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ABSTRACT

Group-specific polysaccharide was extracted from
grbup A stﬁeptobocci by various methods and after
purification it was adsorbed on'to‘polﬁstyrene latex
particles, which were used iﬁ an agglutination test to
detect group-specific antibody In hyperimmune rabbit
sera, The most puré and serologleally specific extracts‘
were obtained b& extraction with formamide.vaormamide-
extrécted polysaccharides of groups A-var, B, C, G and L
.wefé also adsorbedvon to latex particles. Inter-group

cross-agglutination reactions corresponded to'knownA
‘chémicél relétionships between group polysaccharides.

Latex agglutination tests were used to detect
group A and A-var antlbodles in human sera. Antibodies
were found in 90% of patients suspeétéd of suffering
from streptococcal disease but in less than LOZ of
controls. In paired sera from patients with known
streptococcal infections, inltlal entibody titres were
high In most cases.
| ,M;proteins from grdup A streptococci belonging to
Zé nuﬁbér»of'types wére extracted ﬁith hot acid and |
?pfeéipitated with 30% and with 607 sgturated ammonium
{ sulﬁhate. The précipitates Wére designated'PEO'and

P60.respectively. The supernatant (S60) was further



-1 -

‘purified by precipitation at PH 5.5 and washing‘wifh,
absolute‘alcohol. ImJunological ‘tests showed that -
purified. 860 fraction wag more type=-specific then

P60 fraction. ﬂbnorption of rabbit hyperimmune i
antiscra with S60 fraction removed the specific bacterie
cidal activity. :

Tne purified 560 was -used in 1atex arglutination
tests to detect type-apecific % entibodies in human J
BGIrG. qera fram patients sugpected of aufzering from
streptococcal infection ana from control persanﬁ showed
nq'sign1f1¢ant difference 1n the number of serotypes |
for uhich antibody was present in high titre. Nost of
the peired gera frcﬁ ﬁatienta who had‘suffered from‘v i
inf@ction with group A streptococci of known serotype
shnwed a significant rise in. antibody titre to the
tnfecting serotype. Riges 1n titre to heterologous
_serotypes also occurreu freauently, but saowea no

conatant pattern.
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2.
'PART ONE
INTRODUCTION: GROUP A STREPTOCOCCI

- Streptococei ax‘e Gram-positive, catalase negative,
~ spherical or ovoid cocci that are ueually arrangeﬂ in
| chaina of varying lengths., The association of streptoeocci
with human diseasses such as eryaepalis, puerperal sepals
- and acute abscesses was»demonatmted by Billrot_h. Pasteur,
Ogatbxx, Koch, Fehleisen and Rosenbach between the years
1874 and 188!4 { rox- early rererences see Wilson & mles.
1964 ). Later, streptococci pathcgenic to animals were
also isolated., The orgenisns ‘pathogenic for man were
called Strept. pyogenes by Rosenbéch in 1884, Hovever,
‘this naze is now used only. fb: groux; A streptococci,
which are the main cause pf"atreptbcoccal disessce in man.'
© The classification of streptococci 1s at'bresent far
fron satisfactory. It may be made on the basis of (1) the
presence of hoemolysis on blood agar plates and its ch@racter,
(2) biochemical characters, or (3) the group-specific poly=
. sacchérida. There are Some éoriveépondemes vetween the
subdivisions wade by each of these methods, but there are
also wany discrepancies. In general, the atreptopocci
fall into three main groups. | | |
(1) The pyosenic coeccl, most but by no means ail of which
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are B-haemolytic on bloed agar (viz. the colnnies are
surrounded by a clear zone), and most af“whieh pcssess

a recognisable group-specific polysaccharide.

(2) A group of relatéd species that have several common

- blochenicel characters separating them from the pyogenic
cocel and possess the group antigen D (or oecasionally*ﬂ).
Most of them are found in animal faeces or in dairy produce
(D@ibel, 1964)s Their action on blood 18 variable.

(3) The "viridons" etreptococci.'whi@h produce aipha
haemolysis (greening) on blood agar or are without any
haemolytic'acﬁivity. 'Group~8pecif1c palyéacchérides have
been found in relatively few of them and their classifi-
cation ig particularly difficult (Colman.& w1lliama, 1965 ),
. The group-specific entigens ~ the "C" polysaccharides
of Lancefield (1933) - are each deaignated by a letter of
the alphabet from A to T with theJexcepticp-of'I and Je

At least one of them, the group D‘antigen, is not a true
polysaccharide, but is a teicholc acide Group A strepto-
cocel posseéa a carbohydrate group-specific antigen

composed of,rhamnase:and Re~acetylglucosamine,
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I HORPHOLOGY AND STRUCTURE OF STREPTOCOCCUS PYOGENES

A, General
| Like most strepmocoooi. these arganiams are usually
spheres of varying size with an average diameter of 1 n.
They are arrenged as pairs in ehaina, and at the tine of -
division they elongate with the iang axis perpendicular |
to the éxis of 'the chain, The ninimun number of coced .
found in one chain 1e‘genera11&'not iesa than eighﬁ,'anﬁ
1nnger chains are seen quite trequcntly.' These chains
result from the exiatence of 1ntereellu1ar bridges between
‘individual cocel efter cell division, Slade &nd slamp
(1956 ) showed that the chaine could be diarupted 1nto »
single cells and.paira hy ‘sonic oscillation for 1 minute.
- Excessively long chains can be produced by growing the
organismse an‘broth to which.has heen added type-gpecific
serum (Btollerman & Ekstedt, 1957)e OCrowth in normal serum
results in the formation of short chains. The mechaﬁiem ~
of produétion of short chains wase suggested by the results
. obtained by Ekstedt & Stollerman (1960 a & b) to be an
engymatic actioﬁ, which 15 inhibited by the‘union'or a
surface antigen, e.g. Y, R, with its hnmologona antibody.
Group A streptoeocci are’ nnn-motile. They sre normally

Gram-positive unless overdecolouriaed.- However, unfavourgble
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conditions of growth lead to loss of this end other
charascteristics like shape and size which become highly
irregular even vithin the some chain,
B. Capsule

Capsules can be demonetrated in group A streptococci
of very young cultures »m serum ’ox-oth.ﬂurmg the 1ogar:lth-
mic growth phase by India ink étaining (Eex‘iaon ’ 19&0).
During the etationary phase, oapsular material 18 aned
into the culture mediun and ean no 1onger be demonatrated
on the ¢ells. The capaular matqrial is composed of the
polysaccharide hyalurcnic acid, Cepsules of the same |
material are produced by members of group Ce This capsular
hyalurenic acid s mobe or less the same as the hyeluronic
acid of animal tissue and 4s non-antigenic. '_Prcdu‘cts.on of
capsular hyaluronic acié .'atimulateé the pmﬁncﬁon by the
atreptococci of the enzyme hyaluronidaae, which will be
diecusaed fully later.
Ce The cell wall | A
- This is the tough rigid frame which gives the cell
its characteristic shape., Cell walls may be obtained by
the mechanical disruption of ati-eptacocéal. cells in a
Kickle's disintegrator (Salton & Horne, 1951) or’b;'r freeze=
pressing (Edebo, 1961). The streptococcal cell wall
conslsts of a- mucopeptide'hackbone which provides rigidlty
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' and support., On the surface are found the protein antigens
‘viz, !, T and Re In”betweeﬁ is the group-specific poly-
saccharide, which seens to be closely attached to the
mucopeptide (Krause & McCarty, 1961), Apart from providing
.rigiditw and ahape the . cell wall proteeta the protoyiast
‘under unfavoursble canditions. Cafls againat phagocytosis,
“Hbﬁgver, it has no-oamot;c activity, which is a main
function of the protoplast membrene, But the passage of
extracellular products through the cell wall shows that
it is not an ebsolute barrier, By virtue of the presence
of M-prbtein, the cell wall provides an’effectivé defence
againat phagoqytoais; The variaus antigens in the cell
wall will be diecuaseﬁ on pages 9-25.



~ II CULTURAL CHARACTERS OF STREPTOCOCCUS PYOGENES

| A- W“M | ‘
" Group A streptococei gmw best at a tempemtum of .
37°C and ave inhibited 1f the temperature exceeds uo°c. _
 They are aerobic end fa.cnltatively anaez-omc. They z'equire
a wide ronge of amino ecids and vitamins particularly the
B complex-graup of vitamx.ns. “S:lnc;e they grow best in the
presence of péptidéa, sati'sfactory aynthetic medie for
their growth sre difficult to acmen. | aﬁowt;h cen be
obtamed in defined media, ‘bnt the full range of antigens
i and’ extracellular products is not fomed mﬁer these |
czmditim. Streptococel meta'boliae gl\moae and give
rigse to lactie acid, which limita thair g'owth, the use
- of buffer helps to overcome this difﬁculty.

| B, (So;onial mor@lo&' ‘ | ' |
- Grqnp A atreptocbcéi_ generally give rise to Q'oidnies
‘not exceeding 1 mn in dlameter on eolid medis. On blood
egar they exhibit large zones of g~haemolyeis surrcunding
the eolonies. . Colonies may ‘have cne of three different
- eppeerancess (é) aucoid édluniés are highly viscous due
to the formtion of abmdant amounts of capsular hyaluronic
acid. (h) llatt colonies appear.as a result of drying or
of the action of waluronidaaé cn the cépeule. The.v look



8

ory end irregular in surfaces Both mucoid and matt
.eolonies generally produee‘ large amounts of té-,»pz"otezlns.
" (c) Clossy colenies are regulsr in shape and their
gurface 1o shiny but they ere smaller in size than the
,imicoid or matt coloniess They produce 11ttie or no U=
protein, | N
'~ Growth in broth give§ a granular appearénce, but
~ this may be lost on repeated subculture, incubation at
© 22° or changing the mediun, Under such conditions,
gmwth tends to be turbid and the ‘eha.ins are ahorfer_.
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IIT ANTICERIC STRUCTURE OF STREPTOCOCCUS PYOGENES

The antigenic structure of group A streptococed is .
complex and as yet not completely understood. The ontigens
that have been most stﬁdied are of two classes, cellular
antigens forming part or attachea to the cell wall and
‘extracellular antigens detectable in culture supernatants.
The capaular hyaluronic acid 18 not antiaanic.

A« The cenular ant;w

| These include the group-specific- polysaccharide ®

~ various proteins mcludmg the ¥, T, R and other antigens,
’:'fhe cell wgl:l_. mucopeptide and the glycerol teichpic acid,
1. [The groupe-specific polysaccharide

The carbohydrate nature of this antigen was
established by the work of Lancefield (1928 ¢, 1933).
It forms twoe-thirds of the cell wall material and
6-107 of 'tl_xe ary ﬁeig’hﬁ of the whole cell (lMecCarty,

- 1952)s The pure polysaccharide consists of about
60% L~rhamnose and 307 Neacetylplucosanmine: viz. an
approximste ratie of 211 (Schuidt, 1952; lcCarty,
1952; - salton, 1953; Krause, 1963).

- In the cell or the cell wall the polysaccharide

- 18 masked by the surface proteins rendering 1t
ineffective vfor agglutination reactions in group-
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specific antisera, However, agglutination due to a

. group antigen was suspected by Criffith (1926) during

his early attempta at the serological typing or

streptocoeci, Later. after the groupmapecific POly~

saccharide had been recognized (Lancefield, 1933),

he essumed that the cross-reactions smongst certain

of his types‘ﬁere due to this antigen (Criffith, 1934)

‘end could be absorbed out by heterologous streptococcal

suépensions. Rosendal;(1956) demonétrated the specific

agglutination of streptococeal eella, which had been

treated with proteolytie enzymes by their respective

. grouping sera. gore recently, Cunmins & Slade (1961)
_carried out aggiutinatien recctions with cell walls

‘treated with proteolytic enzymes. Neverfheleaa, the

" most co@mnnly employed serologicél test.for grouping

of streptococel 1s a precipitin reaction in which the

polysaccharide is in a crdde extract obtained from

the cells. There sre various recognized methods of

extraction: (1) Lancefield's acidécxttactian methoad,

n which the deposited cells are boiled in N/5 HCL

"(phz)and neutralized with caustic aoda, after centri~ -
fugation tha aupennatant 18 collected for use 8B
antigen; (2) the hot formamiﬁe method (Fuller, 1958)

in which the cella are heated 1n formamide at 160°C
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 ‘ and the eqlﬁbie'polyeaccharide is separated from
 the residue by acid-aleohol and acetons fréetianationg

~ (3) treatment of the cells by the enkymes7fram“the'

| ‘soil organism strénggcas albus, which diesolve the
cell wall (ttaxted, 1948); (h) the use of a muralytic
enzyme, gronp c phaganaaaociaxed lyuin, abtaine& by
‘ propagating the bacteriophage on graup [ atreptoaocci
:.and fbund to lyse the cell walls of streptoeoccz of
groups A, C, E, and under certain eircumstances the
cell wells of group H streptococci with the liberation
.of the énmm»apecific poiyaacehaéida (Maxted, 1957).
‘Krause (1957) alao reported similar reaults on groups
A and C; (5) by autoclaving a auspension of cells
(Rentz & Randall, 1955). -The polynaccharide can be
isolated fram intact cells or from aalliwalia,'bui
the lattar are the most suitable atarting material
tv obtain a pure yolysacchardde.

The pure goluble polysaecharide 15 metabclically

ﬁnert and non-toxle, and 1s rapidlylexergted 1n urine
vhen injected into dnimalé (Schmidt, 1952). 'Buﬁ,

" when 1t 1s injected mtraaemany in ratbits in the

form of aolublo cell wall rragments whieh also contain
~ mucopeptide, nodular skin lesions develop (Schwab,

*lcromartie & Roberson, 1959).
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Electrophoretic mqbnity of the polysaccharide

ia negligible. Its antigenic s_peciﬁcity is _ﬂetermmed
by peNe-acetylglucosaminide ,a:.de chaing on the rhamnose
backbone of the molecule (Schmidt, 19523 - leCarty,
- 1956, 1958); ‘I;owevei*, séme strains ¢f aﬁ;*éptccceci

have been found to lose this vépecificity’-'ée a result
| of variation dﬁring_ passage thrbugh mice ;'(‘ml.son » 1045).
' The work of kzccarty & Léncefield (1955) and iiczcérty
(1956) has shown ‘that in fact this variatian 13 due
to the loss of N~acetylglucoswuine moiety, thua ,
exposing the rhamnose oligoaaccharlde which 19‘ tﬁe
 antigenic determinant of the variant strain. This
variant polysaccharide (A-variant) reacts in antieera
_prepared against it, and also in antisera prepareq |
| ’against the parent polysaccharme but to a lesser
‘degree. It has & higher ratio of rhammose to glucb-
samine, The same autmfs shoved that variation
'pccum"ed during mouse passaoge in group A stréptococci
of several different serotypes. In addition, a strain
was encountered -~ desigﬁated group A-intermediate -
that posseesed a polysaccharide intermediate in
éhemical and serological properties dbetween group A
‘and proup A-variant polysaccharide viz. reacted
| equally in both antisera.
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|- These variants so far have not been isolated
- from cnees of natural infection in men, but they
- are esteblished axper imental mutants. However, :
'accidental infections in 1a'boratory wrkera have A
been reported (Lancefield, 1962).
2. Surface protein sntigens | A
These cpnetitute-the éutéfrlayer 61‘ ‘the cell .
wall, and are ccmaequently‘ referred to as the »»aurraae |
_proteins. Sixteen diffemt amino acids have bémi :
: 1dent1f:led in these aurface prota:lns (Salton, 1953;
" Tepper, Hayashi & Barkulis, 1960)s There are three
main claaees of protein antigens namel:f the M—protein, _
the T satigen and the R antigen. and soue minor antigens. o

B The ¥ and T antigena confer- type-gpecificity on the

organiema and have 'been ezteneively uaed for type
classification of gz'oup A streptococai (Lancerield,
1940)s | o |
(a) The H-g‘ rotein.l The location 6f“th1g typé-f
specific antigen in the cell wall has been .
 cotablished in various ways., The first evidence
was obtained by the removal é;‘ U=protein from
the J.iving'stre’ptbcocei byr préfeolytic enéyinec
witnout;afrecting‘their visbility (Lancefield,
19&35; Further studies by other .worker,a (salton,
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1952; Barkulie & Jomes, 1957; Cole & Hahn,
1962) confirmed the attachment of the ~proteins
to cell walls, However, cell walls do not
manufacture Meprotein, This substance is an
established product of protoplasts and L-forms
(Sharp; Hiaman,‘a» & Dienes, 1957; Gooder & laxted,
1958, 19613 Freimer, Krause & lcCarty, 1959;
Karakaws , 'Rof;ta & Krause, 1965). HMoreover, N
Fox & Krampitz (1956) showed that the utilization
by sﬁeptococci of amino acids in a gréwth mediun
for protein synthesis was depehdenf on the presence
of‘-purine and pyrimidihe baces, vitaming and other
"A-growth"anbstanoes. S S
. The M-proteins although differing in anti-
genle specifieity from type to type, share some
common physieal and cbemicai properties. | Extraction
 of the antigen is comuonly schieved by treatment |
‘with hot acid (Lancerield, 1928 m); bolling in

- acid does not impairits antigenie specificity.

A more gentle method of extraction is treatment

of cell walls with group C phagé-associated

- lysin (Krauae; 1557; Kentor & Cole, 1960).
l=proteins are highly susceptible to proteolytic
enzymnes -e.g. trypsin, pepsin. They are cons_idered
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to be aleohol soluble, Their iscelectric point

has been defined ae pli 5;3 (Lancefrield & Perlman,

1952 a). -

' ' Studies on type 24 by Cayeux & Vahl (196l v)‘ |

' 'éhowed that extraction by acid at 100°C ﬁfagmented .‘
 the li-protein molecule into two parts each with

different antigenic specificity in contrast to a

" single antigen obtained by acid extraction at

- 37°C. wilson & wiley (1963) demonstrated a type~

Bpécific fractién deéi@atadﬁ in type 17 in c:ll.ose‘ .

aaabciation with the M antigcn; th‘ey suggested
that this B antigen was & part of the ¥ molecule _

| which had been ‘separated from it by acid bydrolysia

" and could be recognised only by immunoelectro-

phoresis. Fox & wittner (1967) isolated a high

molecuiar welght ¥ antm (Hi=¥) of type 12 by

extraction at alkaline pH at 37°C and a low

molecular we:!.ght"w antigen (Lo-lf) by extraction

'4n acid at 95°C. This Hi-H, which had more

antigenic recctivity, whén heated to 95°C at

~ pH7 or 37°C at pH2, wes partly converted to Lo-l.
. Moreover, FVoati &'John(son (196;1)’ éurified fwo |

fractions of low and high molecular weights

from type 12 Meprotein extracted by hot acid
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and both fractions showed high antigenic activity,
All these results signify one fact viz. tmt the
Q—protein can be eplit into at least two antipenic
fractions, | |

~ Recent work of Fox & Wittner (1965) revealed
‘a unique mult;molecular structure of M-pmtg:ln
obeerved by gel electrophoresié in eontmst to

the homogeneity shown by analyeie by ult:#a’:‘
| centriﬁzsation and by Anmunodiffusion, The
. maltimolecules or tha ¥ antigens of mdivi&ual
-serotypes are 1dentical in antigenic apecimcity
“but differ in moleeular size, |
‘The Meproteins are non-toxic. This fact

 was elicited during mvoatwationa of the anti-
genie properties of this ‘substance in mice and |
- rabbits (Staup & Hendry, ’19373 Hirst & Ianéefiela,
1939; Schmidt, 1957; Kentor & Cole, 1960),
Kaplan (1958) showed that }%8-px~oteim injected

in mice were deposited mainly in the endocardiunm
‘of the‘!uart, the glomerular tufts of the kidneys, the
. alfeolar walls of the lungs and alsoc in the |
reticulo-ehdotheliéi éells of the spleen, livei-
énd 1ymph glands, These findings were 'conﬁrmed-
by Millér (1961)s All of these experinments have |
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csteblished both antigenicity and non-toxicity
in,experimental enimals, In men, adrinistration
of the Heprotein showed no cvidence of tokicity
(Schuidt, 19603 Potter, Stollerman & Siegel,
1962) dut induced type-specific sntibody formation
in non-limmne eubjects and pave s secondary
response in patients knbwn to have had experience ,
with homologous types.  However,\Lawrence (1952)

- reported that 1ntraéerma1'tnaection of l=protein

- cauped skin reactions in 363 of 293 adult patients
presumsbly es a result of sensitization to strepto-
coccel products @uping previous infeétigns. The
"usebe adjuvents with L=protein considersbly
enhanced their antigenicity; mineral oil adjuvent
was used by ﬁayashi & Valsh (1961) in immunising
rabblits with either U-protein or isolated cell
walls. Fox (196L4) end Fox & wittner (1966) tested
"Bévcral sdjuvants including Bordetella pertussis |
vaccine, sodiun alginate. polyethylene glycol,
dextran, mineral oil, peanut oil and aluninium
‘hydroxide bui only Borde pertuasis, mineral 0il,
peanut oil and alumninium hyaroxidé enhanced e
protein antibody response.

Heproteins are believed to be o najor
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virulence~factor in group A streptococei. This
is clearly demonstrated by the fact that Le-proteins
counteract phagocytosis which, on the other hand,
- 4s enhanced by the presence of sntibodies against
_these antigens. This is the basis for the bacteri-
¢ida) test described by Todd (1927 2 end b) and |
nodified by Kuttner end Lenert (194%). The
- assoclation of Meprotein with virulence is vell
docomented by Lencefield (1962). Virulence may

be lost with the loss of U-protein e.g. by repeated
" subculture 1in arts.ﬁcml medin., Viralence is, to
some extent, hoat-»speaif:l.c viz.e virulent strains
isolated from lmman patients are avimlent for
~ mzea; but a;trama rendered monae virulent by
pagsage through 'these‘amma;s still retain their
virulence to pan. This euggests that, glthough
~ tmprotein is a major ‘virulence*factor, other
factors also play sone role in virulence eege
capsule (Foley & Wood, 1959). Finally, strains
isolated from convalescent patients suffering
from streptocoecsal infectiona nay exhi‘bit only
small amounts of m‘«-prouin (Rothbard & xatson,
1948). | - :

The entibodies to M antigens are ‘protective
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against their respective aerotypés viz. they
induce t&pe-apecif:lc inmunity (\%‘annamaker,
Denny, Perry, Siegel & Rammelkemp, 1953; Denny,
Perry & Vannamaker, 1957).' im protective'
properties of these antibodies were demonstrated
:ﬁ; experimental animals by many workers both |
actively and passively (Stamp & Hendry, 1937;
. Hirst & Lancefield, 1939; Lanéefield & Perlman,
1952 a; Kaxzfor & Cole, 1960; Héiyashi & VWalsh,
1961, etc'.). Sera of panénts sufrering rruh"
group A »stréptocpccal infections equally protected
. mice apainst experimantal infectlions and exhibited
_bactericidal acfiﬁ.ty (Toad, 1927 b; lyons &
Werd, 1935; FKuttner & Lenert, 19hlL; Rothbard,
1945; Rothbard, Vatson, Swift & Wilson, 19U8;
'me.riela. 1958, 1959; maxte_a,vx.sss; Stoyémva,.,
1966 ). _The long-chaining test has also been used
to measure streptococcal typeespecific lmmunity |
(stollerman & Ekatedt, 1957; Stollerman, Siegel
& Johnson, 1959; Dunlap & Harvey, 1967)s Non-
biologicalr'methuds for the detection of the type-
specific antibodies sre also availeble by the
applicatim of the haemagglutmatiori test (.I‘Iomea »

1958; Quinn & Lowry, 1963, 1967; Vosti & Rantz,
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 1964; Fox, 1964; Nishimura, I;um’agai_!'& Kobayashi,
1966). The latex egglutination test has also been
eﬁployed {¥olina & Saletti, 1961; -Bréy, Basa,
Dodge & Travis, 1966; Brighton, 1967). Lien &
Pierce (1961) used a bentonite flocculation test
for the sems purpose. - (¥or a full discussion of
these me‘thoas see the eection on the dlagnosis of

L streptococcal diaeases). ;

_ . In serolegical tgping of group A atreptocoeci,
,vmaprotezna are identified by a precipitin test
" with crude acid extracts (Lancerield, 1928 a & D)
- 1and»,£bsorbedtypihg gera (!i antisera). This 1B
 “carried out in ceplllary tubes (Suift, Wileon &
Lencerield, 1943). Acourate differentlation and.
-me‘ntification of the various ¥-type antigens
is cerried ont 'by the ind:wect bactericida:l test
(uaxted, 1956; Lencefield, 1957, 1958).
(b) MW These are protein in nutm-e
" and are tmf-specific. Unlike the V-proteins
they are susceptible to hot acid but resist
trypain digestibn and to & lcsser extenf pepsin
cnge.e:i;s.on..~ Their extraction 15, therefore,
conveniently achieved by treatment of the cells
with proteolytic enzymes at 1ov; temperatures
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(Lancefield & Dole, 1946; Pakula, 1951); they
are inscluble in eleohol end their isoelectric
pb.‘..nt_haa been defined as PH 449 (Lancefield &
 Perlman, 1952 ). They are strongly antigenic
and in the rebbit induce agclutineting sntibodies
* which, however, ‘do not proteét mice agamat
infection with homologous streptecoéci; T antigens
 extracted with proteolytic enzymes yi*‘gcipitate
with their homologous antiséra (mz_;detielﬁ & Dole,
1946 Pal;til.a. 1951; lclean, 1953%' Thesr _az"e
_also active in ccmplement fixation and 1n inkidition
of ‘the corresponding T-agglutination reactions,
o The serologieal clessification of group A
» streptococci introduced by criffith (1934) was
egtablished by means of slide~agglutination of
:lntact cells, This reaction depends on the |
preaence cf the T antigen and - hence it is now
univeraal pmctice to use trypsinizea cells for
T-typing. By this method Griffith identified
30 types. At the present time over 50 types
are recognised, buf sone of 'them.(t.vpes 7, 16,
20, 21 and 45) hﬁve now been identified as
menbers of groups C and G.

(e¢) ZIhe R sntigens. So far theﬂe Protein
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antigens have been identified in a restricted
nuuber of typese The R ahtigen of type 28 is
elso found in types 2 and 48 (I‘.z_xxj‘icefiem',’ 1957)
‘&8 well as in gome straine of groups B, C end G
(taxted, 1949; Lancefield & Perlman, 1952 D),
The R anfigbn of type 3 has not been found in
any other type (Lancefiela, 1958)s These antigens
react in both precipitation and agglatinats.on
reaetions but their anti'bodiea are not protective,
" They reaist trypt.‘..c digastion but not peptic
digeation, They BEY¢ more reaiatant to heat and
acld then the T antiz:ena and henee may be found
Cdn acid extracts. , | :

(d) gther surface antiggg The B antigéh
(Hambly. 1958) is amther prote:ln similar to the
E-protein in that :lt is extractable with /5 Hc‘l
et 100%. Tt e also susceptible to tryptic and
peptic digestioa, but is 1061; during mouse pessage.
It 48 found in various types, but it is not type-
specific.' i’cs entibody is nbt bactericidal and
its role :z.n n;auge_’protéction is not lmown. . .
" The F antigen (Wiiaon‘ & vVilley, 1963) is an
" -a.ntigen foﬁnd_’:lxi some strains of serotype 17 dbut
1ts antibody does.not_ enhance bactericidal activity |
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o - .of blood (see page L7).

. 3« The mucop épude

. This forms the rigid framework of the cell wall
‘and is composed of altématmg units of«l\é'-é.éetylglmos-
- amine and N#acetylmuz'amic aciad linksed to & short peptide

. chain consisting of the amine acids alénine, glutanic

acid and lysine in an approximate mtio ot' 3:1:)
| together with smaller ammmts of glycim (Krause &
HeCarty, 1961). The mucopeptide can be extracted
elther cnemically by the action of enzymes such a8
W albus enzymes, zroup c phagemaﬂaociated
lysin end egg lysazyme, or pbysically by sonic dis-— :
mtegration of the cell ualls.. Hot formanide (Fuller, |
1938) removes all the grcup-speciﬂe polysaccharide
from cells or cell walls and leaves behind the muco-
peptide layer, which can then be solubilized by enzyme
‘ treatment (Krause & Mecarty, 1961). Hucopeptiaes from
. various baeteria are antigenic and mmmo-chemically
related (Abdulla & Schwa‘b, 1965 8 & b; XKarakswa,
TLackland & Kreuse, 1966b). The specific entigenic
nolety of mucopeptide in group A streptococcs was
attributed by Karakawa & Krauge (1966) as & result
of inhibiticn tests to the peptide part of the
wolecule and alsc in certain instances to the hexosamine
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polymer. They concluded that :!.mmmizaﬁan with
mucopeptide would result in the appearance of anti-
‘bodies directed ageinst either antigenic deterninant,
- The mucopeptide-polyaacchamde cmmplex obtained
a8 cellular fragments by sonic disintepgration of cell
‘walls induces a nodular skin reaction of a chronic
nature when injected intradersally into rebbits
{Schwab, ‘croma.rtie & Robereon, 19593 Schweb &
Cromartie, 1960; Schwab, Gooder & Naxted, 1962),
Cromartie & Craddock (1966) have mlso demonstrated
;carﬁiae leslons resembling those of rheumatic fever
in nice after injection of this material, Abdulla
& Schwab (1966) énowed that m:}éctipn of the muco=
peptide without the polysaccharide produces cn acute )
- dermonecrotic reaction after 4 hr, but that the
chronic nodular lesion which followed injection of
cell wall fragments did not appear for 7 doys., Cell
wall entigens can be detected in the tissues long
after their parent cells have éiaapp?earéﬁ, suggesting
rthat they ore released during disintegration of the
streptococel in phagocytes (Ohanian. & Schwab, 1967).
méreover, the intravenous injection of mucopeptide
producss e pyrogenic reaponsé in rabbits together
vith s localized Schwartzman reaction (Rotto, 1967a).
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L. [Telcholc acids.

