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The clearly defined cultural differences between streptococcus MG and
Str. salivarius were described in a previous paper (1). Various serological .
cross-reactions between streptococcus MG and Str. salivarius type I have been
mentioned briefly in the preceding paper (2). The possibility that an antigenic
relationship between these two microorganisms might exist first became ap-
parent when it was observed that Str. salivarius type I developed capsular
swelling in the presence of antistreptococcus MG rabbit serum. This observa-
tion suggested that Str. saltvarius type I might possess, like streptococcus MG,
a biologically active specific capsular substance. Evidence will be presented
below indicating that Str. salivarius type I does in fact possess such a substance.
Moreover, it will be shown that streptococcus MG is serologically related to
Str. Salivarius type 1 but is antigenically distinct from this microorganism.

Methods

Streptococct.—The strains of streptococcus MG and the strains of Sir. salivarius used
were identical with those described in the preceding paper (2).

* The Bureau of Medicine and Surgery of the U. S. Navy does not necessarily undertake
to endorse views and opinions which are expressed in this paper.

1 The work described in this paper was done under a contract, recommended by the Com-
mittee on Medical Research, between the Office of Scientific Research and Development and
The Rockefeller Institute for Medical Research.
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432 NON-HEMOLYTIC STREPTOCOCCUS FROM RESPIRATORY TRACT. III

Serological Techniques.—All of the techniques used in this study are described in detail in
the preceding paper (2).

Preporation and Chemical Properties of Soluble Substance Obtasned from Str. salivarius Type
I1.—Cells of Str. salivarius type I were dried and extracted by the same procedures employed
with streptococcus MG. The methods are described in the preceding paper (2). The yield
of soluble substance obtained either by alkali or by water extraction was approximately 20
mg. per gram of cells. The results of biuret, Bial, and Dische tests were negative on prepara-
tions extracted by each method. The Molisch test, however, on each was positive at dilu-
tions of 1:5000. Quantitative elementary analysis on one preparation obtained by method A
and subjected to electrodialysis gave the following results: C 32.6 per cent; H 3.72 per cent;
N 5.64 per cent; P 4.29 per cent. After acid hydrolysis this preparation yielded 100 per cent
of reducing sugars and gave a positive Sorensen test for glucosamin. The high value for
reducing sugars could be explained by the presence of fructose in the hydrolysate. It is of
interest that Niven, Smiley, and Sherman (3) have gported previously that the levan syn-
thesized by Sir. salivarsus from sucrose or raffinose yielded large amounts of fructose on acid
hydrolysis.

The results of the chemical tests suggested that the soluble substance ex-
tracted from Str. salivarius type I, like that obtained from streptococcus MG,
was a nitrogenous polysaccharide.

Soluble substance obtained from Str, salivarius type I by procedures identical
to those used for the extraction of a similar substance from streptococcus MG
was found to possess specific serological activity in high degree. In the presence
of homologous immune rabbit serum, dilutions of 1:1,000,000 of this substance
yielded definite precipitates. When mixed with anti-type II Sir. salivarius
rabbit serum, however, no precipitation occurred.

An immunological study of the antigenic relationships between streptococcus
MG and Str. salivarius type I, as well as Str. salivarius type II, was carried
out. Representative strains of each microorganism and the sera of rabbits
immunized with each strain were employed. Tests were made by the ag-
glutination, Quellung, precipitation, and complement-fixation techniques as
described above.

Cross-Agglutination Tests—Suspensions of streptococcus MG, Str. salivarius
type I, and Str. salivarius type II, respectively, were tested by the agglutination
technique against each of the homologous immune rabbit sera. The results
of a typical experiment are recorded in Table I. It will be seen that anti-
streptococcus MG serum in a dilution of 1:5120 agglutinated the homologous
microorganism and, in a dilution of 1:640, also agglutinated Str. salivarius type
I. On the other hand, this immune serum did not agglutinate Str. salivarius
type II. The anti-type I Sir. salivarius serum, in dilution of 1:2560, agglu-
tinated the homologous microorganism and, in a dilution of 1:640, also ag-
glutinated streptococcus MG.  This immune serum agglutinated Str. salivarius
type II, but only in serum dilutions of 1:80 or less. The anti-type II Str.
salivarius serum, in dilutions of 1:5120 and 1:160, respectively, agglutinated
the homologous microorganism and Str. salivarius type I. This immune serum
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also agglutinated streptococcus MG but only in serum dilutions of 1:20 or
less.

