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Abstract
An immunogenetic study of the response to
streptococcal carbohydrate antigen of the cell

wail was carried out on members of 15
multiplex families each having more than one

sib affected with rheumatic heart disease.
They comprised 30 parents and 61 sibs (32
with rheumatic disease and 29 without). Fifty
healthy unrelated subjects served as controls.
A history was taken and clinical examination
carried out. Rheumatic activity was determined
and HLA typing was carried out for nine A
antigens, 15 B antigens, and six DR antigens.
The immune response of lymphocytes to
streptococcal polysaccharide antigen of the
cell wall of group A fi haemolytic streptococci
in vitro was studied by tritiated thymidine
uptake. The results were statistically and
genetically analysed. It was found that (a) all
subjects with rheumatic disease were highly
responsive to the streptococcal polysaccharide
antigen of the cell wall, the sib pairs being
mostly HLA identical; (b) all low responders
had no rheumatic disease and their pheno-
types were mostly different from those of the
rheumatic member of their sib pair; (c) corre-

lation of immune responsiveness (high or low)
between HLA-identical sibs was significant,
but insignificant between haplotype identical
and non-identical sibs; (d) the gene responsible
for high responsiveness to the streptococcal
polysaccharide antigen of the cell wall is
recessive and closely linked to HLA. In
conclusion, it was found that exposure to
pharyngeal infection with groupA fi haemolytic
streptococci may lead to acute rheumatic
fever in those with an inherited recessive gene
responsible for high responsiveness to the
streptococcal polysaccharide antigen of the
cell wall.

Development of acute rheumatic fever, which is
known to depend on genetic-environmental
interaction, is generally thought to entail re-

actions of the immune system with group A
streptococci or their products. Development of
high titres of antibodies against streptococcal
antigens in rheumatic patients, the presence of
cross reacting antibodies against many com-

ponents of host tissues,' and alterations of the
cellular immune response,2-4 all indicate an

immunoregulatory dysfunction in the patho-
genesis of acute rheumatic fever.
Numerous attempts have been made to show

the existence of immune response genes or

immune suppressor genes in man with a series
of antigens, such as streptokinase and strepto-

dornase,5 influenza A,6 vaccinia,7 and tetanus
toxoid.8 Sasazuki et al investigated the immune
response to streptococcal cell wall antigen by
the T cell proliferation in vitro among the
members of 23 healthy families.9 They sug-
gested a dominant gene for low responsiveness
to streptococcal cell wall closely linked to HLA.

In this study we investigated the pattern of
cellular immune response to the group A
polysaccharide antigen of the streptococcal cell
wall in vitro. To identify the HLA linked
immune response or iInmune suppressor genes
or the mode of inheritance, or both, family
analysis is essential. Thus we studied the
members of families having more than one sib
affected with rheumatic heart disease. We
aimed at clarifying the genetic control that may
govern the immune response to this antigen and
determining whether it is linked to the HLA
region.

Patients and methods
The study was carried out on members of 15
multiplex families each having more than the
one sib affected with rheumatic heart disease.
They comprised 30 parents (two with rheumatic
heart disease) and 61 sibs: 32 with rheumatic
disease (13 male, 19 female, aged 6-26 years)
and 29 without rheumatic disease (17 male, 12
female, aged 5-18 years). In only four families
were the parents consanguineous (first cousins
in family Nos 6, 9, 12 and first cousins once
removed in family No 14). Only those sibs
above the age of 5 years were included.
The rheumatic sibs were enrolled from the

cardiac follow up outpatient clinic of the
paediatric department of the University
Hospital at Mansoura on the basis that the
probands previously admitted to the hospital
had been diagnosed as having acute rheumatic
fever. None of the rheumatic patients was in
heart failure or showed any clinical or labora-
tory evidence of rheumatic activity. For at least
six months after complete clinical and labora-
tory improvement from the last attack of
rheumatic activity they had received no treat-
ment except long acting penicillin, and this was
stopped one month before our investigations.
A detailed history was taken and clinical

examination carried out on all the members of
each family to exclude a past history suggestive
of acute rheumatic fever or evidence of sub-
clinical rheumatic heart disease or even recent
streptococcal infection.

