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PmiHed Group A Streptococcal M-Protein in 
Latex Agglutination for detect ion of Type-Specific 

M - A n t i b o d i e s 

H A S I I I M H . E R W A , 

Depat iment oj Sic (lieu I Microbiology and Parasitology, 
University of Khartoum, Khartoum, Sudan. 

Summary. M-protc ins f r o m several M-typcs of group A streptococci were extracted 
with hot acid and precipi tated with 30% and 60% saturated ammonium sulphate 
giving two main f rac t ions designated P60 and S60. After purification and sero-
logical testing the S60 fract ion was found to be more specific and absorption of 
homologous sera with it removed their bactericidal activity. It was also used in latex 
agglutination tests to detect type-specific M antibodies in patients suffering f rom 
streptococcal sore th roa t , rheumat ic fever, rheumatic heart disease and in normal 
individuals of c o m p a r a b l e age groups and sex. The S60 latex agglutination test 
could also detect rise in an t ibody litre to the infecting streptococcal M-type. 

Resume. Proteins-M a part i r des types-M du groupe A streptocoques furcnt 
extraites par Pacide chaud et precipiteee avee 30% et 60% de sulphate d ' amoniaque 
sature produisant deux f rac t ions p r i n c i p a l s appelees P60 et S60. Apres purifica-
tion et experience serologique, on nota que la fraction S60 est plus specifique el 
que son absorb t ion de serums homologues enlcve a ceux-ci leur activite bactericide. 
Cetie methode est aussi utiliscc dans les experiences d'agglutination du latex pour 
detecter les an t icorps M typc-specifique chez les malades soufTrant de maux de 
gorge d 'origine s t r e p t o c o c c a l , fievre rhumatismale, troubles cardiaques d'origine 
rhumatismale, et chez les sujets normaux des memes age et scxc. L'expdrience de 
I agglutination du latex S60 mont ra aussi une augmentat ion en anticorps titre 
aux slreptocoques du type-M. 

I N T R O D U C T I O N 

fhe detection and quant i ta t ive determinat ion of antibodies to cellular antigens of group 
A Wiaemolytic streptococci has recently attracted the attention of many workers (Molina 
& Saidtj, 1961; Schmidt & Moore 1965: Karakawa, Osterland & Krause, 1965; Goldstein 
^ C a r a v a n o 1967; Erwa, Maxtcd & Brighton, 1969, clc.). The main purpose of these 
efiorts is to establish reliable techniques to help in the diagnosis of streptococcal infection 
an<J sequelae. In addi t ion, such techniques could also help in the study of immunity and 

C o rrcspondcnce: Dr Hashim H. Erwa, Department of Medical Microbiology, Faculty of Medicine, 
1 Hox 102, Khartoum, Sudan. 
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480 Hashim //. Erwa 
pathogenesis particularly the role of streptococcal antigens that cross-react with h u m a n 
heart and other human tissues (Kaplan, 1964; Zabriskie & Freimer, 1966; Nakhla & 
Glynn, 1967; Goldstein, Halpcrn & Robert, 1967). 

However, most efforts have been directed to detect antibodies against streptococcal 
type-specific M-protein antigens, which are believed to be responsible for protection against 
infections with group A streptococci (Denny, Perry & Waunamaker , 1957; Lancefield, 
1958, 1959; Dunlap & Harvy, 1967; Quinn & Lowry, 1967). Therefore, several methods 
for this purpose are available. The most important and most widely used is the bactericidal 
test first described by Todd (1927a & b). Originally, the test was a direct mixing of whole 
blood from convalescent patients with streptococcal culture, and after incubation reduction 
in number of streptococci was indicative of the presence of type-specific antibodies. Modi-
fications have been introduced to detect M antibodies indirectly by mixing convalescent 
serum with blood from a non-immune person, followed by the streptococcal culture. The 
method used in this present investigation is the modification described by Maxted (1956). 
The test is highly specific and sensitive. Another reliable test is the long-chaining test 
(Stollerman & Ekstedt, 1957). This depends on the formation of long chains by group A 
streptococci in the presence of the homologous M antibodies. Mouse protection tests may 
also be used. These tests are biological tests and they are laborious and difficult to perform 
on a large scale. Moreover, the mouse protection test is expensive and extravagant in 
antisera. 

