulonephritig 

Six paired and 1 unpaired eera of patients 

suffering from acute glomerulonephritis were tested 

as before. They included 5 paired specimens from 

Red Lake Indian children (4 females and 1 male) and 

the remaining 2 from children (male and female) in 

this country. The serotypes isolated from the Red 



Table 40. Results of latex agglutination tests on sera of patients suffering from 
acute glomerulonephritis. The latex particles were coated with purified, 
S60 fractions of :-proteins from twelve different serotypes of group A 
streptococci, 

Patient Age Sex 
Interval Swk) between U antibody titres of sorotypes 

onset 
& 

1st serum 

let serum 
& 

2nd serum 
1 2 3M 4 5 6 9 12 14 18 22 49 

awatan1111•1100 amin•NOMMINIMous, 

Rai(i) 1 6 * 
5 51 - - 160 320 80 160 - 320 - 80 640 

Rai(ii) - - 160 640 80 160 - 320 160 40 1280 
Jou(i) 6 F 4 6 

- 320 

Jou(ii) - - - - - - - - 40 - - 640 
LIty(i) 10 * 10' . - 160 320 - 80 - 160 - 40 320 
ay(ii) - - 160 320 320 160 .. 160 .. 80 - 640 

Def.(i) 9 F 
* 

11 13 . . - 1280 320 - - 160 40 40 160 

Def.(ii) - - 160 1280 320 80 - 160 80 320 - 2560 

Ben*(i)  11 F 2 yr.o 2 yr & 4.D. II.D. W.D. N.D. a.D. N.D. 0.D. E.D. A.D. N.D. N.D. 320 
Ben.(ii) 4/52 80 - 160 640 160 80 320 160 - 80 160 320 

1406 10 LI 4 t . . - 80 - - - 4. 40 40 - 160 

I493(1) 5  F 3 f 91 40 ~ 	80 160 160 - . imo - 40 40 40 40 

1493(11) 640 40 80 1280 40 320 - 160 40 40 40 40 

= ratios, F = females, (1) = let serum, (ii) = second serum, VO, = not done because serum 
was insufficient. * 1st serum collected before onset, t let serum collected after onset. 
wk. = weeks. 



Table 39. Results of follow up cultures from skins, noses and throats of 5 Red Lake 
Indian children suffering from acute glomerulonephritis showing the 
predominating type 49 and the appearance of other types of group A 
streptococci (t:annamaker, 1967) 

Patient Age Sex 
follow-
up 

period 

atreptococci of •AN= • 	erot 	es isolated 
M--  SE Throe 

occasional 
isolations 

aLW-----711417----TRMIEFERC 
isolations 

hose 

isolations 
most 

isolations 
occasional 
isolations 

most 
isolations 

Rai. 

.411i,...n...,. 

6 m 61 wk. type 49 "T" 41"n" T3/13/B WTI,  31nin & "T" 
41"M" T3/13/B 

. 41"11"73/13/B 
49 "T" 

Jou. 6 P 6 wk. 49"T" . - 49"T" - 49"T" 

Lay. 4 F 101 wk. . 49"T" 
• 

- 410Er T3/13/8 
12"M" & "T" 
4.9"T" 

. . 

Def. 9  F 5 wk. 49"7" weir . 25"M" 
78/25/impl9 

- 25"T4' 
25"M" 
T8/25/impl9 iviTir 

. 

Beast 11 F 41 wk. 49"T" - 49"T" . wirto 0  
group G 
group A 

' presumably 49"7" (.:nnamaker, 1967). 
i In 1965 strains of T5/27/44, T3/13/B & Impl9 were isolated (warn amaker„ 1967). 
LI = male, F = female, "LT = M-protein type, "T" = T type, wk. = weeks 
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Lake children were identified as type 49 nd 

glomerulonephritis was noticed to follow skin 

infection with it Gannamaker, 1967). Besides 

type 49 other types were also isolated during the 

follow-up period which started several weeks before 

the onset of the disease and in the case of one 

patient it started 2 years before onset (Table 39), 

In general type 49 was by far the most prevalent 

type of group A streptococci isolated from the skins 

of these particular children who developed glomerulo-. 

nephritis. Type 49 was also isolated in certain 

occasions from the throat and nose during the follow-

up period. 