Many similar cross-agglutination tests were carried out with numerous
suspensions of each of these three microorganisms and a number of homologous
immune sera. The agglutination titer of each serum was determined repeat-
edly against each streptococcal suspension. The geometric means of the log-
arithms of these titers are presented graphically in Fig. 1. In the upper half
of the figure the results indicate the extent to which each of the three varieties

TABLE 1
Results of Cross-Agglutination Tesis with Streptococcus MG, Str. salivarius Types I and 11, and
Immune Rabbit Sera
Rabbit serum Streptococcal Serum dilution
against suspensi
1:10 | 1:20 | 1:40 | 1:80 |1:160{1:320{1:640(1:1280 |1:2560 |1:5120
Str. MG Str. MG 4 (44141444 4 3 1
Str. sal. I 4 | 4| 444131 0 0 0
Str. sal. I1 ojo|o0o|O0o]|OojO]|O]| O 0 0
Str. salivarius Str. MG 4144144430 0 0
type I Str. sal. I 4 1 4| 44| 44| 4| 4 3 0
Str. sal. I1 414|141 2|)0|]0;0] O 0 0
Str. salfvarius Str. MG 412|010  0|0]|0O 0 0 0
type I1 Str. sal. I 4t 414|413 0/0[0 0 0
Str. sal. 11 41414/ 4)4)14)4)] 4 3 1
Normal serum Str. MG ojof(o0|o0|—
Str. sal. I 0j0{0] 0] —
Str. sal. 11 0j]0(0)]0]|—

Str. MG = streptococcus MG
Str. sal. = Sty, salivarius

of streptococcal suspension was agglutinated by each of the three varieties of
antiserum. In the lower half of the figure, the results indicate the extent to
which each of the three varieties of antiserum was capable of agglutinating
each of the three varieties of streptococcal suspension. It will be seen that
these two methods of analysis yielded very similar results and that the two
graphs shown in Fig. 1 are almost mirror images of each other as would be anti-
cipated from theoretical considerations. The results of these tests show
clearly the extent of the cross-agglutination reactions obtained with strepto-
coccus MG and Str. salivarius type I. They show also that similar cross-
agglutination reactions were not obtained with streptococcus MG and Sir,
salivarius type II.
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Fic. 1. Agglutination of suspensions of streptococcus MG, Str. salivarius type I, and Sir.
salivarius type 11 by rabbit antiserum against each of these streptococci. The figure shows
the logarithm of the geometric means of the agglutination titres observed.

Cross-Agglutination Tests with Absorbed Sera.—The antigenic relationship
between streptococcus MG and Sir. salivarius type I was further investigated
by cross-agglutination tests with immune sera absorbed, as described above,
with soluble substance: (method B) obtained from each streptococcus. The
results of a typical experiment are shown in Table IT. It will be seen that the
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control antistreptococcus MG serum agglutinated the homologous microorgan-
ism and Str. salivarius type I in serum dilutions of 1:1280 and 1:160, respec-
tively. After absorption with homologous soluble substance, the agglutination

TABLE II

Results of Cross-Agglutination Tests witk Streptococcus MG and Str. salivarius Type I,
and Absorbed Immune Rabbit Sera

Rabbit serum Strepto- Serum dilution
coccal
Against Absorbed with Son |1:10]1:20(1:40]1:80|1:160]1: 320[1: 640|1: 1280 | 1:2560
Str. MG Saline ' MGt [4|4[4({4| 4| 4|3] 1|0
1§ |4l4]4|a|3]0]0] 0] o0
SS*, str. MG MG |(3i0f0|0|O0O)0fO0] O 0
I 2/{0(0|0{0]0{O 0 0
SS, Str. sal. I MG |(4{4{4({4] 3 0([0]| O 0
I J|jojolojofofoO 0 0
Str. salsvarsus Saline I 41313131313} 2 2 0
type I MG {4|4f4]|a|2]|0]0] 0} 0
SS, Str. sal. 1 1 0{0|0j0j 0/ 0{0]| O 0
MG 4i14(0j]0{ 0] 0| O 0 0
SS, str. MG I 4131222 |2|01| 0 0
MG 4/310({0{0{0]| O 0 0
Normal serum Saline MG (0|0 —| —
I 010 — —

SS, str. MG MG {0]0]——

SS, Sir. sal. I MG |0{0]|— —

*SS = soluble substance
$ MG = streptococcus MG
§ I = Str. salivarius, type I

titer against both streptococci was only 1:10. After absorption with the
heterologous soluble substance the agglutination titers were 1:160 and 1:10
respectively. The control anti-type I Str. salivarius serum in dilutions of
1:1280 and 1:160, agglutinated the homologous and heterologous micro-
organisms, respectively. After absorption with the homologous soluble sub-
stance these titers were reduced to <1:10 and to 1:20, respectively. After
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absorption with the heterologous soluble substance the titers were 1:320 and
1:20, respectively. It appears evident that in each case absorption with homo-
logous soluble substance greatly reduced the titer of both homologous and heter-
ologous agglutinins. On the other hand, absorption with heterologous soluble
substance, while it removed most of the heterologous agglutinins, only mod-
erately reduced the titer of homologous agglutinins. These results suggested
that the capsular substances of streptococcus MG and Str. salivarius type I
were immunologically related but also possessed antigenic components which
were distinct for each species.