There are also non-biological methods viz. hemagglutination tests (Fox, 1964; Vosti & 
Rantz. 1964; Quinn & Lowry, 1967), bentonite flocculation (Lian & Pierce, 1961), and 
lastly latex agglutination tests (Molina & Saletti, 1961; Bray et al, 1966; Brighton, 1967). 
For a specific reaction to be obtained in the latex agglutination test a pure antigen should 
be used for coating the latex particles. Therefore, in this report we will present results 
obtained consequent to an attempt made to prepare a reasonably pure, and serologically 
specific M-protein fraction. The aim is to achieve a reliable, specific and simple test for 
the detection and quantitative determination of M antibodies in patient's sera. 

M A T E R I A L S A N D M E T H O D S 
Human sera 

These were obtained from patients attending heart clinics and Ear, Nose & Throat 
outpatients in Khartoum and Omdurman Hospitals. Thus the following collections of 
patients* sera were available: 
( 1 ) Ten unpaired specimens of sera were obtained from patients suffering from u n c o m p l i -
cated rheumatic fever. 
(2) Twenty-nine unpaired specimens of sera were collected from patients suffering from 
rheumatic heart disease. 
(3) Twenty-one unpaired specimens of sera and six paired specimens were collected from 
twenty-seven patients suffering from uncomplicated sore throat. 

In addition, sixty-five unpaired specimens of sera were collected from volunteers who 
were not suffering from streptococcal disease at the time of examination. This collection 
of sera was used as control. The ages of both patients and control groups ranged from 
10 years to 35 years. Eighteen of the patients with sore throat were males and nine were 
females, in the uncomplicated rheumatic fever group seven were males and three were 
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M- Antibody detect ion 481 
females and amongst the rheumat ic heart patients twelve were males while seventeen were 
females. The control g roup consisted of forty-seven males and eighteen females. 

Anti-sera prepared in rabbits 

T e r e n c e L a b o r a , „ „ . SSSSs r f an,i-sc  
M-types , 3 M . J R . , «. " " 

Culture strains of group A streptocoeei 

jzxzz'ZSZ szr' s , r " i , , s i i o , a , c d r , o m - . « • 
M-typc I : C . I .R . 249A 
M-typc 5 : C.I .R. 246A 
M-typc 6 : C. I .R. 27IA 
M-type 9 : R. 2748 
M-typc 12 : C.I .R. 274B 
M-type 22 : R. 2088 

in ihp ^ u l u ' f c s were grown jn Todd-Hewit t broth with added neopeptone and incuba.ec, 
in he air at 37 C. The broth was dispensed in 2-1 bottles for obtaining mass cultures Koi 
isolation of streptococci f rom patients, blood agar and crystal violet blood agar olatc^ 
with bacitracin discs for preliminary identification of group A streptococci were used. 

identification of the organisms was confirmed by the Lancefield grouping (Lance-
field, 1933). 

Extraction of group-specific polysaccharide 

Group-specific antigen was prepared according to the method of Fuller (1938) by hot 
formamide. It was purified by precipitation with acid alcohol and acetone as previously 
described (Erwa, et al. 1969). 

Extraction and purification of the type-specific M-proteins 

The hot acid extraction method (Lancefield, 1928) on intact cells from centrifuged 2-1 
amounts of Todd-Hewit t broth cultures of each streptococcal M-typc was adopted. The 
deposited cells were resuspended in 15 ml N/2 HCL and boiled in a water-bath then neutral-
ized b> N/5 NaOH and the supernatant collected. Such extraction was repeated twice giving 

a l o t a l v o ' u m c of crude extract of about 30 ml from each culture. Purification was carried 
out according to the method adopted by Erwa (1968) by the treatment of the crude extract 
u , tn ammonium sulphate as follows: 
,aJi The crude extract was first precipitated in dialysis tubes suspended in 30% ammonium 
to 7 o l C S ° ' u t ' o n saturated solution added to 70 ml distilled water with pH corrected 
fo C , ' a , y s ' s w a s C^CC1C(J a l refrigerator temperature overnight. The precipitate 
carded S C p a r a l c d f r o m 1 ,10 s u P c r n a t a n t (designated S30) by centrifugation and dis-

