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T HE prevalence of treptococcal in
fection and the morbid ity a.nd mor

tality attending the suppurative and 
non-suppurative complications which fol
low such infection are imperative reasons 
for investigation of methods which would 
prevent the spread of this ubiquitous 
organ i m. The antibiot ic. era ha. pro
vided potent weapons With WhiCh ~o 
effect such control, and chemoprophylaXiS 
ha. been e tab lished as recommended 
treatment during and following an attack 
of acute rheumatic fever (1-5). Most 
modern work ha been directed at the 
prevention of recurrences of rheuma~ic 
fever or the control of streptococcal 111-

fection in clo ed groups such as military 
inst illations. 

The incidence of streptococcal infection 
ha been estimated a seven million pel' 
year in the United States (-1). Stu~y of 
epidemics in the mi li tary has established 
the at aC'k rate of rheumatic fever as 
:) following Group A streptococcus 
infection (6), and controll ed studies in 
civilian populations indicate imilar re
. ults (7). If all t hese infections \\'ere 
unrecognized and untreated , a significant 
number of an unprotected population 
would thus acquire first attacks of rheu
matic fevcr . 

~Iuch effort has been di rected toward 
the prompt recognition of streptococcal 
infection (5), and studies of upper res
piratory infections now under way (7) 
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can provide a sound basis for instituting 
antibiotic therapy, It is generally as
sumed that continuous prophylaxis wiU 
prevent repeated attacks of rheumatic 
fever in the highly suscept ible rheumatic 
population, which has an attack rate of 
50% following Group A streptococcal 
infection (8), and prompt treatment of 
Beta-hemolyt ic streptococcal pharyngitis 
will reduce the incidence of first attacks 
in the general population. However, 
streptococcal infections that occur as a 
breakthrough of prophylaxis in the closely 
watched rheumatic group may be fol
lowed by a 15 to 20% recurrence rate (9) 
and asymptomatic, subclinical infections 
accoun ting for 50 to 65% of observed 
streptococcal infections (7) place limita
t ions on the effectiveness of chemo
prophylaxi 

Assuming that rheumatic fever repre
sents an a llergic phenomenon following 
Group A streptococcal infection, it is 
obvious that uch prevention has been 
centered upon avoidance of the suspected 
ant igen in rheumatic populations . and 
prompt elimination of it, when recogl1lzed, 
in non-rheumatic individuals, Attempts 
at primary immunization again t t his 
a ntigen have been remarkably few. The 
elucidation of a rational approach to a 
biological method of preventing strep
tococcal infection has on ly been accom
pli hed recently ; in fact, our knowledge 
concerning the streptococcu and rheu
matic fe\'er is on ly some fifty years 
old (10). 

A rev iew of all past attempts at im
munization aO'ain t t rcptococcal disease 
req uires a simulta neou survey of t he 
advance,' in basic science, clinical obser
vation and epidemiologic analysis which 
stimulated them. The e " -timuli" com
prise a vast amoun t of li terature which 
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we have only attempted to highlight. 
They eemed to fall spontaneously into 
three categories (inve t igations centered 
around scarlet fever, rheumatic fever and 
the antigenic complex of streptococci) 
which we have followed in presenting the 
information , 

SeARLE'!' FEVER 

The treptococcus wa probably fi r t 
recognized by Pasteur in 1879 in hi 
discussion of puerperal epsis (11), and 
described a a chain-forming coccus and 
named Stl'eptococcus pyogenes in 1884 (12), 
Only one year later the e bacteria were 
reported in the blood of patient dying 
of scarlet fever (13), Inve 'ligation of the 
relationship between t he treptococcus 
and this di ease which followed provided 
t he stimulus for numerou "anti-scar
lat i nal vaccinations," These represent 
the fir t attempts at anti- treptococcal 
immunization, though inve tigators at 
the time were using t he e methods a 
one tool for determining the etiology of 
carlet fever, 

In 1899 t ickler inoculated 10 patient 
with materia l obtained from the throat 
and mouth of a patient who had a mild 
attack of scarlet fever (14), He wa' 
searching for a virus in the inoculated 
mucus but, following the development of 
systemic reactions and "nephrit is," he 
abandonded his attempts, A known or
ganism wa fir t u ed by Gabrit chew ky 
when he injected killed scarlatinal strepto
cocci, together with the broth in which 
t hey were grown, into humans (15) , Local 
and y temic reactions followed, and some 
ca e developed scarlet fever, Thi ' latter 
phenomenon led Gabritschew ky to be
lieve t hat t he ol'gani'm in hi , va cine 
was really t he specific agent of carlatina, 
an observation preceding t ho e of other 
inve t igators by 20 year ', He reported 
favorable re ul t , however, and the use 
of killed streptococci in t heir growth 
media as a vaccine wa attempted on a 
large cale in the following year a' a 
clin ical method of preventing scmlet 
fever , X umerou E uropean workers re
ported a marked decrease in the incidence 
of carlet fever in vaccinat d children 
compared to non-vaccinated cont rol (16), 
but con'e t interpretation of the 'C re ult 
awaited fu rther knowledge of the patho-

O'enesis of the ra 'h which lab II d '('arlet 
fever to the e clinician', 

Prior to the di o\'el'y of rythro Y ni' 
toxin ( ee b lo\\') th etiolo,y of 'Nl.rlet 
fever \\'a clouded in conIu 'ion, Th 
causative agent had b en rapidly e'lab
lished a ' being pre nt in the throat 
ecretion' of pati nt with the di ' a ' 

and t he first tep toward e1a sifying 
treptococ ·i had been propo 'cd by chott

muller, with hi cia' 'ic demon -tration of 
the varying ability of 'trepto ocC'i to 
hemolyze red blood cell' on a blood agar 
plate (17), Thu ' att ntion had be n 
focused on t he hemolytic -treptococcu 
but two major ob tac le prevented unani
mou acceptance of thi' rgani m a ' th 
definitive etiological agent, One difficulty 
was an inability to prove that the 'trep
tococci a 'ociated with 'carlet fever dif
fered specifically from hemolytic trep
tococci causing other ptic pI' 'e ' " 
The other concel'l1 d the differenc in th 
dUl'ation of immuni ty to carl t fever ('om
pared to other 'lreptococcal infection", 