The five paired sera from the Indian children 

together with the sera from the 2 English children 

were tested by the latex agglutination as before. 

The results are shown in Table 40. As expected all 

Red Lake sera gave high titres for type 49 both 

initially and in convalescence. Reactions for type 14 

2 	were more frequent than in sera from this country 

(Tables 36, 37 and 38) Also type 4 showed more 

reactions than before. Types 3, 5, 6, 12 and le 

showed the same frequency of reactions as before. 

Reactions of type 22 were rarer and as usual types 

1 and 2.showed the fewest reactions. 



Table 1 1. Results of latex agglutination tests for types 3, 4, 5, 6, 12 6149 
n antibodies compared with results of bactericidal tests for the same 
antibodies in the sera of soze patients and controls. 

7;;;;;---UTE07-1Y1Waarli 
nosis serot we 

AlaTEUres 
tested 

Latex a 	lutination titres Bactericidal actislty_I___ 
2nd sew let serum 2nd serum a 	serum 

Rai. 0I type 49 type 49 640 1280 + 
Def. s/ " 	49 " 	49 160 2560 + + 
Steve S.T. " 	12 " 	12 160 640 + + 
V;o1. 
for. 

if 
II 

" 	12 
" 	12 

" 	12 
" 	12 

1280 
2560 

14,A, 
N.A. + 

4- isTs-As 
14A, 

Ill. tt " 	4 " 	it 320 6140 + + 
Rai. ON " 	49 " 	4 320 640 + + 
May II " 	49 " 	4 320 320 + + 
Def. II 

" 	49 " 	4 1280 1280 + + 
Day. S.T. to 	5  If 	c; 

. 	'" <40 640 .. + 
Spe . ti ii 	5  tt 	5 160 640 + - + 	' 
Day. ?I II 	5  it 	3 160 640 + + 
1370 R.F. unknorm " 	3 320 N.A. + N.A. 
B(cont) N. no infection " 	3 320 L.A. + N.A. 
M(cont) N. " 	II SI 	3 	. 160 V.A. + N.A. 
F(cont) N. " 	if ft 	3 320 N.A. + N.A. 
1490 R.F. unknown t/ 	3 640 N.A. + 140.11.* 
for. S.T. type 	5 " 	6 640 N.A. + N.A. 
1370 R.F. unknown " 	6 320 11.A • + N.A. 
H.E(cont) N. no infection typos 3:4, all types all types all types all types 

§22A2Legdaeneativere Eaietive ne ative 
') The bactericidal activity was taken as the lowest dilution of organisms that showed no growth 

in presence of the homologous antiserum. ON .= glomerulonephritie, R.F. = rheumatic fever, 
= sore throat, N = normal, Mole = serum not available. 
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verification of some results of latex ,autination 

1221s for M antibodies in human.  sera by the 

indirect bactericidal test 

Paired and unpaired sera chosen at random from 

all patients and controls tested above were tested 

by the indirect bactericidal test to verify some of 

the high antibodytitres to some aerotypes. Red Late 

sera were tested for type 49. For type 12 one paired 

and one unpaired.serum from one of the 26 patients and 

one of the 22 patients suffering from uncomplicated core 

throat were cheeen, both patients had an infection 

with type 12; for type 5 tour paired.sera from 4 

patients originally infected with type 5 (also from 

the same group of patients) were chosen. Similarly, 

for type 4 serum from a patient with type 14 infection 

from the 26 patients was tested .and in addition 4 of 

the Red Lake sera which showed high antibody titres 

for type 4 were also tested for this type. For type 

3 and type 6 also paired and unpaired sera were tested. 

There was good agreement between the M antibodies as 

detected by latex agglutination and the bactericidal 

activity (Table 41), The bactericidal activity was 

expressed as the lowest dilution of streptococci that 

showed no growth in the presence of homologous anti— 
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serum. Attempts to develop a quantitative technique 

for the indirect bactericidal test in order to 

facilitate comparisons in titres with the latex 

agglutination titres were not successful owing to 

the laborious technique for performing a two dimensional 

bactericidal test, the variation in counts from culture 

to culture of the same strain and several other factors 
• 

all of which led to the lack of reproducibility of 

the results. Therefore the bactericidal activity 

in a qualitative manner was adopted as a guide to 

whether the titres shosn by the latex agglutination 

test were due to their homologous streptococcal antigen, 

In that sense there was satisfactory agreement between 

the two tests especially for types 49, 12, 3, 5 and 6. 