Fifty healthy unrelated subjects matched for
age, sex, and socioeconomic standard served as
a control group. They had been admitted to the
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Streptococcal carbohydrate antigen ofthe cell wall in rheumatic fever

hospital for minor surgical conditions. Neither
they nor their first degree relatives had any
history or clinical evidence of acute rheumatic
fever or sequelae of rheumatic heart disease.
For all subjects included in the study the

following investigations were carried out:
1 Clinical examination of all the probands

and the living first degree relatives in the 15
multiplex families.

2 Detection of rheumatic activity, including
erythrocyte sedimentation rate, C reactive
protein, and antistreptolysin 0 titre to exclude
recent streptococcal infection.

3 HLA antigen typing of the parents,
affected, and unaffected sibs by standard
complement dependent microlymphocytotoxi-
city testing.'0 The following specificities were
determined: locus A: 1, 2, 3, 9, 10, 11, w19, 28,
29; locus B: 5, 7, 8, 12, 13, 14, 15, 16, 17, 18,
21, 22, 27, 37, 40; DR: 1, 2, 3, 4, 5, 7. The
HLA antisera and rabbit complement were
purchased from Hoechst-Behring Marburg,
FRG.
4 Cellular immune response was examined

in the peripheral blood lymphocytes in response
to streptococcal polysaccharide antigen of the
cell wall of group A f3 haemolytic streptococci in
vitro. The antigen had been extracted from 63
field strains of group A ,B haemolytic strepto-
cocci obtained from throat culture surveys of a
general population in the Qalyub area, near
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Figure) Cwnudtivefequencyfor the immune response to the streptococcalpolysaccharide
antigen ofthe ceU waull in the control group.

Cario, Egypt." The optimal antigenic dose was
determined by chessboard titration in the blood
of 10 patients with inactive rheumatic heart
disease and in 10 normal subjects. The optimal
dose thus determined was 0-275 [tg/ml of
lymphocytes. The lymphocytic count was
adjusted to 2 x 106/ml. To ensure that the
method of culture was standardised the experi-
ments on both control and study populations
were performed simultaneously using phyto-
haemagglutinin and streptococcal cell wall
antigen.
The effect of stimulation was studied by

measuring DNA synthesis as indicated by
[3H]thymidine uptake by the proliferating
cells,'2 which was measured as follows.
[3H]Thymidine (37 kBq) with specific activity
74 MBq/mmol was added to the plates and
incubated for 18 hours. Radioactivity was
measured in a toluene based mixture by scintil-
lation counting with a j3 counter. The results
were expressed as counts per minutes (cpm) in
2 x 106 lymphocytes and were the mean value for
each sample studied in triplicate, before and
after streptococcal mitogen response.

STATISTICAL AND GENETIC ANALYSIS
The goodness of fit for the mode of inheritance
was obtained by the maximum likelihood scor-
ing method'3 based on the probability of
binomial distribution. The x2 test was used to
test for HLA haplotype concordance in the sib
pairs.'4 To test for correlation between HLA
identical, haplotype identical and non-identical
sibs, and the immune responsiveness to the
streptococcal polysaccharide antigen of the cell
wall, Spearman's rank correlation method was
used.'4 Finally, to test for linkage we used
Morton's sequential linkage test and recom-
bination fractions.15 16 The method of the lods
is based on likelihood, which is defined as the
relative probability of finding a family with
information on the two markers at various
recombination fractions.

Results
The results of [3HJthymidine uptake by
lymphocytes of the control group, expressed in
natural logarithm counts per minute (In A cpm),
were analysed from the cumulative frequency
curve drawn on normal probability paper (fig
1). The abscissa indicates the classes of the
immune responsiveness expressed by In A cpm
and the ordinate indicates the cumulative distri-
bution frequency (%). The distribution showed
a clear bimodality as represented by two
independent lines with a cut off point at 9 1.

Table Nwnber (%) ofhigh and low responders among the
members of the 15 multiplx families

n High responders Low responders
No (%) No (%)

Parents: 30 18 (60) 12 (40)
Rheumatic 2 2 (100) 0 (0)
Non-rheumatic 28 16 (57) 12 (43)

Siblings: 61 48 (79) 13 (21)
Rheumatic 32 32 (100) 0 (0)
Non-rheumatic 29 16 (55) 13 (45)
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Table 2 Summary of the observed phenotypes of immune
responsiveness to the streptococcal polysaccharide antigen of
the cell wall in the 15 families

Phenotvpes of Phenotypes of Number of
parents children families

HxH H, H, H 2
H, H, H, H 4
H, H, H, H, H 1

HxL H, H, H,H 1
H, H, H, 1 1
H, H, H, L,L 1
H, H, L I, LL

LxL H, H,11
H, H, L, L, 2
H, H, H, LL 1

H=high responder; L=low responder.