Classification of treptococci in th 
a rly 1920's depended on hemolytic I' -

actions and biochemical and cultural 
characteri tic (13), Brown further clari
fied t he hemolytic l' action' of th 01'
gani m when he recommended alpha, 
beta and gamma terminology in 1919 ( I ) 
but t he study of biochemical and cul
tural characteristiC" 'ould not be eol'
related \\'ith pathogenicity ( 19) , u h 
-tudies only erved to . nfu ' the i ' ' ll 
and could not provid criteria for ' pa
rating the organi 'm ' cau'ing '('arl t 
fever from oth I' hemolyti· 'treptococ('i, 

Dochez and hi cowork I' be an an 
immunoloO'ical ela " ificati n.in 1919 (20), 
With agglutination and animal protection 
experiment " th Y -tudi d a great numb I' 

of train and ucceed d in identifying 
many different antigenic type ' among 
hemolytic st repto('occ i i 'olated from hu
man infection ', The 'C m th d ' indicated 
ome degrce of ' I' logic 'pc('ificity but 

did not pro\'id conelu 'i\'c an '\\' 1", 

In early attempt ' t establi 'h typc 
sp cificity of thc 'earlatinal 't reptoco(,(,lI ', 
110 er and Pirquct had preparcd ' rum 
from hoI' 'injeeted with 'trcptoeo('clI ' 

CUl'latina u ' an ant igen (21 ), . tudic 
with thi ' 'erum demon tmtcd it , al ility 
to agO'lutinatc 'omc strain, ' of 'carlatilHll 
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-treptococc i in higher t itres tha n hemo
lytic t reptococci from other ources, 
prevent the development of local and 
ystemic reaction if admini tered to 

individual prior to inj ection with Gab
rit chew 'ky' vaccine (ee above), and 
have ome therapeutic value in decreasing 
thc symptom and a lleviating the course 
of :lCU te scarlet fever (I :3 ). 

Analogie were made between 1\10ser" 
ant is rum and diptheria antitoxin (13), 
but the outstanding objection to the 
acceptance of streptococc i a' the cause 
of carlet fever remained the impossibil ity 
f differentiating that organ ism f!"Om 

hemolytic streptococci a socia ted with 
other sept ic condition . Other etiologic 
agents were earched for, 'Moser' serum 
dropped into di 'use a nd t reptococcal 
vaccine was no longer used in the pro
phylaxi. of 'carlet fever. 

The second major attempt at immuni
zation aga inst t reptococal di. ease in
volved extra-cellular products of the 
organ ism. The stimulus here began in 
1923 when Dick experimenta lly produced 
carlet fever in human wi th the hemo

lytic t reptococcus (22). It wa during 
these, and animal, experiment by Dochez 
and Sherman (23) that the idea took shape 
of a toxic substance elaborated by 
streptococC' i as being the causative factor 
in producing the cl inical picture of scarlet 
fever. Schul tz a nd Charlton (24) and 
Mail' (25) had establi hed that serum 
from per 'ons who have had scarlet fever 
could blanch the rash of the di ea e. 
Dochez was a lso able to produce this 
"extinction phenomenon" by u. ing hoI' e 
anti. erum prepared again. t S. scar
li t inae (26) . Antisera prepared from other 
hemolytic t reptococc i did not induce 
blanching of the rash. 

The presence of a toxic substance ill 
t he blood broth cul tures of S . scarlatinae 
wa: dcmonstrated by Dick and Dick 
in 1924 (27). They de cribed a skin tcst 
analogou ' to the Schick te ·t, were able 
to n utralize the tox ic fil trate in vitro 
and in vivo by the use of convalescent 
:crum, and showed that suvceptible 
individuals could be immunized by re
pcated do 'c' of toxin un t il 'k in reactivi ty 
bccame negative. 

The elucidation of an etiologic agent, 
a tox in whieh causes elinical symptom 
and a means of testing immuni ty gave 

workers the tools with which again to at
tempt active immunization, and in the 
10 years following 1924, countless studie 
were performed in an attempt to pro
duce immuni ty against scarlet fever (16). 
~.ost . of t~ese involved graded toxin 
1I1J ectIOns lI1 to susceptible individual 
followed by rever a l of the Dick test 
and thus expla ined the favorable result~ 
sporadically aehieved by earlier work 
with killed streptococci and growth media 
(se~ above), erythrogenic toxin being the 
antigen responsible for producing" anti
scarlatinal immunity." 

It wa during tho e years that the 
relationship between rheumatic fever and 
the streptococcus was first well indicated 
~he studies of scarlet fever bringing it 
lI1 to sharper focus. 

RHEU MATIC FEYEH 

Clinical observations had related sore 
throat to rheumatic fever as far back a 
the late 19th century (28), but now 
epidemiologic studies drew attention to 
t he imilar geographic distribution of 
carlet fever and rheumatic fever (29-31 ) 

and clinical t udie (32) and immunologic 
urveys of Dick-positive individuals in 

rheumatic populations (33-36) indicated 
a low incidence of scal'iet fever occul'l'ing 
in rheumatic populations. 

In the early ] 930's Coburn and Pauli 
correlated epidemiologi c, immunologic 
and bacteriologic studies and pointed 
to the hemolytic treptococcus as in
itiating the infectious process preceding 
most cases of rheumatic fever (37-40). 