In the case of type 4 it should be noted that the 

killing effect was less marked. On the other hand 

the LI antibodies detected in some of the control sera 

showed a marked bactericidal activity against the 

homologous organisms. One of these control sera 

showed no antibody titres for types 3, 4, 5, 6, 12 

and 49 by latex agglutination and consequently gave 

no bactericidal activity against any of the homologous 

streptococci. This was, therefore, a satisfactory 

negative control.  
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PART FOUR 

DISCUSSION  

As predicted, polystyrene latex particles proved' 

to be useful carriers of streptococcal cellular antigens. 

Agglutination tests with suspensions of latex particles 

ecnsitised with antigen are a convenient, sensitive and 

reliable means of detecting antibody in sera. The 

advantages of the method may be summarised as follows: 

(1) Polystyrene latex particles are readily available 

from commercial sources in suepensions of uniform particle-

size (0.81 )1), and are ready for immediate use with a 

minimum of preparation. 

(2) The non-biological nature of the latex particles 

circumvents many of the difficulties inherent in agglutina-

tion methods. In bacterial agglutination, the antigenic 

complexity of the cell surface leads to lack of precision. 

If bacterial antigens are adsorbed on to erythrocytes 

there is often trouble with intraspecies cross-reactions 

and with haemolyeis. Latex particles have simple surfaces 

to which antigens of diverse chemical composition are 

readily adsorbed without previous modification. In contrast, 

red blood cells often have to be tanned to modify their 
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surfaces before antigens can be adsorbed to them. Also, 
sometimes it may be necessary to restrict extraction of 

the antigen .to a single method in order to obtain a 

preparation that is adsorbed efficiently to the surface 

of the tanned red cells. Schmidt & Moore'(1965) showed 
that formamide-extracted streptococcal polysaccharide did 

not sensitise tanned human 0 erythrocytes , for.haemagglutina-

tion tests, and Obtained efficient sensitisation of the 

erythrocytes only with the ethanol-precipitated fraction 

of en extract prepared with Streptomycesalbus enzymes 

which had been treated with di-isopropyl .fluorophosphate. 

Goldstein & Caravan°.  (1967)4  on the other hand, were able 

to sensitise red cello with formamide-extracted polysaccharide 

only after coupling the latter with an ester.of stearic acid. 

Since fornomide-extracted polysaccharide is easy to prepare 

in a serologically pure form, the latex agglutination test 

with the unmodified extract and the unmodified latex particles 

obviously convenient for all practical purposes*  Like 

the polysaccharide, type-specific protein antigens are 

readily adsorbed to latex particles*  

(3) Suspensions of latex particles are stable. Non-specific 

or spontaneous aggregation of latex particles did not present 

as.a problem all through this work. The latex particles 

suspensions with adsorbed antigen (latex-antigen suspensions) 
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were quite stable. Batches of latex-antigen suspensions 

that were prepared during the course of this work generally 

remained stable until used up (Z1.6 weeks). However, to 

achieve this stability some precautions were necessary* 

First, bacterial contamination was excluded by the addition 

of merthiolate to a final concentration of 1:10,C00. Second, 

the glass containers used were chemically clean and sterile; 

cleanliness was achieved by washing in acid and rinsing in 

distilled water. Third, the latex.oantigen suspensions were 

made up in phosphate-buffered saline, pH 7.2-7.5 to avoid 
wide shifts in pH. Our current knowledge is that latex 

particles are precipitated at pH 9.0 and over. en the 

other hand M-proteins arc nrecipitated apH range of 

5.0..6.0 with aaisoelectric point of 5.3 (Lancefield & 

Perlmana, 1952 a), To avoid these two extremes pH 7.2...7.5 
was therefore chosen and proved to be quite satisfactory. 

Latex-antigen suspensions were conveniently stored at 

refrigerator -temperature and were ready for immediate use. 

Q.) Latex. agglutination tests appear to be very sensitive. 

Titres of 1280..5120 were frequently obtained when sera 

were tested with suspensions sensitised both with group-

specific polysaccharide and with c-protein antigen.  extracts. 