«Théaé antigenic substances are not attached to
the cell wall, but occur on the surface of intact
cells. They are polyglycerophosphates which can be 7
extracted by hot acid or formamide, trypsinization of
the cells or extraction at pH 9 at roonm témperature |

‘(Hccarty. 1959 )« ¥eCarty (1959) demdnatratéd fhem”

in most haemolytic streptococci, in some of which

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

aleo he_ﬁeﬁonstrated them in staphylococei and serobic

sporing CGram-positive bacteria dut not in pneumécoéci;
clostridia, corynebacteria or Gram-negative bacteria,

A polyglycerophoaphate (PGP) antigen 1nrstreptOcocc1

was also described by Stewart (1961). The bilological

‘significence of teichoic acids is not yet defined,

and so far they play no role in the practical sspocts

of the diagﬁazia of streptococcal diseases,
Be The extracellular antipens | \

‘These are substances found in the supernatant broth
of thé cﬁlture, but the demonstration of their respective
ants.boaigs in buman serum maicates, that they are also
produeeé by atreptococci in vivo; It ia poasible that
some of them play a part in the pathogenicity of the

organiens either by contributing to tissue invasion or
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by causing intoxication of the patient, In the following
paaéagee only those of diagnostic ana epidemiologic
importance will be reviewed in any detail,
1. The soluble hoemolysins | |
These substances present in the culture aupernafe
are lethal to _éxperimental aninals when injected intrao-
venously a8 vell as being haemolyéic. The énimal shovs
haenoglobinuria and intravaseulsr haemolysis on post-
morten examination., These haemolyams are responsible
~for the Pehaemolysis and consist of two distinct
aubétances known és vaﬁreptolyéin 0 and streptolysin 8
(Todd, 1934, 1938, 1939). | | |
(a) 'Stregto;xgin Os This lysin is _o#ygennlabile |
and thus rendered inactive end loses 1ts haemo-
lytic power on exposure to oxygen at room
temperature, It can be reactivated by.reduction
with 0,1% sodium hy_droaulphite. It is stable in
the cold if protected from atmospheric oxygen.
However, mactivation at 55°C 18 irreversible,
It is produced by strains of gﬁoups A, C (human)
end ¢ streptococei, and when isclated it retains
its antigenicity., The fact that 1t 1e susceptible |
to digestion by trypsin iindioates its protein |
noture (Bernheimer, ’19h8). Strépi:olysin 0 foras
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Buhéemolyeis more rapidly than streptolysin S,

but only whan the culture is grown anaerdbically or

the depth of the medium,  Strains of group A

streptococel that fail to prpduce streptolysin O

, may‘occasinnally be encountered (llerbert & Tbad,

19&&).

Streptolyein © combinea with 1ts antitoxin

| in both reduced and oxidised form. After infection,
entibodies to it ave formed; they can be measured
by deterﬁiuing‘the amount of 1§ain neutfalized by
the serum (see page L3).

- Streptolyatn O has been 1ncr1m1nated'by Todd
(19&2) in toxicity to leucocytea. Its lethal
effect on intravenous 1ndect1¢n might be due to
its cardiotoxic éctinn,(Bernhaimer & Catoni, 1945;
Kellner,‘ﬂernheiﬁer; Cailaan & Freeman, 1956;

 Halbert, ﬁircher & Dahle, 1961). |

 ,(5) atregtglxgin S. This 18 a lipoprotein and
is oxygen stable, but very sensitive to acid and

heat ond may be stored satisfactorily enly at

-73°C., It is responsible for the haemolysis
produced by colonies growing on the surface of
blood agare. Its production is stimulated by

ribonucleic acidé {(Bernheimer & Rodbart, 1948),
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and it can be reasonably purified from the broth
hy fractionation with methanol under eontrollad
- eonditions of temperatum, pH and_mnic_etrength'
(Cinnder & Pillemer, 1950). .Uni.’;ke _ti‘;/e‘o 1yein,
the S»lyein is produced by ail Lancejrielld géoups ‘
""61’ streptococel and shows strict g’zbﬁﬁ-specificity.
It 1s entigenic only when present in the orgenism
| ‘“but loses ‘antige’.ﬁiéity when released in the free
state. Welssmann, Keiser & Bemheimer (1963)
vreponed that both atmptolysins Qause the release
~ of lysozomal anzymea by the disruption of 1yaozomea
of usmnalien cells, It has been incriminated as
. & cause of renal tubular lesions during ezperimenta
~on mice (Tan & Kaplan, 1962), However, streptolysin
.8 plays no part m the eerological tents used for
= ~the d:!.agnoaie of atmptococcaﬁ. meetion.
2. "The egxthrogenic toxin
This toxin 18 produoed by neny straine of group A
' stmptocacci end by gome stz‘ains of groups C and G
sﬁreptocacci. It s reaponnible for the skin rash in
scarlet fever. The mtradermal mnec tion of tne anti—- 7 |
toxin in patients with thia dipease leads to blanching
of the erythematous rash (ochultz-ctxarlton reaetion).
" on the other hand, the mtradarmal maection of the
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toxin-containing filtrate in a dilution of 1:100

gives rise to sn etythamé,toua and oadematoua reaction -
at the site of V:l‘.naection within 6-24 hr ca#ering an
area of more then 10 mn in qiameter in non-izmune o
péréons (a‘ positive Dick test), Immune éu'b;)ects

give a mgative Dick fest”viz. no reaction at the

si‘!;e of inaection, because the toxin 1is neutralized

o by circulating antitoxin.

Strains of group_ A streptococed which are not
| ‘active producers of érythmgenic toxin cen be induced

to prodncé 1t by infecting them with temperate phages
from toxin-yprdducirxg sti‘aing ‘_(Zabriakie, 1964 ). About
80% of group A strains pmﬁdce a serologically identical
erythrogen&c toxin, while the remaim.ng 203 may produce |
one of two other aerolcgically dlfferent toxins
(COffe:Y: 1938% ,
3. Hysluronidase

Streptoccccal byaluronidaee differs from testicular

hyalurm:ldaaa in that 1t breaks down hyalurcnate to
trisaccharides and not to disacchorides, and that it
does not attack chbndroitm sulphate, In addition
to group A atreptococci,‘ it is also produced by certain
" menbersa of groups B, C and G. Thé- enzymes of the
latter two groupé are serologically distinet from
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that of group As. The simultaneous produciion of
this engzyme and its substrate hyaluroniec ecid by
the same strain seems st first sight to be incensistent.
However, the production of capsules is prevented by
the eddition of hynluronidase to the culture medium
(!éecléan, 19!41)_. The engzyme appearé lai;e in the
| 1ogax~1thml¢ growth phase (Pike, 1948) in fcontra-
‘distinction to the capsuia!' material -am.ch appears

. during the early logarithmie phase and then decreasee

' during the stationary phase. Furthemox'e, Hill, Janes

& Maxted (1963) produced evidence that hyaluronic acid

: was shed into the nedium at the "oeginning of the
‘stationary phaae end then depolmnerised by hyaluronidase
very slowly. The addition of hyaluronie acid to the
cultnre medium atimﬂ.atea the prcduction of hyaluronidase
(LaClean, 19&13 Rogere, 19&5).

Hyaluronidase is antigenic and 9t1mulatea anti‘body

fornation following streptococcal Mection. This
antibody apeciﬂcally inhihits the action of hyaluronidase

on hysluroniec acid, The antihyalurmmaae must be
distinguished from en agﬁtefpnnsa non=specific inhibitor
, fbund in paﬁimts sera during the ecute infection. |
This nonespecific inhibitor acts in the presence of

magnesium and is inactivated by heating the scrum



31,

to 56°C for 30 min,
L. Fibrinolysin (stregtakinase)i
Tais enzyme was first described by Tillet &

Garner (1933). 1% 1s'prodﬁced by almost all group A
streptococcd and some membefa of groups C and ¢, and
occasionally by & few strains in groups B and F.
" There is wide variation in the amount of enzyme
produced by different strainn. The enzyme resists
heating at 100° c for 5C minutea, it activates plaa-
minogen, the precuraor of the aeru# protease, which
dissolves fibrin clot (idlstone, 19413 Chrictensen,
1945)s This action mey be inhibited by natural
inhibitors in the pleema, In mssaying the enzyue,
‘this alfriculty is overcome by heating the serun at
56°C for 45 minutes. Its assay is accomplished by
adding a ‘constant amaunt of & mixture of thrombin
and £ibrinogen to inecreasing dllutians of the enzyme
and incubating at 37°C for 1 hour, The endepoint is
' the highest dllution that gives lysis of the clot
(Report, 1947). '

 The role of fibrinolysin in the pathogenes:la
of Btreptococcal 1nfect1nn is not knowm, but 1t seems
to attaek the ribrin.harriera that help to localise

the 1esion. It is antigenic, and in convalescent
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sera antiboaiee against it are detectable. Itav
antibody 1eve1 in aemm can be estimated by determining
the highest dilution of serum. that inhibits 13'315 of
& clot by & standard dose of the enzyne. |
‘5_. §tm2tgeocca1 proteinage
‘ _ The studies of Elliot (19h5) showed that this
W 13 best pmduoed by group A atreptococci grown
in brath of pH 5.5-6.5. U~proteins are destrayed by
5 1'!;, However, the pmducts.on of the cngyme is mlppressed
by mouae passage of the atraptococcua. Ig general.
11ttle proteinase 1s produced between pF 7.0-8.0,
which is the optimal pH for the growth of the orgenisus,
Cxidation :lnéctivates prote:!.naae; 'd.t is most -active
“at pH 8.0 and is deatmyed by heating at 76°C for 30
5 minutea. Both prote!nase and its precursor heve been
~isolated in a crystalline form (Elliot, 1950)s Crystal-
line precursor éan be activated by 'treatmeht with

,trypsin in low emcmtrations or by the addition of

reducine; agents e.g» thioglycollic secid, cyete:lne

_ hydro-thoride_. | In addition to M—-pmtein_s. proteinase
| also destroys fibz-ixi; «caaeiﬁ,gelatm, £ibrinolysin
and many other proteins, thus reseumbling ‘piapain and

~ other related enzymes. (El;l.ipt,; 1950)s Like other

- proteolytic enzynmes, proteinase causes tissue damage
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in experimental animels (Kellner & Robertson, 1954 ),
but whether it causes similar chéngea in natural infections
is not knowns. . - . | |
The cnzyme is antigenic, and antibodies to 4t may
be detected in the sera of patients by a haemagglute
ination test (ogbunn, ﬁarr1n~& Harris, 1958)-‘ The
precursor possesses two antigenic components, one of
which is identical with that of the protemaae (Dlliot,
1950)! S
6 Dieomfbonﬁcleasé ,
This enzyme;is also known as streptodornase,
_It attacks deoxyx-ibonucleic acid and '.ta produced by
a wme range of ‘group A stra:lns (Tillet, Sherry &
_ christensen, 1948; licCarty, 1948), It 1s nlso produced
by mémbere ‘of several other grduﬁé » hotebly groups Cc
‘and G, Vannamaker (1958, 1962) reported four sero-
logically different deoxyribonucleases designated A,
B, C and D, They are inactivated by versene s well
as ‘by their reapective Vspeéiﬁc entibodies. Activation
of the enzymatia activity ia effected by macnesium,
‘The most commonly encounterea enzyme of these four
is deoxyribonuclease B, a Pact which is consistent
: withl the \ﬁde dietr:;butimi of the cprréaponding anti-

body in the sera of :patients. For this reanson, ‘11: is
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& useful substitute of ASC determinaticns for
diagnostic purposes (Wannamaoker & Ayoub, 1960).
In streptococeal infections there yis no evidence
that 1t attacks t‘hevnnclei_c acids of the tissue cells,
but 1t seems to attack nucleoproteiue_ :!.n the» pus at |
the site of infection, )
i Diphosphopyridine nuclectidase (Dmasez

This enzyme attacks Coenzyme DPN liberating -
nicotinamide, end hence its other name nicotinamide
_adenine nucleotidéae (NADEBE ). ..évidmce of its
preaenée in streptococeal filtrates and its activity
on DPFN was provided hy the work of Carlm, Kellner
& Bernheimer (1956, 1957)s The enzyme is highly
toxic for leucocytes when they ingest streptococel,
~end evidence for this leucotoxicity by DFNase was
obtained by Wilson (1957) and by Bernheimer, Lazarides
& Wilson (1957).  DFNage is antigen:&c, end its activity
is inhibited by convalescent serum, mscrepancies

may be encountered m the detectlon of DPNase antiboéy
due to the presence in t.he culture filtratea of an
inactive form of the enzyme or a zymegen which

combines with this antibbdy (Ayoub & Wannamaker, 1963);
It is produced by streptocoecci of gréup A and of
eevé;-al other groups, including groups C and C.
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In group A, its prodﬁqtion seems -t6 beA éaédcmted
ﬁith certain U-types (Lazarideé & Bernheimef, 1957)
8. Asnylese | o Y
This enzyme attacka etarch. glycogen and amylo-
pectin, and the preaenee of these substances in the '
: mediun enhances ite product:lon (crowley, 1950, -195&)«»‘
on f;m other hsnd ‘, a starchelike carbohydrate may be
- formed by the same strains of streptoéoéci un'der

| difrerent. conditione of culture (Crauley, 1955; -;

7 Crowley & Jevons, 1955)., Nothing is kncmn ebout its |
antigenicity and 1mmunising power.

9 W o | |
This enzyme attacka B-naphthyl acetate (stock,
‘Uriel & Gx‘a'bar, 1961). .

10. Lipoproteinase |

 This antigen is deteoted by aérum opacity
 peactions (Krunwiede, 1951“ Goodef, 1961 )s Another
'group A streptococeal factor responsible for opucity
in aged sera has been deacr;lbed by Hill & Vannamsker |
(1968). o | i



IV ANTIGENIC RELATIONS OF GROUP A TO -

OTHER GROUPS OF HAEMOLYTIC STREPTOCOCCE -~ -

The most striking of these relationshiﬁé .{s' in the
chenical composition of the cell walla and gmup-speeific
- rolyzaccharides of groups A, B, C, E and G, all of which
| contain ‘Lerhamnose as ‘a main monosaccharide (Cummina &
| Harria, 1956; smde & Slaemp, 19623 Krause, 1963). These -
: similar:.ties in chemical composition are reapensible for
crogs~reactions between the gmup-»apeciﬁc mlysaqeharides"
of some of these groﬁpé'»ﬁz. groups A and Aévar:laht on one

~ hand (McCarty & Lancefield, 19555 lcCarty, 1956) end C snd

- C~variant on the other hand (Kvause & mcc;arty. 1962, A
Arauao & Krause, 1963; H Krause, 1963). Group G waysi found
“to contain in addition to rhaunose, glactdsg and Heacetyl-
gelactosanine (Krause, 1963) but its antigenic deterninant
is beliewd to be the L-rhamnoae monnsaceharme unit

{ Guvtis & Krause, 1964 ). Sermlagical eross-renctions

between groupe A. C and C were reportgd‘ by‘ Cunnins a; siadev
(1961). - A

Ae hae been mentioned several times in the section
on the extracellulab pmduéta-of group A streptococcl,
several of these products cre also produced by straing

of groups C and G and sometimes by members of other groups.
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- The streptolyein 0, the erythrogenic toxin, hyalﬁrdnidase,
| streptokinase, debxyribanucleaee,' sre sll produced by some
strains in groups C and G and in some caéas by group B .
streptococci. Hyaluronic acid capsules are also produced
by group C streptoeccci. | |
Maxted (19h9} reported the presence of type 28 R

antigen in some strains of groups B, C and G+ Recently, ,
Naxted & Potter (1967) described three"group ¢ strains
‘which had an ¥ antigen indistinguishsble from that of
group A type. 12 ﬁtréptbcocci. Moreo&er, the type-specific
antigens of gl'cmp €. ﬁre prnfeins 'but tlwir relations with
the M-protemﬂ of gxoup A atreptocoeci hame mt yet ‘been
fully mthigated. | - f '

~ The relationahipa between haemlytic azreptccocei may
 prove to be: 1mportant in immmity aga:mst infection with.
. these organisma. They nay alao be of great helg in wmnder=
standing the pathogeneais of the mn-suppmtive aequelae
of atteptocaccal infection. |
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V CROSS=REACTIONS BETWELN STREPTOCOCCAL
ANTIGENS AND TISSUES -

The occurrence of rheumatic fever snd glomerulo= .
nephritis as sequelae to streptococcal infection is well
eatablished, but the pathogenesic and the éctua}.‘ ;nechahism :
of causation of these diseases 18 not yet lmawn. In the |
efforts to find a satisfactory explanation,'thé role of
auto-immuﬁiﬁy and hypersensitivity induced by the mfectihg
atreptocécel has been investigated by many workera, This
| involved a deta:l.led study of the relation of atreptococca.l
. antigens to mammalien tissue, particularly the heart,
kidney end skeletal tissue. Xaplan & Meyeserian (1962)
demonstrated a croaa-reaefion between group A streptococci
and heart tissue of & rheunatic patient by means of
complement fixation tests and Mmoﬁﬁoreaoence.‘ This
was followed by the description of é; crossereactive
entigen in the cell walls of group A streptococci. It
wos shown to be closel& associated with the M-protein
(Kaplan, 1963, 1964). Further confirmation came by the
work of Keplan & Suchy (1964) who showed that this crosse
reactivity was not only given by streptococecal antisera
but also occurred with entisera pi’ePared p;-imarny- against

neuzmalien heart tissue., Furthermore, Kaplon & Svee (1964)
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 detected in patients with suppurative and non-suppucative
streptococcal diseases a streptococcal antibody which
crosg-reacted with human heart tissue. They found this
antibody in 24% of patients with uncomplicated streptococcal
' :lnfegtiona but in the majority of those suffering from acute
rheunatic fever, rheumatic heart diséaee or acute glomeru=
lonephritis, The streptococcal antigens #msa-»reacted‘ with |
| mammalien antigens that were found mainly in the sarcolemma -
of heart and skeletal muscle and in the smooth mscles of

blood vessels. Kaplan (1961;) suggestea the proboble '
| exi‘sténceiof’ more than one eross~reactive antigen in the
strepteccccal cell. ‘I'his was coaﬁrmed by Lysmpert,
| Weﬂenakaya & Danilova (1966) who deseribed four such

= antigens and sugrested that the immunizing action of
émss«‘-reactive antigens a:ependedr on the preéeiwe ora’baene‘é
of :mmunélpgical talémnce to then in the subJect iummized,

. However, i;rogx-esa, in this field of study 16 rapid and |
nore worker@ are involved. Zabriskie & Fré.imx- (1966 )
studied another .étre\eptbcoééal antigen that ehowed & cross-
reaction with the sarcolemma of muscle. aﬁd é;ﬁve good evidence
thet 1t was located in the protoplast membranes of all

str'ep'tbcocei of group A but not of other groups. A
further approach was magde b'y Nekhla & Clynn (1967) who
demonstrated another ani:s.gén in most of the strains of
‘group A streptococei they studded, and one strain of group
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[(¢] atreptococci, end pointed out that it was distinet
from the !éa-pmtoin and probably a complex of protein,
polysaccharide and 1ipid, They also isolated from human
ealiva"a sin$lar substance which gave the same crosa= |
reaction with cardiac and voluntary muscle, Finally, |
Goldstein, Halpern & Robert (1967) reported the occurrence .
of a cmes-reactiun 'between the group-apecs.ﬁc polysaeelmrs.de '
of group A streptococci and th,e glycoproteins or the heart |
valves, “ A

To concluée; Kaplan‘s observations have b:één fully
confirzed, but it seens ta be too carly to assune with
- certainty eny major role playeﬁ by these eroas-reactive

entigens in the pathpgeneais of the aeguelae ai‘ atmpta-
coccal infection, ' |
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VI LABORATORY METHODS FOR THE INVESTIGATIQR
| CF STREPTOCOCCAL DISEASES

~ The laboratory methods used for the diagnosis of

" the individuel cases and for epidemiological ixivestigationa
of infection with group A streptococci fall into three
groups viz. the 1801&1;16!1 of the 6§ganiem, the detecﬁion

) of its type end the detection of an antibody resgonse in
_t.he patient, Although the isolation and 1dentification
'of group A atreptococci plays an 1mportant part 1n the

‘ d:lagnosia of infection in ‘the individual case, it ie often'
not posaible to be sure that the patient from whnm the
organism is isolated 48 auf‘fering fron clinical atreptococcal
disease unlesa there is a rise in serum anti‘bcdy. Neglect
to o’bsem these precautiona may lead to a gross over- |
_‘estimate.of.ths incidence of prinpary atreptococcal diseasa
aﬁd to an underestimate of the frequency with which non-
isuppurative sequelae follow it. Typing methods are of
little importance in the 1nvestigation of the inﬁividual
patient, but are esaent:lal in most epidemiological studies,

Ae - Isolation and 1ﬂentirication of @oﬁg A _streptococel
A good aceount of modem methods for the isolation

and identification of group A atreptococci is given by

Williems (1958); ,aihge the preaent work is not cunnecte&‘
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with this subnect, they will not be discussed further.

B, [Type identification of group A stregtacocci

, Aa mentioned in a previous seetion, group A atreptoeocci
posaess two main type-specific entigens viz, the H=protein
~and T~antigen; crirrith (1934) classified these organisms
by the slide-agglutination technique in which the T antigen
was Shown to plsy the main role, On thc other hand,

| L&ncefiﬁlﬁ (19u1) introduced her schere of classificution

”'f_aecording to the m-protein precipitatinn with the specific

'aerum. In praetice most cultures are Tbagglutinable,‘but

1t is usually not poaaible to identify an ¥ antigen 1n more

" than evout one=helf of cultures with current available

" ontisera (Willlas & laxted, 1953; vAlliame, 1954, 1957;
Parker, 1967). Therefore, Villiams & Eaxted (1953) adopted
a cambination of the two systems 1.6, thcy type& their
‘:-strains f£irst by Tuagglutination and then examined then

" with a limited ‘selection of ¥ antisera determined by the
Twagglutinatiun pattern, Straina agglutinated by some

T gntieera include only,strains with 8 single ¥ sntigen

Colle Thtype‘l stréina include meﬁbers only of U-type 1, .
but othera, notably membera of the Tnaggluttnatiun complexes,
'include ‘streptococei with several i entigens €sge ‘the

| 3/15/8326h couplex 1nc1uﬂes penbers of M—typee 3, 13, 33,
' u1; 52 and 53; For a discussion of the adventages of the |
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two ty;;'lné systems for different purposcs see Pé.rker (1967)'. .
Ce Serological tests 'of the gatient’s gerumn | |
Serblogieal tests arﬁ essentlal 'aida in the confirmation

of recent atreptoeoccal infection or in establishing the
A diagmosia of sequelae such as rheunmatic fever.

l. Antlbodics to extracellulap gtigen

* The most comuonly used test for both diagmstic

‘and _epidemiolagieal, purposes is the eatin;at:lon of ' .
A30 in gera, Antibody respouées in patiénta to bther
extracellular antigena Colle stmptokinaee » hyaluronidaae,
' deaxyribonualease, Mase (DPNase) are Ieas frequently
used, - E o
| k The p:*t:»perﬁes' of atreptolysin 0 have been
diacussféd in some detail on p.27; For the determination
of ASO, Williams {1958) recommended a modiﬂcats.on of
the method of Johnson {1955) based on thet of Rantz

and Randsll (1945). In this modification, the titre
expressed in Todd units (T;U.) is t‘e:kén» s the reciprocal
- of the higheat Gilﬁtion of serum that gives c&mplete
‘haemolysis in the presence of 1 ‘I‘.U. of tox:‘.n-

conveniant method which :ls less ele.borate in serum
ﬁilutian and more economic in the use cf ae:-um hae
been introduced by Gooder end Williauws (1959). A

enanpoint is the dilution of serun giving 50 haemo=-

. lysis measured visually or by a colorimeter. ‘This
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» method has been adopted m this mrlr and will he
deserived in detall in Part ‘rwo (page 83). |
 The antibody response to streptolyein O z'eaulta
generally fmm infection .with group A atreptococci |
" and less frequently with groups C and G. ASO may
be d‘etectedy as early as one veek after the cnset of
infection, and usually reaches its maximum level
within 3 weeks ond then starts to decline, but there
are consideﬁa‘blé individual variaﬁqna.{ A negative |
ASO titre does not exclude mrection, and observations
‘have shown that up to 30% of patients mey fail to
produce antibody to streptolysin Os 1In the gehéralt
population only 10-15f show high titres l.e. 250 T.U.
and over; st;df; high titres in norzal individuals
- ‘depena on several féctors such "aa age, occupation,
geographical location etc. ”280 » higher titres are
more frequent in children then in adults, and in
adults in military service more tb.a.n 1n civnians. _
Thue a significant rise in ASO titre is diagnostic
of streptococeal 1nreet1on. Furthermore, the presecnce
of ASO at sufﬁciently h!.ggh titres (500 T.Us. per ml
or over) in single spee:!.mena of sera may be token
as evidence o:‘ recent atreptocqg.cal infection

(Viannansker & Ayoub, 1960). Nevertheless, under
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| certain ciréuﬁstances false high titres may occur
esgs in contaminated serum, or serum from paticnts
with hepatitis which contains upoproiein inhibitors
of streptolyein 0 in large amnunta. Cholesterol in
normal serum levele does nst inhivit the lysin.
- remove lipoproteins &baorpt:gn or.the serun with
€ols @extran 3u19haté can be made beforeuthe test
(udlen, 1963)s The streptolysin O should be ueed in
the reduced form and teated egainst a standard serum
- of known titre in para;lel with the aera,hging tested,
Horeover, the titre mey vary aécordihg‘ta the system
;ch Gilutiqn aﬁépteﬂ'(%annamaker &'Aynﬁb, 1966)- |
| The magnituﬁe of the ASO level also depenés on

various factors e.g. nature and severity of infection

o and the’inrectingfsfratn. Rhcumatie patients generally

. give more elevated titres than patiants convalescent

- from suppurative streptococeal 1nfections_but this

 ‘find1ng'is=by‘no mesns dlagnostic oflrheumgtic fever,
hsiﬁcé the AB0 respohse is 6nly indicative of recent
,gtreptococcal infection, Other factors include previous
experience of streptococeal 1nrectioh which explaing

~ high initial tiires in acmeAinﬁiviaualsaslaecandary
responses. The response in 1nfénts‘1a poorer than

in older‘children end adults. The use of drugs such
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as eortisone and bactericidel antiblotice eefe.
penicﬁlin, nay suppress the ASO respanse in patients
~ treated with them. |

~ owing to the failure of some patients to give

© &an ASO response tests for the determination of anti-

4

bodies to some of the other extracellular antigens
mta‘biy hyaluronidase, atmptokinase; DPNese and
- INAse B are availeble and may be used in such
cs.mumatancea. In fact the use of more than one
_ teat increases the pmportion of patienta giving
, high‘titrea that arep:e diagnostic value in strepto~
coocal diseases. , | o i
‘2. Intibvodies to cellular antigens
| The detection of antibodies to cellular antigens
_haﬁ not been wiﬁely‘ practiseé , because, until récéntl.y,
convenient and i'eligble methods have not been availsble.
_‘I#ost attention has been divected to anti‘boéiés to the |
‘I&-prote:ln, becauae these antabadiea are believed to
confer immun!.ty, but some Mormation is available
| sbout antibodies to the group=apecific polyse.ccharide.
The mucopeptide and teichoic acid (polyglycerophoaphatea)
are shared by many Gram-»posi.tive bacteria, and antibodics
to them are not necessarily strictly apecit‘ic to group A
streptococels The T ant:lgens show o wide range of

cross-reactions among gifferent serotypea end are not
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thought to play a part in pathogenﬁais.

Tests for measuring group=specific antivodies
are now available, Haemagglutinat;gn tests with

tanned human group O erythrocytes have been'empléyed
by Schnidt & Moore (1965) and Goldstein & caravano

| (1967). Streptococcal cell walle wera also used in
an indirect Coorbs test for the deteetion of proup

A specific antibodles, and directly for the detection
of group Anvar antibodies by Karakawa, Oaterlana &

¥rouse (1965), These metiods will be dlscussed fully
in Part Four in compariaon with a latex agglutination
test developed in thia woﬁk.

