
INFECTION AND IMMUNrrY, Mar. 1978, p. 983-991
0019-9567/78/0019-0983$02.00/0
Copyright © 1978 American Society for Microbiology

Vol. 19, No. 3

Printed in U.S.A.

Existence of Multiple Immunodeterminants in the Type-
Specific Capsular Substance of Group B Type Ia Streptococci

JUDITH A. KANE* AND WALTER W. KARAKAWA

Department of Biochemistry and Biophysics, The Pennsylvania State University, Paul M. Althouse
Laboratory, University Park, Pennsylvania 16802

Received for publication 15 September 1977

Rabbits immunized with group B, type Ia streptococci produce two distinct
populations of protective antibodies. Evidence is presented indicating that these
antibodies are directed against two major immunodeterminants which coexist in
the specific type Ia antigen. Immunochemical data, using purified antibody
preparations, indicate that the type substance, a sialic acid polymer consisting of
galactose, glucose, glucosamine, and sialic acid, possesses two distinct immuno-
dominant determinants, terminal sialic acid residues and a galactosyl oligosac-
charide. Antibodies directed against either of these determinants were shown to
possess in vivo and in vitro opsonic capabilities.

The immunology ofgroup B streptococci, type
la, has been the subject of many laboratories,
and detailed immunochemical analysis of the
antiphagocytic capsular antigens has indicated
that this type-specific substance consists of ga-
lactose and N-acetylglucosamine (8, 22). In con-
tinued immunochemical studies on the type Ta
antigen, a picture has emerged suggesting that
the previously recognized pH 2.0-extracted type-
specific Ia antigen may, in fact, represent a par-
tially degraded antigen (3). Recent studies have
indicated that extraction of type La streptococci
with pH 7.0 buffer yielded an acidic (sialo) pol-
ysaccharide antigen containing galactose, glu-
cosamine, glucose, and sialic acid (3). The major
difference observed between the pH 7.0-ex-
tracted sialo antigen and the conventional pH
2.0-extracted antigen appears to be the presence
of sialic acid moieties in the former substance.
Since sialic acid residues are extremely labile in
pH 2.0 buffer at 100°C, it is possible that the
conventional pH 2.0 antigen may represent a
partially degraded type Ia sialo antigen. In an
extension of this observation, immunochemical
evidence has indicated that the sialo antigen of
type Ia may possess two major immunodeter-
minants that coexist on the same antigen, an
acid-labile sialic acid moiety and galactosyl
moieties (3). This possibility is not unlikely, for
Lancefield and Freimer have clearly demon-
strated that the type-specific antigen of group B
streptococci, type II, consists of two immuno-
determinants, a sialic acid and fl-linked galac-
tosyl determinants (2, 8, 9).
This report substantiates the view that the

type la antigen possesses two major immuno-
determinants, terminal sialic acid residues and

galactosyl oligosaccharide determinants. Evi-
dence is presented indicating that rabbits im-
munized with type Ia organisms produce two
distinct populations of anticapsular antibodies
and that these antibodies are directed against
terminal sialo determinants and galactosyl oli-
gosaccharide determinants. Purified specific
preparations of both populations of antibodies
are shown to possess opsonic properties.

MATERIALS AND METHODS
Strains of streptococci. Types Ta (090/14/4), Tb

(H36B/60/1), and Ic (A909/14) were kindly supplied
by R. C. Lancefield, The Rockefeller University.

Antisera. Reference type-specific group B strep-
tococcal antisera were obtained from R. C. Lancefield.
Unabsorbed anti-type Ta, Tb, and Ic sera were obtained
from rabbits immunized according to the method of
McCarty and Lancefield (13).
Immunological methods. Procedures for the

qualitative and quantitative precipitin analyses of the
carbohydrate antigens have been previously described
(13). Total protein was determined by the method of
Lowry et al. (11). Specific absorption of antisera with
whole bacterial cells was performed according to the
method described by Lancefield et al. (10). Passive
protection tests in mice were carried out according to
the method described by Lancefield et al. (10). In vitro
opsonic test was performed by the method of Roberts
(15). Purified antibody preparations were obtained
from antibody-antigen complexes by the method de-
scribed by Braun et al. (1). Immunoelectrophoresis
was carried out by the micromethod of Scheidegger
(17).