Workers were aware that the high 
incidence of a Dick negative reaction 
among rheumat ic children who have not 
had carlet fever indicates that these 
children probably have had frequent 
infections with erythrogenic organisms 
producing antitoxin which would prevent 
the rash of scarlet fever (40) . 

Similari ty was noted between the types 
of hemoly tic streptococci a~sociated with 
the two di ea es. Organisms were I'e
covered from scarlet fever patients which 
were serologically identical with strains 
knO\\"I1 to ini t iate recurrence' of rheumatic 
fever (41,42); both were found to elaborate 
oluble tox in en ) and treptolysin (43) ' 

and both t imulated a ntibody productio~ 
in high titre by the ASO test (44) . 
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These data suggested that erythrogenic 
toxin played a role in t he pathogenesis 
of rheumatic fever, a nd Coburn and Pauli 
investigated the possibility of active and 
passive immunization against the toxin 
as a means of protecting the rheumatic 
subject (40), the third major attempt 
at producing immunity to the strep
tococcus or its products. Becau e of 
the effectiveness of anti toxin in reducing 
the incidence of scarlet fever, many 
investigators considered active immuni
zation with erythrogenic toxin benefi cial 
in lowering the incidence of t hroat 
infections and their complications uch 
as rheumatic fever (16), as well as a 
good method of prophylaxis in rheumatic 
children (45). Thi view was prevalent 
until Coburn and Pauli' work showed 
that active and passive immunization 
with Scarlatinal Y5 toxin and antitoxin 
produced reversal of skin sensitivity but 
did not decrease the incidence of strep
tococcal infection and the development 
of rheumatic disease in the studied group 
as compared to suitable controls (40). A 
decade later Jackson verified this work 
by again showing that immunization with 
Dick toxin protects against the rash of 
scarlet fever but not against invasion by 
streptococci (46) . 

Other investigators had attempted to 
produce rheumatic lesions in laboratory 
animals by repeated expo ure to strep
tococci (47) . The concept of strep
tococcal hypersensitivity a being re
sponsible for the acute rheumatic state 
gave impetus to intravenous vaccination 
with streptococci as a mea ns of desensiti
zation and prevention of relapses (48-50). 
Swift used heat-killed hemolytic trep
tococci, nucleoprotein and a mixture of 
pulverized organisms as three different 
intravenous vaccines (49). Working 
without knowledge of type-specificity, 
he realized that the failure of many 
patients to react favorably to immuni
zation with a single strain suggested that 
the immunizing strain is too far re
moved antigenically from the sensitizing 
strain which presumably caused the 
disease 5tate, and resolved the problem 
into the need for "a more accurate 
determination of the strain or strain 
responsible for maintenance of the 
hypersensitive state" (49). 

Thi ' need wa ' met by the ('olleept 
of treptococcal type- 'pecifie ity whi ·h 
was then emerging from bajc work in 
t he b~cteriology and immunolo'y of th 
organism. 

THE At TIGENI COMPLEX 
AND TYPE- PE IFICITY 

The serological clas 'ification of str p
tococc i dependent on intracellular eom
ponents of the bacterial ell wa ' th 
major advance on which the eonecpt of 
type-speci ficity ha been buil t, and mark , 
t he beginning of our current approueh 
to the problem of produ'ing active ·trcp
tococcal immunity. 

Specific serologic type of hemolytic 
streptococci, pathogenic for man were 
first demonstrated from t udy of epidemic 
strains in army camp in 191 by agglu
tination reaction (20). Group-specifi· 
polysaccharide, howevei', \Va fir't full y 
studied after it demon 'tration in th 
1920'~ (51 ), and most group ' of hemolytic 
treptococci were characterized according 

to t heir source in nature and patho
genecity in man and animal . From thi 
work the Group A , t reptococcus rapidly 
emerged as the significant human path
ogen (52). 

Griffeth, u ing a slide agglut ination 
technique, fir t e tablished a e1a . 'ification 
of Group A 'treptococci aecording to 
types (53). His method revealed the 
dominant antigen which determined type-
pecificity but analy i of the whole anti

genic tructure of the organi m wa be
gun by Rebecca Lancefield in 192 (54). 
With the precipitin and mou e prot ction 
tests he demonstra ted four di tinct 
sub tance in extract of the hemolytic 
streptococcus and de ignated them as 
"C", "T", "P" and "~I" antigen 
showing that the intact bacterial eell 
induced antibody formation again t all 
of them. 

"C" ubstance was found to be ehem
ically similar to the pecific carbohydrate 
of pneumococci and re pon 'ible for the 
erological grouping of trepto ·occi. It 

was not type specific and 'ould not 
stimulate antibody production when ep
arated from the cell (54c). 

"T" sub tance repre ented the antigen 
primarily responsible for antibodie' in
volved in the agglutination reaction but 
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unable to confer protective action when 
present in sera (54b) . 

"P" substance, or nucleoprotein, ex
tracted from the 'treptococci easily im
munized rabbits, but t he antisera thus 
produced wa precipitated equally well by 
nucleoproteins from all strains, as well 
as from non-hemolytic streptococci and 
pneumococci. This, however, was the 
first fraction of hemolytic streptococcus 
extracts which wa tru ly antigenic after 
separation from the bacteria l cell (54b). 

