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ABSTRACT 

Streptococcal epidemiology.-Epidemiologic research 
on Group A hemolytic streptococci at Loring Air Force Base, 
Maine, has directed attention to the role of intrafamilial 
transmission of the organism in the persistence and spread 
of streptococcal disease in the community. Throat cultures 
were performed on 3,590 family contacts of 1,065 patients 
with upper respiratory disease who harbored Group A hemo¬ 
lytic streptococci; and throat cultures were performed on 
2,231 family contacts of 709 acute respiratory disease cases 
who had negative throat cultures for hemolytic streptococci. 
The prevalence percentage of A-positive contacts was at 
least five times higher for the streptococcal index cases 
than for the nonstreptococcal index cases. 

Streptococcal group-specific antibodies in man.-Two 
serologically distinct antibodies directed against differ¬ 
ent antigenic sites on the Group A carbohydrate were 
detected in human sera by agglutination techniques. Agglu¬ 
tinins with A-variant specificity were demonstrable by the 
direct agglutination of purified A-variant cell walls , 
whereas indirect Coombs type agglutinins with Group A 
specificity were demonstrable with Group A cell walls. 
There was an obvious correlation between the magnitude 

of the antistreptolysin 0 titer and the direct Group A- 
variant and indirect Group A titers. 

Indexing terms 

Hemolytic streptococci — Streptococcal epidemiology 
Antigens, streptococcal- Antibodies, streptococcal 
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Streptococcal group-specific antibodies in rabbit«» 

The development of the immune response to group carbo¬ 
hydrate .-Immunization of rabbits with a vaccine of either 
whole Group A streptococci or cell walls is followed by 
the production of Groups A and A-variant antibodies. The 
cell wall agglutination procedure was employed for their 
detection. The Groups A and A-variant agglutinine were 
separated out of an inmune rabbit serum by an absorption- 
elution procedure which employs Group C-variant cell walls. 
In a modification of this work a fluorometric method was 
adopted to measure the relative concentration of Groups A 
and A-variant antibodies in streptococcal Group A rabbit 
antisera. In this method FITC-labeled antibodies are ab¬ 
sorbed onto streptococcal cell walls and; after subsequent 
elution, measured in a fluorometer. 

Characteristics of purified rabbit group-specific antibody.- 
In certain instances rabbits immunized with hemolytic strep¬ 
tococcal vaccine yield sera which possess markedly elevated 
Y-globulin. In one case the y-globulin was greater than 50 
mgm/ml. The bulk of this 7-globulin, identified as 7G, was 
homogeneous by zone electrophoresis and possessed specificity 
directed against the carbohydrate antigen. The L chains 
isolated from the specific antibody exhibited electropho¬ 
retic homogeneity on acid urea starch gel electrophoresis, 
whereas L chains of normal 7-globulin were distributed as 
a diffuse band. 

Immunochemistrv of streptococcal antigens. 

Group D Type 1 antigen.-Although the Group D Type 1 
antigen extracted by the hot formamideprocedure contains 
no cell wall mucopeptide, the serologic reactivity is des¬ 
troyed. The Type 1 antigen can be successfully extracted 
by a new technique involving autolysis of the cell walls at 

6.2, as well as by the S.. albus enzyme procedure and by 
lysozyme. Quantitative precipitin inhibition studies with 
Type 1 antigen and antibody indicate the D-glucose and/or 
N-acetylglucosamine may be components of the antigenic deter¬ 
minant . 

Streptococcal mucopeptide.-The antigenic basis for the 
serological specificity of streptococcal mucopeptide has been 

investigated by immunochemical techniques. The results sug¬ 
gest that the antigenic reactivity of the mucopeptide employed 
here is dependent upon the peptide moiety rather than the v 
hexosamine polymer. 
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In conducting the research described in this 
report, the investigator adhered to the "Prin¬ 
ciples of Laboratory Animal Care ad established 
by the National Society for Medical Research." 