Isolation and purification of antigens. Isolation
and purification of antigens from strain 090/14/4, type
Ta, have been previously described (3).
Chromatography. Paper chromatography and

identification of individual monosaccharides were per-
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formed as previously described (4, 14).
Analytical methods. Quantitative analysis of

amino sugars was performed according to the modified
method ofSpackman et al. (18) and also by the method
of Weber et al., which used a Technicon autoanalyzer
(21). Hexoses and deoxy sugars were detected and
quantitated with an autoanalyzer according to the
method of Kesler (5). Sialic acid was detected and
quantitated by the method described by Warren (20).
Terminal galactose was quantitated enzymatically by
a modification of the method described by Roth et al.
(16).

RESULTS
Immunochemical specificity of the type

Ia neutral and sialo polysaccharides. Two
antigen preparations were obtained from the cell
extracts of group B streptococci, type Ia, by
procedures previously described (3). The acidic
or sialo polysaccharide obtained from the pH 7.0
buffer extract was shown to contain glucosa-
mine, galactose, glucose, and sialic acid in the
mole ratio of 1.0:2.1:0.5:0.7; the neutral polysac-
charide obtained from the hot pH 2.0 extract
contained glucosamine, galactose, and glucose in

Siulic acid
CHO

the mole ratio of 1.0:2.1:0.4. As previously shown,
the sialic acid residues can readily be removed
from the sialo antigen with 0.05 N H2SO4 at
80'C for 1 h (19). The resulting asialo polymer,
when subjected to immunoelectrophoretic anal-
ysis, was shown to possess an electrophoretic
mobility similar to that of the neutral polymer
and not the native sialo polymer (3). Double-
diffusion analysis in agar also indicated that the
asialo polymer was identical to the neutral pH
2.0-extracted polysaccharide (3).
To determine the immunochemical relation-

ship between the sialo and the neutral pH 2.0-
extracted antigens, the following experiments
were performed. Illustrated in Fig. 1 are the
results of the chromatographic analyses of the
various timed hydrolysates of the sialo antigen,
the asialo antigen, and the conventional pH 2.0-
extracted neutral antigen. An acidic-like com-
pound, which had an Rf value identical to that
of acid-treated neuraminic acid, was initially
released from the sialo antigen after only 5 min
of hydrolysis with 0.1 N HCl at 100°C (Fig. 1,
left frame), while galactose was initially released
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FIG. 1. Paper chromatographic analyses of the acid hydrolysates of the sialic acid (sialo) polysaccharide
(left), the acid-treated sialic acid (asialo) polysaccharide (middle), and the neutral polysaccharide (right).
Hydrolysis was carried out with 0.1 N HCI at 100°C for 10, 20, and 30 min.
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after 10 min of hydrolysis. Analysis of the timed
hydrolysates of both the asialo and neutral an-
tigens (Fig. 1, middle and right frames, respec-
tively) indicated similar hydrolytic profiles for
both polymers. In both instances, galactose was
the initial sugar released after 10 min of hydrol-
ysis, whereas no acidic-like compounds were re-
leased. Reaction of the sialo and asialo antigens
with galactose oxidase indicated that the sialo
antigen possessed galactosyl residues that were

masked by sialic acid residues. For example, the
sialo antigen gave a negative galactose oxidase
test before the mild acid treatment, but after
removal of the acidic groups, the asialo antigen
was shown to be galactose oxidase positive, sug-
gesting the presence of terminal galactose resi-
dues.

In an extension of this study, sialic acid resi-
dues were sequentially released from the sialo
antigen with 0.05 N H2SO4 at 80'C, and the
released sialic acid residues were monitored by
the thiobarbituric acid method of Warren (20).
In addition, the resulting asialo antigens ob-
tained at the various timed intervals were sub-
jected to a galactose oxidase test. Illustrated in
Fig. 2 are the results of the correlation between
the release of sialic acid residues from the sialo
antigen and the concomitant appearance of ter-
minal galactose residues in the asialo antigens.
The sequential release of sialic acid from the
sialo antigen was directly related to the availa-

ability of terminal D-galactose. Under these test
conditions, approximately all of the available
sialic acid residues were released from the sialo
antigen after about 45 min of hydrolysis. Con-
comitantly, the maximum level of available ter-
minal D-galactose was observed after about 45
min of hydrolysis. Significantly, the detected
level of D-galactose in the asialo antigen ob-
tained after 45 min of hydrolysis was compatible
with the level detected in the neutral pH 2.0-
extracted antigen. These results indicate that
the sialo antigen may possess terminal sialic acid
residues with adjacent D-galactose residues.