Several methods have been uscd for the detection
 of M antibodies. The most important_and nost widely
‘used is the bactericidal test (Todd, 1927 & & b)e
The original test of Todd has been modified by several
workers (pages 18=19). The test depends oﬁ the énhunced
bactericidal activity of the serum after streptococeal
infection ecaused by the appearance of V=-protein antie
bodies,s In the direet test wiole blood from: convelecscent
”putients is incubated with a streptococcus, and in the
indivect test convalescént scrun 1e added to blood
from a noneimmune 1ndividua1 and incubated with a

streptococcus, The modificotion of theAindirect‘
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method deacribea by I&Eazted (195€) haa been usea in
thza investigation, end will be deecribﬁd in detail
in Part Two, The te;at is highly specific and sensitive,
but 1t 48 also leboriocus and difficult to perform on
a large seale, Man end monkeys 'ax:'e practically the
only suitsble source of blood for the indirect bacterie
cidal test, The strains of ﬁtrelitocccci ahould be of
high virulence, and passage through mice or through
blood may be necessary befone uses |

Another reliable test, which is also of biological
nature, is the _gg 1__3_1_1_1_5 test (stollgrmen & Ekstedt,
,1957). It depends on tm formation of long chains by
gmup A atreptwocei in the presence of the homologous
entiserum, In the presence of normel rabbit serunm
or protein-enriched broth the chains are usually short
and consist of 4-12 coccis The nﬁmieii of cocei per
eha.'m nay increase by up to ten times the initial
mmz'ber when the homologous serum is added, ZXach or
£ifty chaine randemly chosen from different microscopic
fields is examined, and the avei'age nunber of cocci
~ per chain 19 token as the mean chain length. The
result 1s expressed as the chain index, which is the
ratio of the mean chain length of sfreptocoéci grown
in homologous serum to their mean chain length when
grown in the presence of normal rabbit serum. An
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" inerease of three times in the chain length is
indicative of the presence of the relevant type-
specific. antibody in significant amounts. «Howver',
long chaining may occur in the gbsence of Uwprotein
end in the presence of R sntigens when the orgenisms
are tested in R ,ant\isei'a (Stolleraan, | 1967). Spone
taneous long chaining may also occur in Todd-Hewitt
broth without protein enrichment. In general, the
test requires the use of a highly virulent strain
and antlserun free from antibiotics and antiseptic
preservatives. Fwthgrmore, the pH of the medium
,«muat‘beiaajnsted'betnean‘7.5*8.0‘befcre ineculation.
_ The third blologicel test Tor the Heprotein
antibodies 1is ihe\gguae protection test. lice are
passively protected by the adninistration of antiserun
and then challenged with a lethal dose of homologous
streptococci. The limitations of this test include
the difficulty of eélecting strains of sufficient
virulence for mice. numerons'mice are requireé Tor
each test » and this results in an extravagant use
of antigerum, o ‘
Non-biological methods for the detection of
H~protein antibodics are also available, These
enploy 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 1s widely used, is the haemagg_;. lutination test
(Boyden, 1951), To facilitate adsorption of the
antigen, erythrocytea are first treated with tanniec
~acid. The techniqne hee been adopted to detect M«

| prbﬁain antibodles by several workers referred to in
page 18. 'Spanﬁmeoua agglut‘ination of the cells is a .
maaoi' disadvantage, together with intra-species
eross-reactions, Haemolysis of the red cells may
ocour if excess entigen or old cells are usea;_

| To overcome these difricultiea, inert non=
biological particles have been mcmtly mtroduced

a8 ant:lgen carriers in agelutination tests. Dentonite
flocculation was deseribed by Bozicevich, Bunim,
Freund & Vard (1958) for the diagnosis of rheunatoid
artbritie and was employed by man & Piex-ce (1961)

to detecet t.i!g-protein antibodies. The use of latex
particles is more populsr than bentonite. It was
originally used in a test for the rhewnatoid factor

by Singer & rlotz (1956) and has since been extensively
_used for other serological tests e.g. in histoplasumosis
(Cerlisle & Séslaw,’ »1958) ‘tub;erculoais (Duboezy & White,
i966), and farmer's lung (#array, Pepys & Brighton,
1967). Latex égf:lutination tests to detect li~protein

| ahtibodiea were 'ﬁra_t' introduced by iolina & Salettil
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(1961). The method was also used ﬁy Bray et_al
| (1966) and Brighton(l%?) for the same purpose,
Fo‘r. 3 specific reaction to be obtained in the latex
egglutination test, an sntigen should be used that
‘1s at least serologically pure, A fuller discussion
of the test will be given belowe -
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VII OBJECTIVES OF THE PRESE STIGATION

' The detection of a;itihoamé to the twq'mam cellular
entigens viz. the grcﬁpééﬁeéific'polyaaécharide and the
_ type-specific l~protein is a promising field of study,
since it may lead to the developuent ot sinple specific

- technigues that 'can be used rreely in various' aetiological, -

_ epideminlogice,l and clinical s'imd!.ea of atreptococcal
o ‘diaeaseg. In the field of prevention, handy and accurate
metno'dé for the aaseasment of :lmnnmity are Mportant and
will be greatly neeaed if active immunisation is contemplated{
| &he uae of cax'rier partieles m an agglutination reaction
was a&me& at in thia work. T develop such a met.hod it was
necessary to obtain reaaona‘bly pure antigens for adserption
on to 1nert, non-biological part:lclea. For this purpoce
polystmne latex particlea from a comarcial source were
‘used, Therefore. with the pure antigens end the mert
._pgrticles, of non-biologigal origin it was possl'ble to
develop & v'latex agglutinétion test which provided‘ a s:lniple
and senaitiva method for the ﬂetectim of antibodies to
ueellular ant:.gem in human BEYR,
" The latex agglutination teet, therefcm, has been
.applied tox' the detection of gmup-specific antibodies
" @8 part of this work in the first place. It has not been

v .
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used in this respect before. Purified extracts obtained

by various atandand methods have been employed for adaorpticn.
The fullt 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 stmptococci. o | "

| The use of latex egglutination as mentioned above hae
already been ad@pted by several workers for the detection
of the type-epecific L*-protein anti'bodiea. In this mrk
the sane principles and procedurea emeeming the test
are followed except that the M-p:'otein fraction differs
i‘rqm' :“réctiona uged ‘b& bﬁher workers in that it is derived
from & supernate after precipitation of en acid extract
with 607 ammmium sulphate and further purified by repeated
precipitation at pH 5.5 anﬁ washing in absolute alcohol
(see Part Three). _

7 A comparison between thia fraction aud the c:mventional
fraction preeipitsted by 607% aumonium sulphate is given.
It hes been tested against rabbit sera and sera fronm
| patients suffermg from atreptocoéeal dlseases., Its
" specificity has been verified by indirect bactericidal
testaa |

A1l the experimental details of tests on both proup~
specific polysaccharide and r-protein will be given in
Pari- Two. The results will 'be préaented in Part Three,
while a full discussion of the findings will follow in
Parﬁ Four, . |
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PART TWO
' ATERTALS AND METHODS

Group~speeific polysaccharides. and type-spécific
li-proteins were extracted end purified from intact
streptococeal cells or from cell walls, They were used
for the detection of antibodies in sera from hyperimmunised
rabbits end also in humen sera collected from patients and
'eantrels "by the use of a latex aggintination tesi which
has been established by several experiments described |
velows | |
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1 MATERIALS

Ae Cultures of streptococel o
1, gg tures used for the extraction of @oﬁm
. specific polysaccharides |
4 straina of streptococei naintained in the
- Streptococcus Reference Laboratery, Colindale, I.cndon.
were used for ‘the preperation of group-»speciric pPoOly~
saccharidess= o | |
CGroup At (1) Type 1, 8F/130 glossy (166079)
o (1) Type 2/4i/Rbl, N.C.TC. 8322
(111) Type L, 4990, N.C.T.Ce 8326
(1") Type 6, T6 glosay, NeCaToCo 8709
(v) Type 3, Richards, N.C.T«C. 8191
(v1) Type 12, SF/l;a (100081)
Gther groupss (vii) Grm:p A-var., T27/32/3
’ (viil) Group B, O90R, N.CeT.C. 9993
(1z) Group C, ‘Cheslee; .C.'I‘.G. 8543
(x) Group G, Valente, .c.'r.c. 9603
: (z:!.) Group L, SHC/16, (10238)
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2. ~ Cultures used for the preparation of thé iype-
sgeclfic Meproteins ‘ ‘
‘Strains of groﬁp A atreptocece!, of the following

‘ typéa raintained in this 1aboratory were used:~
Type 1: SF/130/13, N.C.T.C. 8198
M 2: T2/ULRDY matt, N.C.T.Co 8322
v 3: T3, B930/2h, (100064)
" 43 4990, N.C.T.C. 8326
" 51 SBRSI. 776
" 6 843/78, N.C.T.C. 8302
" 9: 101/4 matt, (100067) o
® 12: R53/1077 Nephritogenic (100085)
" U1 lowe, N.C.T.C. 6199 o
" 1R {.7170,, W.C,T.C, 8320
" 22: T22/83/2 matt, (10CO7L)
" 25: T25/34 PZH small
" 49: C300/1 and C274/1 (two strains)

In sddition freshly isolated strains of group A
types L (R67/1826), 12(R67/2531-Steve) and L9(RE7/2327)
‘wéi'e i:éed as substitutes of stock strains of the same

- types which failed to produce sufficlent amounts of
" ¥-proteins,
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Sera used for detection of antibodies to cellular

antipens

1. Antisera from hyperimmmised pabbits
These had been prepared. in thia La‘boratory for

the grouping and typing of streptococel, ‘l‘hey were

as followss~ |
(a) Qrouping sera. Grouping antieemm for
group A Btrgptococci was prepared hy mlmiaing_
rabbits with hentelkilled trypsim8ea type:l, SF/130,
ce’na. .Also grouping antisera rob groups A=vap,
B, C, D, E, F, G, H, K, L, ¥, N, O, P and Q vere

 available, They were all prepared by immmising
| rabbits wiﬁh heat=killed tiypainiaed ceila except

in the case of group B where formaliaed untreated
cells were used, and gmupé H and O whex?e heate
killed cells without trypsin treatment were used.
Mntiserum for group D was prép.aréd‘ by immunising
rabbits with cells disintegrated in a Hickle's
disintegrator. ‘ \
(v) Typing sera, ‘i‘ype-sxjeciif‘ic» antisera for
typ:lng of group A streptococci by Ne-precipitation
were prepared by immnising rebbite with untryp-
sinised culture of M-types 1, 2, 3!, 3R, 4, 5, 6,
9, 12, 1, 15, 18, 19, 22, 23, 2l, 26, 28R, 29,
30, 46, 4B, 49 and 51, The group=specific
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_entibodies were removed by cbsorption with
tyve 6 glossy {(but antisera for type 6 were» _
gbsorbed with typé L ceils); Sﬁecial abaciptians
weré carried out on certain antiserérv1z§ types N
9, 15 and 49 were re-shsorbed with type 11 cells,
type 3R entiserum with type 34 cells and vice
versa, type 18 entiserwn with type 36 cclis,
type 22 with type 21 and type 13 cells, and
types 2&,‘26, 29, 46 and 48 with type L cells.

- {c) Ungbsorbed typing sera. These were prepared
aé'ta'(b) with the same strainsg but no ﬁbsorption
was carried out and therefore they contained the
group-specific antibodies as well as the type-'
speciric entibodies, | "

(@) HNormal rebbit sera., Sera from 3 unimmunised

- rebbits were pooled and used os negative controls
in the serological tests. |

>2- Human sera | » N )
~ Coneiderable aifficulty was experienced in

cbtaining suitable sera from petients who had suffered

:rom atreptococcrl infections. WhenAa,bacteriologicalr

dingnosip of acutevstfeptccoccal 1nfection ie nmade,

antibiotic therapy is usuelly berun 1mmed1&tely; and

~ infection may be eradicated before an antivody response

occurs; and when a streptococcal infection has remained
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untreated sufficlently long for en entibody response
to take place evidence of bacteriological confirmation
is often lackinge. | |
The following sera were avallsble and vere used
for detection of g:ioﬁp-apecific antivodies, and in
‘some cases, also for type-gpecific antiboﬂiea; The
ASO wes detectéd in nearly all of them..
(a) sSera sent from Public Health end hospital
lsboratories in southeeast England for the
estimation of ASO from patients thought to be
- suffering from & streptococcal Mfection or one
of its sequelse. In each case the sender had
been circularised end asked to confirm that the
case was of suspected streptococcal infection and
to ine thé evidence upon which the conc;l.ua:lon
was based and the supposed date of bnaet', The
sera included were all £rom cases where such
confirzation was obtained, or which the infornation
submitted with the .Bpeéi;ﬁen left little doubt that
a clinicel diagnosis of streptococeal infection,
rheunatic fever or acute glomerulonephritis was
 Justified. 'It was cler from the replies that
nearly all of the sera had been ¢ollected 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 cnset was
seldom determined accurateiy. Group A streptococel
~ had seldom been isolated during the acnte stage
‘ of the 1nrection.

- The 73 sera included single a};aecimena fron
61 petients and 6 pairs collected ot intervals
of 4 to 15 weeks,
(b) Sers from patientes from whom group A strepto-
coccl had been lsolated in the 1aboratpry of
Burnley General Hospital; the patients had
been seen in comsultation by the peediatrician
and vere seldom suffering from scute infection
at the t.tme'. There were 3 paired and 11 uwnpalred
specix:°na of sera in this group.
(¢) Sera from young men in a closed institution
who vere suffering from an acute upper respiratory
tract infection and from whom group A -B,treptococci
were ;solated. These sers composed 25 paired
specimena; The first sera of each pair were
colleoted within 2 or 3 days of the supposed date
of onset of the mfection, and thz second serum
in 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 Americen Indian
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‘ehildren with acute glomernlonephritis following
skin inféction with type L9 !gz'oup A streptococci
were kindly aupylied by ?rofesaer LeWo - lennamaker,
University of Minnesots, U,S.he  ~ . B

Also one paireﬁ specimen wee obtained from
a worker in this La‘ooratory who had suffered from
repeatea ‘bhroat mf'ectiane and rmm whom type 12 |
_gronp_A streptococci were isqlated during the
most recent attacks L |
~ (e) Eighty-nine sera were obtainea from specimens
sent to the &Jright-FMing Inat:ltute for V*asserman
Vreaction and were uaed as controla. me sera
from volunteers in this Laboratory were added to
this groups |
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IX METHODS

Preparation of streptococcal cells

1. Streptococcal cells used for the extraction of

group-specific pglxgaecharides‘-
Lyophilised cultures were res’ﬁﬁeitated in Oxoid

Todd-Hevitt broth for gbout 6 hr and used to inoculate
5C ml smounts of the game med.tum. Arter overnight
incubation in air at 37°c the 50 ml cultures were

tested for purity by subeulture ento blood agar platcs.

Two-1itre smounts of Oxoid Todd~Hewitt broth were then
inoculated from the 50 ml cultures and ihcubated in

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

in a water-bath ot 60°C for 30 min. Thercaftcr 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 fm'thei degraded into cell wallé where heeded.

2+ Streptococcal cells used for the extraction of
 iype-specific Ueproteins - o
Ox01d Todd-Hewitt broth was used with added
neopeptone to give a high yield_ of Weprotein by
inhibiting the production of proteinase in the culture
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(Elliot & Dole, 1947). All the procedures followed
‘for preparation of the ¢ells for extraction vere og

described above, o cell walls were preparcd,

Be Preparation of cell walls
For the extraction of group A polysaccharide cell

valls were prepared elther in a lickle's disintegrator

(Salton & Horne, 19;1) or by means of an X-press (Edebo,
1960) un followse
1. Hickle's diainteggator
'  tiashed celle from 2-1litre cultures were resus-
pended in 1dQ ml emounts of sterile distilled wvater.
To each of the two lickle's cups was added 10 ml of
the suspension and an auount of lio, 12 glass beads
to form a third of the height of the nixturc in the
cup. A drop of octyl alcohol was added to the mixture
to prevent frothing. Disintegration was allowed to
edntinue for LO min at maximun oscillation, Crame
stained films of the nixture were cxamined at the
end of the périod for the abpence of Cram-positive
cocci eud for the presence of (rau-negative sheets

of cell walls, Forty minutes was found to be o suituble
period for effective disintegration. The cell

wallé were scparated from intact cells and‘large
particles by ceutrifuging the final aisintegrated

suspension at 2,500 re.p.ms for 20 min, The cell
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walls were st:u.l auapendea :ln the aupematant at
tha end of thia time. To aeparate f.hnm t’mw dissnlve&
ceuular matex-s.al they were recentrif‘ugeﬂ at 3.9.000 z'.p.m.
‘ ror 30 m::n. T.txe depoait of cell walls obtained was
waahed twica in com sterile saline ana nedepasited
« at. the sane h:lgh sneed of centri:t‘ugation. |
‘2:. The gnpresa method
o The principle of this method is that celle rx'ozen
at ~25°c are driven ‘through & hole a few millimetres
in diameter at a preasure of 2000 atmosphex'ea. This
’pressure tavanaforms ice eryatals from cne form to
| ,vanomer (:lce I to 4ce III) thus reducing the volume
by about 20%. Diaintegration af the cells results
from this change (Edebo, 1960, 1961),. The pmcesa
ie carried out 4n a device that cansists of a eyl:l.nder
'Ads.vide,d equatorlany by a dise with a sman central
hcle.. This methoa was fmmd t0 be hngthy and did
" not yield more bulk of cell walls than the Mickle's
| ﬂismtegratur. Since only a suall deposit of cells
from one botch of 2 11 'broth culture was ﬁisintegrated'
by thig method, the resulting cell walls were added
to the»'bﬁlk of celi wailé prepared 4in the NMickle's
‘disintegrator, | | | o
Ce ggegaraﬁion of eellular antipens | .
1, ‘Extraction and guriﬁéation of group-specific
- pelyssecharides
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Intact cells or cell walls of streptccocci were
treated with one of the fanowing methods t’or the
extraction of group-specific powsacchar;deas- i
|  (a) Hot formemide. Exiraet:.on in hot formamide

was carried out according to the method of Fixller

(19368)s The deposit fron a two-litre broth

culture either as :l;itact cells or as cell walls

‘w8 resuspended in 4 ml formemide, The suépenaion |

was heated at 160°C inan oil«bath for 15 min,

’Undie‘solved cells were deposited by 'céntrifugation

“at 2,500 repemes for 20 min and re-ext’radted in
hot formamide. The crude extracts were pooled
~and 25 nl of acidealcohol (0.5% Hbl in aﬁs@lﬁf}e
alcohol) was added to every 10 ml of crude extroct.
_ The precipitate was separated by centrﬁ‘ugation at
,500 rsDenis fOr 20 min and discarded; the super-

natent fluld was treated by the addition of 50 ml

acetone to every 25 ml, The precipitate formed -

after acetone trcatment was collected end re-
dissolved in buffercd saline pH 7.2 (normal seline
“to which 1s added 0,005 U di-sodiun hydrogen
rhosphate and ‘the pi comot'ed'.to T2 by N HC1).

'I!hé'preser;ce of the polysaccharide in this solution

was detected by the ring precipitin reaction of
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Lancefield (1933) with group antiserum, \?nere—
after 1t was purified iy~one of the following
tvo rethods: (4) two further treatmeats with
acld=aleohol and acetone as described above,
(11) sheking in chloroform in the proscnce of
amyl alcohol (ﬁcCarty, 1952), One volume of
chloroform vas added to 2 vdlumés éf extract,

- followed by 1/5 voluwe of anyl slcohol, The
mixture was shaken briskly by hend and sllowcd
to stand for 5 min on the beneh before béing
centrifuged at 2,500 r.p.m.'for~20 miﬁ‘ The
impuritics éollected at the interface between the .
chloroforn and the extraét;  The extract ﬁés -
resoved with a‘pipette, and the process was repented
until nn‘mcre maierial fonmedlgt the interface.

This was ususlly achievéd after the third tice.

The addition of amyl alechol wae omitted in most
occasions and its absence did not affect the

purity of the product. Polysaccharide fron

group.A type 1 streptococcl woe purified by both

of the above methods, but polysaccharides from
‘-other typea of this group (types 2, 3, L, 6,

and 12) and from other groups of streptococei

viz, groups A-var, B, C, ¢ and L were purified



67,

only by repeated acid—alcohol'ana:aeetpne ‘

- precipitation,

(b) Streptomyces albus enzymes. The group-
specific polysaccharide wos extracted by digestion
with Streptomyces slbus enzymes according to the
method of Uaxted (1948). Cells from 2-litre
culture were resuspended in 25 ml of the'enzyme
preparation and 1ncﬁbated ina watenébath‘at 56°C
for 5 hr, The digest was then cooled and centri=~
fuged at 2,500 r.pn. for 20 min., The supernatant
fluid was collected and dialysed against saline
buffer pH 7.2 overnight in the colds»rihen it was
‘shaken in chlorofor: oe described above to rezove
the proteins. The deproteinlised extract was
further purified by threc ascid-alcohol end acetone

precipitations (see cbove), Deprctei@isation was

also carried out on another batchvof the’cruda

gxtract by preeipitgtioﬁ in 507 saturated azonium
sulphate as follows:- | i

| Saturatedkammonium aulphate‘wés prépared

| by adding.l,boc g of smmonjun sulphate to one

' litre of atstilied water., This was shoken

thoroughly and left overnight at room temperature

for saturation or alternativelyiit masvheated in

o watcpebath at 50°C for 2«4 hre 507 saturated
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ammonimﬁ sulphate was npade up by adding eg,aal
volumes of the eaturafed solution and aletilled
vater. The pH was adjusted to 7.2 by adding 0.88
ammonia dropwise while the reading wae made on a
PH meter, The extract was dispensed in dlislysis
bags énd immersed into the 507 emmenium sulphate
‘aolutian. For every 10 ml of extréct 100 m} of
the solution was used. The dialysis was allowed
to continue overnight in the cold, Thereafter,
the precipitated proteins were ﬁepositad b;r éentz-i-
fugation at ’2.500 "r.p.m. for 20 min,. and ths Buper-
natent £luld containing the extract was collected
‘and dlalysed againet four changes of distilled
water in the éola to get rid of the anmonium
aﬁlphaté; Further pﬁritication was carried out
by scidwaleohol acetone precipitation as above.
(c¢) Hot scid. Intact cells from 2-litre culture
'wm resuspended in 15 ml /5 HCL and boiled in

a water-bath. After cooling, neutrauaation was
carried out by mecans of /2 NaCH m.th phenol red
as indicator., The suapension was them centrimged
at 2,500 r.p.m. for 20 min. The supernatant fluid
was collected while the deposited cells were re-
extracted in the sawe way. The two supernatant

fluids were pooled. Deproteinisation was dnitislly
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carried out in 507 ammonium sulphate as ebove.
The supernatent fluid containing the extract
was dinlysed in distilled water in the cold and
further deproteinised by shaking in chloroform.
Purification was again carried out by repea.ted
precipitationa in acid—alcohol and acatcne;

2. Extraction and ;eurification of the tmsmcific
‘ K=-proteins ' ‘ . , '
Extraction with hot acid was carrded out according
to the method of Lencefield (1928 a) described in the
preceding paragraph.' After neuu-alisaticﬁ, the . gupe
natant fiudd rrom two extractiona 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 aaturatec‘th sol&t_:.on added to 70 ml
distilled water and pH corrected to 7.2 by the addition
- of 0.88 ammonia)e The preéipitate forned after over=
night dialyeis was separated by centrifugation and
designated P30 fraction while the supernatant was
designated S30 fraction. P30 fractions were freed
from anmonium sulphate by dialysis in distilled water
and tested serologically for typeespecific hﬁ-protéin
and group-specific polysaccharide (see below);
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(b) the second precipitationlwas carried out on the
830 fraction; 60% ammonium sulphate was used (60 ml
saturated sclution and 40 ml distilled wvater and pH
corrected to 7+2)s After ovehnight'aia;yais the thick
preeipitate was collected and designated P60, while

~ the supernatant solution was designated S60. Both

were dialysed against distilled water to remove the
ammoniun sulphate. The P60 was the fraction which
had been adopted as the type-specific M=protein in
the first stages of this work (see resﬁite in Part
Three). After dialysie in distilled watér, the'§H
 of the solution P60 was adjusted to 7.5 to dlssolve
any precipitated part of this fraction during distilled
water dial&sia. Then it was tesfed chemically and
aerologlcally“(aee'below). These tests revealed the
presence of group~-specific polysaccharide, which was
‘removed by washing'the P60 fraction three times 4n
4 volumes absolute alcohol (Barkhlia & Jones, 1957).
The final P60 fraction wasnagain_fested serologically
and chemically (see results in Part Three).

 The S60 fraction was slso cleaned from amuonium
sulphate in Aietilled water, Its pH was re-adjusted
to 7.5, and it was tested chemically and serologicslly.

For details of further studies on this fraction sce

- results in Part Three,
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D, Chemical analxgia ,
The chemical nature and pux-:lty of each of the two

cellular antigens was mVeatigated by the detection and
est;mation of 1ts nitrogen content and 1tsA rhamnose ¢ontent
according to the following methodss
1. [Estimation of nitrogen content
Nitrogen content of the extracts was cstimated
by a micro-Kjeldahl technique in which the ammonie
was recovered in a Markham's apparatus (Markham, 1942;
Kabat & Meyer, 1961). Duplicate samples of 0s25 ol of
each extract were transferred to thick test‘ tﬁbéé}.
end 1 ml of a digeation solution (concentrated sulphuric
acid saturated with copper eulphate)waa added to -each;
digestion was allowed to continue for 2 hr on an
electric heater, The solution was cooled and trang-
ferred to the Markhanm gpparatus. Tt was neutralised
by 10 ml of freshly prepared 507 NeOH, and steen was
bubbled through 1%, The stesn wes condensed in a cold-
water Jacket, and the ammonia solution was conected
: ina measurmg cylinder, From each specimen 50 ml
aistillate was conectéa. A blank buffer contrel
wae also tested in duplicate. S
The distillates were treated with 2 ml I%ssler'
reagent per sample. After development of the colour

the optical densities of the distillates were measured
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Figure 1: Calibration curve for nitrogen determination. (See text. )
This calibration is in use for routine work in this Laboratory.
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in 1 cn cells in a S.P. 600 spectraphotometer, at
a wavelength of uao R« The nitrogen content of each
sample was read off a calibration of opticel densitics
against the nitrogen content of 50 ml dictillates
preparcd from known standard eolutions (Figure 1).
The averége ofAthe duplicate spceinens was talen and
corrected by subtraction of the value obtzined for
the control, This dorrected value gave the estimnted
" nitrogen éontent of the extract per 0e25 ml, and it
was therefore zultiplied by U torobtain the nitrogen
B content per ml. In polysaccharide preparations this
- wes very suall and could not reaﬁlt from grosc protein
contamination (see ieéults in Part Three). ‘In the
~_case of li=proteins the values were higher and conversion
.jﬁo pretein content per 2l wes made Ey multiplying each
value X6,25, This canv&rsién factor was cbtained froux
_ Documente Gelgy Scientific Tables, page 126, 195G

2. Estimation of rhamose content

Rhaznoge content wos eatimate& by the cysteine-
sulphnric acid reaction of Dische and Shettles (1948)
a8 deseribed by Dische (1955).

4 prelininary test was carried out on known
rhamnose solutions for the construction of o Stanaard’

calibration curve. Solutions contalning Lo, 35, 30,



Table 1., The optical densities of known solutions
of rhammose measured by the
cysteine-sulphuric acid reaction

Specinen oot 0. 396 0.D. 428 gD % -
1 ($§§§§%1°d 0 0400 0400 o.oo-
5 L0415 0405 0.1
10 0.2h 0.08 0.16
15 0439 0413 0426
20 Odi2 012 03
25 051 0e11 Oelt
30 053 0610 - O3
35 0452 0.1l 0451

VWV o~ O\t & W N

40 Ol Oed5 7 0059

0.D. = optical density, 396 and L4128 wavelength in n
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Figure 2: Calibration curve fof rhamnose concentrations at values of 0.D,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 vere prepared.,
Volumes of 1 nl of each solution vere tronsferred to
thick-valled teot tubes and mixed with 45 ml voluzes
of a nixture of 6. parts of concentrated 11,_,‘30,4, plus

1 part of distilled water. After cne minute the tubes
were shaken briefly in lice 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, 6.1 xi:l
'volﬁmes of 3% eyteine hydrochloride éolution were
added and the tubes were chaken, Colour was allbwed
to develop for 3 hr, Optical denait'iéa were read in
an 84,P.600 spectrophotameter ét‘ wavelengths '396 n

end 428 me A dlank of distilled water was aleo included.
The results were as shown in Table 1,

Both hexosee and rhamnose glve ;eolonréd solutions
4n this reactién. The optical déneity given by hexoses
is identical at wavelength 396 p snd 428 n, but the
optical density at 396 p is greater than that at
428 n with rhamnose, Therefore, rhamose can be
estimated by finding the difference between the cptical
densities at these two wavelengths. From the data in
Table 1 the‘ calibration curve in Figure 2 wae constructed
and used %o work out the rhamose content of the extract.

‘ The extracts vere tested by the same procedure,
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The
Polysaccharide extrocis vere 611u€ec} tc contain
approximately 30 };g/ml 88 rhainosec. Tmis vas estinated
by calculufing the total rhamnoge cqntent in the extbact;
the polyaéccharide content of each extract was adjustesd
to 10 mg/uwl, and therefore the rhamnose content should
ve 6 mg/nl (the rhemose content of grcup-sbecific
polysaccharide was reported by e.g. Krause (1963), to

| ‘be 605;’:‘;).,' The dilution of the polysaccharide extracta

to ’qontain“ 30 mg/ml rhamnose was necessary because
values of rhamnose higher then 4O pg/ul gave non-
linearity m the culibration 'cuvaé coﬁatmctéd from
testing the known sblutions. For ;hs.s reason, accurate
estimations were only made with such "'d:uute solutionse
In all tests a solution of 20 pg/ml rhamose was |
included 8 a control. A blenk control of distilled
water was also included (see results in Part Three ).
Serological tests V

1. The ring precipitin test (Lancefield, 1933)

- This -teat wus performed in groupmg pipettes by
aupezfimposing a drop of extract on a drop oi‘ antiserun,
It was perfcrﬁzed to detect groupespecitic pblysacckmrides
in exiracts with grouping entiserae A positive test
1s indicated by & rihpj of precipitate at the interface

between the antipen and the sntiserun, Im inmediate
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reaction was gi*aded as Li+y 8 recction developing
_in the firet min as 3+, in the second nin as 24,

in 3-5 min as 14, and after 5 min 1t was considered
negative, - o o -

‘2. Capillery pipette precipitation test

| Preliminary | ‘}bes‘ba’ for m-p:otein '.“Ln‘ éxtracta
were performed in capillary pipettes (Swift, Wilson
&"Le\mvcefield, 1943 ). The antiserun was run :!.n"by
capillary action making e column about 2 cm high

" in the pipeite, and the extract was drawn up as a
column, of the same height after the serums The

pipettes were fixed upright on a plasticine holder

. and incubated at 37% rbrr 2 hr.e A first reading of

the reaction was made after mcubatien, 'but the

final reading was made arter overnight settlement

1n the cold, A thick pmcipitate rising to midway

or more of the height of the serumm~extract mixture

was graded a8 lu-, 3/h of that was graded 3+, ¥ ©

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

1+ was considered a trace reaction. Absence of

: precipitation .‘mdicated a negative result,

3, Double pel-diffusion tests (Ouchterloney, 1953)
 Agarose gel on nicroscopc slides was used for

' double gel-diffusion tests. The slides were cleaned
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by boiling in a suitable detergent and rinsed thvee |
times in éistilled water. They were dried with filter
paper or clean towels. Then they were placed cn a
horizohtal surface and a fewlérOPa cf,0.8% agaroae
in buffer, pH 7.2, were spread on each"siids and

. allowed to dry cempletexy to form a base layer for
the gel, Molten agarose was then tranaferrgd_to,the
slides by & pipette a8 2,5 ml vciﬁmaa oﬁ éach slide |
and sllowed to set, To bore ths holes in the gel a
template was uged together with 8 metal cannla. Cut
agarose was sucked by a auctionppump through a pipette.
‘ The antigen,waé placed in the eentre wel} and

' the antisera in the peripherel wells., The slides
were kept in & moist chamber {a sandwich box with
moist filter paper or cotton wool) overnight, Lines
. were. tnepected4and either photographed or drawn.