A. Streptococcal epidemiology.-Epidemiological re¬ 
search on the transmission and spread of hemolytic strep¬ 
tococci has continued at Loring Air Force Base, Maine. 

The unique feature of this study is that'almost the entire 
population of a community of 14,000 was under essentially 
complete surveillance: one, for the occurrence of strep¬ 
tococcal pharyngitis and streptococcal-associatod res¬ 
piratory disease; and two, for the incidence of positive 
throat cultures of Group A streptococci among the family 
contacts of such patients. From the data obtained it is 
apparent that during endemic periods, Group A streptococci 
are not randomly distributed throughout the populace but 

are largely clustered within discrete family units. This 
would suggest and support the idea that the transmission 
of the organism requires a fairly direct and close degree 
of contact between carriers and potential susceptibles 
and that at a base such as Loring A.F.B. th* maj^r locus 
of this combination of persons and environment is the home. 

. i 
Patients with pharyngitis or upper-respiratory-tract 

infection were evaluated clinically by history and phy¬ 
sical examination. A throat culture was.taHen in all 
cases. Criteria for the diagnosis of oases of "strict 
criteria" Group A streptococcal pharyngitis are listed 
in Table 1. Those patients who did not meet these cri¬ 
teria were classified as streptococcal-associated res¬ 
piratory disease. These are patients with either a strep¬ 
tococcal infection which is too mild to diagnose clini¬ 
cally with any degree of certainty, or a viral infection 

with incidental carriage of Group A streptococci in the 
throat. 

The number of patients with "strict criteria" strep¬ 
tococcal pharyngitis reporting to the hospital dispensary 
for 1963-64 and 1964-65 is tabulated in Table 2. In 
general there were fewer cases during the winter and 
early spring of 1964-65 than during a similar period of 
1963-64. 

O 
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The total number of patients with respiratory dis¬ 
ease from whom Group A streptococci were isolated from 
the pharynx ("strict criteria" streptococcal pharyngitis 
and streptococcal-associated upper respiratory disease) 
for 1963-64 and 1964-65 is tabulated in Table 3. 

The intrafamilial aggregation of ß-hemolytic strep¬ 
tococci was detected by culturing the throats of the 
family contacts of both A-positive and A-negative index 
cases. Data collected from these studies was reported 
in detail last year. In general 45% of all contacts of 
A-positive index cases harbored Group A streptococci, 
whereas less them 10% of all contacts of A-negative 
index cases harbored this organism. All positive con¬ 
tacts received penicillin or some other form of anti¬ 

biotic therapy. 

There is no consensus of opinion on the usefulness 
of treating all positive family contacts for the pre¬ 
vention of streptococcal disease in the contacts and for 
the prevention of spread of streptococcal disease in the 
community. Clearly, what is needed is a therapeutic 
trial in which one group of asymptomatic contacts is 
treated with antibiotics and another similar group is 
not treated. A comparison of the subsequent illness 
rates and serological responses of the two groups should 
in part settle the question of the degree of personal 
danger involved in not treating such contacts. In this 
connection a small pilot study was conducted in the pre¬ 
sent population this past winter. No difference was 
found in subsequent illness rates between treated and 
untreated contacts although treatment was over 95% effec¬ 
tive in eliminating the carrier state. However, the 
number of patients involved in this study was small and 
further work on this problem is required to determine 
the value of routine treatment of asymptomatic A-positive 
contacts. Additional studies are particularly needed to 
identify the positive contact carrier as an important 
element in the spread of the disease to other susceptible 

individuals in the population. 
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B, Streptococcal group-specific antibodies in man.- 