The" M" extract was fi r t characterized 
as an alcohol- oluble protein, resistant 
to heating at low pH and highly suscep
tible to the action of proteolytic enzyme . 
Early work in it. immunological prop
erties classified this protein in the acid 
extracts as an haptene since it did not 
give rise to ant ibodies when in jected 
intravenously into rabbit · but did react 
in the precipitin test with antibody pre
pared against whole cells (54b). H irst 
and Lancefi eld found that under better 
conditions of extraction the "M" . ub
stance was antigenic and, in fact, the 
originally prepared hot acid extract 
was antigenic if large enough doses were 
employed (55) . Neverthele t he sub
stance isolated from the cell. was a much 
poorer antigen than the intact cell from 
which it was derived (56-58). 

M protein was shown to be involved 
with the virulence of a given train, 
initially by relating its presence or absence 
to colony form. Immunization with 
virulent 01' avirulent matt forms induced 
the formation of anti-M precipitins and 
protective antibodie , while immunization 
with the avirulent glos. y fo rms failed 
to induce "either" of these (59,60). 

Analogy was made between the M 
protein of streptococci and the type 
specific cap. ular polysaccharide of pneu
mococci by virtue of the type-"pecific ity 
common to both, the type-specific pro
tection endowed on animals given anti-lVI 
and agglutination and precipitin re
action' (52). 

The actioll of trypsin on M protein 
elucidated further knowledge of the anti
gen. Originally treptococci were t reated 
with tryp in in order to tramJorm spon
taneously agglut inating cu lture into 
stable diffuse sURpelk ions suitable fo r 
slide agglutination (6 1). It was observed 

t hat this treatment allowed the organ
isms to agglutinate with heterologous 
agglutinins (62) and analogy was made to 
the change from matt to glossy forms 
by t he loss of type-specific M protein 
(59,60). M substance could not be isolated 
from matt colonie grown in the presence 
of, or subjected to, t rypsin. Since the 
bacteria were not killed by digestion, 
and subsequent generations of the trypsin
treated streptococci were mouse virulent, 
it was concluded that M substance in 
living bacteria is readily accessible to 
the action of proteolytic enzymes with
out injury occurring to other vital func
t ion of the living cell, and, therefore, is 
probably located near the outer surface 
of the streptococcus (52). 

In 1942, Zittle and coworkers were 
able to extract M protein from the residue 
of son icaLly t reated organisms (63), sug
gesting that lVI protein is part of a surface 
which is disrupted but not brought in to 
solut ion by the sonic t reatment. They 
chemically separated the protein from 
group specific polysaccharide and, in 
later work (64), described t he weight 
and shape of the molecule. 

It had been shown that the yield of M 
protein after sonic t reatment contained 
nucleic acid (63), and fur ther purifi
cation by Lancefield and Perlmann was 
carried out in 1952 (65). They prepared 
M protein free of ribonucleic acid by 
using ribonuclease and were able to pro
duce ant ibodies in rabbits by inj ecting 
a total dose of 45 mg int ravenously, 
t hough cross reactions in these ant isera 
indicated remaining impurit ies in the 
" purified antigen." 

The implications of a substance found 
near t he streptococcal cell surface which 
is antigenic and produces protective 
ant ibodies in animal sera as a means of 
prod ucing immunity are now obviow" 
but a great deal of work was necessary 
to prove it· sign ifica nce in human strep
tococcal infect ion . 

HUMAN TYPE- PECIFI C ANTIBODY 

The demonstration of type-specific 
anti-lVI antibody in humans was first 
attempted with the same methods which 
had originally detected lVI-ant igen, t he 
slide agglutination test, the pmcipit in 
te t and mouse protection (66-68). The 
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complexity of the antigenic tructure of 
the hemolytic treptococcus made the 
interpretation of slide agglut ination I' -

sult very difficult (5-1a) , and pas'ive 
protection in mice was unsati ,factory 
because of the problems of obtaining 
mouse vil'ulent strains and satisfactory 
protective antisera for control (69,70), 
Some work was accompli hed with the 
precipitin test (68), but it wa not until 
the bactericidal te t wa perfected that 
incisive studie appeared, 

Todd fir't described the ba tericidal 
action of human blood in 1927 (71). In 
1934 Fothergi ll and Lium used t he blood 
of convalescent carlet fever patient in 
the te t and demonstrated an increa ed 
bactericidal activity in tho e wi th pur
ulent complications (72). Puerperal epsis 
patient ' were shown to develop "bac
tericidal antibodies" in 1935 (73), ery-
ipelas patients in 1936 (74), and rheu

matic children in 19-13 (75). 
Kuttner and Lernert t udied the bac

terio tatic properties of blood from pa
t ients recovering from st rep tococca l 
pharyngi tis, comparing it to agglutinin 
and precipitin test (76), They found 
non- pecific results ,,'ith the agglut ination 
method and completely negative result 
with the precipitin test, The bacteriostatic 
test, however, howed a well marked 
difference between the blood of children 
who had been infected with the type of 
streptococcus being studied and tho e 
who had not been infected, The bac
teriostatic activity persisted for many 
months, demonstrable up to a year, and 
was not correlated with the developm nt 
of ymptoms referable to the pharyngiti ' 
or with the development of rheumatic 
fever. 