H H H-H

1DTO2 D T O 3
a/b c/d o/b c/d alb c/d

/c GM b/ c b/c o/l a/C a/d a/e old b/c blc b/id
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7 a14 8 1 9

elW c/ a/ c/d elb c/d

Ole Ole bi/d bic bid old bi/d old aic a/c a/c aid btd

10 II) 12 S<
of c/dic b c/i a/b

i jl Ht H; A i|!L H; m LL
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cm la cid e ob ciHL"iHb b A H; b Lc/i
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O Normol H: Hig resor to SPA - CW

L Low responder to SPA - CW

- W b.c.i Hopksyes of H LA

Figure 2 Pedigrees ofthe 15families with the clinical presentation, the response to the
streptococcal polysaccharide antigen ofthe cell wall (SPA-CW), and HLA haplotypes
assignedfor each subject.

- Table 1 summarises the immune respon-
siveness of parents and siblings (rheumatic and
non-rheumatic) of the 15 multiplex rheumatic
families to the streptococcal polysaccharide
antigen of the cell wall. Those above 9 1 In A
cpm were considered high responders and those
below this figure were considered low respon-
ders. Table 2 summarises the disposition,
according to this criterion, of the high and low
responders to the streptococcal polysaccharide
antigen of the cell wall among the 15 families.

Figure 2 presents the pedigrees of the 15
families with the clinical presentation (rheumatic
or non-rheumatic), the response to the strepto-
coccal polysaccharide antigen of the cell wall,
and HLA haplotypes assigned for each subject.
Table 3 illustrates the HLA haplotypes of the
parents as presented in the pedigrees.
The mode of inheritance for the immune

responsiveness to the streptococcal polysac-
charide antigen of the cell wall was analysed by
the maximum likelihood scoring method,'
using only the eight informative families. All of
these families were completely ascertained and
penetrance of the gene controlling immune
responsiveness to the streptococcal polysac-
charide antigen of the cell wall was assumed to
be complete. Four informative backcross
families (HxL) were analysed assuming that a
single recessive gene controls the high respon-
siveness to the streptococcal polysaccharide
antigen of the cell wall. There was no significant
difference between the observed and expected
results (p>O0O5), indicating that the hypothesis
of a single recessive gene controlling high
responsiveness to the streptococcal polysac-
charide antigen of the cell wall cannot be
rejected (table 4). This result was confirmed by
the analysis of the four informative intercross
families (LxL) (p>005) (table 5). Further
support for this hypothesis comes from the
observation that all siblings from matings of
high responder parents were high responders.
Because many high responder siblings were the
result of mating of low responder parents,
simple dominant inheritance for low respon-
siveness to the streptococcal polysaccharide
antigen of the cell wall remains valid.

Table 6 illustrates the HLA haplotype con-
cordance for rheumatic high responder sib pairs
(group A), rheumatic and non-rheumatic high
responder sib pairs (group B), and rheumatic
and non-rheumatic low responder sib pairs

Table 3 HLA haplotypes of the parents in the 15 multiplex families

IPedigree
No

2
3
4
5
6
7
8
9
10
11
12
13
14
15

Father

a

Al , B15, DR2
All,B7 ,DR-
A--, B12, DR4
A28, B12, DR2
A2 B-, DR1
A3, B18, DR-
A B40, DR2
Al B5, DR3
AIO, B8, DR-
Al B14, DRI
Al, B17, DR4
A2, B12, DR-
AIO, B5 , DR7
A28, B17, DR-
Al , B15, DR5

Alothc'r

h

All, B21, DR7
A ,B5 ,DRI
A2, B5, DR-
Al B12, DR-
AIO, B5 . DR3
A9 , B15, DR-
A29, B- . DRI
All, B12, DR3
AIO, B14, DR2
A2, B37, DR4
A2, B22, DR1
All, B18, DR-
A29, B15, DRI
A9, B40, DR3
A2, B8 , DR2