Cross-Quellung Tests.—It was stated above that Str. salivarius type 1 showed
capsular swelling when mixzed with antistreptococcus MG serum. It was
found that the converse was also true, and that anti-type I Str. salivarius serum
caused capsular swelling of streptococcus MG.  The effect of absorption of each
variety of antiserum with each variety of soluble substance (method B) was
tested by the capsular swelling technique. The results of cross-Quellung tests
with control and absorbed immune sera are shown in Table III. It will be
noted that each of the control immune sera produced capsular swelling of both
the homologous and the heterologous streptococci. Following absorption with
the homologous soluble substance neither immune serum was capable of causing
capsular swelling with either the homologous or the heterologous microorgan-
ism. However, following absorption with the heterologous soluble substance,
both immune sera were capable of producing capsular swelling of the homo-
logous but not of the heterologous streptococcus. The capsular swelling of the
homologous microorganism produced by each immune serum after absorption
with the heterologous soluble substance was indistinguishable from that pro-
duced by the control immune serum. These results provided further evidence
which indicated that the capsular antigens of streptococcus MG and Str.
salivarius type I were related serologically but were nonetheless distinct. It
is noteworthy that the results obtained in cross-Quellung tests with immune
sera absorbed with these soluble substances were closely analogous to those
obtained in cross-agglutination tests with immune sera treated in a similar
manner.

Cross-Precipitation Tests—It was stated above that the soluble substance
extracted from either streptococcus MG or Str. salivarius type I formed precipi-
tates when mixed with homologous immune rabbit sera. The immunological
relationship of these streptococci has been further studied by cross-precipitation
tests with each variety of immune serum and with these sera after absorption
with soluble substance obtained by the water extraction of each strepto-
coccus. The results of a typical experiment using the capillary technique are
shown in Table IV. It will be seen that the control antistreptococcus MG
serum formed a precipitate when mixed with both the homologous and hetero-
logous soluble substances in dilutions of 10—¢ and 1075, respectively. The
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TABLE III

Results of Cross-Quellung Tests with Streptococcus MG and Str. salivarius Type I, and Absorbed
Immune Rabbit Sera '

Rabbit serum Streptococcus
Against Absorbed with MG 1
Str. MG Saline +++41 ++++
SS¥, str. MG 0§ 0
SS, Str. sal. 1 ++++ 0
Str. salivarius type 1 Saline ++++ +++4
SS, Str. sal. I 0 0
S5, str. MG 0 ++++
Normal serum Saline 0 0
SS, str. MG 0 0
SS, Str. sal. 1 0 0

* SS = soluble substance .
1 +-+-+ = definite capsular swelling
§ 0 = no capsular swelling

TABLE IV

Results of Cross-Precipitation Tests with Absorbed Immune Rabbit Sera and Soluble Substances
Obtained from Streptococcus MG and Str. salivarius Type I

Rabbit serum Soluble substance
SS, str. MG dilution N S8, Str. sal. I dilution
Against Absorbed with Csoﬂil;gl
104 10-% 106 104 10-s 10—t
Str. MG Saline 4 3 2 0 3 2 0
SS¥, str. MG 0 0 0 0 0 0 0
SS, Sir. sal. 1 2 1 0 0 + 0 0
Str. salivarius Saline 1 =+ 0 0 2 1 0
type 1 S8, Str. sal. 1 0 0 0 0 0 0 0
SS, str. MG 0 0 0 0 2 =+ 0
Normal serum Saline 0 0 0 0 0 0 0
SS, str. MG 0 0 0 0 0 0 0
SS, Str. sal. 1 0 0 0 0 0 0 0

*SS = soluble substance

quantity of precipitate formed was much greater in the homologous as com-
pared to the heterologous combinations. This same immune serum, after
absorption with homologous soluble substance, did not form precipitates with



438  NON-HEMOLYTIC STREPTOCOCCUS FROM RESPIRATORY TRACT. III

either soluble substance. After absorption with heterologous soluble substance
the serum formed only a trace of precipitate with this substance but formed
a definite precipitate with homologous soluble substance in a dilution of 1075
Similar results were obtained with the anti-type I Str. saliverius serum. The
control serum formed precipitates when mixed with either homologous or
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Frc. 2. Precipitation of soluble substances obtained from streptococcus MG and from Str.
salivarius type I by rabbit antisera against each of these streptococci.