- 4 Izmunoelectrophoresis |

‘ A.miero-techniqna in geleslidss was adopted
according to the method of Grabar & Williams (1953)

~ modified Ey Scheldeggar (1955) The gelsslidés‘were
~prepared as for gelndirfuaiqn teats with 0.8% agarose
aissolved in baﬁbiturata buffer pH 8,5, The buffer
was made up by dissolving 20.62 g eodiun barbitone

and 3.684 g diethylbarbituric acid in one litre of
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distilled wgtér, and the pH was cqrrected‘to 845 by
the addition of /1 HCl. The seme buffer was also

used in the eleetrophoreein tanks On eaeh ailde a
centre trough and a hole on either sida were made with
a gelnpunch. The antigens were placed 1n the holea ‘and
the alidea were run at a constant. vultage of. 206 for
varvlnslpergaas (15 min to 45 min). 4Afte:~e1eetro~
phoresis, the antisera were run into the troughs and
the slides were left at room temperature~ovénnight in
a noist chazber, The lines were ggain recardadveither
by photographing or by drﬁuing. e |

5 Latex ggglutination test o
| Thia teet was developed to peasure anxlbodles to

| both group-apecific polysaccharides and typeuspecific
 Heproteins. The biolqgically inert latex papticles
were used ae an;igeh carriers, The procedures were
asg fbllowsz¢ |

(a) Qatex gartgcles. A commercial preparation

of polystyrene latex perticles, standard suspension

of particle size 0,81 p {Difco Bacto Latex 0,81) |

was used as antigen carrier, The suspension was

stored at refriéerator temperature,

(5) Adsorption of antiren to latex particles,
~ To one voluze of the standard suspension an equal -

volume of the appropriate antigen solution (for
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suitable concentrations see results in Port
.Three") wae 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 x-éfrigemtor
temperature and merthiolate was added as preser=
vative to a final concentration of 1:10,000.
{e) The ggglut%'tion ggsg. “A‘Saﬂal'duutims
of the scra were made with buffer (phosphate
buffer saline PH 742 describea’above)lae 0.2 ml
| volumes :I.n a ‘cireranrl’!-ﬁ‘(h haemagglutiﬁating plate‘.
- each serun in ane row. Two drops of the antigen
prepored as' in (b) above vere added to each |
_ ailution with a So=dropper pipette, The plate
was thoroughly Béitgted to mix and left overnight
at room teﬁperature._ In the morning the plate
was ogain agitated and left for a further 2 hr.
Then 1t wes gently but firmly agitated forvards
and backwerds, and sideweys. Agglutination was
shown by the aggtfegated p@rjhicleé amtt}.ing to
the sides of the cup and rolling tpwarda’the .
bottom in ring formation. The intensity of the

agglutinntion was graded as: L+ curdy agglutination
in clear fluid, 3+ coarse agglutination in elear
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fluld, 2+ moderate agglut mation in 'cleax- f£luid

and 1+ fine egglutination in partially clear
fluid, - In all tests, the 1s.at cup in each row

of‘ dilutioma contained 'buffer and am.igen only

a8 cantrol ta exclude spmtanems ageregetion,

In subsequent tests a known positive serun was
titrated with the test sera. Three ncmmal rebbit
pera were also titrated: inﬁiviﬁually, ‘but later

. they were pooled and used as a negats.vc control.

The reciprocal of the higheat dilution of serum
showing .agglutination was reaoi-ﬁea as the titre

of that serum. When testing for group-specific
“antibodies in humen sera it was noticed that the
quality of agzlutination reaction was improved

when the plates were allowed to stand at refrigerator
temperature for sone tine, Theﬁefore P aftei* z-e.ading
the titres as préﬁoualy described the plates vere
kept in the refrigerator until the end of the .

' warhina day or until next moming. Hov:ever, the
end-po:mt showed no change :'z-oxn the first reading.
(d) Cleaning of the plates. Sponteneous agglue-
tination of the latex part_icles mey occur if
inédéquately cleaned plates are uvsed'. Dried

proteins from various sources e.ge. éemm, red
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blood cells, micro-orgenisms, arec ’ﬁhe main
sources of errbr. Another d:l.fﬁculty z.n obtaining
good results is also the drying of the latex
particles themselves, It 1s #Izere'fope of great
importance not to allow used plates to ary up
and they should be washed in rmning tap water
cup by cup as soon as the results have been
reéorde_d._ The washed plates ave further cleaned
by immersing in a suitable dete:-gént”aomtim
overnight, In this work the detergent Lahr:!.te,
obtained from Britieh Hydrolcgical (:orporation.
Deep Park Road.r ,'W'19' was used as a 1% solution
in tﬁp wate;‘; The pluates are rinaed in rmming'
tap water cup by cup end then in distilled water,
Innediate arying of the cupe is achieved by
mverting the plate and ‘beating it agamt a
clean towel on the bench several times Tollowed
by wiping the surface with the sane towel,

6. Absorption tests:
In a series of tests for establishing the speci-

ficity of the latex agglutination in detecting group

A specific entibodies, group A antiserum was cbsorbed

with homologous cells and also with heterologous cells

of groups A-var, B, C, @ and L« The celle were
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prepared as previously described." They were further
treafed with crystalline trypsin 'ﬁo remove any surface
pz-oteihs that might meck the group reactions, Tmaixi—-
isation was carried out by the addition of 0+5% solution
of the enzyme es one volume to 20 volumes of the cell
‘suspension, Incubation at 37°C was alloved for 2«3 hr,
The cells were then washed and packed in Kehn test
tubes by centrifugation to a height of 1 co. The
serun was added to en equal height end the cells re-
suspended in 1t. Absorption was sllowed to continue
at 37°C for 2 hr and thereafter mpeate;l once,
7¢ The maireet bactericidal test
A mcdification of the method deacribea by Maxted
(1956 ) was uaed. , |
(a) Sera. ‘Both human eera end N antisera from
hyperincune rabbits were used, Antis_ez-a from
rabbits were ebsorbed with homologous and hetero=
logous extracts by precipitetion in smpall tubes,
Equal volumes of extract and serum were mixed,
incubated for 3-i hr at 37°C and the resulting
precipitate was seperated by centrifugation,
Absorbed and unsbsorbed sera were uged as 1:2

and 1:10 dilutions, Human ser'a were used neat,

The merthiolate preservative in. rabbit sera was
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-neutralised by the addition of 1:50 thioglycollic
acid (0402 wl to 1 ml serum),

(v) Bacterial cultures. The K=strains (see above )
were grown in 2-3 ml Todd-Hewitt broth Wim‘; neo=
peptone overnight. In the moming fresh emounts
| of broth were inoculated from the overnight
culture and incubated at 37°% for 3 hr, é‘zerial
10~fold dilutions of the young culture wore made

in sterile broth saline (5 ml Todd-Hewitt broth

in 100 ml normal saline). . ihﬂ number of colony
forning unita in each broth asline was determined
by Miles & Migra count. 7 .

(e) g_]_._g_gg. Auman blood from a subject previously
shovm not to have bactericidal activity. i’or the
types under investigation was éi;am aseptically

in the required amount and mized with heparin

(10 mits per Q.OS ml dieﬁued weter to every 1 ml
of the blood), The blood wes used immedictely..
(d) The bac;aricidal test. Sterile freéze-drying
tubes were prepared 1h recka end to each was added
0e3 ml of the heperinised humen blood followed

by & drop of the serum to be teceted i‘x'om a 50« |
droPpQr pipet{e.‘ The appropriate culture dilutions

are also wdded wilth a SCedropper pipette os one
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drop per tube. The tubes ere then scaled in
& bunsen flame and incudbated at 37°C in a rotator
which nakes 5) revolutions per min, Subculture
was carried out at the end of 3 hr by nmixzing
0402 ul blood delivered by o 5O-dropper pipette
with 1 ml sterile saline in & petri dtsh, Blood
ager at 50°C was poured into the Petri aish and
mixed well with the bloode After the agar haa
set, the poured platee'wem inecubated ot 37°c |
overnight, and the colonies were céunted.
(e) Contimlé. The test included nornmal rabbit
gerun as a negative control and also sofne tubes
were moculated with the dllutions of the orgenisms
but no serum of any kind was added. A heterologous
'organism waa’included in cach test as a control.
8. Antistreptolysin O (ASC) estimations
AS0 levels in human sera were estimated by the
method recommended by Gooder & Williams (1959).
(a) General. The streptolysin O was an unreduced
 conzercisl preparation (Burroughs Weollcome)e It
~ was reconstituted in ASC buffer and reduced by
1:50 thioglycollic aeid (3 part of the acid was
mixed with 20 parts of dDuffer end 47 NaCll was
added dropwisec in the presence o\ff a universal
indicator (EDH) until the colour became blue=



8L

green; the volume wes completeé"%o 50 parts‘ by
addition of buffer)s -The buffer (ASC buffer) wes
prepared By dissolvmg 1 g of bovine plasma -
alburen (Amouz?)' in 500 ml csf 0.85“’1 I\?aﬁl' to
this was added 270 nl of 3.127 haﬁaz?ou. 2H,0
. and 126 mi 7.6% Nazwoh. 12320 » and the volume
was completeﬁ to 1 11 by the addi‘bion of distilled
vaters Its final pI was 6,‘5-G.5. ‘

A stanaar»d antiaermn was used for the
.standardiaation cf the streptolyein [ A dilution
~ of 1:100 of the antiaem was made end from 4t |
further auutions of 1: 150, 1:200 end 1:250 were
also made 1n e:!.ght sets as 1 ml ?olumea per tube,

| ’Fach L aete were placed in 'a rack in order eof
7 d;lution from left to right and in 4 rows fron

top to bottom. Streptolysin O dilutions 1:50, 1i45,
1:40 and 1:35 were added each in one row in both
raeké.  The racks were. i;ept in the refrigerator
for 2 hr. Horse erythrocytes v#;'ashed and standarde
ised in buffer to S%wexvé- added to euch tube as |
05 ml volumes. The tubes were incuboted ‘m a
weter~bath at 37°0 for 30 min, Then they vere
centrifuged, and 1 rl volumes of the supematent
were added to 2 ml volumes of dlstilied water,
and the haemoglobin content wns read in the SP 600
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_spectrophotoneter at 520 p, A calibrotion for

: percenxage haemolyeis on the spectrophotometer

| seale wag available, The titre of tha entiserun
for each 'diiutidn of - the streptolysin was read
off a standard curve for the 50% ena-point. The
atreptolys:ln 0 ailution that gave the closest
titre to 200 Todd units/ml was used for all ASO
teats on patienta' sera. “ |

(») Teatgm of the mt;enta' gera, Each serum
was diluted 1150, 1:100, 13200, 1:&(30 and 1:800
in ASO buffer in final volumes of 1 ml. Sera

were insctivated for 30 min at 56°C. The reduced
" 'stemdaz-aised streptolysin O was added to each tube
88 0,5 ml (containing 1 unit of tox:ln) end mixed,
The tdbea vere put in the refrigerator ror 2 hr,
Then 0.5 ml of the atandard 8% red cells vere
laaded to each tube, The tﬁbca were incubated in
a water-bath at 37°C for 30 min shaking efter

15 min; ' The \apprbx.tmate‘ 50% endepoint 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 éxact haemoglobin pereentage
was read :m the spectrophotoneter as above and
hence the accurate ASO titre was deternined,
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PART THRER

RESULTS

1 DETECTION OF STRIPPCCOCCAL GROUP-SPECIFIC AHTIBCDILS

LY

-Aes  Preparation of ggouE'A sgecific po;yaacchariéé
Croup A specific polysaccharide was extracted by the

?three main nmethode viz‘ aeid extraction (Lancefield, 1923),
formamide cxtraction (Fuller, 1938) and Strcptomyees albus
,enzyméarexttaction (axted, 1948), ' The crude extrabt in
each cage was purified ae éeecribed in Part Two (pages 65-69)
,“ana the rbllowing preperationa were dbtained=~
i. Jhe formamide~extracted polysaccharide
Extracticniin hot fornamide was earricd out on
intact killed célls, ag well as on eell walls, of
group‘A-type 1 streptococci (sr/130), Each crude
extract was divided into two parts. One part vas
purified by:two further treatrzents with acid-alcohol
end acctone while the other part vas purified by
shaking in chloroform. In the end four purified
preparations were obtained viz. two differently
- purified preparafiona frou intact cells and two from
~cell walle. The concentration of polysaccharide in
each preparation was adjusted ss follows; poly-

saccharide extracted from intact cells and purifiled
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intact group A streptococcasl cells and from group A cell walls,

purified by either scid-aleohol and acetone precipitations or by

shaking in chloroforne.

The nitrogen was cstimated by the
nicro=-Kjeldahl teehnigue.

Hitrogen content of forramide-extracted polysaccharides from

Optical.density o

Starting | lethod of Nitrogen content, pg per ml +4 Percente|
‘aterlal | purification Specinen Specimen |Specimen Specizen Average Corrected age
1 2 1 2 , ofl&2 average ® | Nitrogen

Intact | (a)acid-alcohol | 0.05 . 0.ch9 | -C.052 0.CU8  0.05 0.042 | 343
cells and scetone ~ , :

(b)ehloroform 0.062 0.027 0060 0.020 0.0L 0,032 2.8
Cell. (a)acid-alcohol | 0403 0eCl 0.028 0.042  0.035 04027 2,7
walls = | and acetone

(b )echloroforn 0«CLO 0030 0.0L4 C030 04035 04027 . 2.7
Control - 0.000  0.C02 04CCO 0.016  C.CO8 - -
(Suffer)

© The optical density is that of 50 ml distillate treated witia Nessler's reagent and read
in the SP 6CC spectrophotometer in silica cells end at wavelength 420 n.

++ This 1s obtained by multiplying the value in 0,25 nl by L (see text).

@ This iz the result of subtracting the average nitrozen content in control buffer from
the average nitrogen content of specirnens 1 & 2.
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‘ba( aclid=-alcohol and acetone precipitstion was in a
concentration of 12,5 mg/ml, vhile that pﬁrified. by
chloroform treatment was 1240 mg/ml, Both exiracts

- from cell walls were in concentration of 10,C mg/mle
Before the estimation of nitrogen content wss carried
~out @ilutions of 1/10 were made fron each preparation,
-+ Each of the four polysaccharide preparations wus

| 'e;am:lnea chemicelly, end also immunologically to reveal
: ﬁxe»degree of its purity ss & éinglé antigen. The
chenical tests included estimation of the nitrogen

* content and the rhamose content. Inaunological

- 'te_ata included the ring precipitin test ot‘- Lanaefield

| : (1933): gelq-diftusiori teéta. and inmunoelectrophoresis,

| (a) Xitrogen content. Eight specimens vere - |
tested, They congisted of a pair froa eaéh of
the four 1$¢1yaacchar1de preparations. Two
controls of ’burfgr without palysaachari&e weré
also added. The results of the readings of the
optical densities and their corresponding nitrogen
values obtained after testing the duplicate

specinens and controls are shown in Table 2.
The nitrogen contained in 0,25 ml of each dilute
preparation wes read off from the calibrations

of optical dGensities againest nitrogen cmtbnt
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of 50 ml distillate derdved from the digestion
of the preparation (Figure 1), ailawance'being
 made for thélnitragen content of the control
buffer. The preparstion from intact cells
purified by acidw-alcohol and acetone precipitation
shbued a nitrogen content of\ﬁ.j%‘aﬁgle that
purified by chloraférm had a nitrogen content

of 2.8%s Preparations from cell walls showed
nitéogen content of 2. ﬂ.i‘mccarty;(iQBZ) obtained
vﬁlﬁea of nitrogen content ranging from 33 to 57,
‘for polysaccharide extracted by Streptomyces
albus enzyme digestion of cell walls. Schmidt
(1952) obtained a nitrogen content of 2,77 in

& group A poiyaaccharide extracted by o pepsin
digestion method. Thus it would appecr that
 simple shoking in chloroform or repcated acide
glcohol and acetone precipitatinn‘when epplied
on o formamlde-extracted polysaccharide from
intact cellc or cell walls resulted in a
- reascngbly pure preparatione |
(v) Rhamose content. It has been mentioned

in Part Two (pége 7&) that to obtain accurate
values of rhamnose 1ts concentration in the

preparation should not exceed LO pg/ml because



Rhacnose content of formamide-extracted polysacchariéés from intact

Table 3.
group A streptococcal cells ond from cell wamlls, purified either by
acid=alcohol and acetone precipitation or by shaking in chloroform.
Rhamnoce was egstimated by the cysteine sulnhuric aeid reqctian of
Dische & Shettles (1948).
Chacrved Per cent
Starting lethod of Optical density Rhamnose .| Rhamnose
siaterial purification 396n L28p OuDu=0.Da content - eontent
396 428 ne/ml .
Intact (a)acid-alcohol end 0e50 04075 Ouh2 28.2 5348
cells acetone _ :
(b Jehloroforn 0.60 Cel25 Oeii8 32,7 54.0 -
Cell - (a)acid-alcohcl and 06515 C+100 O.l115 281 56«2 i
valls acetone .
(b )ehloroform Ce50 0.09 Ouil 275 54.1
Controls | 1. 20pg/ml phamnose 0275 0,00 G275 18 90
2+ Distilled water 0.0C0 0.CO 0.CO GO Co
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greater concentrations give non-linearity of‘ the
' cum.- To achicve such a concentration each of
 the four preparations vas diluted in distilled
'water to 1:200thus giving polyssccharide concen=-
trations of 62,5 pg/ul, 60,0 pe/ul, 50 pg/ol and
50 pg/ul. The £irgt two ave the prepurations
' from intact cells and the last two from cell walls
(see /aibove). The theoreticaol rhamnose content of
these preparations calculatcd according to the
apbroximate' percentage of this sugar in group A
~'poiyaaccharide (6075 rhamose) should, therefore,

. pange from 30 pg/mll to 37 ng/mle & control rhanose

~ solution of 20 pg/ml concentration vas included
in the test together with a distilled water control.
The results are shown in Teble 3, The observed

value: for the rhamnose content of each preparction

4n ng/ul ves 'reéd from the graph (Ficure 2) against

the relevant difference between optical densities
at wavelength 396 n and_il‘;28 ne These valuecs were
used in the calculation of the percentages of
rhamose in the various pz'eéamtiona (ifahle 3)e
The percentage of rhaunose ranged fron ’5)3 .8 to
5642 and there wes no significant difference

between preporations from intact cells and thoze



Table Lj« Ring precipitin tests with group A antiscrum and formamide'extracts
 preparcd from intact cells and from cell walls of group A streptococels
the extracts were purified by either cecldealcohol and acetone '
precipitation or by shaking in chloroform. -

Polysaccharide Antlgen dilutions

preparation leat 1:2 1:4 1:8 1:16 1:32 1:6L 1:128 1:256 1:512 1:1024 1:2048
Extract from cells
(a)acid-alcohol & L+ L+ U+ b+ 3+ 24 2+ 2+ 1+ - - -
acetone purified
(b)ehloroforn L+ Ly L+ U+ 34 2+ 2+ 1+ - - - -
purified . . , . ,
Extract from cell
walls 4
(a)acid=-alcohol & L+ bt 3+ 3+ 3+ 3+ 2+ - - - - -
acetone purified | . : :
(b )ehloroforn e U+ L4 2+ 2+ 2+ 24 24 1+ - - -
purified ' : : |

L+ : inrediate strong reacticn, 3+ : strong reaction within 30 sec., 2+ : moderate reaction,
14 : veak reaction, = : no reaction.
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- from cell walle irrespective of the method of

purification, Since the rhammoce ‘_estﬁnatiéns ,
performed in this work appesred 1o underestimate
the true rhamnose content by about 107, the
rhamnose content of the preparations of gr%pup A
polysaccharide agree well with those reported
by Kreuse (1963)e |
(c) Ring precipitin tests. Seriel d'vﬁ.:'!.utléna
» were nade fx'om each of the four prepamtiona
at&rting at 1:2 up %o 1 201;8. Each of these
dilutions vas tested by the ring preeipitin test
‘ (Lgmcefi’elvd, 1933) égainst group A antiscrum
| '(grcuiaing serum)e The results are shown in
“ Table 4. They 21l showed good_ reactions even
'» " at high dilutions, Fo reactions were given in
.ncrmai robbit sera, ,
(@) Double pel-diffusion tests. The test was
| cabriea out on agarose=gel slides. All poly=
' saceharide prepamt’iona were tested against |
grouping sera of groups A to Qe In addition,
' grdup A=var sntiscrum, unabsorbed group A iype ‘1
‘antiscrun zand_‘abapr(bed group A tyx)e 1 antiserum |
- (typing sera) were tested. A pool of three

.normgl rabbit sere was included as control, A
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. Figure 3: Group A polysaccharide extraoted by hot formamide

- from type Itee;luﬁmaad testod by impunoe

_ electrophorssis with group A antiserum, Vell

" A contained polysaccharide purificd by repeated
apidealeohol and acetono precipitation, and
well B contained polysaccharide purified by
shaling with chloroforms The centrc trough
contained unabsorbed type 1 antiserus. A single
line of preoipitation, with negligible mobility,
was given by cach preparation after running at
200‘:?011;3 for 45 nine :
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" single line was glven by the_: homologous group A
| antiserun {grouping serum) snd also by ,é;x-oup A
‘type 1 unsbsorbed serum but no resction was seen
with the group A type 1 absorbed or. proup A=var
antisers. Furthermore, none of the he terologous
‘group entisers gave any reaction with any of
the four polyéacch‘aride preparations,
| {e) Imnunoelectrophoresis. Oroup A specific
po;ys'acchaz*igé is an inert substance which is
e;lectrophoreticauy mgip‘biie, o 'dem:matmte this,
each preparation wos 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 eram in the serum trough. Single
ares of preaipitaticn‘:were_, seen betueen the trough
of the ontiserum and the antigen wells (Figure 3).
| This tost further confirmed the specificity and
| 'purity of these prepamﬁons by the sbeence of
any second lines that could indicate the presence
cf‘ iy antigeh of aifterent electrophoretic
propertiés. . o |
- In euaiznary the group A polysaccharide purified
fron the formanmide extract contained a minimol amount

of nitrogen in agreement with results by other vorkers

(see pa,i_rge 88) but & hipgh rhamnosc content., It was



Table 5.

iiitrogen content of polysaccharide extracted fron group A

streptococcal cells by treatment with Streptomyces albus enzymes
and purified by either shaking in chlorbform followed by acid=
alcohol cnd acetone precipitations or by precipitation with
annoniun sulphate followed alsc by acid-nlcohol ahﬂ acetone

precipitation;

COptical density

138 . 1itrogen content (mg per ml) .
Po accharide Per cen
preparation Specimen 1 Specimen 2 | Specimen 1 Specimen 2 ﬁzeiagez cggzgg;gd nitrogen
Preparation puri- _

fied by chloro-

form omd acide 0.055 0.07 0456 C.C6L C.06 0.052. 5e2

alcohol-acetone

Preparation puri-

ficd by K5 ‘

and acid-alcohole~ .

acetone .
iBuffer control 0.035 0.035 0,008 0,008 0,008 - - -
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algo serologically pure and specific es demonstrated
by ring precipitin tests, gelediffucion tests and
impunoelectrophoresisa

2. Polysaeccharide extrected by Streptomyces elbus

enzymes
Cells of group A type 1 atreptococci vere treated
with Qtrentoqgces altbus enzymes as deserived in Part
Two (page 67 ). The extract wee- purificd by two methods
viz. cne part wes first shaken in chlororor& several
3 timea and‘tnan further purified by acid=alcohol ond
acetdne precipitation threé tince; the ‘other part
vas £irst preeipitated with 505 awmonium sulphate and
then purified with scid-alcohol and scetone tiwee
tines, Doth fraétiane were tested ehemiéally‘fcr
~nitrcgen cantent and serolog;caliy by riﬁg precipitin
'teate, gel—diffusion tests and immunneleetroynoresis.

(a) Nitrogen content of enzyme-extracted poly=
~ saceharide. The concentration of the polysaccharide

in the two differently purified preparations wos
aajnsted t0 10,0 mg/ml; Again the coxe microe
 Kjeldahl techﬁi@ug»wag employéﬁ. As before,
" dilutions of lilo(iAQQ/ml) were used for the
test as G.eﬁpml';n duplicate for each preparation
a6 well as the buffer control. The results are

- shown in Teble 5. The nitrogen content of the
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Table

Ring precipitin tests with group A antiserum and polysaccharide
extracted by Streptomyees zlbug enzymes from group A streptococeal
cells and purified by elther shalidng in chloroform followed by acid-
alcohol and acetene precipitation, or by precipitation in ammonium
sulphate slco followed by acid-alcohol and acetone precipitation.

Polysacecharide
preparation

‘Tegrees of reactions given by antigen dilutions:

Heat 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1: 102h 1:2048

Cnloroform, acid-

alecohol & L+ Ly 4+ L+ Le Ls 3+ 2 2+ 2+ - -

acetone ‘ - ,
Azroniun sulphate

acidealcohol

& acetone

L+ be L+ L+ b+ L+ Ly 2+ 2+ 2+ - -
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purified engyme-cxtracted group A pblysaccharidev

ranged from Ul to 5,27, This is a higher value

. than that for the purified formamide-extracted

polysaccharide,. Chemicel tests to determine
rhamnose.éantent were not carried out,

(b) Ring precipitin tests. Testing of o range

of perial dilutions of the two preparations ageinst

group A antiscrum revealed high reactivity of

polyaacchariae extracted by straptOﬁycee albus
enzynes. Table 6 showe the details of the results,
Good resctions were given at'dilﬁticns higher'than’

those of the formamidemextracted polyesccharide

(ef Table L), The tests were repeated against

normel rebbit serunm but no reacticns were given,
(e¢) Inmmoelcctrephoresis. Thie test wus carried
out in the same way as for the formamide-extracted
polysaccharide, The prepardtions were ran at

200 volts (constant voltage) for vericds of

20 min only., CGroup A antiserum ond group A type

1 unabsorbed cntiserum were tested against both

vreparations. In all occacions two distinet

.gres. were given by cach extractes The first are

showed no mobility end was the sume as that

obtained for the fonmamide~extracted polyseccharide,



- Table 7 -

Sumnary of the chemical and serologilcal progerties of the
various polysaccharide preparations extracted by the three’
main methods from group A type 1l streptococecil.

Test
Pg:gzﬁggggzide Nitrogen | Rhamnose | Ring precipitin | Gel=diffusion Toaunc=
pre: content | content tests tests electrophoresis
(%) (<)
Foraanide-extracted reactions good | single lines |single imuobile
polysaccharide 207=3e3 H3=56 up to dilutions | with homolo- | line
' 1:128 to 1:256 | gous sera
Streptonyces albus good reactions 2 lines:
enzynes=extracted Lel=5,2 HeD. up to dilutions. N.Do one immobile
prclysaccharide ’ of 1:512 o gsecond 1s mobile
Acid-extracted » 1 good reactions | single lines ’
polysaccharide 3.6 NeDe up to dilution | with homolo= " WeDe
of 1:32 only gous sera

NeDe = Not done.
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Pigure 4: Group A polysaccharide extracted by Streptomyces albus

enzymes and tested by immunoelectrophoresis.

PW, = well containing the polysaccharide,

S.Te = trough containinz group A antiserum,

In both prevarations A and B FFl contained
polysaccharide purified by ammonium sulphate,
while P¥2 contained polysaccharide purified by
c¢hloroform. In preparation A, 3,7, contained
group 4 antiserum (grouping serum), In prenaration
B, 5.7. contained group A type 1 unabsorbed serum,
Line 1 represents the polysaccharide reaction and
line 2 represents the mucopeptide reaction.
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The gecond arc vwas quite mobile and its movement -

vas directed towards’the.pqsitive;pole (Figure 4 ).

Since Streptomyces glbus engymes aiso;attack the

nucopeptide and expose the peptidejmd!ety which

is the antigenic determinant of that substrate
(Karakewa et _al, 1966b),this second arc is
prtsumdbly due to the mucopepti&e. -

Polg;gccharide extracted by hot acid

Lencefield's hot ecid extraction was carried out

on eells of group A type 1 strein SF/130. The extract .

wae purified by first precipitation of the proteins in
50% seturated ammonium sulphates The supernatant fluid

was freed from thie salt by dialysis in distilled water

end then shaken in chloroform for further deprotein-.

. deation, It was then fupther purified by trectment

with acid-alcohol end acetone. The nitrogen content
of tnis extract after three acld-nleohol and acetone

tre&tments wag . fbund to be 3.6m. No estimation of

rhamnose content.was nade, Ring precipitin'tests

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

the extract, Gel-diffusion tests showed nc gpparent

’cross-reactiona.

A& sum.ary of the proyertics of the three POLY=-

seccharide extracts is given in Table 7, “he formamide-—
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éktracteﬁ,polysacchar&de was, therefore, the most
chenlenlly pure and_serologically specific of the
three extracts. o
The lutex agplutination test on yabbit antisera

Each of the preparations of polysaccharide was then

adsorbed to latex particles in suspension and ussd es

antigen., The following aécouﬁt deels with results obtained

after testing daifferent nnlysaccharide preparatioﬁs. Hyper-

ismmune rahbit gers prepared against eroup A and othcr groups
vere uaed all through these testa, '

" The use of lutex particles coated with proua A

Bpecifiec nolysaccharide

The procedure of adsorption of the polvsaccharide C

to the latex particles has aelready been described in
Part Two (Pege 77)s In gencral, the method described

by Nolina and Saletti (1961) was edopted. A sereening

experizent ves first made by adsorbing each of the

four prepafaticns of the formamide-extracted poly- -

snocharide at concentrotions of lc'mg/hlgto latex

particles end testing them against a group & mntiscrume

A suspenelon of latex particles in buffer i ;ﬁ‘the sane

'final dilution was 1ncluded as contrel te exclude

sgglutination in the abscnce of the polysacchrride.
The control latex euspension gave\no agglutjﬁation

reaction in the test sera. Gtrong agglutination



Table 8. Latex agglutination téat on group A éntigeba (zrouping serun)
by the use of latex particlea sensitised with each of the four
preparations of formanide~extracted polysaccharides.

Polysaccharide
preparation adsorbed

Agglutination recactions in serum dilutions

to latex particles

1:10 1:20 1:40 '1:80 '1:160 1:320 1:640 1:1280 &3~ Saline

Extracted from cells

(a) acidealcohol &
acetone
purification

(b) chloroform
purification

L+

b+

1:1C buffer

3+ 3+ 2+ 2# 22 1+ - - -

Fxtracted fron cell walls
(a) acidealcohol &
acetone
vurification

(b) chloroform
purification

L+

3+

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

3 3+ 3+ 3+ 3 1a - - -

Buffer control without
polysaccharide

- - - - - - - - -

L+ : curdy coarse agglutination in clear fluild, 3+ : coarse agglntinatidn in clear fluid,
2+ : moderate agglutination in clear fluild, 1+ : finc agplutination in more or less clear

fluid, « : no agglutination.
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‘reactians were given by eaeh of the anticens against
the serially dlluted serum to titres varying from
320 to 640 (reciprocals of dilutions) as shown 4n
T&ble 8. These resulte strongly suggeéte& the validity
of the adsorvtion of the polysaccharide on the latex
particles and their possibleiuéé in a specific sgrlu-
tination test to detect antibodies to this antigen in
~ hyperimmune rabbit sera. Thg next step wee to determine
fthe‘moét suitable concentration of the antigen that
could be adaoﬁbed to latex particles so that they
agglutinated effectively 1n homolugous sera.