Although no direct comnarisons were made there is reason 

to believe that sensitivity is of the same order as that 
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obtained in haemagglutination tests. 

(5) Since the surface of the latex particles is inert, 

it is to be expected that the specificity of reactions 

obtained would be limited only by the purity of the antigenic 

fractions adsorbed to them, Vlth the streptococcal group 

antigens„ which can be obtained in a reasonable state of 

purity with little trouble, latex agglutination teats appear 

to be quite specific, and the cross-reactions observed with 

rabbit hyperimmune aera were referable to known chemical 

relationships between the antigens. With the ?protein 

fractions, on the other hand, it was difficult to be sure 

when cross-reactions were due to the relative impurity of 

the extracts and when they represented real interrelations 

between antigens. Such cross-reactions were observed 

occasionally with the rabbit antisera used for M-typing 

and thought to be monospecific on the basis of precipitation 

reactions; they were very much, more common in the sera of 

convalescent patients. Their possible significance will 

be discussed later, 

The first application of the latex agglutination in 

this work was the use of latex suspensions with adsorbed 

group A specific polysaccharide for the detection, of 

group A specific antibodies in hyperimmune rabbit sera 

and in patients' °era, The results obtained confirmed 



the possibility of adopting this test for routine use. 

Other methods that have been developed recently are of 

no advantage over the latex agglutination test; the 

disadvantages of the haemagglutination techniques (Schmidt 

& Loore, 1965; Goldstein & Caravan, 1967) were fully 

discussed above. However, the Other technique that would 

closely compete with this teat is the cellvall agglutination 

technique (Karakawa e, t al, 1965). Like the latex agglutination 

test, this is ailighly sensitive and a highly specific test, 
but it is laborious and more complicated. ,/t employs a 

modified Coombs test for the,detection of group A antibodies 

in human sera, viz. indirectly. Mao the preparation of 

suitable batches of cell wall suspensions, the centrifugation 
of cell walls and serum dilution mixtures in the'cold, the 

reading of the endpoints of the titratione by slide-

agglutination, all make the test less handy for routine 

purposes and general surveys in spite of its high sensitivity. 

In addition to group A polysaccharide, groups Aaimar lo , 

B, Co  G and L polysaccharides have all been successfully 

adsorbed to latex particles and gave reactions with their 

homologous antisera. The finding that group A'var poly-
saccharide reacts to a high titre in group A antiserum is 

in agreement with previous findings by McCarty &.Lancefield 

(1955), and also by Schmidt &Moore (1965), 7carakawa et al 

(1965) and Karakawa„ Lackland & Krause (19660. In the 
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results obtained in this work, group A polysaccharide 

reacted to an insignificant titre of 10 in group A-var 

antiserum by the use of the latex agglutination teat. 

Also, in cell wall agglutination test, Karakawa et l 

(1965) obtained a titre of 160 with croup A cell walls 

and a group A-var antiserum which had a homologous titre 

of 2560. The original work of IcCarty & Lancefield (1955) 

also showed this reaction of group A polysaccharide in 

group A-var antiserum to occur in a minor decree*, The 

cross-reactions involving groups A, A-var, C and 0 agree 

vith those reported by Cummins & Slade (1961) amongst 

groups Al  C and G. Krause & UcCarty (1962) showed the 

similarities in antigenic determinants of groups A-var, 

and Co  viz. rhamnose oligosaccharidea. Furthermore, 

Krause (1963) reported the presence of rhamnose and 

galactosamine in the polysaccharide of group 0 streptococci, 

and Curtis & Krause (1964) found that the antigenic 

determinant in group G wee rhamnose monosaccharide. 

Phaimose and galactosamine are also present in group C 

whose antigenic determinant is galactoosmine. Another 

reaction noted was given by group A polysaccharide in 

group 0 antiserum. Our knowledge of group 0 and the 

details of its antigenic structure is far from satisfactory, 

so an explanation of this reaction of low titre cannot be 

pursued on the came immuochemical basis followed above. 
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However, the nature of this particular reaction was that 

of a weak agglutination (1+ reaction) and could be due to 
a minor relationship. 