) A second precipitate was obtained when the S30 fraction was dialysed in 60% ammo-
U m sulphate solution (60 ml saturated solution added to 40 ml distilled water, and pH 

rected to 7-2). I his precipitate (P60) was also separated from the supernatant (S60) by 
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482 Hashim I f . Erwa 
centr i fugat ion. Ammonium sulphate was removed from both P60 and S60 fractions by 
dialysis against distilled water. T o achieve complete dissolving of P60 fraction its pH was 
adjusted to 7-5. Removal of group-specific polysaccharide from P60 was efTected by washing 
this fraction three times in four volumes absolute alcohol (Barkulis & Jones, 1957). The 
S60 fraction was purified by adjust ing the pH to 5-5 to reprecipitate the M-protein (Lance-
field & Perlmann, 1952), thus leaving the bulk of the group-specific polysaccharide in 
solution. The precipitate was redissolved and washed three times in absolute alcohol as 
before, with pH adjusted to 5*5, to get rid of traces of polysaccharide. 

Ch en i ical anal)•sis 
The chemical nature and purity of each fract ion was investigated by the estimation of 

nitrogen and rhamnose contents as follows: 
(1) Estimation of nitrogen content: This was done by a microKjeldahl technique employing 
a Markham still. The values were determined by a colorimetric estimation after ncs-
slcrization of the solution. 
(2) Estimation of rhamnose content: Rhamnose was estimated by the cysteine-sulphuric 
acid reaction of Dischc & Shettles as described by Dische (1955). 

Serological tests 
(1) Precipitin tests for group-specific polysaccharide were made by the precipitin ring 

technique of Lancefield (1933). An immediate reaction was graded as 4-4-, a reaction 
developing in the first minute as 3 + , in the second minute as 2 + , in 3 - 5 minutes as 1 + 
and after 5 minutes it was considered as negative. 

(2) Capillary pipette precipitation tests for type-specific M-protein were made by the 
method of Swift, Wilson & Lancefield, (1943). A thick precipitate column rising to more 
than half of the height of the serum-antigen mixture was graded as 4 + , 4 of the height 
of the mixture was graded as 3 + , i of it was 2-h , while £ was I + . Less than I + was con-
sidered a trace reaction. 

(3) Latex agglutination test was performed as previously described for the estimation 
of group A polysaccharide antibodies (Erwa et al, 1969). Suspensions of latex particles 
of the size 0-81// were purchased from Difco. The test was performed in W H O agglutinating 
plates. The quality of agglutination was considerably improved by shaking the agglutinating 
plates by a mechanical horizontal rotatory shaker for 20-30 minutes at a speed of 125 rpm. 
The reading of the titres was made in the next morning af ter leaving the plates at room 
temperature. 
(4) Absorption procedures followed were as fol lows: 

(a) Purified M-protein extracts were added in equal parts to the neat serum and then 
incubated for 2 -3 hrs. at 37°C. The precipitate was removed by centrifugation and the 
supernatant was used as initial serum dilution of 1:2. 

(b) Latex suspensions coated with purified S60 fract ion were dispensed in small test 
tubes in 2 ml quantities. Then they were centrifuged and supernatant discarded. The 
deposited particles were resuspended in 0-5 ml volumes of the sera to be absorbed, shaken 
and incubated at 37°C for 3 -5 hrs. The latex particles were redeposited by centrifugation. 
The absorption was repeated twice with fresh particles. This technique was employed to 
absorb antibodies f rom human sera tested by S60 latex agglutination tests and by bacterici-
dal tests for verification of results. 
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M-A ntibody detection 483 
(5) The indirect bactericidal test was performed according to the modified method des-
cribed by Maxted (I9s6). 

R E S U L T S 
Results of tests on hyperimmune rabbit sera 

After purification and freeing from polysaccharide, fractions P60 and S60 obtained from 
group A streptococcal types 1,5, 6. 9, 12 & 22 were tested both chemically and serologically 
for the presence of type-specific M-protein. The results of all tests arc depicted in Table I. 
Apparently the P60 fractions contain more protein per ml than the S60 fractions. Further-
more, the chemical analysis revealed complete absence of streptococcal polysaccharide in 
all purified fract ions and this has been confirmed by the negative precipitin tests for croup 
A specific reaction. 