(a) Determination of a suitable conc@ntr&tion of

gglzagccharide for adsognticn t0 1atex Bgrticles‘
One of the four preparstions (polysacchoride

frou foruamide-treated intact cells, purificd by
acidwaleohol ond acetone treatmént) was diluted
serianlly from 1:2 to 1:6lh. Since:the initial
caﬁcentratioﬂ was already aedjusted to 10lmg/ml,
pubsequent doﬁbling dilutione contained, 5,‘2.5,
1425, 0s6 03 and 0.15 ng/ml approximately.
Latex particles were coated with each preparation.
Reasonably good agglﬁtinatiom was glven by suspenw
sions prepared from polysmecharide ot concentrations

- of Qb mg/al and highér but with greater dilution
cf the uoterial the reaction wes very veaks

~ However, the strongest agglutination was given



Table 9. Determination of a suitable concentration of group A speciﬂc‘ ‘
' polysaccharide to be adsorbed on to latex particles for use
in the latex agglutination tests. -

Concentration of , Degree of reaction in serun dilutions

group A specific . . TR EFT
polysaccharide 1:10 1:20 1:40 1:80 1:160 1:320 1l:640 1:1280 1:10 buffer
10 ng/nl L+ 3+ 3+ 2+ 2+ 1+ - - - -
5 ng/ml 3 3+ 2+ 2+ 24 1+ - - - -
25 mg/ml 3+ 3+ 2+ 2+ 2+ + - - - -
1.25 ng/ml 3+ 24 2+ 24 1+ + - - - -
0.625 1ng/ml 3+ 2+ 2+ 1+ 1+ + - - - -
03125 mg/ml 2+ 2+ 1+ 1+ 1+ * - - - -
015625 wg/ml 2+ 2+ 2+ 1+ 1+ + - - - -

N.B. For explanation of signs see footnote for Table 8,
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by particlea_coaﬁed with ﬁhe unéiluted poly=
saccharide (1C mg/ul: see Table 9)e &11
subseqnenf latex agglutinatidﬁ tests enploying
group=specific polysaccharide were therefore
carried out with particles coatea with vruﬁaratians
at concentrations of 16 mg/mle

(v) latex agpluiination tcsts on hozolorous and

heterologous rabbit antisers

To investigafe‘the‘apecificity of the letex

‘ agglutination test, further tests on rraup A
'antiacrum (zrouping serum), group 4 type 1-absorbed

and unabsoﬁbed antiserum (typing sers) and antisera -

to all othev groups, includinp group A=var, were
tested with latex suspensions rrepared from the
four fofwémide-éﬁtraeted preparations, tuo cazyme-
extracted pr&paratiohe'and a hot neid cxtractv
'(see above ).  A pool cf three normél'rabbit sera
was also iestea as 8 neg ativa control. Heaétiona
at significant titres {(640-1280) were gzvén by
all formanide=cxiracted preperations with group A
antisebum and group A type-1 unsbgorbed sntiserum.
linor reactions ﬁere given'by thie ppcpk*gtion in
egroup A type 1 absarbed antiaerum, croup ﬂ-var

antiscrum and group o autiaerum. T™he cnzyne—



Table 10. Agrlutination by antisera of latex particles sensitised with group A.palysacchéride

prepared in various ways.

titres.

The figures glven are the reciproecals of agglutination

Fornanide=ecxtracted polysaccharide from

Streptonyces albus cnzymes—

Acld~extracted

intact cells & cell walls & extracted polysaccharide polysaccharide
purified by purified by purified by purified by 503
acid=alcohol| chloro-|acid=alcohol| chloro-|chloroforn & | 507 amnoniun | ammonium sule
Antisera & acetone fora & acetone form |acld-alecohol | sulphate & phate, chloro-
precipita=- | treat- | precipita- | treat- | & acetone acid~alcohol | form & acid-
tion ment - ‘tion aent treatizent & acetone alechol & acetant
L \ . treatment precipitation
Grogg A
antiserun
(grouping 640 320 - 320 320 1280 12§0 640
gScrun ) .
Unabsorbed N
group A
tyre 1 : ' |
ontiserun 6L0 1280 640 6L0 10240 5120 1280
(o
JAbsorbed
%§oupiA i
pe _ : ,
antiserun ic 20 10 | 10 ho Lo - 10
(typing
gerum)
Croup A-var '
antiserun 10 10 10 10 320 80 20
Croups B,C, Croup B: 10 N
Dyli pFyGyHy _ - - - " C:160 | CGroup C: LO | Croup C: 1C
K,L’EJ'N"P’ o E: l‘o " G: 10 i (}3 10
0 antisera " G: 80 ‘ :
Group O
enbiserum 10 20 10 10 40 4o 40
Nornal rab- _ _ _ _ - _ -
bit serunm
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extracted preparations ga#e renctions with the
homologous sera to higher titres“(1280—102h0)
then did the formamide extracts, but they exhibited
marked crossereactions especielly with group A=-vare
In addition, thcy showed erosasraactiohs with
groups B, C, E and G (sce Table.lb).V.The_amannium
sulphate treated enzyme-extracted pblysacﬁhariée
hed leso cross-reactions then the extract deprotein-
" ised with chloroforn. The acid-extracted §oly-
saccharide also showed remctions with the homologous
gera to the same level of titres as those with
rofmamide‘extracta but exhibited some crossereactions
paptieularly with groups C and G, waé#ef; none
of the preparations tested reacted to any depree
in normal rebbit serum. N |

It ia obvious from these results that the
formamidé-éxtracted preparations gave serelogically
more speeific reactions and were more eéayvto
purify than extracts nmade either with hbt aecid.

or with Streptomyces albus enzyme digeation.
No further attezpts were made to improve the

purity of the latter two preparations and the
fornamide extraets were used in all subseguent

experiunents, inecluding the testing of human sera.



Table lle

Reactions of formauide-extracted rolysaccharldes fron group A.

‘streptococci of six different serological types, adsorbed to |
latex, with antisera to streptococcl of homologous and heterologous

grouns.
N Group A Group ) Group A Group A Croup A Group A
Source of antigen | 4,07 type 2 type 3 type L _type 6 type 12
Antiserunm Titre P,R.| Titre P.R.| Titre P.R, | Titre P.R.| Titre P,R.| Titre P.R.
Group A (1) 640 U+ 6LO L+ 6L0 L+ 320 La 840 L+ 326  La
(erouping serunm) _ o . .
Croup A (2) 1280 3+ 1280 3+ 1280 3+ 2560 3+ 640 3+ 1280 34+
tyoe l,uncbsorbed ‘ ) ‘ '
Croup A (2) 20 = 10 = LO = 10 = 20 - 20 =~
tyre 1, absorbed
with type 6
lossy
typing serun)
Group A=var 10 - 10 = 10 = 1C = 10 = 16 =~
(grouping serum) -
P, Gy Ly Ky Ly Uy
g D &EC
(grouping sera)
Croup O antiserun 10 = 10 = - - 20 = - - - -
(grouping serun)
P.R. = Frecipitin reaction with undiluted serum, = less than 10
(1) = (2)

prepared with trypsinised vaccine,

= prepared with untrypsinised wvaccine,
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(¢) The use of formamide~extracted polysaccharide

from group A streptococel of types other than type 1.
In this experiment group A specific polysaccharide

preparations vere obtained from strains of group A
of types 2 (2/LL/RbL), 3 (Richards), 4 (L990),
6 (16 gloasy)Aand 12 (SF/L2). Intact cells were
extracted in hot formamide and the extracts purified
by repeated acidealcohol ahﬁ acetone pteeipitations.
Each preperution wes adjusted in concentration to

10 mg/ml and adsorbed on to latex particles. Theae
five preparations together with the ‘preparation
4from‘group A type 1 cells (see above)‘were tested
in parallélvﬁy the use of latex éggiﬁtiéation and
the ring precipitin tests against group A antiserun
(grouping serum), graup‘&.tyye 1 ebsorbed and
.unabeoﬁbed entiscra (typing sérum) and antiscra

to all othcr\groupa‘including géoup Aévar, together
with a pool of norzal robbit aerém"similar reaetions
vere given by sll preparations (Table 11)s Specific
reactions vere givén with hnmologous seroe Crops-
rcactions with greup A-ver, and group O werc also
noteds In general the results given here were
typical of the fdrmamlde-extracted péep&rutians
obtained alove (compare Toble 10). Thus, the



Table 12.

Agglutination test with latex particles ccated with group A
polysaccharide and unasbsorbed antisera of various types of
group A streptococei. '

Antiserum Antiserun of type: ,
1 2 U 3R 5 6 9 11 (12| 14 |15 17 18
Latex agglutination
Titre 2560 | <1C | 2560 | 160 | - [320 |160 (2560 | - | - | Lo |2560| 2560
Frecipitin reaction 3+ - 3 14 | = 2+ 1+ I | - - - 3+ "2+
Antiserum | Antiserun of type: . .
19 | 22 | 23 | 24 | 25 | 26 |28 | Group A . | Absorbed | IRS
antisernmf type
Latex agglutination -
Titre 2560 | 2560 | 2560 - 1280 - 20 640 10 -
Precipitin reaction 2+ 24 36| - 2+ - - 2+ - -

¢ The titre is the reciprocal of the highest dilution of serum showing agglutination.

¥ Crouping serum

d Avsorbed to remove group specific antibodies
&2 RNormal rabbit sera (pooled)

= XIess than 10
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specificity of the latex agclutination test wos
not aft‘ecteé by extracting the grouy—spécific
pbiysaccharide from different types of oup A
streptococci,
(d) The detection of proup A specific sntibodies
in umabsorbed sera. Unsbeorbed sera were collected
~ from rebbits iumunised with untrypsinised cells
’pf"group A types 1, 2, 3¥, 3R, 5, 6, 9, 11, 12,'
1, 15, 17, 18, 19, 22, 23, 24, 25, 26 and 2B,
| ’..They were tested by latex agrlutination and ring
precipitin tests with & formamme extract of a |
type 1 group A etreptoeecc; that had‘been purified
with aéiﬁéalébhél and acetahe. Croup A antiserum
: ‘(grcuping eerum), group A tyre 1 antiserun (typing
-serum) and norzal robbit serum ‘were included as
controls. The results ere shown in Teble 124
Unsbsorbed sera of types 2, 5, 12, 14, 2k and 26
" were all negative for group-specific antibodies
by both tests, The reu.aining gera were a.?.l
" positive by both tests and latex agglubinotion

~ titres ranged from 160 to 2560, The control

grou,p A antiserum was positive, \vhile the absorbed
group Iy type 1 serum and the nornal m’bbit serum

- were negative ns tcoted by both tests., These



Tabie 13. Agglutination of latex particles coacted with group A
polysaccharide in group A antiscrum absorbed with
streptococcus of hoaologous and heterologous groups.

Group A specific antiserum absorbed with

Group specific
cells of antiserunm
A AN B c L (unsbsorbded)
Titre 10 320 640 6L0o . 640 640

¥ Grouping serum

A, = A—Val' [}
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sera hed been prepared from l-types and contained
 yarioble cmounts of group-specific entibodics as
shown by the ring precinitin tests wiﬁh the
purifiedfgronp-apecific polysaccharide.

(e) Absorgtion tests. To investigéte1tha
spceifieity of the latex agglutination test
further, samplea of proup A antiserum (grouping
serum) were abgorbed with homalcgous cells (group
A type 1) and with the heterologous but Ammano-
chemicaily‘related groups A-var and C. 2bsorption
with fha unrelated groups B and L was also carrled
outs All the cells used for &bsorntian were heat~
killed_and trypainised. The latex agglutination

- test was carried out on each absorbeé sample by
the.uée of group A polysaccharide-coated latex
particles, Table 13 shows the resulté of thesge

. gbsorption tests, The coated latex particles

f&ile& to agglutinate in significant titre in
»group A antiserum absorbed with the homologous
| grbup A cells, On the other hand thﬁy‘agglutinated
in the samﬁlea of serun absorbed with heterologous
 cells and also in the control unabsorbed sample

of group A antiserum,



Table 15 The group-gspeecific ;antibody response in rabbits during the course of
imnunisation with group A vacclnes. ,
used to detect both group A and group A=var antibodies iIn these rabbitce.

The latex asgglutination test was

1st serun . T ,
Initial specimen after| 2nd serum 3rd serum Lth gserum 5th scrunm
serun start of specimen specizen speeinen specimen
nabbit Ammunisation ‘ :
“@go group| group | group | group | group | group | group | £roup | group | group | group | group
¢ A A=var A A=var A A=var A Awvar A |A=var| A A=vay
antie| anti- | antie | antle | anti~ | anti~ | anti~ | anti= | anti= | enti~ | anti= | anti=
body | body body | body body |body | dody | body | vedy |body | body | body -
titre | titre | titre | titre | titre | titre | titre | titre | titre titre | titre | titre
s <20 <20 320 4o 320 80 | 2560 160 5120 160 Bl2¢ 160
2 <20 | <20 450 | <20 | 320 | 160 |2560 | 160 |s120 | 1260
. 3 <20 <20 160 Lo 320 &0 6L0 &0 1280 80
N <20 | <20 80 Lo 160 4o | 320 Lo | 320 | 40
5 320 80 . 2560 320 2560 320 2560 320 2560 | 320 | 256C. 320
6 320 L0 | 2560 | 320 | 2560 | 640 | 2560 | 6LO | 5120 | 664G | 5120 | 640
7 <20 | <20 <20 | <20 | <20 | <20 | <20 | <20




Table 1. Detection of sntibodles in homologous and heterologous
group antisera with latex particles coated with
polysaccharides of groups A, A-variant, B, C, G and L.

Titre with

Group homologous Titres with heterclogzous antisera
antiserun

A 640 A-var: 10, O: 10=20

A=-var 320 A: 160, C: 80, G 20

B 640 N1l |

c 640 A-var: 20, G: 20

G 320 A-var: 20, C: 80

L 160 71
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2+ The use of the latex aggluﬁination test to deteet

group f=var and other proupespceifie sntibodies

Group-specific polyaaccharides of groups A=var,
By C, G and L were extracted in hot formamide eond
- purified by repcated scid-alcohol and acetone pﬁacipitan
- tions., TDouble pelediffusion tests showed spccifie |
renctions with homolagoué antisera and no crosgs=reactions
with heterologous antisera, Specific rcoctions were
also given by these polysaccharides tested with the
ring precipitin tests. %he results in Teble 1uiwere
those given by the latex agglutination test of cach
‘polysaccharide. The homologous antisera gave high ‘
- titres wzth their'réspectivé anfigens@ Crose-reactions
were noted aﬁoﬁgst groups Aevar, C and G, Cn the other
: hand‘grnup A antiéesa gave high titres with group A-var
antigen, ‘
3. The use of the latex opglutination tect in a study

of the development of group A and gragp A=yar
antmoaaea in immunised rabbits '

Sera from 7 robbits were collected at weekly
intervals, .Initial‘seia before the comuencenment of
immuniaation were also tested, Taoble 15 shows the
results of‘the study of the appearnnae ahd developzent

of group A and group A-var antibodies, One of the
rabbits (rabbit 7) was immunxsed with group & cells
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. end vas, therefore, included as a control. Two other
~ pabbits (ra‘bﬁits 5 and 6) were reeeiving booster doses

of group Afvaccinésof -types 41 and L9 after a rest

of t;mee montlm; The réma‘ln:lxig four ‘r‘*abbité, viz.

~ robbits 1, 2, 3 and 4 started their imnunisaticn for

| - the' first time., The vaccines used for thelr 1mmunisation

wex-e cells of group A streptoeocei of le~type 29 and T-
t.vpea 1L, 17 and 22 respectively. “The incstea rabbits
shoved a typical seeondary response for group. A antie
‘bodles giving a rise from a titre of 320 to 2560 in
the first week and continued to rise in the-cfzse of
rabbif.’ﬁ to 5120, Rabbit 1 ‘shiowed & dramatic rise in
'group A ontibodies after the initial mject*an t-o a
titre or 326 nhich reacheﬁ its mmtimum aﬁ:er the third
weeke Another high titre, 160, after the first week
was given by rabbit 3, the fourth apecimen of wihich
gave the maximum titre. Tabbits 2 and i shoved low
primary i'esponses '(titrea’hb and 80) and again the
maximum titife was reached after the third week, The
appearince ond development of group A ézife'c ific antie
rhod:lea was paralleled by a similaer appearance and

- development of group A=var specific antibodies but

ét correspondingly lower'titrea és shogm in Table 15,
Calle rabbits 2, 3 and Iy showved low titres cfter the
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. first week (20-40) which also reached their peaks
after the thirq veek but at a lower level than thoee
of group A antibodies (titres 16C-1280). ”ﬁeither
grows A nor group A=var antitodles were detected in
sera from the control rabbit 7 immunised with group B
célle. Thus 1t was evident that both group A and

group A-var antibodics were formed following inmunisation
of robbits with group A celis slone and thet their

first appearance at detectable leve;a“océurréa in the
second week after the &nitial dose of vaecine. The |
naximum titres were generally reached after the third
weeks These findings are in agreement with those of
Karokewa, Lacklend and Xrause (1966a). |

Ce The detection of pgroup A and A~v§g“g§§ibodies in hurnan

sera by latex ggglutinationvteats
The latex égglutination test for group A or group A=var

énttbe&iea wag performed on all the human sera listed. under
¥aterials and tethods, In addition ASO tests were performed
on gll except one of the sera froz patients suspected of
‘suffering rroﬁ stﬁaptococcal discase or its sequelae, and
on ai1 of the Wassermann test sera from which sufficient
emounts were available for the test, |

~ #As stuted on page 58, it had been found Aifficult to

obtain a large collectiqn of sera from untreated patients



Table 15, Results of latex sgglutination tests on 1&7 sera from patients

(including 30 "“acute-phase" sera), and on 89 control sera (collectea»

for the Vassermann test) for the detection of group A and group A-var

antibodies,
Croup A antlibodies Croup A-var antibodies A30
Descg%ption Ngérgf % sera reacting at titres of | ¥ sera reacting at titres of | ¢ sera ri-
' acting a
sera tested | .3/00 1/20 |1/40 & | 1/160 | <1/20 | 1/20 |1/40 & | 1/160 | titres of
1/80 | & over , 1/80 | & over | 2C0 & |[201 &
less over,
"ilormal” controls| 89 60.7 | 78 | 2840 33 7149 | 101 | 4.6 3.3 | 987 | 2 F
(iR patients)
All sera from ll-l7 705 3.21- 16;’4- 725 11 Te5 2006 6003 4803 51;7
patients =
"Suspected Stl‘ep- 117 9.5 ll-.3 17.2 69.0 4 13.8 7.8 : 20.7 58 L‘306 5601-!-
toccceal sera” * ' :
(2 )Uppcr respira- '
%gr}f tract infeee 68 10c3 3-0 1502 70.6 11.8 8.8 20'6 5808 50 50
cn ‘ ~
(b)rheuzmatic
fever 32 Gai | 662 22 625 91| Gal | 250 552 275 | 6245
(c) acute glomer- | :
ulonephritis 17 6 6 11.8 76«5 29.4 | © 176 53 U4l.2 | 58.8

* excluding "acute=phase" secrae

¥ only 45 sera verc tested.
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v who had undoubtedly suffered fromn group & etreptocccéal
infections There vere 147 sera from patients for,whpm
Atharévﬁns a ai#cng clinieal suspicion of streptococcal
infectien, but 30 of them were acute phase sera collected
scon after the cnset of 111néss and bvefore an entibody

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

group, cnd 5 from American Indiens in irnesota ). The

- rémaining 117 sers were takeh to const;tute'g group in

~ which there was a large proportion of estcblished strepto-
' :cac¢a1 infection; this group, which shall be referred to
@B "susrgcted streptococecal sera", 1nc1uaed-ASO scra and
secagﬂ sera from the closed group and from the Amefican
Indiﬁns; _Eerwere from patients who hed had»fesbirﬁtérw
.vsygptbmé, 32 fronm petients with a proviaionalrélinical

' ﬂiaghosie*or rheunatic fcever, and 17 fronm patients thought
*to have acute gloucrulonephritis (Table 16). In &ll, the
- 117 sera came from 103 patients; it was cénaiéered |
Justifieble to include pairs of sera from 9'pgtiehta.
becsuse none of the sera had'been‘collected at the cnect

of diseage,

1. Studies on_the group antibody response in 147

patients® sera and 89 control sera
The latex agglutination tests carried out on all

the speeimens of sera from patients revealed the
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éreaence of group A and group A-var m_dti‘boéies in

_amuttygos‘:i (Teble 16). On the other hand, 60,7/ and
71.97. of the control sera were negative (titres of

 less than 20) for group A antibodies and A-var antie
‘bodies respectively. Amongst the patlents’ sera only

7.5?% vere negative, then the acute-phose sera héd

- been exéluded the "suspected streptoecécai sera were

found to give vather similar vesults to those Found

in all sera from patients wita suspected streptococcal

" alecnce. This wnexpected finding will be considered

lgxtér, when the results | cbtained on the pairs of scra

are_givezi. - The "suapectéﬂ streptococcal sera" were

studied in more detall and vkefé subﬁivided into 3 proups;

‘ tﬁe first consists of 68 scra from paﬂ'en{:s with
stz?epteaaccal uﬁper respiratory tract infection, the

| saconﬁ ‘of 32 sera from x-h,eumats.c patients and the

f.hira of 17 eera from patients with secute g‘lcmerule-

nephritia (Table 16). They all showed the preaence of

A .grcmp A and group A-var antibodies in 707 - 90% of
cnses, 4 ,

High antibody titres (160 end OVer) were obtamed

: .’m the ma;jority of the patients® sera at proporticns

ranging from 535 to 76;;a (Teble 16). Hodcrate antibody

titres (LO - 80) were shomn by 117 to 257, while low
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titres (20) were shovm by 3% to 9% of the sera,
In contrast ASO titres of 200 T.Q&forﬁless were
observed in 987 of the control sera while LOZ to 507
of the potients'sera showed/ASO titres of 201 T.U./mlong oven

It 1is convenient‘to conaider and compare the
results of the test and control sera in more detall,

Results from controi sera showed that most of these
‘@era reacted to titres of 4O or less as 1llustrated

 31n'Figure 5 viz, the individusls with no apparent or

suspeeted atreptocceca1 inf§¢ticns either gave negative

groﬁp antibody reactions or reacted to low titres but

rarely to high titres. Figure 6 shbws the mapnitude

of the renctions of groups A end A=-var antibodies as

titres plotted against the percentages of 117 sera

~ fron patients suspeeted to be suffering from strepto-

coccaldisenses, The majority of the sera reacted to

titres from 80 to 128C while the others gave titres

- of 4O or less, lHowever, few sera (10))) gave titres

of 1280, but none gavg»titres higher then ﬁhat;

Sinilar findings are shown in Figures 7a, b ond ¢

for sera fron atreptocoécal upper respiratoéy tract

infection, rheunatic and ﬁephritié patients reséectively.
rurthermore, ASO titres of control and patients'

gera plotted in the same manner showed g sizilap
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distribution indicating a response to thece antibodies
in petients. Figure 8a shows £SO titres obtuined from
48 control sera end 1t is»evi&ent‘that'oier 955 of thenm
/ showed'titree'of 2CC T,U./ul and lees but only 4% showed
titres of 201 T.U./ﬁl’or mores In contrast, over 555% of -
116 sera from patienta gave titres of 201 .Umﬁﬁl and
over, A nore detalled atudy of the ASO response of
theae 116 sera revealed that sinilar conzrast exiated
| between. sera frcm patients with;unper respiratony
VAtraat 1nraetinn, rheumatia patienta and nephritic
patients on the one hana ana the control sera on the
other hand &8 111ustrated‘by Figurcs 9a, b, ¢ and 8a.

o 2a Studies on paired sers rrom pgtients suffering

gggg various stregtococcal diaeases
All the paired sera’ availoble {30 paira) from

potients suspected of suffering from various strepto-
coceal diaeaeea were atudied and their group antibody .
" {4 and AnVar) titra ‘were plotted to ahow ths titrea
of the first sera ‘and those of the aeaand sera, The
maaor;ty_or thg latter snnwgd 1ittle significant
difference in the magnitﬁde éf‘titreé from the formers
In fact most of the first aera ‘had high titres as
111uetrated 1n }1gurea 102 ond b,

In 25 of the 39'pairs, the first serun was thought



Table 17. GCroup=specific antibody and ASC titres of 1 pairs of sera of patients
suffering from various astreptococecal diseasges.

Interval Croup A anti- | Croup A=var
" -] R
Papient age |sex Cnset in relation between 9°dy titre.> _ apt%:ggy ) ASC titre
serun | sermm gSerurl| serun|  gerwn seruanm
3 | 20| F | 1 week before st seruf 5 weeks | <20 | <20 | <20 | <20 | poo- | 190~
3 5| F | 2% I PO T 640 | 640 | 1280 | 1280 | 180 | 160
35 o8 |1 |1 * v om w11y v 1280 |[1280 | 1280 | 1280 | 2n0 | 40O
120 |.30 |8 | 3 ® oo w5 m 160 | 1280 160 | 320 | 480 | >80
1381 5| | 330 wn e "oy 20 | 640 20 | 6yo!| 310 | >800
137¢ 26 | 1 {17 v " J w o33 320 | 1280 320 | 1280 | 670 | 490
13280 15| F (8 " »m m LIS 175 L 320 | 1280 320 | 1280 | 260 | 650
1399 11 |9 | g @ " mol11y ¢ g0 | 1280 640 | 1280 | 510 | 4Co
1493 5 F |3 " v J " 6 " 160 | 1280 | 160 | 1280| 360 | 650
39| 6| 1 | 5 weeks after 1st serun| 6 " 160 | 320 160 | 320| 24o | 200
| e|l® L v wooow  w | g wm 1280 | 1280 | 1260 | 1280| 200 | i1.D.
L1 ” 3| F (10 " " " " 10t " 640 640 640 640 Lo 180
L2 *# 8 ! P |11 " " " v 1% o 320 640 160 6LO 240 LCo
43 % | 10 | F ] 2 years " " " 2 years 320 6L0o 320 | 1280 5C0 Leco

% Sera from these patients were kindly supplied by Prof. L.!'. “annamaker, University of
~ F = female, I = male, I.D, = not done.

Uinnesota, U.S.A., wWith ASO titres already determincd,
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to have. been collected withdn 2-3 days of the onset
of a streptococeal infection, and a group 4 streptoe
coecus wés‘isplated at this’ﬁime {25 from the 't;pper
respiratory trécjb and 5 from the skin). First, in
mogt séi*a the ri;se in antibedy titre was shom to
be either gbsent (equecl titres) or negligible as:
1111_15t_rated in Figure 11 (group A antibodies) and
Eiguré "12 (group A-var antibodies)s Second, most

of the initisl ‘sera hed high titrec viz. algher then
__expected, z‘an«ing from 160-—1280 (i‘igfux'es 11 and 12).
Tnirﬁ, it was clearly obvious that titx'es of group

- A—var anki’boaies were generall.v lower than those of

group A antibodies (compare F;lgnma 11 and 12),
aithcugﬁ some were equal,
. pesults from the remaining 1l peirs of sera are
how?ia in Table 17. The first sera of these pairs
were taken from 2 years bejow. the 111ness to one week
after it, and again m@at of them showed high titres.
However, patient 3 failed to give any antitoly response
1n both first end second sem. Patient 1381 gave a
.titre at‘ 20 in the firpt serun taken 3% 'c';c.cl..s after
.onset and gave a eharp rise to a titre of 6LO L weeke

1&t8r "



‘Teble 19,

Low, moderate and high titres of
group A-var antibodies in 146 sera
~ of patients correlated to low,
moderate and high ASO titres of
 the sane patientse.

Group A-var antibody titres

ASO
titres 20 & less 40 & 80 | 160 & over

200 & less 20 17 335

201 = 40O L 11 28

4Ol & over 1 2 30




Table 18, Low, moderate and high titres of
group A antibodies in 146 sera of
patients corrclated to low, moderate
and high ASO titres of the same patients,.