The human sera tested for the presence of streptococcal 
group antibodies belong to two main categories, viz. patients 

thought to be suffering from streptococcal infection and 

sequel" and control subjects with no such infection. The -

diagnosis of streptococcal infection and 'seguelae was based 

on the clinical picture confirmed by either isolation of 
group A streptococci from the patient or the demonstration 

of elevated ASO titres in the serum or both. The 'control 
atibjects were chosen from individuals who had no such 
clinical or laboratory criteria and, therefore, were 

expected to yield lower antibody titres. Thus about 90 
of the former category showed demonstrable antibodies 
against the group-specific antigen, compared with less 
than 40;/0 of the latter. This difference argues in favour 

of group-specific antibodies being a response to either a 
past or a present group A etreptococcalinfection, 

A further comparison of the titres of antibody to 

group A polysaccharide and of ASO in individual sera 'Mewed 

that, when the ASO titre was raised, significant amounts of 

group antibody were usually present. On the other hand, 

a considerable number of other sera contained group antibody 
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without the AGO titre being raised. This could be explained 

in one of three ways: 

(1) The "group A antibody" was not related to a streptococcal 

infection. This is unlikely, in view of the specificity of 

the test with rabbit antisera, and the relative infrequency 

of group antibody in the sera of patients not currently 

euspected of suffering from streptococcal infection. 
(2) That the group antibody test is very much more sensitive 

than the ASO test for detecting streptococcal infection. 
(3) That the antibody response to group polysaccharide 
and to streptolysin 0 have different time relationships. 
Since ASO is formed early in disease the most likely 

possibility in that antibody response to group polysaccharide 
might take place later and might persist longer. The 

appearance of group antibody at detectable low levels seem 

to take place more than one week after onset of infection. 

This is well denonstratcd by patient 1381 and patient 1399 

(Table 17 facing page 109). On the other hand after reaching 

the peak these antibodies seem to last at least for six 

months without showing any decline in titre as is normally 

seen with ASO (Table 17), It should be remembered that 

hyporimmunisation of rabbits with group A cells cave rise 

to antibodies at low levels only a week after the initial 

dose of the vaccine (Table 15 facing page 102) and reached 
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the peak in about the third week. High levels of antibodies 

in these rabbits were detected even after three months 

rest from vaccination. 

Possibilities (2) and (3) will be discussed together. 

It is generally believed that ASO is detectable in signifi.. 

cant amounts in the sera of some 70% of patients suffering 

from streptococcal disease. However sensitive the test 

for group antibody was, therefore, it is unlikely that all 

the cases with this antibody but without a raised ASO titre 

were recent streptococcal infections. The patients from 

whom the bulk of one single sera were obtained were suspected 

of suffering from the sequelee of streptococcal infection 

and were generally fairly late in the course of whatever 

disease they had. Examination of the available case-

histories suggested that many had suffered from recurrent 

upper respiratory tract disease. It was possible, therefore, 

that their streptococcal illness might often have ante-dated 

the onset of the current episode of illness. 

We had hoped to learn more of the time relations of 

the response to streptococcal group antibody from the 

examination of paired sera, but it proved difficult to 

obtain large numbers of pairs from patients with known 

streptococcal illness in which the first sample was 

collected in the first few days of Mmes. In the 26 
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pairs of sera where this appeared to be the case, it was 

found that the initial titres were generally high, and that 

further rises were few and insignificant. Moat of these 

sera came from one of trio sources: (1) young men in a 
single closed community in which streptococcal infection 

is known to be constantly endemic (2) Red Lake American 
Indian children who have repeated akin infections (Anthony, 

Kaplan, Chapman, Quie & Warniamaker, 1967). It is very 

likely that in both cases the high level of group antibody 

referred to,  revious infections. This conclusion is 

suggested by the finding that in many of the same pairs 

of sera there was evidence of a significant rise of type-

specific antibody to the current infecting strain (type 5 
in the community of young men, and type 149 at Red Lake). 

Further study of group antibody in the sera of patients 
with known streptococcal infections is needed to establish 

the time relations of the antibody response. It is clear, 
however, that the presence of antibody is related to 

streptococcal infection, and the test for it may therefore 

be of value in epidemiological studies. This is particularly 

the case in countries where a high proportion of sera 

contain significant amounts of ASO, but few streptococci 
have been isolated, such as the Sudan (Dunbar & Erwa, 1967) 

and Nigeria (gotta, 1967b). It is not yet certain whether 
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these results are due to the presence of antibodies 

referable to streptococcal disease, or to non-specific 

inhibitors of streptolysin O. 