Hydrolysis of the neutral antigen in 0.1 N HCl
for 10 min resulted in the selective removal of
essentially only galactose residues (Fig. 1). Illus-

trated in Fig. 3 are the results of the quantitative
precipitin analyses of the neutral antigen before
and after removal of galactosyl residues. The
reactivity of the acid-treated neutral antigen
with anti-type Ia serum was noticeably dimin-
ished. A similar decrease in antigenicity was also
observed between the asialo antigen devoid of
significant levels of galactosyl residues and anti-
type Ia serum. These results support the thesis
that both the neutral and asialo antigens possess
terminal galactosyl residues that may play a role
in the antigenicity of these polymers. Results of
quantitative precipitin analyses, using the neu-
tral antigen treated with galactose oxidase, in-
dicated that conversion of the D-galactosyl resi-
dues to D-galactohexodialdose by galactose oxi-
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FIG. 2. Correlation of the release of sialic acid
residues from the sialic acid polymer with the ap-
pearance of terminal galactose residues. Control de-
picts the maximum amount of terminal nonreducing
galactose residues available in the neutral polymer.
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FIG. 3. Quantitative precipitin reactions between
the neutral polysaccharide, the neutral polysaccha-
ride treated with 0.1 N HCI for 10 min, and anti-type
Ia serum.
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dase had little effect on the antigenicity of the
treated antigen. In addition, quantitative precip-
itin inhibition studies, which used various galac-
tosyl derivatives as inhibitors, suggested that the
galactosyl residues do not function alone as the
immunodominant determinant. For example,
D-galactose was shown to be a weak inhibitor of
the precipitin reaction between the neutral an-
tigen and homologous antiserum. Lactose, a 4-o-
B8-D-galactosyl-D-glucose, and p-nitrophenyl-,8-
D-galactopyranoside were moderate inhibitors,
whereas melibiose, a 6-o-a-D-galactosyl-D-glu-
cose, and p-nitrophenyl-a-D-galactopyranoside
were poor inhibitors of the precipitin reaction.
These results suggest that the immunodominant
determinant of the neutral and asialo antigens
may represent an oligosaccharide comprised of
galactosyl residues fB-linked to adjacent mono-
saccharides. In view of these observations, it
could be concluded that the sialo antigen is the
type-specific antigen of type la, which consists
of terminal sialic acid residues with an adjacent
B-linked galactosyl oligosaccharide.
Immune response in rabbits to the type

Ta capsule. In view of the observed antigenicity
of the galactosyl-linked oligosaccharide of the
neutral antigen and of the sialic acid residues of
the sialo antigen, the possibility exists that both
immunodeterminants may function simultane-
ously in the immune response of animals to the
type Ia-specific polysaccharide. Illustrated in
Fig. 4 are the results of the quantitative precip-
itin analyses between antisera derived from a
representative rabbit taken over a period of 210
days and the neutral and sialo antigens. At 14
days after the initial injection of the whole-cell
vaccine, a representative rabbit consistently de-
veloped significant levels of anti-sialo-antigen
antibodies but only very low levels of anti-neu-
tral-antigen antibodies. In antiserum taken at 20
days, both types of antibodies were detected.
The neutral-antigen antibody concentration
peaked at about 20 days, whereas the sialo-an-
tigen antibody concentration peaked at about 30
days. Seven months after the initial injection,
the sialo-antigen antibodies still persisted,
whereas the level of neutral-antigen antibodies
was greatly diminished. These results indicated
that rabbits immunized with the Ta vaccine elic-
ited the production of two major populations of
antibodies, namely, antibodies that were di-
rected toward both the sialic acid residues and
the galactosyl-linked residues of the type Ta an-
tigen.
Immunospecificity of the two popula-

tions of antibodies. Quantitative precipitin
tests between the sialo antigen, the neutral an-
tigen, and anti-type la sera were performed. The
results (Fig. 5, left frame) indicated that the
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FIG. 4. Precipitin analyses of antisera derived
from a representative rabbit at 14, 20, 30, 90, 180, and
210 days after immunization with group B, type Ia
organisms.

equivalence point of the sialo antigen reaction
was approximately 60 fig, whereas the equiva-
lence point of the neutral antigen reaction was