ASC Group A entibody titres
titres 20 or less ,ho & 80 160 & over
2C0 & less 13 13 Ll
201=-4CO 1 5 37
LC1 & over 0 3 30
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/3. Correlation betveen group &, ggbupﬁ !a,-varaz;a
ASD titres in' individusl sers '

?E‘inally, a ccmc&r*iscn was made of the results
n‘btaizxed in the varioua tests on individusl scra..
'Figurea-ls, and 1 compare the titre of the latex
 egrlutination test for group A and A-var antibodies
4‘réapect1vely with the ASO result on sera froo. Lé.tients
thouﬁt to be suffering frem streptococc‘,l disease,
- ‘\.and Fig;ure 15a and 1) gives similar findings cn the
,control gers.,
'z“he results for the patienta' sera arc eumuar:.sed
in Tebles 18 end 19, wiiich grou;) the results for each
'teat; :lntc “low" wpoderate” and “high" In gensral,
; the h:lgher the .a'faSG t:l.tre, the more: likely 1’6 is that
‘ gntz.body for group A and group A-—var will be detected
in large enounts. On the other hand, high titrcs for
both group A and group A-var aﬁtiboéy are more frequently
found in the sbsence of & significent ASO titre, This
‘t‘inding, token together with the relative mrity of
high titrea for any cf the three antibodics in the

. control Bera, ‘provides suggestive evidence tmt the
teat for group A and group A-var :zm'tibodies isa
‘sensitive maicatqr of streptococeal infection,

 In Flgure 16, thé meﬁlte of tests for proup A

and group A-var antibodies are compareds In general,



Table 20. Details of studies on L patients whose sera reacted eiﬁher to group A
antibodies or group A=var antibodies alone when tested by the latex
ageglutination test. '

catient | A€ 5 ; Ogsgz :I.n,t Gr:up A GrougbA—var .XSO
atien Sex iagnosis relation to | antibvody | antibody y
(yrs) 1st serunm titres titres titres
£7/2/89 21 F | Recurrent S.T. unknown <20 80 10C=~2C0
67/R/48 20 F | Zecurrent R.F. » £20 320 50
201 36 | P |Acute G-I 2 vecks 160 <20 L60
345 12 ¥ " o 2 160 <20 380

S.Te = scre throat, R.F. = rheunatic fever, C=lf = glomerulonephritis

P = female,

¥ = male,
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the correlation wae good. Moreover, géoup A antibody
titres in nmost patients tendaed to be egual to or one
‘@1lution more or, cceasicmlly, 1&)6 than the titres
- of group Aevar antibodies., However, Fi{mre 16 also
shcwa that 2 of the sera gave high group A antibody
| titres (160) and negative (<20) group A-var antibody
titres; on the othe:c' hand 2 other se‘ra. gave titres
of 80 and 160 for greup Awvor antiboﬁiea and negative
‘titres for group A anti‘bodiea.' Teble 2(3 conmina the
f details of results on these L sera, .’Ift;e 2 sera which
r'emited for only group A-var antibdéies shoved ASO
titrea of 100=-200 T.U./ml for one and 50 T.Us/ml for
the other, The 2 sera which reacted only to group A
antibodies gave ASO ti_tpés of 460 T.Ul./rl snd 380 T.ﬁ./ml.
These findings will be discussed further in Part Fours



Table 21+

Homologous and\heterologous (control)

i antisera fron hyperimnunised rabbits |

uged in the capillary precipitatian
teats for M-proteins-

l-types | If antiseran | if antiseea.
. (controls)
1l 1 3y 3R
2 2 6
3 3n 3R, 1
I L on, 26, 28R,
29, 46, 48
5 5 12, 15
6 6 2
9 9 18
12 12 5y 15
1t il 49, 51
18 18. 17, 19, 23, 30
22 22 28
Lo L9 U, 51
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II DETECTICH OF STREPTCCOCCAL TYPE=SPECIFIC If AUTTHODIES

A«  Preparation of group A etreptécoccal;type~speéif1g
Heproteins ' | ,
- Lencefield's acid extracts from killed intact group A
~ streptococcal cells of stock strains of types 1, 3, U, 5,
6, 12, 25 and 49 were prepared ag previously described in
Part Two (page 69)."After treatuent with ammonium sulphate
solutions (307 end 6C)) three fractions were obtained:=- |
(1) P30 fraction yiz. the precipitate that formed
after treatment with 30% smnonium sulphate.
(ii), P60 fraction which resulted from treatment of
‘ the»aupennatant separated from P30 withlﬁeﬁ'a&ménium sulphate.
-(111)>-SGO fraction viz. the supernatani fluid collected
efter ihe treatment of the supernatant seyarateﬂ,frdm P30

- with 6oy ammenium gsulphate,

The three fraetiona vere testcd ror the presence of
the type«apeeific t=protein by the capillary pipette
precipitation methud, and for the group-specific poly-
saccharide by the ring precipltin reaction. The control
~ heterclogous sera testcd for Il entibodies with each of the
- sbove types and other types of group A streptocpcci'used
in this work ere shovn in Table 21 for referenée.' Chemtenl

enalysis for both protein and polysaccharide vere also



Table 22, To shoy the results of the capillary pipette precipitation tests on

fractions P60, 560 and P30 separated by emmonjum sulphate fracticnation
fram an acid extract of intact cells of certain serotypes of group A
streptococcil,

exiracts P60 fractions S60 fractions ~ P3G fractions

Crude
reactions with reactions with reactions with reactions with
ﬁerctype Homolo~ Heterolo-~ |Homolo- Heterolo- |(Homolo= Ieterolo~ |Homolos Heteroloe
gous ous sera gous gous sera gous gous sera gous = gous sera |
sera controls) | sera (controls) | sera (controls) | sera _ (controls
1l 2+ - 2+ - 1+ - Ty, - - “
3 2 Tyre 3R: 1l+| 2+ Type 3R: 1+| 2+ Type 3R: +
Type 1: = Type 1l = Type 1l: = re : -
1]. <+ - Tr. ' - - - - -
5 24 - 14 - 1+ - , ™e - -
6 L+ - _ 3+ - 2+ - 1 C -
12 3+ - 24 - 1+ - Tr. -
25 2-}» - 1+ - Tr. - ‘ - -
L9 1+ - Tr. Type 1l:Trel Tre Tyre 1L:Tre| = -
Type 51:Tr. Type 51:Tre

U+ = precipitation column 1% em high, 3+ = precipitation column 1~1} em high,

2+ =

"

Tre. (trace) =

" betueen ¥ em & 1 em high, 1+ = precipitation column 4~} cm high,
4% cam hizh, = = ncgative. ' :
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carried out on fractions P60 and S6C. The results of all
~ these tests were as follows:
1. Serological teats
Prelininary serologiesl tests were cerried out
‘to reveal the extent of the type-specific i*eactivity
of cach of the three fractions and the 6egree of contam-
ination with the groupuspecific polysacchariée. The
resulta‘of capillary precipitation tests for the t&pe—
specific He~proteins are‘sbown in Teble 22, The two
fractiona Pﬁo and S60 centained significant amﬂunts
’of the type~5peeiflc antlgun. On the other hand, -
fraction 933 wes the least reactive of the three
.fractiens and gave only trace arlnegative fﬁactian
with the homologous type-specific entisera, 4 crosge
- reaction was obtained with type 3 crude extract and
'its fractions PO and S60 tested with type 3R entiscruz,
Cross-reactions were"also nhtaiacd'with type &9 fractione
P60 and 860 reécting'in.types 1l end 51 entisera.
Furthermore, type 4 (étrain h990) crude extract showed
only a weak Peaction in the nomologous entiscrun, while
its PEC fraction shoved a trace reaction and its S60
, fractian gave a negative reaction; Also type 49
{strains cseq/l and C*?h/l) gove similar weak reactions\
(Teble 22). In order to obtain a better yiela of
t=proteing for these two types freshly isol&téd strainsg



Table 244« Results of ring preelpitin reactions for group A specifie
polysaccharide obtained by testing fractions P60, 560 and P30
separated by ammonium sulphate fractionation from acid cextracts
of certaln types of group A streptococci.

. Ring precipitin reactions of group A antiserum in the presence of
Serotype Crude extract PEC fraction 360 fraction - P30 fraction
1 Ua Tr. : lis Tr.
3 L+ o+ L+ - Tr.
L L ‘ Tre , L+ Tre
5 L+ + | IS ' "Tre
6 L+ + | L+ qu
12 4+ Tr. : L+ Tre
25 '-I»+ . ' + lH- - _ Tre
49 L+ ‘ TP« b+ - Tr,

L+ = iomediate reaction, 3+ = reaction in the 1st minute, 2+ = rcaction in the .

second minute, 1+ = rcaction in the third ainute, Tr. = reaction in 3=5 ninutes
- = negative, - (trace)



Table 23,

P60, $60 and

Results of the capillary vrccipitation test for teproteins on fractions
P20 separated from acld extracts of freshly isolated

types L4 and 49 group A streptocoeci obtained by ammonium sulphste
fractionation.

Crude extracts
reacting with

ToU fractions
reacting with

360 Iractions
reacting with

P30 fractions
reacting with .

Serotype | Eomolo= Heterolo= | Fomoloe Hcterolo= [Homolo- Iieterolo- |Homolo- Heterolo=
gous i}us sera gous ous sera gous OuUB 6€ra | gous. Tous sera
sera controls)| sera controls) | sera %controle) sera controls )

ll- 2+ - 1+ - 1+ - - -
L9 2+ - 1+ Type e 14| 1+ Type 14: 14| Tr. -
Type 51: 1+ Type 51l: +

b3 4
i
-

B

For abbreviations and signs see footnote for Table 22.
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which gave strong @recipitatien reacticns,in rqgtine

typing vere extructed (type L strain R62/18265 and |

» tyée L9 etrain'“ﬁ?/?BQ?). The results cP tcdtins the
hew extracts ove shown in Table 23, ‘

| The extracts fron the new straing ef typea i, and 49

. gove a better yleld or_ﬁ—proteins as ahown‘by the

~ lmprovement in‘reactivity demdnstrated in Téﬁle‘zs.

,”he crossnreactiona of type L9 m~types 1 and 51 enti-
/“aera were also enhancea.

) So far, both P60 and S60 rractione from all types
" of group A.atreptocacci tegteﬁ showed high aerclogical
reaetivity far tae preaance of Ik proteins. ?owever, ,
the P60 was fuun& to be less contaminatea with groun A
gpecific palysacchabi&e¢' This wes well demenstrated

by the results of the ring precipitin resctions shown
in Teble 24, The SﬁGVfréctinn 6bvi0u51y contained the
bulk of the pquaacchéride‘ﬁé shotn by the strong
reactions in group A entiserun, As reccmmen&eafby-
Barkulis and Jones (1957)further removal of the poly-
~ pacchsride from fractien PEO was effE¢téﬁiby 23 washes
in L volumes absolute alcohol (sece psge 70). This
‘ prnéeaure quickly reroved the suall smounts of polye
gscchariﬁe withaut affeating the ﬁ-pratéin ﬁeactiﬁity.
Thie was shown by testing the purified PGO by both



Table 25 Results of capillary tube precipitotion tests,for i=proteins and

ring preeipi

tin reactions for group=specific polysaccharide on

alcohol=purified P60 fractions of certain types of group A streptococeci.

P60 steprecipitation tests 4 i 1£tn et
Group precip reactions
fractions Homologous sera Heterologous sera
(coatrols)

Type 1 2f - ‘ -

" 3 24+ Type 3R: 1+, -

Type 1: = ,

" L 1+ - -

" 5 14+ - -

" - 6 3+ - -

no12 2+ - -

" 05 1+ - -

"9 1+ Type 1Lz 1s, 1 -

: Type 51: 1+
ileBe For explanation of sizns see footnotes of Table 22,




Table 26. The protein and polysaccharide éontents of fractions P60, 360 and P30

obtained by ammonium sulphate precipitation from acld extracts of
"soze types of group A streptococel,

Protein ccntent in mg/ml Polysaccharide content in pg/ml
Serotype Unpurified | Purified’ 560 | P30 | Unpurified| Purified S60
P60 P60 P60 PGO

1l 301 3.6 301 10’-!- 15 - > 200

3 503 5.7 LL.O Ooh 29 - ' ‘ 99 03
L 5e3 3¢9 1.3 1.1 17 - > 200
5 3«0 3ely et | le2 30 - > 200
6 32 3e7 2.9 1.1 35 - 109
12 Seba 340 22 0«9 12 - 174
25 343 342 3.1 | 0.8 20 - > 2C0
L9 33 36 37 Ce9 1¢ - 162

- = not detectable ' N
3 treated with absolutc alcohol to remove the

group=gpecific polysaccharicde,
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~ capillary tube precipitcetion toets and ring preeipitin
‘ réactians (Table 25)s In eddition to their reactions
© with homologous antisera, P6O frééticna of tyﬁes‘B and
49 vetained the cross-reactions discussed abdve.
(compare Tables 22, 23 snd 25),
| 2.“'Chem1ea1 analysis

~ Further ccaparisen of fractions P60, 56C and PSO
vas carried out by deternining their reepeeﬁive protein
content by the micro-ijeldahl teehnique. véha pbiyn
saccharide content of fractions FGO and £6C wae estinated
but not ﬁhat of P30 hich only guve trace pﬁecipitin'
‘reactibna (Table 24), ?ﬁe results obtained showed |
. slightly higher protein content of P6C fraction then
860 fraction but low protein content of ©30 fraction
(Teble 26).' However, bype L gave a'prntein content
of P60 fraction wihich was four times that of the 560
~ fraction. Cn the vhole, the unpurified P6O fractions
'had very low polysaccharide contents as compared with
the'36a fractions, whose pelysaccharide concentrations
ranged frﬁm 60 pg/uwl to over 200 npg/ml. These results
-cenfiﬁﬁed the absence cf scrological intefference by
the group—specifie,ﬁoiyéaccharideJin all teats'carriea
~ out on the purified (elconol treated) PGO fractions.

Tn sumary, the P60 fractions and S6C fractions.
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of types 1, 3, L, 5, 6, 12, 25 and i;s‘conﬁgmea the
bulk of l=proteln and gave gcdé.reactipns'with the
 respcetive typemspecific antisera; but the S60 fraction
was procssly contaninated witﬁ/the group=specific poly=
caccharides On the other hand, the.smail aromts of
polysaccharlide in the3960’fractians wefé easily.removed,
and their reactivity in the grouping seéum'was gbolisghed,
- by washing in abselute alcqhol‘withoutlgffecting the
"type-specific rezctivity. For these reaaoﬁs‘tha PEC
- fraction vwas used in preference to the 86C fraction
- in preliminary latex'agglutination tests corried out.
~ on hyperimmuﬂe type~specific‘raﬁbit BETa,.
' B.  The determination of ggpeaapécifggégﬁantiboﬁies in
E Qgggrimmuhe rabbit sera by the agglutinatibn of latex
particleé corrying PGO fractions of‘%—ﬁrbteins
The F60 fractions of l=proteins from streptococed of
types 1, 3, u,VS, 6, 12, 25 and hﬁ, purified by washing in
'l:gbsolute alpahol‘and tested ag dbove, éere ﬂiésélvcd in

| ;idistilled water and adsorbed tollétei'particles. Taeh
froction was tested against its homologous entiserum and
the eopropriatc control heterclopgous antisera.enﬁlcyea in
| the routine typing of croup A streptococéi'by’capillary
tubehpfecipitation tesis. A11 the hcmolﬁ@ous and hetero-
lbgous antisera uscd here were,thosekdbaofbed anﬂ.préparea

for typing purposes (sce Part Two). HNomologous and control



Table 27. Results of latex agglutination tests with purified P60
‘Pfraction of sone group A etreptocoecal types tested
against absorbed typing SEra.

Type-specific Agglutination titres of ¥ sera nuality of agglutination of U sera
P60 fractlon | poo01ogous | Control heterologous | Fomologous | Heterologous
1l ' 80 ‘Type 3iis 20, Type 3R: 1+ ' 1+

&0 :
3 1280 " 3Rs 80 . b+ 2+
L 20 v 24 4O, ' 1+ 0 1e
" 26: 4O, -
" 2BRs 80 ]
5 640 " 15: 640 3+ 3+
6 5120 " 2: 20 L+ 2+ .
12 Lo " 5: 80, 1+ : 3+
v 15: 160 | - o
25 - - - _ - :
49 2560 " 1l4s 640 | bs . ba
" Bl: 320

TeBe For explsnation of signs see Part Two, page 78.
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heterbiagous sera'uaeﬁ in testing each tw_a-.%éeéiﬁc
P60 fraction were as shown. on Teble 21, '

Tt should be notec‘z’ that ‘ahe }’60 f‘mct:{ens uced for
| types L and 49 vere thoae prenax'cﬁ from the new ctrains
P67/3.826 R67/2327 m;szaectively,

The technicue for the latex agglutmaticn test was
. ae aescribe& for the detect:lon of the graup-s's:ecific
B antmodies, tut it vas found that the‘ quality of agplutination
wvags improved cénsidez*ably by shakiné; the platéa :in o mech-
. anical harizantal rotatory shoker for 10-30 min at e speed
of 125 r.p.m. before leaving them ovemi_,ht st rocm tenpere-
uture. Refriaeration of the plat.ee Wae no'c neeeaaary,
':i‘i’omover, adaarption of the antigen ta latex particles
" was effectively achieved after :t.ncuhation at 37°£‘ for
‘only one houre ' ]
' The results of the latex agglutination tests on the
_ ?60 fraction showed cone:{demhla disagreement with tho"e
cbtained by canillary tube precipitation on the geme fraction
(Table 27). &’mereaa in precipitaticn tests the hemlogous
sera stmwed a reasonable aegrea of maction. in latex
agglutination teets somne of‘ these sera ehowed low titres
' and a poor quality of agrlutination {1+); t:,rpe 1 specifile
serum gave 8 titre of 80 with the homnlogous PGG fraction
and the qualit:,r of ag(,lutination wass equivalent tz; 1+
: (fine agglutmation). - Type 12 specific aemm g.,ve a titre
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of LO and 1 agglutination reaction;\ Tvpe L specifie serunm
pescted very weakly to & titre of 2Q§5fﬂpwever; type 25
antiserum foiled to react with the hnmnlcgous antigene.

A1l other tyne~specific sera veacted satisfactorily with
their humologcus entigens fo high titres (64,0-5120) and
gave reaction of adequate strength (>2}).7'EorQGVE?, there
were‘moretdross-reactionﬁ in control heterologous sera
revealeﬂ by the latex ag:lutinatioﬁ tcst‘than’by the pree
cipitation test. N1) the control sera teﬁted DEVE QrOSBe
reactions by the latex ag:lutinaticn test. In some Instences
the titres given by the heterolagous sera were equal or even
hirher than thooe "iveﬁ'hy the hcmolagous sera-e.8. hetero= |
logouo contrcl sers of types 1, iy 5y 12, '

‘Sinee the type 25 extract did not reuct with the.
homologous antiscrunm, a freghly Jsolated strain of type 25
7362/278& wag obtained frém a routing‘speéimen and extracted
in hot acid as before. TFractionation in SB% and 6Ch
ammonium sulphate was carried out and the PEO froction was
‘purified by washing In chsolute aleohols The crude extract
and the three frections obtained were tested as. before for
- the type~aneeific M=proteins by capillery tube gfecipitation
ond for the group~spcciﬂic polyssccharide by the ring
precipitin reactlon. Flnal;y the P60 fraetiqn g used
in a latex agglutination test against'theiﬁomolagpus type 25

antiserum and the control heterologous type 17 entiserum,



Table

28, Results of Uwprecipitation tests and group=gpecific reactions
on crude extracts and fractions F60, S60 and P30 of l=protein
of type 25 R67/278L, together with results of latex agplutination
test on purified F60 fraction. '

le-precinitation reactions

Latex agglutinatidn titres

fraction Tiozologous serum | Control serum rgactione Homologous serun | Control serun
type 25 type 17 4 tyre 25 type 17

Crude extract 2+ - L+

Unpurified PGO 1+ - 1+

S60 1+ - L+

P30 - - Tr.

ileBe For cxplanation of signe see footnote for Tables 22

and 2h;
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The results of all these tests are shom in Teble 28,

}¥o practical differences were noted bétwegn the new P60
fraction ahd the previoﬁs PEO frection cf type 25 Yeprotein,
Again there was no agplutination of the 1atex particlee
carrying the purified P60 fraction in the homologoua or

the ccmtrol ant:leemm. -

In view of these results ond the coneiderable nugber
of cross-reactions exhibited by almoat all af the types
tested. aguinat absorbed typing sera 1%t appearcd that the |
P60 fraction was unlikely to be. uaeful in the 1atex agglutin-
ation test with human sera.

Ce The preparation and Euvificaticn of highlz sgecifi

fractions of H—Rrotains from some aerotxge
The 560 fractions hed been shown to contain large

amounts of protein that reacted specifically with type=-
speeific antisera in the ~capillary tube : -precipitation

teat. As will be described below, removal of the group-
specific polysaccharide froa these fractions results in

‘the isclation of Iw-proteins that are highly specific in
‘theirfreactichs ﬁith homdiogous antisera, When tested with
’heteroiogeué antigera only a few of them will show cross-
rea¢tibns ét cdnsiéerably low titres compered with the 760
fractions when'both wéreltested witn‘the latex agplutination.

1. “The reioval of po;xaaéchariﬁe from S60 fracticns

The iso-eclectric point of U-protein was defined
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by Lanceficld & Perlman (1952 2) 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 wus adjusted to
5.5 by the aadition of I NCl éropwise end ehecking
with indicator paper after each drops. At this pH
a floceculant heavy precipitate formed. If the pH
was overshot and;the:aolution‘became toé'acid (pH< 5.0),
it could be réadjusted to pH 5.5 by/;hé eddition of
3 vaon or § naoH. The preeipitate was separated by
centrifugation at 2500 r.p.ms. for 20 min., The deposited
precipitate was red1seo1ved in a minizal veoluze of
aistilled water to which o drop of § NaOH wee aaded
to assist quick aélution of the materials It was then
neutralised with § HC1 to pH 7.5 and tested for the
presence of thanroup-specific polysacéharide. Usually
at this stage a 2+ reaction was given (see footnote of
Table 24)s The pH wvas readjusted to 5.5 aé'above to
re-precipitate the;M-protein; L volﬁmea of absolute
| alcohol vere added, and thefﬁixturé was shaken. The
alcohol enhanced‘thg precipitation. The precipitate
wac allowed to settle for un hour or tvwo, centrifuged,
rediseolved and neutralised as sbove. ﬁgain 1t was
tested for grpﬁpéapeeific polysaccharide‘and in most

"eases 1t pgave & ls reaction, After the second or the



Tgble 29, Protein and polysaccharide content of purifiéd $S6C fractions
of U«proteins from acid extracts of some types of_group A

streptococel fractionated by ammenium sulphate.

S6¢ fractions of serotypes

3

I

5

6

12

25

L9

Protein content mg/ml

1.2

1.2

1.

1.08

0«9

Ce8

1.3

1.25

rolysaccharicde content pg/ml
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third wash in alcohol the group #eaction coupletely
diséppeared and was not observed even after allowing
the ring precipitinvtest to stand for 2~3 hr,  At
'thia'stage the purified S60 fractidna were»coilected
reﬁdy for chemical analysis and sarologiéal teots,

2+ Chemicel ana;y_is

f The protein content of the purified 860 fractions
was estinated by the micro~Kjeldahl technique and the
pclyaacéharidelccntent‘waa determined by»thé method
deacribea.previeusly. The recults are shown on Table
29. After purification, the amounts of protein in
560 fractions were lower than before purificatian

(cempare Tﬁblea 26 and 29)s In fact, egtimatian of
| the ﬁratein cuntent of the supennatant of type 1 S60
froetion resulting from the initial precipitotion at
pH 545 béforewasnmg with aleohol showed thut its
‘protein content wae 1,0 mg/mls So, it méy'be that
a ‘part of the protein remains attached to the poly-
shécharide. ‘Cn the other hand, chemicél analysis
revealed the abeence of the polyaacchéride from all
the purified S60 frections, thus verifying the
eliminntion of group-specific reactions éfter the
second or third washisg in aﬁsolute alcdhol. This

enphasized the validity of the ring precipitin reaction,



Table 30. Capillary tube “epreeipitation and groupespceific ring precipitin
reactions carried out on purified 360 fractlons of “=proteins
fron acid extracts of soze types of group A streptococei.

860 fractions of serotypes:
iy 1
Test Antiseruu 1 |3 | 4 |5 |6 | 22| 25| u9
. tiomologous Tre. 1+ | Tre Tre| 1+ ‘ Tre |Tre Tre
l=precipitations ,
Heterologous - - - - - = - t'}'rpe %ﬁ' ’g:
Ring precipitin test| Crouping serum| - - - | - - | - - L -

HleBe For cxplanation of signs see footnotes cf Tables 22 and 2h.
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when observed for long periods (2=-3 hé);;aa,a'guide

“to the presehce or absence of the group=specific
polysaccharide, -

3+ Serologicol tests for specificity

The specificity of the purified S60 fféctidns

- was established by the following serologicsl tests.

(a) Capillary tube Feprecipitation tests. The

purified S60 fractions were found to préeipitate
poorly in thefﬁreeenca of“thg hﬁmologoua antisera
(Table‘so) 1n co&parison with the pﬁrifiea P60
-‘fraétiaga‘(Tbee 25)s- It was also dbaerved that
the é:bss-reacticn of type 34 with typérja was

» nat'giveh.ty type 3 fraction S60, ,ﬁoﬁéver§ the
1¢raasnreaétiogs'betwéen types 49, 14 and 51
rersistceds. ‘Tne results of testing ﬁhe Qurifiéd;
560 fractiens §cr zﬁe presence of the grbupn
specifierpolyeaqchariae vere also included in
~Table 30, and as mantioned'previéusly they were
all negative, Teble 30 should be compared with
Table 2k, 4 | | |

(b) Geiwaiffusion\testa. These tests were
cérriea‘outyaccording to the method described
hn«page 75 The'purified 860 fractions were
~used concentrated five times and unconcentrated.

Precipitin lines vere nbt detectable in either



Table 31l. Results of latex agglutination teets with purified S60 fractions
of ll~proteins, from soue typee'of"group 4 streptococei, tested
against absorbed typing serae. ‘

Type-specific| Agglutination titres of sera Quality of agglutination
860 fraction | Yomologous | Control heterologous | HOLOlogous Sera | Heterolofous sera
p 6L0 - 3+ -
3 1280 - L+ -
L 320 - 3+ -
5 2560 - 34
6 2560 - 3+ -
12 320 | Type 15: 20 34 3+
25 - | - - -
L9 1280 | Type li: 80, 3+ 2+
Type 51: 80

lieBs Ior explanation of signs see Part Two, page 78.
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case., This further confirzed the poar precipitating
abllity of this antigen. ,
(e) The latex agglutination tes o This was
carried aut as before. Purified QGO fracticns
were adserbed to latex particlea;as;usual and
»tested’against homologous and contrel hgtéfologoﬁs
antisera in the same vay &8 for the P60 fractiohs.
The results are shom in Teble 31, ALl the
purified S60 fractions showed highly specific
agglutinntinn reactions with hnmclogous antiaera
to congiderdbly high titres. wost of the croee~
reactions with heterologous antiaera ‘disappeared;
the only ¢rbés~reactiens observed were given by
type 12 560 in type 15 serun to & titre of 20,
and also by type ué 860 in types 1L ana 51 anti#
sera to titres of 80 in both casce. However,
type 25 S60 froction like its P60 fraction failed
“ to agglutinate to any degree. Tarcempare‘réaetions
‘ of purified P60Afrac£1dna see Table 27
Le Prezaration‘of 860 fractions from;furﬁher ﬁroug‘A'
ger . ,
From the ebove results the purified S60 fractions
appeared to be highly apedific and quite suitable for
" use in latex agelutination tests. Therefore, it was
the ain to detect this specificity in S60 fractions



Table 32 .

Results of chemlcal analysis and serological teots on purifieé ‘
P60 and 560 fra¢tions from group A serotypes 2, 9, 1, 18 and 22
streptococel extracted in hot acid and fractionated by amnonium
sulphate. | |

reprotein Protein | Polysac- |Croupw t~precinitation reactions |Latex asgglutination titres
Eréction content | charide |specific . Control Sontroi
ng/ml cgg}ggt reaction | HomoloOOUS | peterologous: ﬁbmgégﬁcus heterologous
sera sera
Typc 2 P60 | 2.75 Nl - 1+ - 160 Type 6: 80
. S60 | 1l " - 1+ - 5120 -
v g PEO | 3.4 " - : 24 - 4o ¥ 18: 20
SCO0 | 1.0 " - r. , - . 1280 -
n y, F60 | 5.7 " - 1+ Type 51: 1+ 80 | v L9: 160,
: 1" 51 320
S60 | 1.4 " - Tre ¥ 5l: Tr. 128 " 5l 4O
" 18 P60 a7 v - 3 - &0 " 232 160,
" 3C: BL4C
S60 | 1.25 " - 1+ - 2560 v 17: 20,
T 232 20,
i :0: 6,_;0
v 25 PGO " had ‘ 14- - _ 80 Ll
S60 " - Tre - 320 -

HeBe ToOr explanation of signs see Part Two page 78 and Table 22 footnote.
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. of,more'typea. So, cells of grcﬁp.A:tyﬁes‘é;»s, i,
18 end 22 were extracted in hot acid and frectionated
by ammonium sulphate to obtain'both P60 and 860
fractions. These fractions were purified as previcusly
described and tested chemically and sefclogically.
The results ere shown in Teble 32, - The same situation
experienced with purified P60 and S60 fractions of
ﬁypes 1, 3, 4 eté presented éﬁcve was also repﬂéduced
here. The P60 fraciions of types 2,‘9. 14, 18 and 22
gave more protein‘eéntenx thﬂn.ghe 860 frzctions but
both fractions shoﬁgd absence of pélyaacchariée
. chemieally and'aerqiogically.u~ﬁaprecipiiatidn wae
’g1Ven'by'botn‘frdgtioﬁs, and again the 560 froctions
‘gcnerally gave thé'weaker reactions, ~The P60 fraction
) exhibitéd eroasureactiona‘ig the case of type 14 with
type 51 entiscrum snd this persisted with the SG0
frécticnvof the same type. In latex agglutination
the P60 fractions shoved weaker reactions in the
homologous antisefa and gave very ldw,titres (L0=160)
| compared with the S60 fractions which gave strong
agglutination to high titres, (320-5120) in the homo-
logous aéra,r.xoreover, in theAheterologous éera the
- P60 fractions pave crbssnreactiohe in the cace of all

types cxcept type 22, The titres of the heterologous
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sera tested against types 1y end 18 were much higher
thén those of the respective;homologous sefa} the
homologous séfa in both occasions gavgvtitées of BQ‘
while'the heterclogous titres rangéd frOm‘léo to 640,
Hovever, the 560 fraction of type 14 reacted In the
'heterologous type 51 to a low titre of'uo compared
‘with the homologous titre (1280)., Also the S60 fraction
of type 18 gave a negligible réacticn with types 17
and 23 sera (titres of 20) but 1té,reactian with
type 30 antiserum guve & iitreyof 6h0 iz, ihe same
t:t.tz-e mm by P60 fraction, but it anoizia be zioted
that the titre of the homologous serum with type 18
860 1s remarkebly high (2560) campared with that. of
type 18 P60 fraction which was only 80,

5« lLatex agslutinatian tests with PGO and 860

fraetions on _unabsorbed antiaegg

Before applying the latex agglutination test with
the purified 860 fractions nn.hnman sera these fractiona
were tested with nn&bacﬁbed.hyperimmune rhbbit BEYE.
Sera for typing with &-precipitatiun are absoﬁbed for
the removal of the group«specific antiﬁadies in the .
first place, but aleo spécial absorﬁtions ﬁith hetero=~
logous li=strains are necessary foﬁrmanyAtype-specific
sera (ﬁée page 58 )o Therefore, the application of the
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Results of latex agelutination tecsts with purified PSC end S60
fractions of ﬁ-broteins of twelve scrotypes of group A streptococeiv
extracted in hot acid ond fractionated in amconium sulvhate. o
211 sera usced were unab:orbed-

conct Titres of type sera tested with P60 Titres of type sera tested with S60
verotype Homologous | Hetcrologous Homologous ~ Heterologous
1 320 Tyve 3u; 640, type 3R: 64O 640 S -
2 320 ®  6: 40 2560 -
31 1280 v 3Ry 320, " 13 4O 5120 | -
L 16C ® 24: 640, " 263 1280, 640 -
v 28: 640 ‘ B
5 1280 » 12: 160, " 15: 320 2560 - -
6 6L0 " 2s 4O wc2he | -
9 160 " 18: 20 | 6440 - -
12 320 " 53 320, " 15: 160 1280 ‘Type 15: 80 |
1 320 " 193 160, * 51: 80 5120 " . 49: 80, type 513 166
18 320 - 23: 320, " 30: 1280 5120 W 17: 4O, Y 19: 160,
- - »  23; 160, ¥  30: 640
22 80 " 281 20 5120 | - -
19 5120 v 1he 1280, " 51: 1280 640 | " 1u: 80, " 51: 80C
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1at¢x agglutination féat on these séra before absorption
should give a better assessment of the pur;fied 560
fractions in. comparison with the P60 fractions. |
Homologaué ahd heterologous unsbsorbed sera were
tested with latex particles casrrying eéch of the
purified P60 and S60 fractions of types 1, 2, 3, L,
5, 6, 9, 12, 14, 18, 22 and 49 group A streptecocel
prepared previausiy. Since type 25 failed tu react
4n homologous ang heterolagoua dbsoﬁbed sera tested
With‘both fractions 1t was omitted from this. and
«aubseguent tests. The resulta for the former types
~ere shown in Teble 33, As with absorbed seré‘the
"purifiad 56C frections aiﬁb showédrhigh specificity"
in the unabsorbed sera, and croes-feaaﬁienS‘were gilven
by the same types enccuntgred before viz. types 12,
14, 18 and 49 (compare Tables 31, 32 and 33), The
heterologous titres due to the cross-reactions were
appreeiébly‘lower than the hdmolagous titres, which
ranged from 6&0-102&6. Cn the other hend, the P60
fractions exhibited more marked cross-reactions with
the uncbsorbed then with the sbsorbed sera (cempare
‘: Tebles 27, 32 and 33) and as uaual, all the F6O
 ,fract1ona reacted in heterologous sera. Heterclogous

titres in sone casea were greater than the homologous
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titres ee.c. type 1 homclogcue'titnevwés 320 but the
heterclogous types 3 and'BR sera géve titres of 640;
type L homologoua titre was 160 anﬁ heternlogous titres
Jﬂranged from 640 to 1280 and so on. The homologcus titres
given by the P6O fraetions rangea‘from 80 to 5120 and
" were ggneraliy lower then thé~hcm91§gaua titres. given.
by the SGO’fraciions., In sode types the difference |
‘between the twn gets of hnmologdua titres wes veny

great Colle type 22 Pﬁe gave a titre of 80 while its

S&G fraction gave a titre cf 5120, typea 1u and 18 o

- P6OD fractiona gave titrea.orrsaovwhile thair 560

. fractions rescted to titres of 5120 etes .