Rothbard, in 1945, explained the 
mechanism of the bactericidal test by 
howing that antisera containing M anti

body enhance the phagocytic activity of 
human leukocyte and thu prevent the 
growth of t reptococci in human blood 
(77), He a lso found that type-specific 
antibody occurs 3 to 5 week following 
infection and per i ts for at least 37 week , 
With coworkers one year later, he studied 
immunity to induced streptococcal, na 0 -

pharyngeal infections in monkeys a the 
closest model to man for demonstrating 
t he protective action of type-specific 
antibody (78). In the paper they indicate 

that there i ' " no known in'lan{' in 
which a patient (human) ha' 'ufTered 
more than one na opharyn r -al inf ,tion 
with the 'arne typ of 'tr ptoeo 'eu ," 
and demon trate conclusi\' Iy that fol
lowing infection with a known typ of 
'treptococcu , monk y' ar resi tant to 
reimplantat ion \\'i t h an homologou typ 
and readily infect d with heterologou ' 
type, Re i tance " 'a ' eol'l" lated with 
t he development of anti-1\1 antib dy a ' 
measured by the bact rio tatic t 't, 
and t he relation hip of 1\1 ant igen to 
virulence of train ' (, abo\' ) wa ' 
further document d by the fact that 
glo y variant ' failed to implant; eau 'c
antibody ri 'e , or prot ct, again t "ub
sequent implantation with matt train ', 
In later work the baeterio tatic te t 
for M antibody wa ' found to b mol' 
consistently type- 'pecifie than prec ipitin 
reaction', and NI antibody wa' found 
2 to 10 week following infeeti n, di '
t inctly later t han the ri 'e in A titre 
(79), 

More recently, typ - 'pecifie antibody 
ha been shown to develop in the majority 
of individual' followin r treptoeoeeal 
respiratory infection' though u ually 
more slowly and with more variati n 
in t ime of development than anti
'treptolysin 0 (80), Antibiotie t reatment 
has been demon trated to inhibit anti-l\I 
formation (81), t he degr of inhibition 
related to the succe 'ful eliminati n 
of t he organi m by therapy ( 0), 

The peri tence of type-~ pecific anti
body for a long a 32 year ' ha ' been 
demon 'trated by Lanc field with the 
bactericidal te t in a t udy of indi\·idual 
who were infected with known type' of 
streptococc i bef r antibiotic thcrapy 
,,'as available ( 2), In 'orne ca 'e' mou 'e
protection te t , demon t rated that the '(' 
persi tent, type- 'pecifie antib die tH'(' 

protective again'l homologou ' infeetion 
in mice and probably" a I' liable indieation 
of immunity," 

A ne'" meth d of det ding typ-
pecific antibody in human 'era wa,' 

indicated in 1957 when toll -I'man and 
E k tedt report d th gr wth f 'tr p
tococci in ill'nifi 'anUy long I' ehains on 
incubation with 'em containing homo
logou ' antibody 'om pal' d to 'hort ehain 
formation in 'era containing hetcrolo ous 
ant ibody 01' in growth media without 
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antibody (8:3). A tudy of the development 
of type-specific a nt ibody in children 
infected with known type of streptococci, 
comparing the long chain phenomenon 
to the I actericidal te"t, establi hed the 
former a an almost equally sensitive and 
reliable method of detecting anti-lVI 
antibody (84). 

A complement-fixation test has also 
been reported as a method of detecting 
t he antibody again t two types of strep
tococci (85). The data presented indicates 
a high degree of type-specificity, though 
more types would have to be studied for 
t his method to become generally appli
cable. 

The development of type- pecific anti
body in humans, which is present for 
many years and apparently confers 
protection against subsequent infection 
with homologous types, and the emergence 
of techniques for detecting this substance 
provide the current stimulus for at
tempting primary immunization against 
the Group A streptococcus. 

Presenting the antibody-forming sites 
of the body with sufficiently antigenic lVI 
protein has been the major obstacle to 
producing type-specific immunity ex
perimentally, while the problems of 
protecting a given individual against at 
least 45 specific types rai e eriou doubt 
in regard to its clinical application. 

In 1946 a naval epidemiological unit 
reported attempts at immunization by 
using heat and ultraviolet killed organisms 
a the antigen (86) . Small amounts of 
vaccine were u ed, and results were 
evaluated only on the basis of natural 
infection, no attempt being made to mea
sure antibodies. No reduction in total 
respiratory or treptococcal illness was 
noted in vaccinated groups as compared to 
control , and injections with organisms 
homologous to the type used in the vaccine 
occurred with similar frequen cy in both 
groups. The lack of response reflects 
two a pects of the problem: insufficient 
total dosage and exposure to the ant igen 
for a short period of t ime, since these 
inve tigators used 1.5 x 109 organisms 
as a total dose administered in three 
divided doses in one week. Reaction· 
to the infection of whole organisms in
cluded severe general reactions. 

Rantz and coworkers studied t he 
problem of immunizing with whole or-

ganisms more intensely, measuring the 
production of type- and group-specific 
antibodies (87). They noted wide vari
ation in the tolerance of adult human 
beings for subcutaneously injected killed 
streptococci. Toxic phenomena occul'I"ed 
in some subj ects with as little as 8 
micrograms of nitrogen while others 
could tolerate 600 to 800 micrograms 
without difficul ty. Some individuals devel
oped increasing sensitivity to the vaccine 
and showed marked reactions to doses 
which initially were tolerated without 
toxicity. Antibodies, measW"ed by the 
bactericidal technique, developed only 
after injection of 370 micrograms or more 
of nitrogen in nine injections at weekly 
intervals, shorter courses or smaller 
amounts failing to induce type-specific 
antibody. Because of the common and 
severe reactions and the poor and un
predictable antibody response, the authors 
conclude that the large amounts of whole 
cell vaccine required to produce a re
sponse could be administered to few 
human beings without initial high toxicity. 
The fact that sensitization apparently 
occurred in some individuals adds a 
further pessimistic note. As is pointed 
out, · however, the reactions may have 
been due to erythrogenic toxin incom
pletely removed from the cells, since none 
of the subjects were Dick tested, and 
the development of hypersensitivity could 
not be directly attributed to lVI protein 
since the entire antigenic complex of the 
organism was inj ected. 