heterologous soluble substance in dilutions of 107°. The quantity of pre-
cipitate formed was again more abundant in the homologous combination.
After absorption with the homologous soluble substance this serum did not
form a precipitate with either soluble substance. After absorption with the
heterologous soluble substance no precipitate was formed in the heterologous
mixtures but a precipitate was formed with the homologous soluble substance in

a dilution of 105,
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The difference in the amounts of precipitate formed in the homologous and
heterologous mixtures was measured by the quantitative turbidimetric method
described above (2). Immune rabbit sera against each variety of streptococcus
were mixed with varying amounts of each variety of soluble substance (method
A) and turbidimetric readings were recorded after a suitable interval. The
results obtained are presented graphically in Fig. 2. It will be seen that in the
case of each immune serum the amount of precipitate formed was greater in the
mixtures containing the homologous soluble substance. In the case of the
antistreptococcus MG serum the maximum quantity of precipitate formed with
the homologous soluble substance was 6.5 times greater, and with the anti-
type I Str. salivarius serum 1.4 times greater, than the maximum quantity of
precipitate formed with the heterologous soluble substance.

It seems evident that the results observed in cross-precipitation tests were
analogous to those observed both in the cross-agglutination and in the cross-
Quellung tests. Taken together the results of these various tests constituted
strong evidence that the soluble substances extracted from streptococcus MG
and Str. salivarius type 1, although immunoclogically related, were not anti-
genically identical. '

Cross-Complement Fixation Tests—The serological relationship of strepto-
coccus MG to Str. salivarius type 1 has been further investigated by cross-
complement-fixation tests. The soluble substances obtained from each variety
of streptococcus, by both alkali and water extraction, were used as antigens and
each variety of immune rabbit serum was tested. Complement was fixed in
each case in high dilution of the homologous serum-antigen mixtures and also,
but to a lesser degree, in the heterologous mixtures. The results were similar
with soluble substance prepared by each method. These observations con-
firmed those made in agglutination and precipitation tests and showed im-
munological similarity but not antigenic identity of the soluble substances
obtained from streptococcus MG and Str. salivarius type 1. An insufficient
number of complement-fixation tests were carried out with absorbed sera to
justify reporting the results at this time.

DISCUSSION

The available evidence (2) indicates that, with the exception only of Str.
salivarius type I, streptococcus MG is serologically distinct from each of a
wide variety of other microbial species including type-specific pneumococci,
B hemolytic streptococci, and certain other non-hemolytic streptococci. It
was found that Str. salivarius type 1, like streptococcus MG, also possesses a
capsular structure and that its capsule too is composed largely of a nitrogenous
polysaccharide. The results of cross-serological tests with streptococcus MG
and Str. salivarius type I indicate clearly that these two different non-hemolytic
streptococci are immunologically related, and yet are antigenically distinct.
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It seems evident that the immunological relationship between these two micro-
organisms is the result of certain similarities in their capsular polysaccharides.

It was shown in a previous paper (1) that streptococcus MG possesses numer-
ous cultural characteristics which are widely different from those of Sir.
salivarius and there seems to be adequate evidence for thinking that they are
members of distinct and different species of non-hemolytic streptococci. The
fact that streptococcus MG and Str. salivarius type I are immunologically re-
lated aithough not antigenically identical can hardly be considered as evidence
against this point of view. It is well established that a number of other dis-
tinctly different microbial species also possess polysaccharide antigens which
are immunologically related. Some noteworthy instances in which apparently
coincidental antigenic similarities between different microorganisms have been
described previously are the following: pneumococcus type II and a variety
of other microorganisms, including Friedlinder’s bacillus type B (4), a strain
of Saccharomyces cerevisiae (5), Past. cuniculicida (6), and Leuconostoc mesen-
teroides (7); pneumococcus types XX or XII and Leuconostoc mesenteroides
(7); pneumoccus type I and a strain of Escherichia coli (mucoid) (8); various
types of pneumococcus and H. influenzae types A, B, or C (9, 10); as well as
Rickelisia prowazecki and B. proteus 0X19 (11).

SUMMARY

The results of studies on the immunological relationship between strepto-
coccus MG and Streptococcus salivarius type I are described. Evidence is
presented to show that Streptococcus salivarius type I, like streptococcus MG,
possesses a capsular polysaccharide antigen. Similarities in the capsular
polysaccharides of these two different species of non-hemolytic streptococci
appear to be responsible for their immunological relationship.
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