What has been said about the response to group A 

specific antibodies in human sera is also true for croup 
A-var antibody response. Infection with group A-variant 

has not been reported in the general population. Yet its. 

antibodies are detectable in the vast majority of patients 

suffering from group A infection and even in rabbits 
immunised with group A cells (Table 15). Degradation of 
the bacterial cell follows soon after phagocytosis, leading 

to lose of the antigenic determinant of group A polysaccharide 

(N-acetylglucosamine) and presumdbly exposing the oligo.. 
eaccharide moiety which is the antigenic determinant of 
group A-var. Ayoub & Wannamaker (1967) attributed this 
intraphagocytic effect to the action of a multiplicity 

of factors including digestion with the intra-phagocytic 

enzyme P41-acetyucosaminidase. in this work the majority 

of patients had antibodies to both antigens, suggesting 

that the degradation of lis.acetylglucosamine is not complete 

under natural conditions and that enough of it will escape 

digestion and thus give rise to group A specific-antibodies, 

On the other hand a small minority of the patients behaved 

differently; 2 patients had responded by forming group A 
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antibodies only and 2 by forming group 4.7var antibodies 

only (Table 20 facing page 111)•  Explanation of these 

results on the whole is difficult but again the suggestion 

may be made that for unknown biological reasons degradation 

of group A specific polysaccharide in the former two 

patients was negligible while it was greatly enhanced in 

the latter two patients. 

In the work involving the type-epecific !..proteins of 

group A streptococci it has been shown that they appear in 

at least two serologically active fractions. One of these 

two fractions viz. the 860 fraction was found to be more 

specific than the other fraction viz. the P60 fraction. 

This implies either that amongst the several antigenic 

parts of the V....protein of each serotype one part is specific 

to the particular serotype with minimum cross-reactions, 

if any, with heterologous types, or that the a-pprotein in 

the 860 fraction is relatively free from contamination 

with the less specific proteins. However, specificity of 

reactions by precipitation and latex agglutination is not 

the only characteristic of the 860 fractions but also 

their ability to remove bactericidal activity of hyperimmune 

rabbit sera should be put into account when relating them 

to the V-proteins. These two criteria have favoured the 

460 fractions over the P60 fractions as reliable represent- 

atives of a-proteins for accurate identification of serotypes. 
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TA° complexity of protein antigens extracted in hot acid . 

has been demonstrated by Wilson & Wiley (1963) by a study 

on scrotype 17 streptococci. In these organisms the 

authors have demonstrated one fraction of the protein 

extract that had, both specific serological reaction and 

antibactericidal activity associated with M antigen. 

The:reactions between latex suspensions sensitised 

with s60 fractions and rabbit hyperimmune sera were in. 

the main typeepecific, but a few cross-reactions were 

seen. Although in general the M antigens of streptococci 

are believed to` have separate antigenic specificities the 

conclusion was reached on the basis of relatively insensitive 

tests such as the precipitin reaction. In the It:tevature 

there are descriptions of several individual cross•reactions, 

and this number has increased lately. samples include the 

cross-reactions between types 1 and 3 (Hirst & Lancefield, 
1939), types 3 and 12 (Fox & Vintner, 1967), and between 
certain "nonrtypable" streptococci and type 33 (Wiley & 

Bruno, 1967). The relation between type 1t. and 51 (WileYs 

1960) appears to be of a rather different character, since 

the streptococcus is in this case capable of producing two 

serologically distinct M-proteins. Moreover, farted & 

Potter (1967) have demonstrated the presence of type 12 

M-protein in some strains, of group G streptococci isolated 
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from patients. The possession of type antigens of protein 

nature by group C streptococci is known, but whether they 

bear any relationship to group A U.Pproteins is not yet 

known. On the whole more information is needed to clarify 

the antigenic relationships amongst the different '-proteins 

of group A streptococci and between them and protein antigens 

of other groups of streptococci particularly groups C and 0. 

This may prove of some value in our studies of protection 

against streptococcal infections. 