The obvious answer to these problems 
would be the injection of pure lVI protein 
as an antigen. Schmidt, using Lancefield's 
partially purified antigen (see above) , 
found minimal reaction to this product if 
injected subcutaneously, and was able to 
detect a primary antibody response in 2 of 
7 adults receiving from 300 to 700 micro
grams of the material (88). Using 
aluminum phosphate as an adjuvant he 
studied two groups of children on pen
icillin prophylaxis, administering 300 to 
350 micrograms of protein over a 12-week 
period . These injections were well tol
erated and homologous antibody de
tectable by the bactericidal test was 
found in two of twenty-two sera, a smaller 
percentage of children developing type
specific antibody after M protein plus 
adjuvant than adults given the same 
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a nt igen 111 saline, He ummarized t he 
work with t he statement, "Furt her im
munization studies wit h M ant igen 'hould 
proba bly be defelTed un t il more native 
preparat ions of greater a nt igenic poten
t ial become available," 

It appear from the above work that 
whole cells in large enough dose, to 
produce a re ponse are too toxic, and the 
pure t form of M protein available, 
eit her alone or with an adjuvant, i not 
a n adequate a nt igen, One would su p ct 
that between t he ext remes of the whole 
streptococcal cell and chemically puri fied 
:M protein , a materia l could be found 
which i not toxic yet is a nt igen ically 
potent, Such a substa nce may prove to 
be t he streptococcal cell wa ll. 

CELL W ALLS 

Cell wall preparat ion of Group A 
-treptococci have been obtained by t \\'O 
method , sonic oscillation (89) a nd ~Iic kle 
di in tegration (90) , Both are procedure 
\\'hich phy ically disrupt t he organ ism, 
allowing the cytoplasm to e cape in to 
solut ion a nd the in oluble cell wa ll to 
be colle ted by centrifugation, probably 
by a mecha nism of rupturing t he cell 
\\'all (91, 92), In t he former, high fre
quency ound waves accomplish t his, 
while in t he latter, agitation of the whole 
cells \\'i th t iny glass bead..: produces t he 
same resul t, 

M protein \\'a i 'olated from t he re 'idue 
of sonically t reated orga ni m in 1942 
(63), a nd in 1952 Smolen a nd Warner 
reported studies of t he immunologic 
propert ie of such preparations ( 9), 

They \\'orked \\'i t h ten type of Group A 
streptococci on the ba 'is of epidemiologic 
survey of army camp ' \\'hich ho\\'ed that 
t he e accoun ted for 70% of -treptococc i 
found in carlet fever patient, over 70 
of a ll upper re 'piratory infections, a nd 
over 90 of the type' found in ca e' 
of rheumat ic fever, 

The washed , in oluble fract ions of 
the e onically t reated organi 'm , com
pri 'inU' 25 to 35 of the \\'eio-ht of t he 
original bacteria, \\'ere used a ant iO'en ', 
Each of t he ten types \\'a ' able to prod ucc 
a , 'a riable degree of active mou c pro
tect ion after t hree immunizing do 'c ' of 
100 micrograms each, T ype :3 ccll \\'nll ' 
were used to prepa re rabb it a nti 'era 

\\'hich confelTed pa 'ive mou~e prot ction 
against t he homologou organi 'm, 

One-hundred th microgram of cell \\'all ' 
wa u ed in human ,kin test ', Labora
tory per 'onnel "expo ' d" to -tr pto
cocci gave local react ion ' \\'hile tho e 
without expo 'ure did not react. PO 'itiv 
reactions however, were all local and 
di appeared in 4 day', ubcutan ou ' 
immu nization of normal medical -tudent 
with a pproximately 200 microgram in 
t hree graded \\'eekly do 'c \\'a ' accom
pli hed wi th little or no ' n<:itivity, and 
the data ugge -t , that anti-:\J antib dy 
a mea 'ur d by t he pa ' 'ive mou 
protection te t wa ' produced in some 
individual " 

Although thi' \\'ork i' not con 'Iu 'ivc 
as regard ' the production of human im
munity, it l' pI' 'ent' hro important 
ob ervation \\'hich a r partial an 'weI' ' 
to t he difficultie ' of multiplicity of typ , 
and a non-toxic antigen di cu ed ab vc, 
It i fea'ible t hat yearly 'urT Y' of the 
frequency with which certain type ' of 
G roup A t reptococc i a rt' il1\'ol\,ed in 
human inf ction in a given r gion could 
provide data on which a p Iy\'alent 
vaccine offering a high perc ntage of 
protection could be ba ' d, Cell \\'all ' 
a re not a toxic to human ' a ' a r \\'h I 
cell , a re antigenic enough to pI' duec 
homologou ' antibodie in mie and rabbit , 
after relatively mall do 'a" s and may 
do the 'ame in man, 

lade and co\\'orker ' ha\'e furth I' 
inve t igated the action of 'ollic 0 'ciLlation 
on str ptococcal cell ' (9:3), Follo\\'ing 
the process of continu -d o"cillation with 
electron mie ro c py and eh mieal a nd 
immunological analy 'i ' of the extrnet ', 
they found t hat t he in 'oluble rC 'idu 
give strong pI' cipitin reaetioll ' \\'ith 
type- pecific homologou ' antiscra, dcarly 
demonstrating th prc encc f :\[ protcin 
in t hi ' fraction, LOll rcr period ' of 'onie 
osci llation ho\\'c\'cr, produc d 'oluble 
fract ions \\'hich al 0 g,1\'e "trOl)17 typ-
pecific reaction ', 'ug"c ,till" that thc ('ell 

\\'a ll is compo!;ed of laycr around u ' ha rd 
cor " of in ' luble mat ria l \\'hi c' h ('Oll-
i tently ri\'c ' pojti\' prcc'ipitin tc~t", 

fo r ~[ protein, Thcy po ,tulatc that thl' 
energy of 'on it 0 'cillation fir,'t 'olubilizcs 
the cytopla 'l11 of thc ccll nlld thl'lI ,'01-
ubilize ' part of th ('ell \\'nll , thu~ tle-
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counting for the pre ence of 1\1 protein in 
the 'oluble fraction". 