A2
A2
A9
A9
A2
A
A2
A3
Al
A2
A2
A-
A2
Al
A9

, B18, DRI
, B17, DR2
, B27, DRI
, B18, DR3
, B12, DR3
, B5 , DR4
, B13, DR5
. B12, DR
, B15, DRI
, B17, )R-
, B5 , DR3
, B22, DRI
, B5 , DR-
, B12, DR3
, B17, DR2

d

A28, B15, DR3
AwI9, B12, DR-
A2 , B15, DR-
A- , B14, DRI
A3 , B37, DR2
A28, B12, DR-
Al , B37, DR-
AIO(, B17, DR--
A29 , B12, DR2
A2 , B17, DR--
Al , B27, DR-
Al , B14, DRI
A3 ,B8, DR3
A28 B5, DR2
Aw19, B5, DR-
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Streptococcal carbohydrate antigen ofthe cel waUl in rheumaticfever

Table4 Testforgdness offit ofthe ritaneofue
responseness to strococcal poysacchaide antigen of
the cell waUl asu n an autosomal recessive inhertance for
high respo usi backcross (HxL)
No of Nunber of Observed Expected X2
sibs high

respers

4 1 0 0-54 054
4 2 0 0-80 0-80
4 3 1 0-54 0-39
4 4 1 0-12 6-45

5 1 0 0-32 0-32
5 2 1 0-64 0-20
5 3 1 0-64 0-20
5 4 0 0-32 032
5 5 0 008 008

Total 4* 4.00* 9-3

*p>005.

Tabk S Testforgodness offit ofthe ihritac ofiumnune
responsivens to the streptococcal polysaccharide antgen of
the cell wall assuming an autosomal recessive inheritance for
high responsiveness using itercross (LxL)
No of Number of Observed Expected X2
sibs high

responders

3 1 0 073 073
3 2 1 0-24 2-41
3 3 0 003 003

4 1 0 0-24 1-24
4 2 2 0-62 2-98
4 3 0 0-12 0-12
4 4 0 002 002

5 1 0 052 052
5 2 0 034 034
5 3 1 0-12 645
5 4 0 0019 0019
5 5 0 0-001 0-001

4* 4 00* 14-86

*p>O.05.

(group C). In groups A and C the values were
significantly different from the expected
(p<0 001 and <0-01 respectively). Group A
was more associated with identical haplotypes,
and group C with non-identical haplotypes. The
disposition of haplotypes in group B tended
towards association with identical haplotypes
but this association was not significantly differ-
ent from the expected value (p>0-05).

Table 7 shows the correlation of phenotypes
of immune responsiveness to the streptococcal
polysaccharide antigen of the cell wall between
HLA identical, HLA haplotype identical, and
HLA non-identical siblings. The correlation of
the phenotypes of immune responsiveness (H or

L) between HLA identical siblings was highly
significant (r=0-8%; p<0O001), whereas for
HLA haplotype identical and HLA non-
identical siblings the correlation was insignifi-
cant (r=0-59; p>0O05 and r=0-32; p>005
respectively).

Tabk 7 Correlaon of the phenop of unume
respositveness to the streptoccal polysaccharide antgen of
the cell wall beween (a) HLA idencl siblings, (b) HLA
haplpe idetical siblings, (c) HLA non-idtical
siblings

Group (a) Group (b) Group (c)
(n= 12) (n= 12) (n= 10)

Elder siblngs

H L H L H L
Younger siblings H 12 0 H8 0 H3 1

L 00 L2 2 L6 0

r* 008% 0-590 0-320
p value <0 001 >0 05 >0 05

*r=correlation coefficient; n=number of siblings.

Figures 3-5 illustrate the correlation of the
immune response to the streptococcal polysac-
charide antigen of the cell wall between HLA
identical, HLA haplotype identical, and HLA
non-identical sibs respectively. The abscissa
indicates the immune response (In A cpm) of the
elder sibs and the ordinate indicates that of the
younger sibs. The dotted lines indicate the cut-
off point for low and high responsiveness.
Table 8 shows the lod scores for linkage

between HLA and high response to the strepto-
coccal polysaccharide antigen of the cell wall
calculated with four informative families (Nos
4, 7, 9, 13) by Morton's sequential linkage tests.
A maximum lod score (4-214) was obtained at
0=0-00, indicating close linkage between HLA
and high responsiveness to the streptococcal
polysaccharide antigen of the cell wall.