40 jg. Samples of anti-type Ia sera were ab-
sorbed with either the sialo antigen or the neu-

tral antigen at equivalence, and each absorbed
antiserum was used in the quantitative precipi-
tin test (Fig. 5, right frame). It should be noted
that the serum absorbed with the neutral poly-
mer still gave significant reaction with the sialo
antigen but not with the neutral antigen. How-
ever, serum absorbed with the sialo antigen
failed to react with either the neutral antigen or

the sialo antigen. Since the sialo antigen pos-
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sesses both immunodeterminants, it is capable
of absorbing out both populations of antibodies,
whereas the neutral polymer can absorb out only
the antibodies with galactose specificity. This
notion is supported by additional absorption
studies, depicted in Fig. 6. In this experiment,
antiserum was allowed to react with fresh type
Ia whole cells for 24 h at 4VC. After washing, the
agglutinated cells were treated with propionic
acid (pH 2.7), and the eluted antibodies were

Whole Ia serum

CHO

precipitated with 50% cold (NH4)2SO4, dialyzed,
and concentrated by vacuum evaporation to a
final concentration of approximately 10 mg/ml.
The eluted antibody preparation consisted of
antibodies directed against both the sialo and
neutral antigens (Fig. 6, left frame), indicating
that the capsular substance of fresh type Ta cells
possesses immunologically functional sialic acid
and galactosyl-linked immunodeterminants. Re-
sults of the quantitative precipitin analyses, us-

Adsorbed Ia serum

Sialic acid CHO
(Serum adsorbed with neutral CHO)

Wfi

Antigen Conc. (Lg/mi)

FIG. 5. (Left) Quantitative precipitin reactions between the sialic acid (sialo) antigen, the neutral antigen,
and anti-type Ia serum. (Right) Quantitative precipitin reactions between the sialic acid (sialo) antigen and
antiserum absorbed with the neutral antigen and between the neutral antigen and antiserum absorbed with
the sialo antigen.

Antibodies (Ab) eluted from whole Ia cells

Siobc Acid CHO

(Ab adsorbed with neutral CHO)
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FIG. 6. (Left) Quantitative precipitin reactions between the sialic acid (sialo) antigen, the neutral antigen,
and antibodies eluted from whole type Ia cells. (Right) Quantitative precipitin reactions between the sialic
acid (sialo) antigen and whole-cell-eluted antibodies absorbed with neutral antigen and between the neutral
antigen and whole-cell-eluted antibodies absorbed with the sialo antigen.
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ing eluted antibody preparations that were se-
lectively absorbed with either the sialo antigen
or the neutral antigen, are depicted in Fig. 6
(right frame). Note that the sialo antigen was
able to absorb out both types of eluted antibod-
ies, whereas the neutral antigen was only about
50% effective. These studies underscore the view
that the sialo antigen consists of two major
immunodeterminants that coexist on the same
antigen and are both immunogenic in rabbits.
Opsonic properties of the neutral and

sialo antibodies present in rabbit anti-type
Ta serum. Antibodies with specificity toward
the neutral and sialo carbohydrates of type Ia
have been shown to possess opsonic properties
in mice (3). Illustrated in Fig. 7 are the results of
the in vitro interaction between type Ta orga-
nisms and human polymorphonuclear leuko-
cytes (PMN) in the presence of preimmune se-
rum, immune serum containing antibodies
against the two type-specific determinants as
well as against the group B antigen, and ab-
sorbed-immune serum. The preimmune serum
had no appreciable opsonic capacity, whereas
the homologous immune serum possessed very
effective opsonins. In the case of the absorbed-
immune serum, it should be noted that serum

los
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10% Anti- Strep Ia mum
absorbed with simlo CHO

I0tA

2 110% Anti-Strp la serum
absorbed with neutral CH

10% Anti-Strep Ia srum
absorbed with nontypable
group B streptococcus

10% Anti-Strep Ia srum
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FIG. 7. Interaction between type Ia streptococci
and human leukocytes in the presence of normal
preimmune rabbit serum, anti-type Ia serum, and
anti-type Ia serum absorbed with either the sialo
antigen, the neutral antigen, or a nontypable group
B streptococcus.