Cell wall preparations of many bac
teria \I'ere obtained after agitation wi th 
glas' b ads in a ':\Iickle disintegrator in 
J 95 1 (92) . Salton demonstrated the 
pre 'ence of 1\1 protein in such preparations 
of Group A streptococci with t he pre
cipitin tesl in 1953 (94). 

Barkulis and coworkers u 'ed this 
method to prepare cell walls from Group 
A, Type l-l treptococci (90). The cell 
,mil , compri ed 2:3 to 24 0 of the dry 
wei yht of the original organi m, 'imila r 
to the range reported after ~on ic 0 cil lation 
(above). The. tructure of the cell \I'all 
was chemically analyzed and 15 0 con
·i ted of D-rhamnose and hexosamine, 
the principal eonstituent of group
specific C ·ub. tanee. The remainder \I'a' 
a protein which wa readily removed 
by tryp in and accounted for the type-
p cificity of the preparation. Typable 

M protein wa extracted from the e cell 
wall. in quantitie. imilar to t hat obtained 
from whole eells, establishing that M 
protein is "localized principally, if not 
completely , to the cell wall." Since t \\'O 
acid-heat extractions removed mo t of 
the 'erologieally reactive M protein, 
con i ting of les t han half of the total 
protein found on t he cell wall, it IVa 
concluded that the widely u:ed ac id 
heat extract ion procedure liberates only 
part of the outer protein surface of the 
cell wall , and though this molecule react 
with type 'pec ific antibodie', "anti
genicity may be a function of a larger 
protein moiety, a portion of which is 
till retained on the cell su rface following 

extraction . " 
The immunology of t hese cell wall 

preparat ions \I'as studied in rabbits (95). 
After immunization with small do es, 
antibody mea 'urable by passive mOLlse 
protection , bacterio tatic and qut1ntitative 
precipitin le.t. was demonstrated , t it res 
determined by the third method. howing 
that cell \l'all· produced less antibody 
than a corresponding number of \I'hole 
('ell '. l'rom the'e data t he a uthor 
'onelude that a cytoplasmic component 
of the organism probably adheres to the 
cell after Iy is in the ho t and in 'ome 
\l'ay potentit1tes the t1ntigen ic -timulu of 
the ~1 protein. 

The only attempt at producing im
munity in humans with cell wall prep
arations obtained after Mickle disinte
gration has resulted in the report that 
"cell walls in a line are of doubtful value 
in producing type specific antibody." (96) 
The study was performed on adu lts who 
were being followed as outpatients for 
chronic lung disease. Prim to immuni
zation they were skin tested with 3 
micrograms of the material, and if neg
ative, they received three intra-muscular 
injections of cell wall su pension one 
month apart. Sera were tested before 
and after immunization with the bac
teriostatic test. 

Seventy-two patients were skin tested 
a nd eleven of these howed significantly 
po itive reactions to preclude immuni
zation, though on ly one had demonstrable 
homologous antibody prior to injection. 
Of 40 patients immunized with doses of 
30 micrograms to 16 mg, 2 showed a pri
mary antibody re pon e, one of these 
receiving the mall est do e of 30 micro
grams. Seven patient who were weakly 
posit ive in the bacterio tatic test before 
immunization showed an apparent ele
vation of antibody titre or secondary 
response. No correlation was found 
between the presence of circulating anti
body a nd skin reaction to the cell walls. 

Though only 2 of 40 patients showed a 
primary antibody respon 'e, the relative 
ease with which cell wall are tolerated by 
humans was demonstrated by this study, 
and the suggestion of antigenicity war
rant further inve tigation of such prep
aration a' t hey t1re the least toxic and 
mo t antigen ic preparations presently 
available. 

An attempt is being made to produce 
a econdary or anamnestic antibody 
response \I'ith these preparations in a 
group of children who have been infected 
with a known type of Group A strep
tococcus; \\'hose type-specific antibody 
level ha been followed and ob erved to 
fall ince its initial rise (97). Skin sell
siti"i ty to cell walls of the homologous 
organi'm has not been ignificant in 
t he small number of children thus far 
te ted and ystemic reactions have not 
occulTed. Mea ·urement· 'of antibody 
re:ponse with the bactericidal and long 
cha in methods currently being carried on 
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TABLE I 

ATTEMPTS AT IMMUNIZATION AGAINST THE STREPTOCOCCUS 

Date Antigen Toxicity Clinical Immunity Stimulus References 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

1899 

1900-
1920 

1924-
1930 

1930--
1940 

1940-
1960 

phary ngeal 
exudate of evere 
SF patients (14) 

killed S. 
carlatina 

plus growth 
media (15, 16) 

erythrogenic 
toxin 
(27) 

erythrogenic 
toxin 
(40, 45, 46) 

heat-killed 
trep. and 

nucleoprotein 
(48-50) 

heat and UV 

mild 

mild 

mild 

mild
severe 

killed strep . mild 
of known 
type (86) 

heat-killed 
strep. of known evere 
type (87) 

"Purified" ~1 
protein (88) mild 

cell walls 
(89,96,97) mild 

indicate t hat non-toxic doses of cell 
walls may indeed prove antigenic enough 
to t imulate t he production of homologous 
a ntibodies, at least a' a "boo tel''' 111 

individua ls who a lready po sess cIrcu
lating ant i-M ant ibody. 