Serological tests for type-specific antibodies to types I, 5, 6, 9, 12 and 22 group A strepto-
cocci were performed on homologous rabbit sera as well as heterologous rabbit sera as 
controls. Thus the controls used were as follows: type 3M &. 3R anti-sera were controls 
for type 1 ant iserum, type 12 anti-scrum for type 5 anti-serum, type 2 for type 6, type 18 
for type 9, type 15 for type 12 and type 28 for type 22. Each heterologous control anti-
serum was subjected to the same tests performed on the corresponding homologous anti-
serum. As Table I shows tests for M-protein precipitation reactions were positive for 
fractions P60 and S60 with relevant homologous antiscra only; but no reactions were 
given with the cor responding heterologous antiscra. Also it should be noticed that the 
precipitation reactions given by P60 fractions were generally stronger (2+ or 3 + ) than 
those given by the S60 fract ions (Trace or only I + ) . 

However, both sets of fractions P60 &. S60 were used in latex agglutination tests for 
M-protein antibodies. The results again are shown in Table I. Latex suspensions prepared 
with S60 fract ions gave much higher titres (up to 10,240) than suspensions with P60 frac-
tions. In addi t ion the latter suspensions gave some reactions with the corresponding 
heterologous anti-sera e.g. latex suspensions of P60 fraction for type I gave a titre of 640 
with the homologous type I antisera and titres of 320 & 160 with the heterologous control 
type 3M and type 3R antisera respectively; also note litres for types 5 & 12 homologous 
and heterologous antisera. On the other hand no reaction was noticed in the case of latex 
suspensions of S60 fract ions with the control sera. 

The results of the indirect bactericidal tests performed on the same homologous and 
heterologous antisera absorbed by relevant P60 and S60 fractions showed that the S60 
fractions removed antibodies responsible for the bactericidal activity of the homologous 
streptococcal type-specific M-antisera i.e. absorption of homologous antisera with S60 
fractions of types I, 5, 6, 9, 12 & 22 group A streptococci rendered these anti-sera without 
killing effect on the relevant streptococcal types. The P60 fractions showed no ability to 
remove the bactericidal activity f rom the anti-sera. 

Results of tests on human sera 
From the results obtained above the S60 fraction was obviously more specific than the 

PfiO fraction. Therefore, for detection of type-specific streptococcal M antibodies the S60 
fraction had been adopted as the antigen for use in latex agglutination. However, the in-
direct bactericidal test was repeated on live of the uncomplicated rheumatic patients* sera 
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M-Antibody detection 485 
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M-Antibody detection 487 
conta ining streptococcal M ant ibodies , t o reconf i rm the ability of the S60 fractions to 
remove their killing effect on the re levant s t rep tococca l cultures. The results are shown 
on Table 2. From these results it is o b v i o u s t h a t each serum contains antibodies to more 
t h a n one M type streptococci. T h e bacter ic ida l activity was effectively removed from all 
five sera after absorption of each of the M an t ibod ies with the homologous streptococcal 
S60 fraction (the absorpt ion was car r ied ou t by latex suspensions of S60 fractions as des-
cribed in Materials and Methods . ) . T h e s a m e sera were also tested after absorption with 
P60 latex suspensions in the same way, bu t no removal of bactericidal effect was noticed. 

Following these verification tests latex suspens ions were prepared with S60 fractions 
of each of the six streptococcal M types used in this investigation. Each serum from 21 
pat ients suffering f rom uncompl ica ted sore t h r o a t , ten patients suffering from uncompli-
ca ted rheumatic fever, twenty-nine pa t i en t s suffer ing f rom rheumatic heart disease and 
sixty-five normal individuals (controls) was tested with the six S60 latex suspensions in-
dividually. M antibody titres of each type in the sera were determined. It was found that 
each serum reacted to more than one type-spccif ic S60 suspensions in the same manner as 
had happened in the five selected sera shown in Tab le 2. The collective results of all patients 
a n d control sera are depicted in Tab le 3. Cons ide r ing high titres of 160 and over it is clear 
t ha t patients with streptococcal disease showed much higher M antibody titres than the 
cont ro l individuals. Type 5 &. type 12 an t ibod ies are by far the commonest (75-90%). 
T y p e 9 is next in f requency ( 6 6 % - 8 0 % ) fol lowed by type 6, 1 & 22 in that order. In the 
cont ro l individuals type 12 an t ibod ies a r e the mos t predominant (72*3%) followed by type 
5 (57%). Other antibodies are much less f r e q u e n t especially when compared with those of 
the patients. 