absorbed with the neutral carbohydrate still
contained opsonins, whereas immune serum ab-
sorbed with the sialo carbohydrate contained
minimal levels of opsonins. The almost complete
removal of the serum opsonins by the sialo an-
tigen could be attributed to the fact that the
sialo antigen contains two immunodeterminants
and thus is able to remove both populations of
specific opsonins. In contrast, the neutral car-
bohydrate contains only one major immunode-
terminant and therefore is capable of removing
only a portion of the existing serum opsonins.
Group-specific antibodies were suggested to be
ineffective opsonins, for immune serum ab-
sorbed with a nontypable group B streptococci
was still very effective in promoting phagocyto-
sis (Fig. 7). These results support the view that
the sialo antigen consists of two major immu-
nodeterminants and that both determinants are
significant in eliciting the production of opsonins
in rabbits.
Type Ta specificity of the rabbit serum

opsonins. To confirm the view that the type Ta
carbohydrate used in these studies is, in fact,
present in the prototype Ta isolated by Dr.
Lancefield, immunological tests were performed
that used standard reference type Ta, Ib, and Ic
antisera, kindly supplied by Dr. Lancefield. Il-
lustrated in Fig. 8 are the results of the quanti-
tative precipitin analyses between the sialo and
neutral antigens and Lancefield's reference type
Ta, Ib, and Ic antisera. Reference type Ta serum
contained antibodies with both sialo-antigen and
neutral-antigen specificities (Fig. 8, left frame).
On the other hand, reference type Ib antiserum
had only low levels of antibodies directed against
each of these antigens. Anti-type Ic serum (right
frame) contained high levels of both sialo-anti-
gen and neutral-antigen antibodies, which is con-
sistent with the findings of Wilkinson (23). To
determine the immunochemical relationship be-
tween types Ta and Ic, double-diffusion analysis
in agar between the neutral pH 2.0-extracted
antigen, the asialo antigen, and anti-type Ta and
type Ic sera was performed. The precipitin band
formed between the asialo antigen and anti-type
Ta serum merged to form lines of identity with
the precipitin line formed between the asialo
antigen and anti-type Ic serum (Fig. 9). Further,
the precipitin line formed between the neutral
type Ta antigen and anti-type Ic serum merged
to form lines of identity with the precipitin line
formed between the asialo antigen and anti-type
Ic serum. The results of these precipitin reac-
tions indicate that type Ic possesses an antigen
that is immunochemically identical to the type
Ta neutral antigen, thus accounting for the ob-
served cross-reactivity between these serotypes.

INFECT. IMMUN.
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FIG. 8. Quantitative precipitin reactions between type Ia sialic acid (sialo) antigen, type Ia neutral antigen,
and reference anti-type Ia serum (left), reference anti-type lb serum (middle), or reference anti-type Ic serum
(right).

FIG. 9. Immunodiffusion studies in agar gel be-
tween the type Ia asialo antigen, the type Ia neutral
antigen, anti-type Ia serum, and anti-type Ic serum.

(Well 1) Neutral antigen; (well 2) asialo antigen;
(well 3) anti-type Ia serum; and (well 4) anti-type Ic
serum.

The presence of the type Ia neutral antigen in
type Ic organisms explains the cross-protection
observed in the mouse neutralization studies
depicted in Table 1. Type Ia and Ic group B

streptococci, both of which carry the type la-
specific antigen, were each mixed with either
type Ia neutral-antigen antibodies or sialo-anti-
gen antibodies and subsequently were injected
into mice according to the method described by
Lancefield et al. (10). All control animals were
killed by both Ia and Ic organisms, whereas all
animals injected with either Ia or Ic organisms
treated with purified neutral-antigen antibodies
or sialo-antigen antibodies were protected
against a challenge dose of virulent organisms
(Table 1).

DISCUSSION
In this report, the immunochemical relation-

ship between the conventional type-specific or
neutral polysaccharide extracted by pH 2.0
buffer and the sialic acid or sialo polysaccharide
extracted by pH 7.0 buffer has been explored.
The HCl-extracted polymer consists of galac-
tose, glucose, and glucosamine, whereas the sialo
polymer contains the same constituents, but in
addition possesses immunodominant sialic acid
residues. Evidence is also presented suggesting
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TABLE 1. Passive protection tests in mice showing the effects of antibodies directed against the sialic acid
and the neutral carbohydrates of type Ia on homologous Ia and heterologous Ic organisms

Antibody Specificity Antibody Conc. Injected Organism Organism Conc. Death Rate
mgAnl Group B type no./ml no. injected/no. died