SUM~{ARY AN D DISCU' 'ION 

Table I ummarizes t he evolu tion of 
t he present concept of producing strep
tococcal immuni ty wi t h pa rt icula r ref
ference to tho e ad vances \\'hich st im
ulated past attempt . 

not studied 

decrea ed 
incidence of 

SF 

Dick te t 
reversal and 
preven t ion of 

F 

no effect on 
treptococeal 

infection or 
incidence of 
RF 

fa il u re to red uce 
symptoms of 
acute RF or 
effectively reduce 
recurrence 

no decrea ed 
infection by 
homologous 
strain 

? clinical 
immunity but 
Anti-M 
demonstrated 

?? clinical 
immuni ty, 
? anti-l\1 

? immunity, 
anti-1\I probably 
produced 

'earch for 
etiology of F 

?? etiology 
of F 

. Hemolyticus 

( 11-13) 

( 15-21 ) 

produce ' toxin (22-26) 
which cau e 
F 

t rep. related 
to RF by tudy (2 44) 
of relationship 
between F and 
RF 

RF represent 
" hypersen itivity" (-17-50) 
to trep. infect. 

antigenic 
classification 
of Gr. A trep., 
1\1 protein and 
type- pecific (51- 5) 
immuni ty, 
methods for 
measuring human 
anti-1\I 
antibody 

~1 protein on 
trep. cell wall , 

methods for ( !)-!}7) 
obtaining anti-
genic suspension ; 
of cell walls 

" M 'ub -tance," a type- pecific pro
te in located on the cell wall of yiru l lit 
Group A treptococci, has emerged a ' th 
antigen again 't \\'hich protect ive anti
bodies a re formed and, t herefore, the 
materia l \\'i t h \\'hich immunizat ion should 
be attempted. 

Defi nite proof of the protective nature' 
of t hese antibod ie ' i · lacking, but until 
one is brave enouO'h to ino('ulate the 
pharyngeal muco a of humans \\'ho hav 
kno\\'n type- pee ifie eir('u lntin lT unt ibody 
\\'ith t he homolOITOU ' virulent organi 'm , 
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we must u. sume it to be true on the basis 
of animal experiment and clinical ob-
ervations. Similarly, the question of 

ho\\· high a titre of such antibody would 
protect humans is also unanswered , 
though this il1\·olves more than demon-
trat ing protection, as methods for quanti

tating the amount of circulating anti-M 
in sera are either crude e timations with 
the bactericidal and long chain tests 
or involve complex methods of quanti
tati,·e precipitation with purified M 
protei n (98) . 

Even the qualitative detection of the 
antibody in human sera is a procedure 
that requires an active streptococcal 
laboratory, because viru lent, live or
ganisms of known type are needed for 
the bactericidal and long chain tests, as 
well a. experience in setting up and 
interpreting the results. 

:\" evertheless, reliable result can be 
achieved in the detection of human 
type-specific antibody, and the major 
problem centers around the antigenicity 
and toxicity of variou M protein prep
parations. uspension of cell walls ap
pear to be more antigenic than puri fied 
i\I protein and less tox ic than whole cell s. 
A ,rell controlled, comparative study of 
the a ntigenicity of whole cells, cell wall · 
and purified M protein in rabbits, with 
evaluation of a ntibody formation by 
mouse protection , bactericidal and long 
chain tests, would hopefu lly provide more 
direct ev idenC'e fo r the relative antigenicity 
of these preparations; however, other 
pos ·ibi litie.· for obtain ing an antigenic 
agent exist. 

Leukocytes which have phagocytized 
virulent streptocoC'ei may contain M 
protein which is non-tox ic yet antigenic 
since this is ('onceivably the method by 
which ~I protein is brought to antibody
forming ·ites of the body during natural 
infection. Methods for detecting the 
presenee of :\f protein in such leukocytes 
a re being actively pur ·ued (99) and may 
offer a ne\\' preparation of J\f protein 
with \\·hieh to attempt the experi mental 
production of antibodies. 

It hu .. been demonstrated that delayed 
a llergy, or hypersensitivity to l\I protein 
and other streptocoC'C'ul products, may 
be pUFsin:' ly transferred by leukocyte 
.. imila r to that of Tuberculin hyper
srnsiti,·ity (100). Since it i .. still not 

known whether bacterial hypersensitivity 
confers protection or how it relates to 
circulating antibody, this suggests another 
method by which streptococcal immunity 
and lor hypersensit ivity may be studied. 
Intradermal inoculation of ant igen-ant i
body complexes of other sytems has 
been shown to produce delayed allergy 
(101) . The M-anti-M system seems to be 
a likely one for expanding such studies 
a well as offering another method of 
presenting the body with ant igen. 

The study of "L forms" or protoplasts 
of streptococci has shown that after 
digestion of the cell wall with phage
associated lysin, M protein is not present 
on t he remaining cell membrane but is 
elaborated into the medium surrounding 
these organisms (102) . This M protein, 
apparent ly in its native state except for 
being un bound to the cell wall , may be 
ant igenically, if not chemically, different 
from the heat-extracted, purified M 
protein and represents still another po
tent ia l preparation with which to attempt 
immunization. 

While investigations along these lines 
might prove to be of useful significance 
to t he bacteriologist and immunologist, 
a serious clinical objection to the effective
ness of producing streptococcal immunity 
remains t he multiplicity of types of Group 
A organisms which cause serious disease. 
If a vaccine were developed, t he possi
bili ty of protecting the general population 
against rheumatic fever by such means 
i · certainly remote; however, epidemics in 
army camps and other closed institut ions 
with one or two known types provide 
sit uation where a type-specific or poly
valent vaccine might be prophylactically 
effective. Fina lly, t he production of 
type-specific stre p tococca l immuni ty 
would seem to have its greatest overt 
clinical signi ficance in the prevent ion of 
po .. t-streptococcal glomerulonephriti , a 
di ·ease \\-hich apparently follows infection 
\\-ith on ly a fe w types of t he Group A 
streptococcus (85)_ 
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