Discussion
Four important findings have emerged from
this study. Firstly, all subjects with rheumatic
disease were highly responsive to the strepto-
coccal polysaccharide antigen of the cell wall,
the sib pairs being mostly HLA identical.
Secondly, some sibs were high responders but
did not have rheumatic fever. Sib pairs between
these sibs and rheumatic sibs did not show a

significantly different HLA phenotype con-
cordance from that expected. Thirdly, all low
responders had no rheumatic disease and their
phenotypes were mostly different from those of
the rheumatic member of their sib pair.
Fourthly, the gene responsible for high respon-
siveness to the streptococcal polysaccharide
antigen of the cell wall is recessive and closely
linked to HLA.
The development of acute rheumatic fever

and rheumatic heart disease is thought to be a
result of a disturbance of immunological factors
after infection by group A f3 haemolytic strepto-
cocci. For example, patients with rheumatic

Table 6 HLA haploNpe concordance for (A) rheumatic high resonder sib pais, (B) rheumatc and non-rheumac
high responder sib pairs, (C) rheunatic and non-rheumatic low responder sib pairs

Concordant A (n=25) B (n=98) C (n=94)
haplotes

Observed Expected Observed Expected Observed Expected

2 64 (16)* 25 29 59 (29) 25 19-15 (18) 25
1 36 (9) 50 48-98 (48) 50 34-62 (41) 50
0 0 (0) 25 21-43 (21) 25 37-23 (35) 25

p Valuet <0 001 >0-05 <0-01

*Number of pairs in parentheses.
tX2 Analysis.
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Tabk 8 Lod scores for linkage between HLA and kigh responivene to the streptococcal polysaccharide antigen of the cell
wall calculated with four informative famies by Mortn's s linkage tests

Family No Recombination fraction (0)

000 001 002 003 004 005 0.1 02 03

4 0 903 0-886 0-868 0-850 0-832 0 814 0 720 0 517 0-298
7 1*204 1-182 1*160 1 138 1-116 1 093 0975 0-720 0436
9 0 903 0-886 0-886 0 850 0 832 0 814 0 720 0 517 0-298
13 1 204 1-182 1-160 1[138 1-116 1-093 0975 0-720 0-436

Total 4-214 4 136 4 056 3-976 3-896 3 814 3 390 2-474 1 468

Figure 3 Correlation of
the immue response to the
streptococcalpolysaccharide
antigen ofthe cell wall
betweenHLA identical sibs.

u2

E n1

-4

C 1t
a

C
9

..

je
8

Figure 4 Correlation of
the immune response to the
streptococcalpolysaccharide
antigen ofthe cell wall
between HLA haplotype
identical sibs.
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fever have a well recorded marked increase of
antibodies to various streptococcal antigens
compared with subjects without rheumatic
fever.'7 In addition, serum samples of patients
with acute rheumatic fever contain antibodies
that cross react with constituents of human
cardiac tissues, whereas these antibodies are

present in very low titres or absent in uncompli-
cated streptococcal infections.'8 19

Several mitogens, streptococcal structures,
and toxins were found to induce lymphoblastic
transformation in vitro. Some workers used
phytohaemagglutinin and Candida albicans
as non-specific mitogens and they found
decreased lymphocyte transformation among
rheumatic patients, especially during rheumatic
activity.2 4 2022 This hyporesponsiveness was

attributed to possible reactions during the active
stage of the disease. Similar results have been
obtained by using streptococcal extracellular
products and toxins.21-24

Goldstein et al reported that mammalian
structural glycoproteins obtained from heart
valves contain antigens similar to those isolated
from group A streptococcal cell walls.25 The
shared antigenicity seemed to be due to the
presence of common N-acetylglucosamine
terminal groups in mammalian tissue and the
group A streptococcal carbohydrate. This
group-specific carbohydrate antigen accounts
for about 30-50% of the dry weight of the cell
wall and about 10% of the intact cell. Dudding
and Ayoub noted that serum samples from
patients who develop rheumatic valvular disease
contain high titres of antibodies to the strepto-
coccal group A carbohydrate and that these
antibodies may persist for years after the initial
attack.26 This antibody is probably the result
rather than the cause of tissue injury, however.27