6 gggval of the baeterieidal activity of gxgg=

' aggcific sera bx their homologaua 860 froctions
. Since the purified 560 fraetians showed high

specificity in their aerological raactians. an
‘investigation was carrded out to elicit their relation
to antibactericidal4activity. This was aansv;ndirectly
by absorbing type~specific serafwith hgmolégeus 260
_fraetlaﬁa ahd then testing the absbﬁbeﬂvsera for

V‘T_wbgcteriaidal aétivit&.‘,The sbsorption wﬁs ca?ried

out in small predipitatian tubes by adding a wvolume

'of the S60 fraction tc an equal volume of the homologous
‘serum, The tubes were ineubated at 37°C for 5-6 hr
'and then allowed to stand in theAcold overnight,



‘Table 34 esses CONLINLES ceves

o 1 Controls
di%ﬁgigﬁg Tioe Of organisis | Ko. of organisos No,. Of illes &
Serotype in saline surviving in © surviving in heterolegous organisus ddsra
broth noraal rabbit the cbsence surviving in | count of
serun of serum abserbed | unabsorbed test
. (undiluted) sera gera organisns
1° 1072 C. Co " Ce © Ca Ce
10‘3 Ce’ Ce Ce _ Ce UeCe
3 ” 1072 Co Ce c. G, UuCo
- 10~ c. UaCe Co C. LCo
L 1072 c, c. Ca Qe §.Ce
10‘:3 UaCoe TeTe Ce Ce 365
5 10-2 Ce Ce cc C-V ’cho‘
10~ UuCo UeCa Co Co 318
z =] -
5 10 Ce e Ca C. UeCea
10‘3* UuCo UeCo C. B + 380
12 10':é Ce Ce Ce Ce UeCo
1075 Ce TeCa Ce Ce e
= ‘
L9 10 Ge Ca Ce - Ce Ce
10‘37 Ce Ce Ce Ce Uele-

% Initial dilution of scra used was 1:3, i.D. = not done, C = confluent growth,

U.Co =

colonics diserete but crowded and uncountable,



Table 34. Results of indirect bactericidal tests on type—épecifﬁc gera abscrbed
with homologous and heterologous 360 fractions of types 1, 3, 4, 5, 6,
12 & 49 stireptocccei in couparison with unabsorbed scrae.

Tests

sorotyve | aitatdons | UosoFjormnisss | nlioio*%lcra | surviving tn sora

in caline absorbed with- absorbed with
broth ungbsorbed sera homologous S60 heterologous 560

1:2 1:10 1:2 1:10 l:2 - 1310

1 ¢ 1072 ' 33 60 | - U, Cs WeDe | HeDe
10~ L 19 UWCo | Ca NoDa | 1D
2 1072 0 0 UG | Go 3 10
10" c o |  u.c. | v.Ca - o 0
L 1072 £00 15C0 . c. C. HeDe | HeDs
10~ 160 260 860 | 2000 HoDe | HeDe

5 10™2 0 0 C. G  WeDe | MeDe
10”3 0 0 U.C. | U.Ca leDe | IieDs

6 1072 c 0 c. Ca o | 10
| 107 ¢ 0 Uule UeCo 0 3
12 1072 12 15 790 .| 1500 o | 17
1073 0 o 123C | U.Ce 2 0
49 102 o 28 | C. | GCe 0 217
10” o 0 c. Co - 0 130

“ Initial dilution of sera used was 1:3, KN.D. = not done, C = confluent growth,
U.C. = colonles discrete vut crowded and uncountable.
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Finally the:ptecipitate was separated by centrifugation
and the supernatant was collected end used as the
gbsorbed serum. The absorbed sera were thus cbtained
diluted iiz uhless agbsorption was repeated. Seven
type-specific sera were gbsorbed in this woy, nanely
specific sera of types 1, 3H, 4, 5, 6, 12 and L9,
 However, types, 1, 3u and L éntis&ra vere ghsorbed

twice and hence their initial dilutions used in the

bactericiéal tests vere 123‘ For each of the absorbedj

"k*aera a seeond dilution of 1:10 was made. Therefore,

the»baetericidal tests were carried out on twc dilutions
of each sera, In additim, antisera cr.typea 3, 6, 12
an& Lo were &bsérbea wiih heterolagdua4060 fractiona
”of types 5, 1, 2 end 1h reepeetively and then tested
for bactericidal activity. The indirect bactericidal
tesz described on page 81, was emplo&e& for testing
both ebsorbed and unsbsorbed antisera. The controls
inciuded were normai‘éébﬁii‘serum, absorbed and
un&bsdrbed serun egainst a heterologous type of

group A streptocccci, and also homologous strcptococci
“1n blood without any serun, | \

. The results ‘shova in Table 3& revealed that the

| purified 960 fractions effectively ‘remnoved the bacteri—
cidal activity of their humologous type-specific SEra.

Hovever, type u showed rather appreciable growth in
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| the presence of the unaasofbea perun and its 069
  ‘fract1on seemed not to h&ve effcoted complete rexoval
- of the bactericidal activity in epite of the fact

that tha serum was dbsoﬁbed twice. Thie 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 sbsorbved
serum (aﬂa'and.éooo coloniés)rcomﬁared_with those
growing inrthe presence of norma14rdbbtt eerﬁﬁ '

‘ ,(nncauntable nuﬁbers of eolonies). It should be

V mentioned here that the bacterieidal setivity of the .
M—typing serum for type L, which was used in this
-ﬁork, was knawa to be poor eampared with ite strnng

‘preeipitation rec cticns with.homologoua acia extracts.

- A better result was nbtainﬁd 1n.the case of type 12;

the counts givcn here were after a single absorption
of the serun and obviously they cauld be much.better
' by s second abacrption as 1n the cases cf types 1 and
| 3& but thia was not done due to shortage in type 12
860 fruction.‘ ﬁowever, with these counts in the
presence of absorbed serum ccmgare& with the ccmplete
jbacterieidal activity of th@ unabaorbed serum the

| results for tyye 12 were quite satisfactory. Types
5y 6 and hs,showed conplete removal of bacterieidsl

' activiﬁy after only a single absorption of each

“homologous serum,
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Furthersore, absorption of types 3, €, 12 end u9
antiscra with hetcrologous S50 fractions 5, 1, 2 and
_1& fai1ea to remove their haetericiéal'activity
' (reble 34)s The results were ccnclusive for types 3,
.6 an& 12 ébsofbed with Séc.tractions of types 5, 1
end 2 respectively. In the case of typé 49 the
ebsorption was carried out by type 1l S6C fraction.
A8 menticned before t&ﬁe 49 860 fraction showed a

o persistent cross-reaction by both Mepreeipitation

. ond latex agglutinaﬁian tects with type 1b aptiherum;

type 1L S60 fraction also reﬁcted‘with typé L9 serum

| by latex agglutination (sce ubove). So,'close anti=
genie réiétioﬁship in the way of the Meprotein would

seem to exist between the two types. Therecfore, it

| ghould be reasoneble to essume that type 1& mi ght

- have vemoved a‘gméll part of the bactericidal enti-

“bodles of type 49 as exhibited by the effect of

i‘ é;intion ¥iz. the 1:10 diluted type L9 serun cbaorbed

with type 1l S60 fréction ga#e rather high colony

Acounta‘(217 and 130) compared wlth those of the

ecrfésponding 1:10 diluted type 49 serum absorved

with the homologous fraction (diffuse growth) and

| -tbe 1 10 diluted unabeotbed batch of serun (28-0 colonies).

In order to confirm further the specific yremoval



Table 35: Results of bactericidal tests on series of dilutions of types 5 and 6

specific antisera both unabsorbed and absorbed w

560 fractions.

ith their homologous

Colony counts In prescnce of

Serotype Crganisas unabgorbed antiserum dilutions
dilutions | 3.5 |1;3¢0 [1:25 |1:50 |1:100 | 2:200 | 21:400 [1:80C |1:16C0 | 1:3200
: 1072 o |o 0 0 12 29 | B4 | 260 | UsCe | UdCe
10‘3 (o] c | © 0 0 3 o 52 UeCu UuCo
o |o o 0 o
o |o o o 0

Colony counts in presence of

serotype ggiigigﬁg , gbsorbed antiserun dilutions
1:2 [1:1C | 1:25 (1250 | 212100 | 1:2C0 | X2:LCO | 12800 | 111600 | 1:32C0
102 c. |c. | c. | c. c. c. Ce | Ce . C.
2 "102 | U.C.| C. | Cu | Ca c. c. | ¢ | c. | c. C.
1072 Co | Ce | Co | Cu | Ce c. Co | Co | ©o Ce.
¢ 107> | U.C.|UsCo | UsCa | Co c. c. C. €. | C. Ce.

C. = confluent,

U.Ce = uncountable dicerete colonies.
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of the bactericidal activity by the homologous S60

fraetion and to'éxclude any‘effect'fremlailuting the

serum, the bactericidal activity of absorbed and

unabsorved 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 shawn in Table 35. In the

unahaorbed sera of both types 5 end 6 the bactericidal

activity was retained at remarkably high dilutions

: V_(l:BOG and 1 1600). This killing effect on the other

D

‘hand was completely removed by absorption with homnow
'1ogoua fractions even from dilutions as low &s 1:24

The detorminntion of tgpe-agg cific i-antibodies in
‘fhnman serg by the agglutinatian of latex particles

‘:._“__zgggnn__iried ﬁeo froctions of li=proteing

 Bera fron patienxa euspeated of suffering from strepto-

coccal scre throat, rheuna tic fever or acute glomerulo-

nephritie, and control aera, wvere teated fer ¥ antibody
levels with the }atex agglutination,test,by the use of

purified S60 frectioms of types 1, 2, 34, &y 5, 6, 7 9y

12,‘1&; 18, 22 and 49 of group A,haemolyticfstregtccocci-

hﬁ,preliminaryiscreening test was carriéd out by testing
'tw63diintiona (lzhcﬂand 1:80) of each serum sgainst 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, & reaction of 1+ (fine agglutinatian) in either

1:40 or 1:80 dilution cduring the screéniﬁg @éﬁ taken as
the end»point of the serun under test, and no fu?thar
dilutions vere made, In general the latex agglutinution
test was carried out by exactly ﬁhé same method as that
edopted for the aeteciion of i entibodies in hyperimmune
type=specific sers from rabbits,

le ¥ an tibody titres in sera of pgtients sufrering
fron sore thﬁaat and - 1n cnntrol sera

This group of pqtiente includea 38 patienﬁa
suffering from sore throat; group A streﬁtocacqi
were isolated from 33 of the patieﬁta at'abéut the
tie of coneémon:afvtne first (or only) serum
'apecimans.' Specimens‘ef sera from 26 of them were
paired anG_12were unpaireds The ages of the patients
‘ranged from 2-30 yearé;‘ 3l of them were males and L
were females; The iﬁfecting group A streptococéus |
from 25 patients ylelding paired sera was isbla#ed
anﬁ.typeé. Type 5 Hepositive étréins‘were'idéhtifiea
in 19 of the culturea, tyye 12 in 3, tvpe 22 in 2 and
» type L 1n 1 of the re¢aining 6 cultures, The serotype
frop the 26th patient wae unknowm. cnlturea from
patients from whom unpaired sera were collccted

yielded 2 typé 12, 1 type 3, 2 type 5, 1 type 25/Imp.19,
1 type 3/13/B3264 and 1 type 18. Culturcs from the

3



Table 36. Resulis of latex agglutination teats dn 12 unpaired sera from patients -

with streptococcal sore throat (uncomplicated).

The latex particles

vcre coated with purified 560 fractions of ii=proteins from somc scrotypcs
of group A streptococcl.

Infecting type gg::ﬁ:g; i antibody titres of serotypes
: Age . - onset & : . :

Patient years p;o- antie|  enti- gollectlom 1 |2 |su |& |5 |6 |9 |32 |1u|18|22|ho
tein gen gen (weeka) _ . i - ‘

Dawe()| 8% | 3u 3 3 4O |LO| 80 |64C| 4O | LD |EBO| 4O| = | LO (160 | -
* Dave(d)| 4 12 - 12 1t - |=] = | 40| = LO| LO| = | = | 4OI160 | 4O
Cst.(F)| 8 | 12 - 12 2% - |~ (16C{320| 4o| 80| LO| 160| - | 4o| 80| Lo
Hore()| 7 |Hede | Hellel NeA, 3 320 | 4O| = |32C|320 | 640|160 2560 | 4O |32G| 4O | -
Wite(2) | 13 | HMeAe | oAl  IeAe 4 - |~ |320| - [160| 320 | LO| 320| Le| 80| 80| 40
%el.(i)| 16 5 - 5 3% - |- (160|32c| 80| 320| - | 320| - | 80| ~ [160
Refl.(1)| 16 5 - 5 3% - || = | =8| = |=| Yo|= | = | |=
®ole(F)| 112 | 18 - 18 1 320 | - |6L0 640|640 |1280 |320 (1280 (160|160 | - |320
Sheo(F)| 8L = - 3/13/8326l 5 - | = |320| - [160]| 320| 80| 64O| = | 80| = | =
Home(F)| 2 | = - R5/Imp.19 9 - | = | = |260] =« | = [640[1280| = | = | - | =
1381(21) Tehe | HeAa  ifehs . - | = |160| = | 4O/ Lo| 80| 4O| 4O| LO| 4O| =
436(5)| 11 | Hede | HeAs  Nede 2% - || Lol -] =] «|~| 8| ~|=| 8=

% Repeated attacks of sore throat since January 1966 (last attack July 1967).
Nelle = culture not availgble.

= = less than LG,

(i1) = male,

(F) = fenale,
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'_remainiﬁg } patients verc not available for typing.
Control sera from 73 individusls not suffering
frou streptococeal infections were collected from
_Uroutine specimenu sent fbr lassermann reactlion at
St Yary's Hospital and from hrvolunteers in this
Laboratorys The ages of the subjects here ranged
from 18-60 years; 13 of them were females and 60
. were males. | , : |
The tests were first perﬁorﬁed on the collection
of 12 unpairea gera as a8 preliminary to further
detailed studles on the paired-sera (Table 36).
liost sera gave antibody titres for more than one
gerétype. _Sefum frcm‘§at1ent:Ref.'gave reactions
withlonly‘twa tyves (types'ﬁ and 12) snad their
titres were 1ow (4O end 80), while sera_fron patlents
| ﬁaw, Hor and Vol reacted emch withvten,typég‘but Daw
gerum differed from the other'thiin éhéwing low
‘titres (4O) f@r moat of ﬁhe t&pea with ﬁhich it
”Areacted; 'én the other hand ﬁitrea.for woi seﬁﬁm
were all high (160 and ovér) but might probsbly be -
‘ iexp1a1nedAby the repeatea attacks of aﬁre throat
- experienced by this patient over move than onc year.
. Other sera gave reactions with aeverai types between

these twe‘extremea. It will be noticed, however,
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NUMBER OF SERA REACTING

o]

2 3 4 5 6 7 8 9 1B W 12

NUMBER OF REACT ION GIVEN By SECOND SERA WITH TYPES

Flgure 17:

OTHER THAN THE INFECTING TYPE.

'fhe number of reactions at high titres (160 & over)
in second sera from 25 patients obtained by testing
with S60 fractions from types other than the type

responsible for the infection,



PERCENTAGES OF SERA REACTING

30]

(a)First specimens of sera from 26 patients.

20" ‘
1 PT =
. sl
e e
10 > p a
-
r L] [f1
P e - ; - Nmtio e pamny FJ
o | =2 3 4 5 6 7 8 9 1o u 12
a0y .
(b) Second specimens of sera from 26 patients.
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(€YControl sera from 73 individuals.
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NUMBER OF TYPE REACTIONS BY INDIVIDUAL SERA
V'] ReacTions GIvING TITRES OF 40 OR MORE .
D REACTIONS GIVING TITRES OF 160 AND OVER -
Figure 18: The numbers of type reactions of 26

paired sergs from patients with sore

throat and of 73 control sera.



Table 57'..;.. continuedu.gz")- ‘

TErcs of .0 antibodies of L=-types
. Infecting| . = -

Patient \™"4 o sera | 4 | 5 | 3u| 4 | 5 |6 |9 |1z | w|18]| 22| uo
Pare(li) 22 1st - Lo | 160 0| LG | 60 | 4o 80| = ho | Lo | =
16 years 37 8 —

2nd - - |160 | 64C| 4O | 8C |160 4o | = 4O | 220 | -
Dawe(13) 22 ist - - 320 | 64C| 80 |160 | &0 | 16C | = Lo | 80 | -
16 years AT _ ,

2nd - Lo {160 | 64C| 8O | 80 | 80 | 220 | = Le | 320 | B0
I11.(F) N st | - | LO|3220| 320| - [320 | - | €40 | - | Lo |16¢ |160
5 years J LIS

2na - 80| 320 | 640| 160 |160 | =~ 320 | = 80 [6L4O [160
35 years . ,

nd - - | 320 - 80 |160 | = 320 = o | 4o | Lo

(13) = zale, (F) = female, H.A. = culture not availoble,




- Table 37 seace confmued .(3)-

Infecting | Titres_of i1 antibodics of Netypes

Loll.(l) 5 1st - 80 (6L0 | 320 |160 [320 | - 640 | 4O (260 | 4G | -
16 yesars He '

2nd - |160 |320.| 320 {160 |320 | - 64| Lo | 80 | 80 | -
Sree(il) 5 1st - | = |64 | 160|160 |160 | - 160| - [ 80| &0 | &0
16 years Ue »

2nd 80 | 320 | 320 160 |6L0 |320 | = 320 = 80 |160 | 320
SCO.(E—‘S) 5 lst - LI-O 1 80 - - 8o - 80 - L‘O - -
16 years s

and - 160 (160 |1280 | 220 | - 160 - 160 - -
Abe, (1) 5 1st - €0 | 80 - | - o | - LOo| = 4o | 4o | Lo
16 years Uy

2nd@ | - |160 320 | - |320 |160 ({320 | 320| = | 80| 8O | -
Pane(F) 12 1st - - - - - hO | = - - - - -
20 years e

2nd - - 1160 | 16C| = Lo | = 160 | - Lo | 8C | =
Hall (i) 12 st | = | = 160 | = | = | 80| = |320]| = | = | = | =
16 years Yo

2nd - - | 160 - 80| 80| & | 320 | =~ 80 | = 8o
SeSke () 12 1st - - | 160 - | 46| 80| « |[180]| = - | - -
28 years He ‘ :

end | - | - |320| - | 8 |160 | - |euo| = 160 320 | -




Table 37 eeses continued

23,

Titres of I antibodlies of ll=tynes
Infecting | .

Patient type Serun | 3 5 |su | n |5 |6 |9 |12 || 18|22 |19
Tlea. () 5 1st - - |320 - - - - - Lo | LO | Lo | =
16 years I . ‘

2nd - - |640 | €hO. 300 | LO | = 6LO | = 80 |160 (160
T00. (1) 1st - - - - 160 (320 | = 640 | - 80 | = -
16 years I+

2nd | - | - | = 2560 |guo (320 | 4C | 64O | 80 [160 | 4O | 4O
Cur, (1) 5 1ist - - |320 - - - - - - - - -
16 yesrs e : - . ) '

2nd - - 1320 - | 300 (640 | 80 (1280 | - |160 | = 8c
Taxe(:l) 5 1st - |160 |160 - uo | 80 | - 320 | = |160 | = -
16 ycars N4

ond | - [320 (160 | - |160 160 | 4O | 640 | - [160 | = | =
Fra.(}d) 5 1st - - - - - - |- - - - - -
16 years e '
Dava(i) 5 st | = | = |60 | = | - |160 |~ | 320| = | = | 80O | =

e ik

2nd - - |6LO | "= |gyo |160 | = 320 - |320 (64O | =
Hos o (11) 1st - - |320 - | 160 | 320 | - 640 LhO| 80 | = -
16 yesars TS a

~ 2nd 80 - 320 - | 32¢ | 320 160 {1280 Lo |.160 . 160 | =

16 years s

ond | = | = | 8| « | _ | 40 |~ | 160| =« | 40 | « | -




Results of latex agglutination tests on 26 paired sera from patiehtal

Table 370
suffering from upper respiratory tract infection. The latex particleas -
were coated with purified S60 fractions of =proteins from several
serotypes of group A streptococci.
. Titres of I entibodles of .=-types
Infecting| . . et ,
Patlent |y e Serum| 4 | 5 w| 4| 5 |6 [9 |12 |'m|18] 22| no
Eva.(d) 5 1st - - - - - |32C | - 320 - Lo | 4o | =
16 years [AZS
ond | - | LO| = - |320 {160 | - |320| - | 4O | 80O | =
Johe(4) 5 1st O | 40 (320 | 320 (320 | = LO | 320 | = 80 |160 (160
16 years Us
2nd Lo 40 | 320 160320 {320 | - 320 l;O 160 {160 | 160
tidee (i) 5 1st - - | - - | 40| = | - |160]| -~ | 4o | 8 | 4o
16 years e
2nd - - 160 - 160 [160 | - 160 | = Lo 160 | LO
Fle. (i) 5 1st - 4O | 320 4LO| LO [16C | LO 320 | = 80 [160 -
16 years U
2nd - | = [320 | 640 160 | 320 (160 | 640 | = 80 (160 | =
1eDe (1) 5 st | « | « |160| = | 4O | 4o | = 80| = | 4O | 4O | =
16 years AT
2nd - - 320 - | 160 | 160 - 160 - 40 Lo -
Save(ti) 5 1st | - | = |64O | « |160 320 = | 320| = | = | = | =
16 yesars 4PN .
2nd - - | 64C - | 160 | 640 | = 320 | - LO | - -
Hay e 5 let | = | - |160| = | = | Lo | = [ 320 = | = | = | =
16 years Us -
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that the highest titre vae seldom for the type which
aﬁpeareﬂ to have been responsible for the most recent
infectlon, |
The results for the 26 paired sera are set out

in detail in Toble 37« It will be obeerved that of
25 cases in uhich the presumed infecting type was
- known, there was a high titre of antibody (>160) for
" the type in the sccond serum speciuen in all except
‘three; in 16 cases there was a fbur»fold inerease
in titre with a final titre of 160 or more; ond in
'1 6 cases the initiel snd final titrea were both 160
~or more, while 3 cases were with no éntibody rCSponse,s

However, equally significant rices in heterologous

antibody titres were very commons .In only 6 pairs
of scra was there no four-fold or greater rise in
" titre for any type cther”than the infecting one
A(whﬂpe'the final titre ﬁasf>160); in L pairs there
- was one heterologous rise in titre, in 6 pairs there
were two, 1n.another16’pairs there vere three and
in 3 pairs there were four (Figure 17).

The results on all the first and second cera

" compared with the results on the control scra are
‘susmarized in Figure 18, In each case the number

of types with which the sera reacted, at a titre of
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The percentages of reactions at high titres of
type~specific antibodies against serotypes other
than the infecting serotype in 12 out of 26 second
sera of patients.
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4O or more, and at a titre of 160 or preater, is
-showvm separately., Practleally all‘éf the sera in
each group gave a titre of LO for oﬁc or more types.
‘Titres of 160 or more for one or move types were given
by 81% of Tirst sera, 96% of second sera snd 89 of
control scrae o |

“ost of the sera whether from patienta or controls
reactcd with more than one H=-type antigen, Cmnsideringr
oniy reactions of 160 or greater, 457 of riret sera
.--and Slﬁ‘of control eéra reacted with 3 or mofe Hwtype

.extracté. A considersbly gfeater prapobtion (87.%)

_ of second sera gave 3 or moﬁe strong ﬁeaetiena. This
1é 1ﬂ‘égréemeﬁt’with'thevébservation}(T&ble“37) that
‘ inereasea of titrea to heterologoua typcs occurred
with eanaiderﬁble freguancy.

Figure 19 shous the relotive frequencies of
hﬁtérgiogous reacticné wifh Meextracts of diffcrent
' types in 12 of the.eeeonﬁ speclmens of the palred

sera whcse titres were 160.

'2;' ¥ antibody titrcs in scra of patients suffering

. from rheumatic fever _
‘Sera from 9 patients were tested; 2 of them werc
paired‘anﬂ the rest unpaired. The ages of the patlents

ranged fron 11-50'yearslénd 5 of thenm vere females and



Table 38.

Results cof létex agglutination>tests 6n gera from 9 patients

suffering fron rheunatic fever.
coated with purified S60 fractions from twelve different

types of group A streptococci.

The latex particles were

terval
between i1 antibody titres of serotypes
Patient | Age| Sex gggggciion In{g;:ing , o
of serun 1 |2 |31 L |5 |6 |9 | 1214 |18 22149
(veeks)
1310 1y i Lk NeAo - | = | 64O] = | 4O| = |LO| = | =| 40| LC|4O
1370 26 | u 15% Nele LO| - | 320 - {320(320| - [320| - [260| = |80
1378 51| F 3 WeAe 80| ho| 640 4o|160|160| 80640 | - | 8O LO|=
.f138¢1 | 15| F 9 TeA. - | = | 640 ~ | 4O| 80| =~ | 80| =[160| = |=-
{138011 15| F 23 Hehe - | 4o|1280] LO|[320|360| = |160| =|320| 4C|=-
1393 3 | F- 3 NeA. - =] =| «| 4| 40| =]« | =~ Lo~
2(13991 | 11| u 6 N.A. - |=] 8 =|-]|=|0b0 «|«|=~/|uyol-
2139911 11 | & 1L I Uo| = | 8¢ = | = | = | Uo| - | -| UO| - |~
el 18| F 2 TeAs - | = | 160 = | LO| 4O| = | 4O| = = | = |~
1,9¢ 12| F 5 Halo - | = (1280 320 =~ | 80| = |160| =| = | = |~
65 35| 2| >4 Ao | 320|640| 64q 1280|160 320| 320|6L0| 80| 80| 320| 80
| .

¢ paired sera,

lleAe = not availadble,
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4 vere maléa. Streptococeal cultures from these
patients were not avellable. The results are éhown |
in Table 38. Reactions with more than one serotype
uas the dominating pleture, The palr of sera from
patient 1380 shoved & distinct and higﬁ rise in type

5 entibody titre. The othéer pair of sera from patient
1399, however, showed no such rise of antibody titre
to any of the types tected but shpwéd low titres

(80 and 1esa) for a few of them. #4s before, antibodics
to types 3&, 6 and 12 were by far the most frequently
" detected antibodics of group A streptococel showing
high titres. In conclusion there vere no Bignificant
differences between these patienta and the previous
group of patients aufferimg from uncomplicated sore
throat by comparing the type~specific antibody pattern
in both (Tables 36, 37 and 38)e

3. ! antibody titres in mora of patients euffering
from acute glomerulonephritis -

, 8ix paired and 1 unpaired sera of patients
suffering from acute glomerulonephritis were tested
as before, They included 5 paired epecimens from
Fed Lalke Indian children (h'femalés'anéli male) and
the remaining 2 from children (rale and female) in
this céuntry. The sérotypea isolated from thelned‘



Table 40, Results of latex nggiutinatibn.tests on gera of patlents suffering from

acute glomerulonephritis.