Control Normal serum Ia 7.0x102 5/5
Control Normal serum Ic I.Ox102 5/5

Sialic acid CHO 0.25 Ia 7.0 x102 5/0
Sialic acid CHO 0.25 Ic .0 x102 5/0

Neutral CHO 0.20 Ia 7.0x102 5/0
Neutral CHO 0.20 Ic I.0 x102 5/0

that the sialo antigen represents an unaltered
capsular substance and possesses two major im-
munodominant determinants, terminal sialic
acid residues and adjacent galactosyl-linked res-
idues. In addition, the neutral pH 2.0-extracted
antigen was shown to represent an asialo version
of the sialo antigen. The existence of a sialic
acid-galactosyl terminal in the type Ia polysac-
charide appears to be reminiscent of the immu-
nodeterminants of the capsular antigen of the
type II group B streptococci (2, 8, 9). However,
preliminary precipitin analysis has revealed lit-
tle immunological relationship between the type
Ta and type II capsular antigens. Two distinct
populations of type-specific antibodies directed
against each of the two different immunodeter-
minants of the type Ta capsule were isolated and
purified from antisera derived from rabbits im-
munized with formalinized type Ta streptococci.
In most instances, the antibodies specific for the
sialic acid moiety are expressed earlier and per-
sist longer in rabbits than do the corresponding
antibodies directed against the galactosyl oligo-
saccharide.
The results presented in this study are thus

similar to those reported by Lancefield and Frei-
mer (2, 8, 9) in which they demonstrated that
the type-specific polysaccharide of group B, type
II streptococci was either acidic or neutral, de-
pending upon the harshness of the extraction
procedure used. The sialic acid residues of the
type II antigen, which consisted of sialic acid,
galactose, glucose, and glucosamine, were ex-
tremely labile to the conditions used in a typical
pH 2.0 extraction procedure, and therefore only
the neutral carbohydrate was obtained under
these conditions. On the other hand, the acidic
polymer, which contained sialic acid, was readily
obtained by the milder cold-trichloroacetic acid
method. In an extension of these observations,
the existence of two types of antibodies was
observed in rabbits immunized with type II or-
ganisms, namely, antibodies directed against the
sialic acid residues and antibodies directed
against the -linked galactosyl residues. The

complete sialic acid polymer absorbed all the
protective antibodies, whereas the neutral poly-
mer absorbed only a portion of the protective
antibodies in the antiserum, namely, those an-
tibodies with 13-galactosyl specificity.

Several other antigen-antibody systems with
similar dual specificities are known. These in-
clude the polyglycerophosphate antigen ofgroup
A streptococci as described by McCarty, which
may exist with or without an ester-linked D-
alanine immunodeterminant (12) and the group
A and A-variant streptococcal carbohydrates,
which possess either an N-acetylglucosamine or
an adjacent rhamnose immunodeterminant, re-
spectively, as their immunodeterminants (6).
The coexistence of two major immunodetermi-
nants on the type Ta antigen represents another
of these unusual relationships that have long
been suspected in group B streptococci.
Both populations of type-specific antibodies

have been shown to be effective in protecting
mice against a challenge of type Ta organisms (3,
10). These results suggest that these antibodies
have the capacity to promote in vivo phagocy-
tosis in mice. It is therefore possible that the
antibodies directed against the Ta capsule may
also function as opsonins in man by stimulating
human polymorphonuclear leukocytes (PMN).
The results of in vitro opsonic studies, using
human PMN, suggested that ingestion and in-
tracellular killing of the type Ta organisms by
human PMN was strongly influenced by anti-
bodies specific for the sialic acid moieties and
for the galactosyl oligosaccharide. On the basis
of these results, it is possible that a modified in
vitro phagocytic method of Roberts might be
useful in quantitating the level of group B strep-
tococcal antibodies in human sera by assessing
the interaction of specific group B organisms
and human PMN in the presence of human sera
(R. C. Lancefield, personal communication).
Preliminary in vitro opsonic analyses of several
human sera (heated at 560C for 1 h) indicated
that opsonic antibodies directed against type Ia
streptococci were present in some of the sera
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tested. Although the number of sera examined
was small, the results do suggest that normal
adults may possess opsonins against type la
streptococci. For example, one serum had levels
of opsonins that were comparable to those of
antisera derived from rabbits hyperimmunized
with killed type La streptococci. Also, some sam-
ples had low levels of Ia opsonins, whereas some
were almost devoid of la opsonic properties.
Further work is now in progress to determine
the feasibility of using this technique to identify
those individuals who may be susceptible to
infection by group B streptococci.
This report is a continued effort to better

understand the immunology of the type Ia
strains and to focus on the intricacies of the
immunological problems. Information concern-
ing the specific immunochemical determinants
of the group B capsular antigens may shed sig-
nificant light on the existing complexities of the
immunological interrelationship among the five
known types of group B streptococci. Elucida-
tion of this interrelationship could lead to a
better understanding of the infective properties
of these organisms and thus open the way to
more effective control of group B streptococcal
infections in man and lower animals.
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