The paired sera f rom the six pa t ien ts wi th uncompl ica ted sore throat were tested sepa-
rately. The infecting g roup A s t rep tococca l type f rom each patient was isolated from a 
th roa t swab after inoculat ion on b lood aga r . Three patients were found to be infected 
with group A M-type 9 s t reptococci , o n e with M- type 5, another with M-typc 12 and the 
last with M-typc 22. After agg lu t ina t ion tests with the S60 latex suspensions were performed 

TABLI: 4. Results of S60 latex agglut inat ion tests o n six pairs of sera from six patients 
wi th sore throat 

Patient 
Infecting 

streptococcal 
M-type 

Scrum Type 
1 

Titres of M-antibodies 
Type Type Type Type 

5 6 9 12 
Type 

22 

M.O.K. (Male) 5 1st 160 40 320 
12 years 2nd — 320 160 40 320 — 

H.I.H. (Male) 9 1st 160 80 — 160 160 40 
15 years 2nd 80 80 — 640 160 40 

Z.A.M. (F) 9 1st — 160 40 40 80 320 
22 years 2nd — 320 80 1280 160 320 

B.A.M. (F) 9 1st 320 — 160 — 40 80 
30 years 2nd 320 — 160 160 40 80 

B.H.Y. (Male) 12 1st — 40 — 160 20 — 

26 years 2nd — 80 — 160 640 
E.H.I. (Male) 22 1st — 320 80 320 40 — 

14 years 2nd — 640 80 160 20 160 

K* 
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4g8 Hashim I t . Erwa 

each serum gave high M ant ibody litres to more than one M-type in addi t ion to the in-
fecting type (Table 4). Moreover , the litre of the second scrum showed a rise of Tour folds 
or more for M antibodies against the infecting a t reptococcal type in each patient. 

D I S C U S S I O N 

The above results have demonst ra ted that type-specific M-pro te ins of g r o u p A strepto-
cocci contain at ieast two serologically active f rac t ions viz. the P60 and the S60 f r a c t , ons . 
The latter has been found to be more specific than the fo rmer . The specificity of the reactions 
involving the S60 fractions has been verified by their ability to remove bactericidal activity 
f rom both hyperimmune rabbit sera and pat ients ' sera con ta in ing the relevant M -anti-
bodies. Accordingly the S60 fract ions are favourab le and reliable representatives of M-
proteins for accurate detection of type-specific ant ibodies . A similar M-protein fraction 
having serological specificity and bactericidal activity was described in type 17 group A 
streptococci by Wilson & Wiley (1963). i t 

The streptococcal M-proteins studied here gave apprec iab le cross-react ions only in the 
case of P60 with most heterologous antisera. However , cross-react ions may also be given 
by a few S60 fractions (Erwa, 1968) e.g. cross-react ions between type 14 and type 49 which 
are known to be closely related g roup A streptococcal types. Moreover , Hirst & Lancefield 
(1939) reported cross-reactions between M-types dur ing their s tudy on passive immunity 
by mouse protection tests, and thus they demons t ra t ed c ross - immuni ty between certain 
types. In our experience cross-reactions in the case of S60 f rac t ions a re relatively uncom-
mon. 

The human sera f rom patients with various s t reptococcal disease conta ined antibody 
to several M-types of group A streptococci when tested by the S60 latex agglutination 
test and the indirect bactericidal test. This is in agreement with results ob ta ined by Marko-
witz (1963) and Stoyanova (1966) who both used the indirect bacter icidal test. Moreover, 
rise in the titre was shown in M antibodies in the second sera of the paired sera to the 
infecting streptococcus. 

In conclusion the S60 fractions are reasonably pure ant igens c o n f o r m i n g with the criteria 
for the basic characteristics of the type-specific M-pro te ins of g r o u p A streptococci , viz. 
specific serological reaction and anti-bactericidal activity. However , the value of the S60 
fractions in the production of protective ant ibodies by immunisa t ion of experimental 
animals has not yet been assessed. 
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