Last year's report described methods to detect antibodies 
to the carbohydrate of Group A streptococci in human sera 
which employ direct and indirect agglutination of strep¬ 
tococcal cell walls. The data suggested that human sera 
contain indirect-agglutinins with Specificity directed 
against the Group A determinant of the carbohydrate and 
direct agglutinins with specificity directed against the 
A-variant moiety of the carbohydrate. These studies have 
been extended and, in general the magnitude of the ASO 
titer bears a direct correlation to that of the two anti¬ 
carbohydrate antibody titers. The anti-Group A aggluti¬ 
nins were detected by a modified Coombs technique which 
employs Group A cell walls. The anti-Group A-variant 
agglutinins were detected by a direct agglutination tech¬ 
nique which employs Group A-variant cell walls. The Group 
A and the Group A-variant agglutinins and the antistrepto¬ 
lysin 0 titers were determined on a battery of human sera. 
Although it is probable that the group-specific antibodies 
in human sera represent an antibody response to a strepto¬ 
coccal infection, it is not feasible to describe the nature 
of this antibody response because none of the sera studied 
here were collected in series on a single patient after 
an untreated illness. It is to be anticipated, however, 
that if the anti-group carbohydrate agglutinins are indi¬ 
cative of a post-streptococcal antibody response, the 
magnitude of the titer should bear a direct relationship 
to that of the antistreptolysin 0 titer. Direct A-variant 
agglutinins and antistreptolysin 0 determinations performed 
on 84 sera and indirect Group A agglutinins and antistrep¬ 
tolysin 0 determinations performed on 47 sera are presented 
in Tables 4 and 5 respectively. There is an obvious corre¬ 
lation between the magnitude of the antistreptolysin O 
titers and that of the direct A-variant and the indirect 
Group A agglutinin titers. These findings are consistent 
with the view that the anti-carbohydrate antibodies are 
a feature of the immune response which develops after 
streptococcal infections. Studies on serial sera collected 
from a single patient are planned for the future. 

O 
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C. Streptococcal Group-specifie antibodies in rabbits 

l. The development of the immune response to* 
group carbohydrate.- The development of the immune res¬ 
ponse in rabbits to streptococcal group-specific carbohy¬ 
drates following intravenous immunization with strepto¬ 
coccal vaccine has been studied in some detail. Immuni¬ 
zation with Group A cell walls is followed by two 
serologically distinct agglutinins with specificity for 
different antigenic sites in the Group A carbohydrate. 
The principal agglutinins are directed against the terminal 
N-acetyl glucosaminide residues upon which the Group A 
specificity is dependent, whereas the secondary agglutinins 
are directed against the rhamnose disaccharide determinant 
of the rhamnose moiety of the carbohydrate. These agglu¬ 
tinins cam also be detected by labeling them with fluores¬ 
cein isothiocyanate and staining both Group A and Group A- 
variant cell walls by the fluorescent antibody technique. 
However, major disadvantages of either this procedure or 
the agglutination method are that the assays involve two¬ 
fold dilution of the test serum or conjugate and that the 
antibody titer is determined by a subjective visual esti¬ 
mation of the end point. 

Other means were sought to determine more precisely 
the relative concentrations of antibodies with Group A and 
Group A-variant specificity in Group A antisera. A fluoro- 
metric method was developed which employs the absorption 
of fluorescein isothiocyanate labeled antibodies onto puri¬ 
fied cell walls. The absorbed labeled antibodies are 
subsequently eluted from the cell walls and the degree of 
fluorescence measured in a fluorometer. The fluorometric 
reading is a direct measure of the amount of antibody 
which had been adsorbed and eluted from the cell walls. 
Inhibition of the reaction between Group A conjugate and 
homologous cell walls by Group A-variant carbohydrate con¬ 
firms the immunological specificity of the two antibodies. 
In the experiment depicted in Pig. 1, 10 mgm/ml of Group A 
carbohydrate had no effect. In a similar fashion C-variant 



carbohydrate markedly inhibited the reaction between the 
A-variant conjugate, whereas Group A carbohydrate failed 
tp dO SO. * ' 

. • fc 

It should be emphasized that this fluorometric method 
affords an estimate of the relative concentrations of 
Groups A and A-variant streptococcal antibodies, but it 
is not a test of antibody concentration in the usual 

sense. However, certain refinements of the method, such 
as the determination of the FITC units conjugated to the 
antibody protein, would permit quantitative measurements 
of antigen-antibody reactions. 