S60 fractions of l=-proteins from tuelve different serotypes of group A

The latex particles were coated with purified.

strentococeli,.
Interval (wi) betvecn 11 antibody titrce of scrotypes
Patient [Age [Sex| onset 1st scrum
& & 1 2 | 3u L | . 5 | 6 9112 |1y |18 | 22 | 49
1st gerun | 2nd serumn '
Rai(1) 6 | 3 5 ® 5% - - | 160| 320| 80|160| =~ | 320 - |80 | ~ | 640
Rai(ii) - | = | 160| 640| 80| 160 | <« | 320| 16C | 40 - |1280
Jou(1) | g | p y* p - =] | = = -] =] =] == | =] 320
Jou(i1) - - - | - - | -] - - 4O | =~ - | Gho
ray(1) |y lp| 107 10% - | -|160|320| - | 8| - | 160 ~ |40 | = | 320
say(ii) - - | 160| 320| 320| 160| = | 160| « | 80 - | 640
Defe(i) | g | p 11 * 13 - | =-| = |1280|{ 320 - | = | = | 160|40 | 4O | 160
Defl(il) | - | = | 160|1280| 320| 80| - | 16C| 80 |320 - | 2560
Bene(1) |49 | p o2 yp.” | 2yra [SeDe[leDe|eDe WeDs [ifeDs [TaDy [HeDa|HaDs [ilaDe [{7oDe HeDs| 320
BDene(ii) ‘ L/52 80| -~ | 160| 640| 160 | BO| 320| 160| = | 80 {160 | 320
1406 10 | u nt - -| -| 8| = | = | = | «| uo| nol|=- - | 160
W493(4) 5 | F 3 4 9% 4o| 80| 160| 160| = | = | =« | JOo{4O| 4O | 4O
1493(11) 640 LO| 80(1280| LO| 320| - | 160] LO| LO | 4O Lo

i = oales,

vag insufficient,

F = females, (1) = 1lst serum, (i1) = second serum, {i.J. = not done because serum
+ 1st serum collected after onset.

wke = weecks.

% 13t serun collected before onset,



Table 29+ Results of follow up cultures from slkting, noses and throats of 5 Red Lake
Indian children sufféring from acute giomerulonephritis showing the -

predozinating type L9 and the appearsnce of other types of grcup A

streptococci (Vannomaker, 1967)

follow~ Strcctococci of rroup A serotypes isolated
Patient|Age|Sex| wup Skin ~ throa - koBe
20d most occasional LoBtL occasional TO5t ocoasionaT
perio isolations | isolations isolations| isolations isolations| isolations
Role | 6 | It | 6% wke [type L9 WTU|yini T3/13/B| Lowm Mgt | - L1725 T3/13/B
_ ‘ T A T3/13/B Lo noe
Jou. 6| F |6 wka [Lo"TW - - Luonpy - Love
Haye | L4 | P |10% wk. - Lo - LIvE" T3/13/B] - -
| i2vye & v
L‘gﬂ'j:" -
Defe | 9| P |5 wke |HO"TV 25v - D5 - -
W - T8/25/4mpl9 25w
| , ”8/25/1mpl9
e -
Beno.¥ |11 | P | 4% wk. |L49"T" - Lovpt - - e b
group G

* presumably 4O"T" (Uannamaker, 1967 ).
In 1965 strains of T5/27/L4, T3/13/B & Impl9 were isolated (ﬁannamaker, 1967). 4

¥
d =

male,

F = fermale,

WU = e protein type,

"1‘“ = T type'

WKke =

weeks,

EO&R A .



137,
.Lakg phiidren were identifiéd as fype L9 and
glomérulonephritis was noticed to follow skin
infoction with it (vennomaker, 1967). Besides
type 49 other‘types\were also laolﬁtea'during the
followunp-period which gtarted several weeks before
~ the onset of the disease and in the cuse of one
patient,it started 2 years before onget (Téble 39).
In general type 49 vas by far the mnost prevalent
type of group A streptococci isolated from the gkins
of tneae particular children who developcd glomerulo~.
nephritis. ‘Type L9 was also is0lated in certain
occaaiana from the throat and nose during the follow—
up period. ' |
The five palred sera from the Iﬂ&ian children |
, towether with the sera from the 2 English children
were tested by the latex agglutination as before.
The results are shown in Téble'uo. As expected all
Red Lake sera gave high titres for type L9 both
'initially and in convaiescence. Reactions for type iu
were more. frequent than in sera from this country '
:(Tables 36, 37 and 38), Also type L, showed more
reactions than'befbre. Typea 3y 54 6, 12‘and 18
:showed the ‘sane’ rrequency of reactions as before. |
'1Reactions of type 22 were rarer and as usual typcs

-1 and 2 showed the feuvest reactions.



Table 1. Results of latex agglutination tests for types 3, L4, 5, 6, 12 & h9
11 antibodies compored with results of baetoricidal tests for the same
antibodies in the nera of soze patients and controls.

e TS U [ e e S e e s
Rai. e7t1 type 49 type L9 640 ‘ 1280 * +
Def. " "9 "ooLg 160 2560 + s
Steve SeTe o112 1o 12 160 .l 640 + +
Viole L L - "2 1280 fiefe * WehAe
Hor. " w12 " 12 2560 lele + iielle
Iil. e " ll- ] h 320 Ny 6“_0 + +
Rai. ON "o49 L 320 640 + +
Lay " " 49 " 4 320 320 4+ +
Defe o "9 L 1 1280 1280 + +
Dav,. SeTe "5 " 5 <ho Lo - +
Spe. i L w5 160 6L0 4 - +
Dave. wl ® 5 1 3 160 640 o+ +
1370 R.F. | unknown 3 320 " Hehe e Heha
B(cont) Te | no infection| * 3 320 Helle + Nale
M(cont) Ne " " Y 3 160 - Hele + HeAo
F(cont) Re | " " "3 320 . H.A. + NlAe
1490 R.F. | unknown " 3 6L0 - Hehe o+ Hele
Hor, SeTa | tyre 5 " 6 6L0 Hele + Helle
1370 R.F, | unknown o 6 320 Hela + HeAe
H.E(cont)| N. | no infection| typecs 3,4, all types all types all types all types
5.6,12 8419 negative negative negative negative

2 The bactericidal activity wvas taken as the lowest dilution of organisms that showed no growth
in presence of the homologous antiserum. OGN = glomerulonephritis, R.F., = rheumatic fever,
3.Te = sore threcat, ¥ = normal, H.A. = serum not availeble, ‘
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s Verification of some results of latex agelutinstion
~ tests for I antibodies in humen sera by the

1hdirect bactericidal tect

Paircd and unpaired_aera chbaen &t randon from
all patients and controls tested above were tested

by the indircct boctericidal test to verify sove of
the high antibody titrea to some serotypes. ed Lale
pera were tested for type u9. For type 12 one paired
ana one unpaired serum from one of the 26 patients and
one of the 12 patients suffering from uncomplicated sore
~ throat were chosen, both patients haa en infection
with type 12; for type 5 :our«paired}aera fron 4
patients a_riginélly'infected with type 5 (aleo from
the some group of patients) were chosen. Sinilarly,
for type i seruz from a patient with type 4 infection
from the 26 patients wms tested, and in addition L of
the Red Lake sera which showed high entibody titrés‘
-for type L were aiao tested for thia type., TFor type

3 and type 6 also yaired and unpaircd sera were tested.
There was good agrecment between the M antibodies as
detected by latex agglutlnatioh and the bactericidai
activity (Teble 41)s The bactericidul activity was

' expreasedvaa the lowest aiiution of streptococci that

showed no growth in the presence of houologous antiw-
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serun, Attempts to develop a quantitative technidue

for the indirect bactericidal test in order to

facllitate conparisons in titres with the latex

| agglutination titres were not sucecessful owing to

~ the loborious technique for performing a‘two dimensional

- bactericidal test, the varﬁation‘id»couhts fron culture

to culture of the same strain and several other faétors
ligll of which led to the lack of reproducibility of

'/';the results. Therefore the bactericidal activity

in o qﬁnlitative marmer was adOpteﬁ és a fruide to

whether the titres shown by the latex agglutimaticn.

tect were due to their homologous streptococealyantigen.

~ In that sense there was satisfactory agréééent‘bétﬁeen

the two tests especially for t&pes 49, 12, 3,15 and G,

- - In the case of type L4 1t should be noted that the

. kiiling effcet was less markeds. on the other hand

| tﬁe o antibbdies detéoted:in some of the control scra

' showed a marked.bactefieidal activity against the |

".hnmologous organisms. Cne of these control sera

shoved no antibody titres for types 3, 4y 5, 6, 12

.“and L9 by‘lgtei agglutination end consequently pave »

no bactericidal activity against anytof,the homologous

stféptocoeci. This was, therefore, a sctisfactory

‘negative control.
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PART FOUR

. DISCUSSICN

As preéicted, polystyrene latex particles proved’
to be usetulléarrieré of étrépﬁococcél'cellnlar‘antigena.
Agplutination tests with suspensione of latex particles
sensitised with antigen are a convenient, sensitive and
geliﬁble means of detecting antibod& in sera. The
- advantages of the method may be summarised as fallbws:
(1) Polystyrene latex particles are readily aveilable
from ccmmercial sources in suspensions of uniform particle—
size (0.81 R)s and are ready for inmediate uae with a
pintpum of preparation., | S |
,(2) The nonﬂbiological nature of tha latex garticles
circumvents many cf‘the,difficultiea inherent in zgelutinae
tion methods, In bacterial agglﬁtinétion,rthe"antigenic
complexity of the cell surface leads to lack of precision,
1If bacterial antigens are adsorbed on to efytnmcytes
‘there is often trouble with 1ntraépecies cross-reactions
‘ond with haemolysis. Latex particles have simple surfaces
“to which sntigeas of diverse‘chemidal composition are
readily adsorbed without previous modification, In contreast,
red blood cells often have to be tanned to modify their -
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surfaces before antigens can be aﬁscébed-to them,,'Also,
scmetimes 1t may be nccessary to restrict extraction of

the entipen to a siugle method 1n order to obtain a

- preparation thet is adsorbed efficiently to the surface

of the tanned ved cells, Schmidt & ﬁoore‘(1965) shewed
that formanidc~extracted étreptoccccalipolyaééch&ride aiad
not sensitise tanned human O erythrocytesJféf.haemaggluﬁina—
tion tesis, and obtained efflcient s&nsiﬁieatien of the
erythrocytes only with the ethanol-precipitated fraction
of an extract‘brepared with Streptomyces slbus enzymes
which hod been treated with dieisopropyl fluorophosphate,
Goldstein & Saéavano'(1967), on the chéf hand, were gble
to sensitise red cells with formamide-extracted ppiyaaccharide
only sfter coupling the latter with an ébter‘ofvstearic acid,
Since formamide=extracted polysuechﬁride.ia egsy'to prepare
in o serologically pure foram, the latex agglﬁtination test
with the ﬁnmpdified extract end the unuodified latex particles
e obviously éonvenieﬁt for all practical puépoées, Tike

the polysacchuaride, type-specific'p?ctein antigens are
resdily adsorbed to latex particlee. |

‘(3) uuapensioue of latex particles are at&ble. lion=speeific
‘or spontanecus aggregatzon of 1atcx particlea did not present
a8 a problem all throuch thle work. The latex particlcs

suspensions with adsorbed antipen (latex-znticen suspensions)
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wefe quite stable, Batches of latex-anfigen suspensions
that were prepercd during the course of*this work generaily
remained stuble until used up (4=6 weeks). However, to
echieve this etﬁbility soue précautions were necessaryes
First, bacteriél centanination was excluded by the addition

 of merthiolate to a f£inal concentration of 1:10,CC0O. Second,

'the glass containers used werc chemically clean and sterile;
cleanliness was achiéved by washing in acld and riﬁsing in
distilled water, Third, the latex~antigen suspensions wvere
uade up in phosphate-buffered saline, pH 7.2=7.5 to avold
wide shifts in pﬁ. Cur éurrent knowledge is ihat lotex
particles are precipitated at PH 9,0 anavoier. (n ﬁhe

" . other hand M~prote1ns are nrecipitated atapﬂ range of

5.0%640 with anisoelectric point of 5.3 (Lancefield &
Perlmann, 1952‘2). To avoid these two extrenes pH 7.2—7.5
was fherefore chosen and proved to be quite satisfactory.

| Latexaéntipen suapehsions vere conveniently stored at

'refrigerator tamperature and were ready for immedlate use,
(4) ZLatex agglutination tests appear to be very sensitive.

~Titres of 1280-5120 were freguently obtained when sera
were teotcd with suspensions scnsitised both with groupé_ 7
épécific polysacchoride and with E—prbtein antipen extracts.
Although no direct comparisons vere made there is reason

to believe that sensitivity 1s of the same order as that



w3,

obtained in heemagglutination testse ,
(5)vaince the surface of the latex'parmicles is inert,
it ;s to be expected that the speeificity of reactions
obtalned would be limited only by the purity of the antigenic
fructiana adsorbed to them, Vith the streﬁtccoccal groﬁp
anticens, which can be obtained in a reasongble stote of
purity with 1little trouble, latex aggiutinafién tests appear
to be quite specific, and the cross-resctions observed with
rabbit hyperimmune sera were_reférableugto knowvn chemlcal
relotionships between the antigene.' With the leprotein
fractions, oﬁ~the other hend, it was difficuit to be sure
when‘crcss-reactiong.were due to the'relaﬁiﬁe impurity of
the extracts and when they fepfesentea real interrelations
.vbetween antigens. ©Such cross~reactions were observed
occésioﬁally?with the rabbit antisera»pﬂgd\ror Yetyping

and thought'to'be monospecific on fhe basis of precipitation
reaétions; they were very nuch more cémman in the gers of
convalescent patients, Theirkpoasible'aignificanée'will
be discussed later, :

The first epplication of the latex agglutination in
thie work wes the use of latex suspensions with adsorbed
group A épécific polysaccharide for the detection of
group £ specific sntibodies in hyperimaune rebbit sera

and in patients' sers. The results dbtained confirsed
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the possibility of adopting this test for routine use;
- Other methods that have been developed recently are of
. no advantage over ihe latex agglutination test; the
| disadvantages of the hoemagglutination tééhniques {cchmidt
& Moore, 19653 Colastein & Caravano, 1967) were fully
discussed sbove, IHowever, the othcr technigue that would
~ closely cozpete with this test 1 the cell_wall eeplutination
| technique (Karakawa.gﬁ_g;; 1965). Like the 1atex'agglutination.
test, this s a . highly sensitive and a nighly specific tgat,
'hut'it:is 1&boribus and more complicated. I% emxploye a
. nodified Coombs test for the detection of group A‘antfbbaiea
lin hucan éera, viz. indirectly. Also the preparation of
suitable hatches of ¢ell wall suspeﬁéions, the centrifugation"
of cell walls and serum-dilutionamixtures in the cold, the
resding of the enﬁ-poinﬁs of the titrations by s1lide= _
éggiutination, all moke the test less handy for routine
purposes and general surveys in spite of its hipgh censitivity.
\ In addition to group A polysaccharide, groups A=var,

By Cy Gand L polysaccharides have all been succecefully
adsorbed to latex particles end gave reactions with their
hoaologous antisera. The finding that group Awvar poly=
aaccharide reacts to e high titre in group A antiscrum is'

in apgreement with previous findinge by licCarty & Lencefield
{1955), end also by Schmidt &'MOOpe (1965), varakava et _al
A(1965) and Karekawa, Lackland & Krause (1966a). In the
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results obtained in this work, group A poiysaccharide
reacted to an 4nsignificont titre of 10 in group A=var

~ entiserun by the use of the latex agglutination tost.
Also, in cell wall;agglutination test, Karakawa‘gi;gl
(1965) obtained a titre of 160 with group A cell walia
and a grqup Aevar antiserun which had ﬁnhomologons titre
of 2560, The original work of leCarty & Lancerield (1955)
also ahbwed this reaction of group A polysaccharide in
group A-var cntiserun to bécur in a ninor degree,, The
cross-reactions 1nwoiving groups A, A-var, C ond G agree
with thbae reported by Cummins & Slade (1961) amongst
gfoupa Fi crand‘G. lKrguse,& lieCarty (1962) showed thé
‘aimilarities inAantigénic detcrminants of groups A=var,
and C, viz. rhamose oligosaccherides, TFurthernmore,
Krause (1963) reported the precsence of rhamnose and
galactosanine in the polysaccharide of group ¢ streptococeci,
and Curtis & Krause (1964) found that the anticenic:
deternminant in group G was rhaunose monbsaccharide,f
.,Rhamnoéc and galactosamine are also present in group‘c‘
whose antigénic deterninont 1a,galactosamine. ‘Aﬁother
‘reaction noted vwas given by group A polysaccharide in
grbupvorantiserum.' Cur knowlédge ofygﬁoup O end the ‘
details of its antigenic structure is far from satisfoctory,
80 an explanation of this reaction of low titre cannot be

‘pursucd on the same immunochemical basis followed azboves



146,
Hiowvever, the nature of this particular reaction waé that
of a weak agglutination (1+ reaction) and could be due to
& winor relationship. R |

The hunan sera tested for the presence of streptococcal
group antibodies belong to tvo main catepories, viz. patients
. thought to be suffering from streptococcal infection and 4
sequelac and control subJects with no such infectioa.‘ The -
diagnosis of streptococcal infection and sequelac was based
on the clinigalﬂpicture confirned by eithcr isolation of
group A streptococcel from the patient or the demcnetration
of elevated ASO titres in the scrum or bothe The control
| sub Jects werc chosen from individuélé who had no such
clinical or laboratory criteria and, thercfore, wéne
~ expccted to yield lower antibody titres. Thus about 903
| of the former category shoved demnonstrable antibodies
aéainst the group~specific antigen, compared with less
than 4077 of the laﬁter. This difference argues in favour
of group=spceific antibodies being a response to eithér a
past or a preaent group A atreptococcai”inrection-

A furthep éomparison of the titrce of antibody to
group A polysaccharide and of ASO in individual sera ehowed
that, when the ASOC titre was raiscd, sipnificant é&ounta of
group sntibody were usually present. On the othér hand,

a consldersble number of other sera contained group antibody
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without the ASO titre being raised. This could be cxplained
in one of three wayss ,
(1) The “group A antibody" was nbf. related to a streptococcal
infection, This is unlikely; in view of the spceificity of
the test with rabbit entisera, and the relative infrequency
61’ group antibody in the sera of patients not currently
- suspected of suffering from atreptococcé.l mfeet:lon‘.
(2) That the group antibody; test is very much more sensitive
than the ASO test for defecting atreptococca; 1n£ect.i§n.
(3) . That the antibody response to group polysacchardde
and to streptolysin' O have different time relationships.
Since ASO is formed early in disease the most likely
possibility is that antibody response to group polyaaccharide
might take place later and might persist longers, The
appearance of group antibcdy at detectable low levels scem
| to take pluce more than one weck ufter onsct of infection,
This is well deumonstratcd by patient 1381 and patient 1399
(Table 17 facing page 109)e (n the other hand sfter reaching
the peak these antibodics seem to last af. least for six 7
| months without showing any decline in titre as 1e normally
seen with ASO (Teble 17). It should be renesbered that
hyperimmmnisation of rabbits Qith group A 'cells‘ gave rise
to antibodies at low levels only a week after the initial
dose of the vuccine (Tadble 15 facing page 102) and reached
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the peak in about the third weeks, High ievels of aniibodies
in these robblite were detected even after three months
rest from vaceination, _ | |
| Poasibilities (2) and (3) will be discussed together,
It is generelly believed that ASO 18 detectable in signifie
cant amounts in the sera of some 70% of patiénts suffering
frou streptococcal diseases However censitive the test
for group antibody was, therefore, it is unlikely that all
‘the cases with this entibody but without a raised ASCO titre
| vere reéent streptococcal infections. The patients from |
whom the bulk of one aingle sera were obtained were suspected
»of sﬁffering from the eequeiae of atreptaéoeeal iﬁfection
and were genecrally fairly late in thE‘courae‘or_whataver
~dlsease they had, Examination of the ayaildbie cope=
histories suggested that many had suffered from recurrent
" upper respiratory tract discase. It was possible, thereforé,
‘that thedr streptococcal illness mipht often have ante-dated
" the oncet of the current epleode of illncss.
‘ Ve had hoped to iearn more of'fhe tine relafione of
*Aﬁthe responge to streptococcal group antibody from the
examnination of paired seras, but it proved aiffieult'to
obtain large numbers of pairs from patiente with known
streptococcal 1llness in which the first sémple ﬁae

collected in the first few days of i1lincss. In the 26
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pairs of sera where this appeared to 'be‘ the case,' it vigs
found that the initial titres were genecrally hi'gh, and that
further rises were few and insignificant. Uost of these . |
sera came'fszh one of two sources: (1) young men in a
single closed coumunity in which streptococcal infection
is known to be constantly endemic (2) Red Luke American
- Indian .chndren who have repeated skin infections (Anthony,
Kaplan, Chapmen, Quie & Vannamsker, 1967). It 18 very
| iikely thét in botﬁ cases the high level Aongr;oup antibody
referrad‘ to previous infections. This conclusion is
‘suggested by the finding that in many of the saze pairs
of gera 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 49 at Réd Lake).

 Further étudy of group entibody in the sera of putients
with known streptococesl infections is needed to establish
the time felationa of the antibody response. It 1s élear,
however, that the presence of antibody 1s related to
streptococcai '111fe¢tian, and the f.eet for it nay theréfom
e of value in epidemiological studies, This is paifticularly
the case in cdunﬁr:tes where a high proportion of sera
contain aigniﬂcant amounts bfVASO. but 'few“atreptococcil
have been isoclated, such as the Sudan (Dunbar & Erva, 1967)

end Nigeria (Rottn, 1967b). It is not yet certain whether
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these results are due to the presence of ‘antiboaies
referable to streptococcal disease, or to non-specific
inhibitors of streptolysin O, o |

vhat has been said about the response to group A
spceific anfibodiea' in human sera is also ti'ue “for croup
A=var antibody response. Infection with group A-varient
“has not been reported in the generallpopulation. Yet its:
antibodies are detectoble in the vast maaority of patlients
suffering from graup A infection and even in rabbits
inrunised with group A cells (Teble 15)s Degradation of
" the bacterial cell follows soon after pnagoc‘yti;sis, :.éading
to loss of the ahtigens.c determinant of group A polysaccharide
(N«-aé:etylglucoéamine) and presumsbly exposing the oligo=-
saccharide moiety which is the antigenic determinant of
group A=var, Ayoub & liannamaker .(1967) attributed this
intrephagoeytic effect to the action of a multiplicity
of factoés including digestion with the intra-phagocytic
enzyne PeNegcetyldlucosaminidese. In this work the majority
of patients had antibodies to both antigens, suggeating
that the depgradation of Neccetylglucosamine is not complete |
ﬁnd_er natural conditions and that enough of 1t willl escape
digestion ‘ar}d thus give rise to group A apecific":antibodies.
Cn the other hand a small minority of the patients behaved
differ'entiy; 2 patients had responded by forming group A
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antibodies only énd 2 vy forming.group h=var entibodies
only (Table 2o_rac1ng page 111). Explanation of theae
‘résults on the vhole is difficult but‘again the suggestion
nay be zmade that for unknown biologieal reasons'degfadatidn
of group A epceific polyéaceharide\iﬁ the former two
 paticnts was negligible while it was greatly enhanced in
the latter tuo patients,

In the work involving the typenepecifie fnproteins of
group A streptococci it has been shown tnat they appear in
at least two aerologically active fractinna. Gne of these
two fractions viz, the 860 fraction was found to be more
specific than the other fraction viz. the P60 fraction,

This implles either that amongst the seversl antigenic

parts or the m-grptein of each serotype one pert is specific
to the pﬁrticular serotype with nininum crose-reazctions,

1f any, with heterologous types, or that the tsprotein in
the 860 fraction 1s relatively free from contamination

with the leae specific proteins. However, specificlty of
resctions by prccipitaticn and latex égglutination is not
the only characteristic of the S60 fractions but also

their &bility to remcvé bactericidal égtivityﬂof‘hyperimmune
rabbit sera should be put into account when relating them
to the U=proteins, These two criterin have favoured the

860 fractions over the P60 froctions es relisble represent-
atives of Ueproteins for accurate identification of serotypes.
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The couplexity of protein antigens extracted in hot aeid
has been demonstrated by Wilson & Wiley (1963) by e study
on sérotype 17 streptococcis In thecse organisns the
authors have demonstrated oné fraction of the protein
extract that hadfboth.apecific serological reaction and
antibactericidal activity sesocinted with I antigen.

The .reactions between latex suspensions sensitised
" with S6C fractions and rebbit hyperinmune sera ﬁere in
‘thc main type~8pécific, but a few eroés-reactiona were
seen, Although in Qeneral the ¥ antigens of streptoéocci
are bellieved to have separate antigenic specificities the
conclusion was reached on the basis of relatively insensitive
teste such as the precipitin reaction. In the litercture
there are descriptions of several individual croas~réactions,
and this number has increased lately. o xamples include the
crbss—reactiona‘betweenztypea 1 and 3 (Hirst & Lanceficld,
1939),»typé8 3 and 12 (Féx & Vittner, 1967), and between
,‘ceitain "non—typable" streptococcl and tyﬁe 33 (wﬁiey\&
Bruno, 1967). The relation between type 1l and 51 (Wiley,_
1960) appears to be of a rather different character, since
the streptococcus is in thils case capable of producing two
serologlcally distinci moprcfeina. ﬁoreover, Moxted &
Fotter (1967) have‘demonstrated the presence of tyne 12

l=protein in some streine of group ¢ streptococei isolated
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from patients., The possession 6f type antigens of protein
neture by group C streptococel is knowvn, but whether they
becar any relatioﬁship to group A M-proteiné is not yet
knowm. On the vhole more information is needed to clarify

the antigenic relationships amongst the different U~proteins

of group A streptococci and between them and protein antigens
of other groups of atreptococci particularly groups C and G.
This may prove of gome value in our studles of protection |
againat streptococeal infections. A

Tha study of croea~reactions related to M-proteing
cf various seibtypes is handicapped by many factbrs, amangst.
which is the non»availdbility of a eimple method of
sufficient sensitivity. The bactericidal test is ulfficult
to perform as a routine test, but it 15 sensitive enough
to establish the identity of H—protein. It is much pﬁeferred
to the mouse proteetion test, which is less scasitive and
‘presents several difficultics es mentioned in Part One
(page 49). Latex agglutination with S6C fractions scens
to be a prouising method, It is highly semsitive, ac

demcnstrated by the comporative studice presented sbove
on absorbed and unabsorbed typing sera fron hyperiomumnised
rabbite. In comperison with the precipitation reactions
its sensitivity is overwhelming. Furtheramore, thé anti-

bodies detceted by the latex apgglutination test ure in
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genefulrcorrelated to the présence of bacterieidal activity
of serz, and gbsorption of the sera with S60 fractioﬁe'
reoulted in specific removal of bactericidal activity.
Crosse-reactiong nave been net with in latex asglutination
»tests with 560 fractions of types 12, 1L, 18 anﬁ_hQ.' Type 12
§6C fraction reacted in type 15 antiserun; type i 860
fraction reacted in typés 49 and 51 antisera; type 49 |
in types 1l and 51 antisera, while type 18 S60 frzction
reacted in types 17, 19, 23 and 30 entisera (Tzble 33
facing'pageglzé)._ In the cuse of types 1h and_hQ it has
been sugpested in éroas«ébsépption‘tgata41nvolving bacteri-
c1del tests that bacterieidsl antfbodies of type L9 were
partially removed by type 1l S60 fraction, tius giving
more evidence of antigenic rélationship between the two
types, |
The application of the latex agglutinmtinn teat with
560 fractions for the detection of type-specific antibodics
in patients' sera gave results that vere encouraging but
in soue ways difficult to interpret. Antibody was detectable
in high titre, and 1n a nusber of cases it wos possible to
&emonatrate a significant rice 1n titre for the infecting
streptococcus in pairéd'eera; That this was indeed ¥ antibody
was confirmed by the bscterieidal test, which gave results
that werc compsrable with the latex acglutinaticn titres.
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ltost human sera appeared to contaln type-speeific

entibody to seversl different matypes in agreement with
‘results reported by Harkowitz (1563) ané Stoyanova (1966)
who both used an indivect bactericldal test. In this
respeet there was llttle difference between the "acute-
phase" sera of patients with respiratory tract infection
and scra from persons not suspected of héving atﬁeptococcaly

‘1nfection;“but second speeclmens of sera from patients
R convalescent after'strepto&occal;infection had on aversge

| high titres to more types of_atreptococ@i. An exanination
of the results obtained with individual peirs of sera
revealed mony cuses in which there was o significant rice
in titre for onc or more heterologous types. Thié‘wéa -
difficult to explain, particularly since the cross-rsactions
did not appear io occur in any definite pattérn. Several
possibilitieg exist, | |
- (1) The cross-reactions may be due to impurities in the
560 fractions, The presence of other protein matefiale
less type~speciflc than the lM-protein, even in very smsll
smounts, may sensitise the surface of the latex particles
sulficlently to give rise to rclatively strong cross-reactlons.
(2) The rcactions might represcnt truc cross-recctions
between l=proteinsg that are reﬁealed for the first time
- because of the great senaitivity of the latex agélutination
test,. |
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(3) They mey be some form of snamnaestic reaction. If
so, their pattern wéuid be more closely related to the
previous experience of the patient than to the antigenie
structure of the orgénisms or the impuritics in a particular
extract. Although snamngestic reactions ere frequently ‘
nentioned in the bacteriological literature;/there are
few well documented accounts of their occurfence.
| Correlation of the results obtained from testing sera

from & group of patients infected with type 5 streptococel
showed & variety of heterotypic responses. lad these
reaulis been due to non~specific material in the extraocts,
or to crossercactions between the M5 antigens and other
antigens, a more‘definite‘patterﬁ would have been expected,
The i1dea that a second streptococcal infection might
stimulate the formation 6f antiboﬁy for a type responsible
fdr a previoug,infection is, hovever, difficult to‘accept.

It 1s clear, however, that the laetex agplutination
test with SE0 fractions cennot be uscd ee a mesns of
detecting type-~specific antibody in the sera of paticnts
for whon the infecting type is not known until some way
has been found of distinpulshing between homotypic and
heterotypic ﬁeactiona. Nevertheless, the test might be
of vclue in deciding whother o respiratory infection is
due to a streptococcus that hos been isolated from the
patient, or is a virus infection in a carrier of group A

Zstreptococci.
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