The study of crow...reactions related to M-proteins 

of various eerotypes is handicapped by many factors, amongst 

which is the non-availability of a simple method of 

sufficient sensitivity. The bactericidal test is difficult 

to perform as a routine test, but it is sensitive enough 

to establish the identity of M.protein. It is much preferred 

to the mouse protection test, which is less sensitive and 

presents several difficulties as mentioned in Part One 

(Page 49). Latex agglutination with s60 fractions seems 

to be a promising method. It is highly sensitive, as 

demonstrated by the comparative studies presented above 

on absorbed and unabsorbed typing sera from hypericalunieed 

rabbits« In comparison with the precipitation reactions 

its sensitivity is overwhelming. Furthermore, the anti-

bodies detected by the latex agglutination test are in 
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general correlated to the presence of bactericidal activity 

of sera, and absorption of the sera with S60 fractions 

resulted in specific removal of bactericidal activity. 

Crossi.reactione have been met with in latexafTlutination 

tests with S60 fractions of types 12, 14, 18 and 49. Type 12 

S6C fraction reacted in type 15 antiserum; type 14.s60 

fraction reacted in types 49 and 51 antisera; type 49 

in types 34 and 51 antisera, while type 18, 860 fraction 

reacted in types 17, 19, 23 and 30 antisera (Table 33 

facing page 126). In the case of types 14 and 49 it has 

been suggested in cress-absorption' tests involving bacteri-

cidal tests that bactericidal antibodies of type 49 were 

partially removed by type 14 860 fraction, thus giving 

more evidence of antigenic relationship between the two 

types. 

The application of the latex agglutination test with 

660 fractions for the detection of tYpe-specific antibodies 

in patients' sera gave results that were encouraging but 

in some ways difficult to interpret. Antibody was detectable 

in high titre, and in a number of cases it was possible to 

demonstrate a significant rice in titre for the infecting 

streptococcus in paired sera. That this was indeed M antibody 

was confirmed by the bactericidal test, which gave results 

that were comparable With the latex agglutination titres. 
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Most human sera appeared to contain type-specitic 

antibody to several different L;--types in agreement with 

results reported by Markowitz (1963) and Stoyanova (1966) 

who both used au indirect bactericidal test, in this 

respect there was little difference between the "acute-

phase" sera of patients with respiratory tract infection 

and sera from persons not suspected of having streptococcal 

infection; but second specimens of sera from patients 

convalescent after streptococcal infection had on average 

high titres to more types of streptococci, An examination 

of the results obtained with individual pairs of sera 

revealed many cases in which there was a significant rise 

JIA titre for one .or more heterologous types. This was 

difficult to explain, particularly since the cross-reactions 

did not appear to occur in any definite pattern. several 

possibilities exist. 

(1) The cross-reactions may be due to impurities in the 

060 fractions. The presence of other protein materials 

less type-specific than the M-protein, even in, very small 

amounts, may sensitise the surface of the latex particles 

sufficiently to give rise to relatively strong cross-reactions. 

(2) The reactions might represent true cross-reactions 

between M-proteins that are revealed for the first time 

because of the great sensitivity of the latex agglutination 

test. 
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(3) They maybe some form of anemnaestic reaction. If 

sot  their pattern 'Would be more closely related to the 

previous experience of the patient than to the antigenic 

structure of the organisms or the impurities in a particular 

extract. Although anamnaestic reactions are frequently 

mentioned in the bacteriological literature, there are 

few well documented accounts of their occurrence. 

Correlation of the results obtained from testing sera 

from a group of patients infected with type 5 streptococci 

showed a variety of heterotypic responses. Had these 

results been due to non-specific material in the extracts, 

or to cross reactions between the M5 antigens and other 

antigens, a more definite pattern would have been expected. 

The idea that a second streptococcal infection might 

stimulate the formation of antibody for a type responsible 

for a previous infection is, however, difficult to accept, 

It is clear, however, that the latex agglutination 

test with S60 fractions cannot be used as a means of 

detecting type-specific antibody in the sera of patients 

for whom the infecting type is not known until some way 

has been found of distinguishing between homotypic and 

heterotypic reactions. Nevertheless, the test might be 

of value in deciding whether a respiratory infection is 

due to a streptococcus that has been isolated from the 

patient, or is a virus infection in a carrier of group A 

streptococci. 
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