2. Characteristics of purified group-specific 
antibody.- During the course of the studies on the devel¬ 
opment of the immune response in rabbits to streptococcal 
group-specific carbohydrate, certain rabbits were noted 
to develop an unusually high level of streptococcal group- 
specific antibodies. Examination of the zone electropho¬ 
resis patterns of these immune sera revealed a remarkably 
sharp and narrow band within the 7-globulin region. The 

immunological, chemical and physical properties of the 
specific 7G globulin isolated from these sera was studied 
in some detail. Hie findings suggest a selective manufac¬ 
ture in certain rabbits of specific immune 7G globulin 
which exhibits a restricted range of electrophoretic pro¬ 
perties compared to that of the normal complement of 
7-globulin. 

The protocol for the immunization of rabbits 80 and 
81 with Group A-variant streptococcal vaccine is presented 
in Table 6. Also recorded are the values for the serum 
total protein, 7-globulin, and Group A-variant agglutinin 
titers before, during, and at the end of immunization. 

It will be noted that serum 5 of rabbit 80 had an 
A-variant cell wall agglutination titer of 40,000, whereas 
se?wn ,5 of rabbit 81 had a titer of 640. Rabbit 80 devel¬ 
oped 55 mgm/ml of 7-globulin. The patterns obtained by 

O 



zone electrophoreeia of aera 1 and 5 of rabbit 80 are 
depicted in Pig. 2. A atrikingly distinct, narrow band 
is present in the y-globulin region of serum 5. Specific 
absorption studies identified streptococcal group-specific 
antibodies as the major component of the 7-globulin peak. 
The antibody isolated from precipitating antigen-antibody 
complexes was identified as a 78 protein and a 78 globulin. 
Further analysis suggested that the normal complement of 
7-globulin of pre-immunized rabbits had greater electro¬ 
phoretic diversity than the specific immune globulin. 

i 

Evidence for specific antibody with a restricted 
range of electrophoretic properties compared to that of 
normal 7-globulin was derived from several sources. The 
specific immune globulin exhibited only one band on alka¬ 
line starch gel electrophoresis, whereas the 7-globulin 
from pre-immunized serum was distributed in two bands. 
The mobility patterns in acid urea starch gel electro¬ 
phoresis of L chains isolated from both specific immune 
7-globulin and normal 7-globulin also supported the view 
that the immune 7-globulin represented a restricted popu¬ 
lation of antibodies. The L chains isolated from the 
specific immune 7-globulin migrated as a single narrow 
band rather than the usual diffuse smear exhibited by 
L chains of normal 7-globulin. 

Although the biological process which gives rise to 
exceptionally high levels of electrophoretically homo¬ 
geneous antibodies is obscure, it may be dependent upon 
several factors such as the chemical nature of the antigen, 
the physical state of the antigen, the route of immunization, 
and the genetic background of the rabbits. The studies 
conducted thus far indicate that one in five to ten New 
Zealand red rabbits after immunization exhibit an electro¬ 
phoretically homogeneous antibody peak which possesses 
Group A-variant antibodies. Although the findings at this 
point are preliminary, similar results have not been ob¬ 
tained with New Zealand white rabbits. It is thus concei¬ 
vable that the breed of rabbits may be an important factor 



in the occurrence of this hyperinunune response. Studies 
are underway to select Mew Zealand red rabbits which 
exhibit hyperimmune responses and to follow the immune 
response in their offspring after similar immunization. 

In view of the current interest in highly purified 
specific antibodies, examination of sera fron animals 
immunized with various bacteria may yield additional 
antibodies with physical-chemical properties and elec¬ 
trophoretic characteristics which are distinctive from 
those observed for the normal complement of y-globulin. 