In view of these previous findings we decided
to study the pattern of cellular immune response
to this particular cell wall antigen, especially as

there are no reports dealing either with the
cellular immune response or the possible genetic
control that may govern such response to this
particular antigen in rheumatic patients.
The cellular immune response of our control

population to the streptococcal polysaccharide
antigen of the cell wall showed a cut-off point at
9-1 In A cpm. A study of a normal Japanese
population using the whole streptococcal cell
wall antigen showed a cut-off point at 9-6 In A
cpm.9 This small difference might be attributed
to: firstly, the difference in the procedure of
extraction of the antigen-we used the method
described by El-Kholy et al" and the Japanese
group used that described by Sasazuki et al.28
Secondly, the optimum antigenic dose was

i
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Streptococcal carbohydrate antigen ofthe cell wall in rheumatic fever

different-we used the streptococcal polysac-
charide antigen of the cell wall, whereas the
Japanese used the whole streptococcal cell wall
antigen.
A study of the mode of inheritance for

immune responsiveness to the streptococcal
polysaccharide antigen of the cell wall was
carried out by the maximum likelihood scoring
method using only the eight informative
families (HxL and LxL), and assuming that
the gene controlling high responsiveness to
streptococcal polysaccharide antigen of the cell
wall was a recessive one and its penetrance was
complete. Analysis of the results showed that
the hypothesis of a single recessive gene for high
responsiveness to the streptococcal polysac-
charide antigen of the cell wall cannot be
rejected. Confirmation for this comes from the
observation that all sibs resulting from matings
of high responder parents were almost always
high responders. On the other hand, because
some high responder siblings were obtained
from the mating of low responders, a simple
dominant inheritance for low responsiveness to
the streptococcal polysaccharide antigen of the
cell wall might be possible. Similar results have
been reported by Sasazuki et al among normal
Japanese families.9

Screening of the pedigrees showed that all the
subjects with rheumatic disease were high
responders, and all the low responders had no
rheumatic disease. This is contrary to the
results of Reed et al, who studied the cellular
reactivity to streptococcal group A carbohydrate
antigen among patients with inactive rheumatic
fever with and without valvular diseases and
compared the results with the response to
streptococcal membrane antigens.29 They found
no significant difference and attributed such
results to the limited range of antigen concen-
tration used.

Correlations between elder and younger sibs
for the concordance of HLA haplotypes in
relation to the immune response to the strepto-
coccal polysaccharide antigen of the cell wall
indicate clearly that the gene responsible for the
immune response is within the HLA region.
Thus the major histocompatibility complex
plays a crucial part in controlling the immune
response to the streptococcal polysaccharide
antigen of the cell wall. Furthermore, analysis
of HLA haplotype concordance highlighted
some important points: firstly, the results for
groups A and C (table 6) indicate that the high
responsiveness to the streptococcal polysac-
charide antigen of the cell wall is an important
component in the multifactorial genetic variance
forming the susceptibility to acute rheumatic
fever. Secondly, the high incidence of HLA-
identical rheumatic sib pairs, which means
homozygosity, confirms a recessive character.
Thirdly, the results for group B (table 6) might
be due to the effect of other gene(s) closely
associated with HLA and concerned in the
pathogenesis of acute rheumatic fever.3 4 30
An earlier report showed a genetic linkage

between the blastogenic response to strepto-
coccal cell wall preparation and the HLA
region.3' Also, the magnitude of the antibody
response to group A carbohydrate that is

produced in laboratory animals was proved to
be genetically controlled.32 This was recently
confirmed by Ayoub et al, who reported an
association between increased antibody produc-
tion to group A carbohydrate antigen and a
particular HLA class II antigen (DR2 and
DR4).33 In our study, however, an analysis of
the association between HLA and the recessive
gene for high responsiveness to the streptococcal
polysaccharide antigen of the cell wall by
recombination fractions showed very close link-
age, as indicated by the higher lod scores
obtained at H=0-001 and 0-01.
Thus pharyngeal infection with group A I3

haemolytic streptococci of sufficient virulence
and antigenicity might produce acute rheumatic
fever and rheumatic heart disease in those
subjects with inherited recessive gene respon-
sible for high responsiveness to the streptococcal
polysaccharide antigen of the cell wall. The
presence of other polygenes that provide the
special genetic make up and susceptibility to
acute rheumatic fever would probably also be
necessary.

The lyophilised streptococcal carbohydrate antigen of the cell
wall was a gift from the American-Egyptian study group on acute
rheumatic fever at the University of Minnesota, Minneapolis,
Minnesota, USA.
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