D. Immunochemistrv of streptococcal antigens.- 
Work is continuing on the chemical nature of streptococ¬ 
cal antigens which give rise to antibodies after strep¬ 
tococcal infections. , Particular attention has been 
devoted to the immunochemical nature of the cell wall 
carbohydrate antigens of Group D streptococci and to the 
cell wall mucopeptide. 

1. Group D Type 1 antigen.- The type-specific 
carbohydrates of Group D streptococci are components of 
the cell wall and are the structural and chemical counter¬ 
parts of the specific carbohydrates of Groups A, B, C, 
and G streptococci. Although a number of serologic types 
of Group D streptococci have been identified, the immuno¬ 
chemical basis of this antigenic classification has not 
been elucidated. Work this past year has been concerned 
primarily with the immunochemical properties of the type 
antigen of Group D Type 1. 

The data in Table 7 affords a comparison between the 
chemical composition of the serologically inactive forma- 
mide extracted carbohydrate and that obtained by: an 
autolytic process, the Streptomvces albus enzymes, and 
the lysozyme procedures. It is to be noted that the 
formamide carbohydrate is devoid of mucopeptide, while 
the carbohydrates obtained with enzymes contain an appre¬ 
ciable amount of this material. The low content of the 
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amino acids in the S_. albus carbohydrate is probably due 
to the fact that the S. albus enzyme solution contains 

an amidase or peptidase. Purified lysozyme does not have 
such activity, and this i* reflected in the high content 
of amino acids in the lysozyme carbohydrate. The auto- 
lytic carbohydrate has a higher content of amino acids 
than that of the £. albus carbohydrate but a lower content 
than that of the cell walls. This diminution of the amino 
acid content may be dependent upon an amidase or proteo¬ 

lytic activity during the autolysis process. All of the 
carbohydrate preparations except the formamide carbohydrate 
are reactive with homologous type-specific antisera but are 
unreactive with Group D antisera. The high content of 
rhamnose, hexosamine, and glucose and the lower content of 
the mucopeptide components in the case of the J5. albus 
carbohydrate suggests that a greater purification of anti¬ 
gen is achieved with the S,. albus enzyme them with lysozyme 
or the autolysis procedure. 

Quantitative precipitin inhibition studies were under¬ 
taken to ascertain whether glucose or one of the hexosamines 
was a significant component of the antigenic determinant of 
the Type 1 carbohydrate. In these quantitative precipitin 
inhibition tests, carried out at antigen-antibody equiva¬ 
lence, S. albus carbohydrate was employed as the antigen. 
Final concentration of antigen was 30 micrograms per ml, 
and the final concentration of sugar inhibitor was 55 micro¬ 
moles per ml. In addition to the known constituent sugars 
of the carbohydrate, a number of other sugars were also 
tested. From an inspection of the data in Table 8, it is 
clear that D-glucose and N-acetylglucosamine are effective 
inhibitors. In addition, D-fucose, D-galactose, and L- 
arabinose, which have the same symmetry about carbons 2 
and 3 as that of D-glucose, also inhibit the reaction. If 
glucose is altered at the third carbon by méthylation, the 
product is not inhibitory, however, 2 deoxy-D-glucose and 
N-acetylglucosamine, which represent alterations at the 
second carbon, have inhibitory capacity similar to D-glucose. 
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Inhibition of the Group D Type 1 precipitin reaction 
with disaccharides is presented in Table 9. Sucrose and 
maltose, both alpha glucosides, are particularly effective 
inhibitors of the precipitin reaction, whjreas the beta 
glucoside, D-cellobiose, identical to maltose except for 

the beta linkage between the glucosyl residues, is an 
ineffective inhibitor. Results of other precipitin inhi¬ 
bition studies with maltose indicate that 45% inhibition 
could be achieved with as little as 14 micromoles per ml. 
In addition, alpha methyl D-glucose was inhibitory, whereas 
beta methyl substituted glucose was not inhibitory. These 
studies suggest that both glucose and N-acetylglucosamine 
may be major components of the determinant and that the 
terminal residue has an alpha linkage to the remainder of 
the carbohydrate. Current studies are in progress to 
identify the terminal sugar of the determinant. 

2. Mucopeptide antigen.- The antigenic basis 
for the serological specificity of streptococcal muco¬ 
peptide has been investigated by immunochemical techniques. 
Mucopeptide, solubilized by sonication or lysozyme, and 
rabbit antisera, developed against purified mucopeptide, 
gave a precipitin reaction. A haptenic inhibitor of this 
reaction was isolated from an S. albus enzymes (muralytic 
enzyme and amidase) digest of mucopeptide. Fractions of 
the dialyzable portion of the digest were eluted from a 
OEAE cellulose column with an increasing concentration of 
(MH4)2C03 (pH 8.6). The third fraction, eluted with 0.02 
molar (1014)2003, was an active inhibitor, whereas the 
other fractions were ineffective in this respect. Greater 
than 90% inhibition of the mucopeptide quantitative pre¬ 
cipitin reaction was achieved with as littled as 1 mg/ml 
of active inhibitor. The final inhibitory fraction was 
retarded on a G-25 Sephadex column. It consisted of 

alanine, lysine, and glutamic acid in a mole ratio of 
3:1:1 and was devoid of glucosamine and muramic acid. These 
results suggest that the antigenic reactivity öf mucopeptide 
employed here is dependent upon the peptide moiety rather 
than the hexosamine polymer. 



r; ' ’ 

ik.. áiáwiiiaMÉiifa i „ 

- io - 0 

E. Summary and conclusions 

Streptococcal epidemiology.- Epidemiologic research 
on Group A hemolytic streptococci at Loring Air Force Base, 
Maine, has directed attention to the role of intrafamilial 
transmission of the organism in the persistence and spread 
of streptococcal disease in the community. The personnel 
at Loring Air Force Base, unlike that at a large recruit 
training command, consists predominantly of married mili¬ 
tary personnel and their dependents. Group A hemolytic 
streptococcal prevalence was determined for the family 
contacts of index cases of streptococcal-associated res¬ 
piratory disease and index cases of non-streptococcal 
respiratory disease. The prevalence percentage of A-positive 
contacts was at least five times higher for the streptococcal 
index cases than that for the non-streptococcal index cases. 

This suggests that the home is the major locus and the 
school the secondary locus for the spread of streptococci 
in the community. These studies emphasize that patients 
with streptococcal disease are a potential hazard to the 
other members of the family. Under certain circumstances 
the identification of streptococcal pharyngitis in-one 
member of a family may warrant bactériologie procedures 

to detect possible spread to other family members. > 

Thus the spread of streptococcal disease in a popula¬ 
tion such as that at Loring Air Force Base is more typical 
of a civilian community than a military population such as 
a recruit training command. From the point of view of 
military medicine, control of streptococcal pharyngitis 
among the dependents can be an important feature in the 
control of disease in the military. 

-f' ■ 

Btreptococcal group-specific antibodies in mem.- Two 
serologically distinct antibodies directed against differ¬ 
ent antigenic sites on the Group A carbohydrate were 
detected in human sera by agglutination techniques. Agglu¬ 
tinins with A-variant specificity were demonstrable by the 
direct agglutination of purified A-variant cell walls* 

O 



whereas indirect Coombs type agglutinins^ with Group A 
specificity were demonstrable with Group A cell walls. 
There was an obvious correlation between the magnitude 
of the antistreptolysin 0 titer and the direct Group A- 
variant and indirect Group A titers. The ASO test is 
the most popular and reliable current method which detects 
streptococcal antibodies in the sera of patients. Because 
this test shows a significant antibody rise in only about 
80% of the.patients with streptococcal disease, there is 
a real need for an auxiliary method to detect antistrepto- 
coccal antibodies. It is conceivable that the method 
described here for the detection of anti-Group A carbo¬ 
hydrate agglutinins may prove useful for more widespread 
use in the diagnostic laboratory, and it would appear that 
a field trial of the test is warranted. 

Streptococcal group-specific antibodies in rabbits 

The development of the immune response to group carbo¬ 
hydrate . - A growing body of evidence suggests that the 
pathogenesis of rheumatic fever is dependent upon an altered 

or aberrant immune mechanism, and there is thus a.need for 
a continued description of the immune response in man and 
animals to the streptococcal antigens. 

Immunization of rabbits with a vaccine of sither whole 
Group A streptococci or cell walls is followed by the pro¬ 
duction of Groups A and A-variant antibodies. The cell 
wall agglutination procedure was employed for their detec¬ 
tion. The Groups A and A-variant agglutinins were separated 
out of an immune rabbit serum by an absorption elution pro¬ 
cedure which employs Group C-variant cell walla. In a 
modification of this work a fluorometric method was adopted 
to measure the relative concentration of Groups A and A- 
variant antibodies in streptococcal Group A rabbit antisera. 
In this method FITC-labeled antibodies are absorbed onto 
streptococcal cell walls and after subsequent elution 
measured in a fluorometer. 

Characteristics of purified rabbit croup-specific 
antibody.- In certain instances rabbits immunized with 
hemolytic streptococcal vaccine yield sera which possess 
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markedly elevated y-globulin. In one case the y-globulin 
was greater than 50 rogro/ml. Tbe bulk of this Y~globulin* 
identified as yG, was homogeneous by zone electrophoresis 
and possessed specificity directed against the carbohydrate 
antigen. The L chains isolated from the specific antibody 
exhibited electrophoretic homogeneity on acid urea starch 
gel electrophoresis, whereas L chains of normal y-globulin 
were distributed as a diffuse band. 

The study of antibody structure is dependent, in part, 
upon the isolation of highly purified antibody, developed 
against relatively simple haptenic groups. Examination of 
sera from other rabbits, as well as other animals immunized 
with various bacteria, may yield additional antibodies with 
physical-chemical properties and electrophoretic character¬ 

istics which are distinctive from that observed for the 

normal complement of 7-globulin. 

Immunochemistrv of streptococcal antigens.- These 

studies are part of a long-range program to identify the 
chemical and immunological properties of the hemolytic 

streptococcal antigens. 

Group D Type 1 antigen.- Although the Group D Type 1 
antigen extracted by the hot formamide procedure contains 
no cell wall mucopeptide, the serologic reactivity is 
destroyed. The Type 1 antigen can be successfully extracted 

by a new technique involving autolysis of the cell walls at 
pH 6.2, as well as by the S. albus enzyme procedure and by 
lysozyme. Quantitative precipitin inhibition studies with 
Type 1 antigen and antibody indicate the D-glucose and N- 
acetylglucosamine may be components of the antigenic deter¬ 

minant. 

streptococcal mucopeptide. - The antigenic basis for 
the serological specificity of streptococcal mucopeptide 
has been investigated by immunochemical techniques. The 

results suggest that the antigenic reactivity of the. 
mucopéptide employed here is dependent upon the peptide 

moiety rather than the hexosamine polymer. 

There is yet much to be learned about the chemical 
features of bacterial mucopeptides, and immunochemical 

analysis should prove helpful in this respect. 
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TABLE 1 

Criteria for the Diagnosis of Streptococcal Pharyngitis 
in Patients with Upper-Respiratory-Tract Diseases* 

Criterion No. of Points 

History of sore throat 
Phatyngeal injection 
Tonsillar or pharyngeal exudate 
Temperature 101°F or higher 
White-cell count >10,000 
+ or ++ throat culture, Group A 
+++ or ++++ throat culture, Group A 

1 
1 
1 
1- 

2 

♦Cases in patients 0-5 yr. of age who had at least 4 of 
7 possible points diagnosed as "strlct-crlterla" strep¬ 
tococcal nharvneitis: cases in those >5 vr. of see who 
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TABLE 4 

The direct antl-Group A-variant agglutination tltera and 
the antiatreptolysln 0 tltera on 84 human aera 

ASO Anti'A'Varlant Agglutination Titer 
Titer_< 20 20 40 80 160 320 640 

25 

50 

100 

125 

166 

200 

250 

333 

400 

500 

625 

1280 

17 3 

6 

10 5 2 

2 1 

3 2 

1 1 

5 111 

1 3 

1 

7 2 1 

2 

1 

4 

1 

1 

2 

l 

1 1 

1 
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TABLE 5 

The indirect anti-Group A agglutination titers and the 
antistreptolysin 0 titers on human sera 

ASO 
Titer 

25 

50 

100 

125 

166 

200 

250 

333 

400 

500 

625 

1280 

r - 0.440, P 0.01 

<20 20 40 80 160 320 640 1280 

4 13 1 

2 

14 1 

1 

2 1 

1 

1 

3 

1 

1 

1 

1 1 

3 1 

1 1 

2 

1 

1 

2 
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TABLE 7 

Composition of Type 1 (D76) Carbohydrates 
Extracted by Four Different Kethods 

Extraction procedure 
Hot S.albus 

foraamlde Autolysis enzyme Lysosyme 

Rhamnose' 

Hexosamine 

Glucose 

Muramic acid 

Alanine 

Glutamic acid 

Lysine 

per cent 
37.6 

11.5 

19.8 

<1.0 

<1.0 

<1.0 

<1.0 

fxu uVJ 1JT o -Lp 

per cent per cent per cent 
24.6 30.5 ” « 

15.7 

15.6 

3.4 

5.3 

1.6 

2.4 

14.9 

16.3 

2.8 

0.9 

0.3 

0.6 

22.5 

11.9 

14.4 

4.2 

11.7 

5.5 

5.8 

. ■: ' 

r 

S', 
' ; 

mmi 

•m 
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TABLE 8 

Inhibition of Type 1 (D76) Precipitin Reaction 
by Monosaccharides 

Inhibitor Inhibition 

55 micromole/ml per cent 
N-Acetylglucosamine 59.4 
N-Acetylgalactosamine 16.1 
D-Glucose 59.0 
L-Glucose 19.0 
D-Galactose 45.1 
D-Fucose 51.2 
L-Fucose 22.9 
L-Arabinose 42.0 
D-Arabinose 12.3 
L-Rhamnose 0.0 
D*Mannose 24.7 
L-Mannose 3.1 
2-Deoxy-D-Glucose 43.1 
3>0-Methyl-D*Gluco8e 9.8 

All precipitin reactions were carried out on 
antigen-antibody equivalence. 

O 



TABLE 9 

Inhibition of Typ® 1 (D76) Precipitin Reaction by 
Diiaccharldea and Methylglucoaides 

Inhibitor Inhibition 

55 micronole/ml per cent 
Sucroie 100.0 
Maltoie 96.7 
D-Cellobiose 18.2 
Beta-Lactoae 13*8 

Alpha-Hethy l-D-Glucose 100.0 
Beta-Methyl-D-Glucoae 12.2 

All precipitin reactions were carried out at antigen 
antibody equivalence. 



Figure 1 

On the left: inhibition with Group A carbohydrate of the 
reaction between Group A conjugate and Group A cell walls. 

On the right: inhibition with Group C-variant carbohydrate 
of the reaction between Group A-variant conjugate and Group A- 
variant cell walls. 
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Figure 2

Zone electrophoresis of sera collected from rabbit 80 
which hod been immunized with Group A-voriont vaccine. Tbe 
pattern of serum 1 obtained prior to immunization is at the top 
and the pattern for serum 5 obtained at the end of immunization 
is at the bottom.

I


