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Sugg and Harris and their respective cowork-
ers were the first to study extensively the im-
munologic properties of a strain of pneumococcus
closely related to, but not identical with, typical
strains of Type III pneumococci (1, 2). The
“Thomas ” strain of these workers now can be
classified definitely as a Type VIII pneumococcus,
according to the classification of Cooper et al. (3).
Both the Thomas strain and the Type VIII
strains were shown, by these respective investi-
gators, to produce in certain animal species anti-
bodies of high titer against typical strains of Type
IIT pneumococci. The titers were sometimes
higher than the notoriously low homologous anti-
body titers obtainable by the injection of typical
Type III strains. The reciprocal serological re-
lationships between typical Type III strains and
the related Type VIII strains were demonstrated
with regard to passive protection in mice, aggluti-
nation, and precipitation. Antibody relationships
similar to those described in the sera of lower
animals were shown, by Finland and Winkler
(4), to occur also in the sera of certain human
subjects during convalescence from pneumonia
due to these types. With regard to ‘ natural
antibodies,” as measured by the pneumococcidal
power of the whole defibrinated blood or the pro-
tection afforded mice by the serum of normal
human subjects, Finland and Sutliff found no
such reciprocal relationship (5).

The specific carbohydrate from Pneumococcus
Type VIII was recently isolated and its proper-
ties described by Brown (6). She found marked
cross-precipitation between this carbohydrate and
that of the Type III pneumococcus. In view of
this finding and because of the poor antibody re-
sponse of human subjects to injections of the

1 This investigation was aided, in part, by a grant given
in honor of Francis Weld Peabody by the Ella Sachs
Plotz Foundation.

Type III polysaccharide (7), it seemed of interest
to study the effect of injections of the Type VIII
carbohydrate. This paper deals with the anti-
body responses to such injections and a compari-
son of them with the results of similar injections
of different preparations of the specific Type III
polysaccharide. Variations in the antibody re-
sponse due to differences in dosage and in the
route of injection are dealt with in a separate
communication (8).

EXPERIMENTAL

Subjects, materials and methods

The Type VIII carbohydrate was obtained from Dr.
Rachel Brown and was, in most respects, similar to the
preparation which she described (6). Her analysis
showed it to contain 0.72 per cent nitrogen, 0.11 per cent
phosphorus, 39.69 per cent carbon, 6.15 per cent hydro-
gen, and 6.37 per cent ash. It yielded 69.5 per cent re-
ducing sugars after acid hydrolysis. It precipitated the
homologous type antiserum in a dilution of 1: 4,000,000
and Type III antiserum in a dilution of 1:2,000,000. In
the presence of the homologous immune rabbit serum, it
fixed complement. Mice injected with amounts varying
from 0.1 to 0.000001 mgm. were not protected against
subsequent injections of culture. Most of the prepara-
tions of the Type III polysaccharide have been used in
previous immunization studies (7, 9).

The subjects were adult hospital patients who were
free from recent febrile diseases. Each individual re-
ceived a single subcutaneous injection of 1.0 mgm. of
one carbohydrate preparation over the deltoid insertion.
This dosage and route were found to yield the best re-
sults with the Type VIII material (8). No local or
general reactions occurred following any of the injec-
tions. Blood for the study of antibodies was drawn be-
fore and at intervals after injections. Phagocytosis was
studied by a method similar to that used by Ward and
Enders (10). Agglutinins were determined by the tech-
nique employed by Tillett and Francis (11), and the
mouse protective titer was obtained by the method of
Dochez (12). Organisms of maximum virulence were
used throughout the experiments.
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RESULTS

Homologous antibody response elicited by the
Type VIII carbohydrate

The results of tests for the development of ag-
glutinins, mouse protective antibodies and opso-
nins for the homologous type of pneumococcus in
the 12 subjects who received a single subcutaneous
injection of 1.0 mgm. of the Type VIII carbo-
hydrate are shown in Table I. They indicate that
an appreciable titer of the antibodies was stimu-
lated in each instance. The response was demon-
strated with greater regularity in these subjects
than in patients recovering from pneumonia due
to the same type of organism. The maximum ti-
ter of antibodies was reached in about 2 weeks
and was maintained, approximately at this level,
throughout the period of observation in 4 subjects
whose sera were studied 6 to 8 weeks, and in 2
subjects almost 5 months after the injection. In
1 subject (J. N.) a drop in titer occurred between
the 49th and the 121st day, no blood having been
obtained in this interval.

Homologous antibody response to injection of
Type III polysaccharide

In previous attempts to immunize human sub-
jects with Type III pneumococcus polysaccharide,
single or multiple doses of 0.01 to 0.05 mgm. were
given intracutaneously (7). In view of the more
constant and higher grade response obtained by
subcutaneous injections of 1.0 mgm. of the Type
VIII carbohydrate, a study was made of the re-
sponse of human subjects to Type III materials
given in this manner. A single injection of 1.0
mgm. of one of 6 preparations of the Type III
carbohydrate was given subcutaneously to each of
41 subjects, and the antibody response in them
was studied in a manner similar to that employed
for the Type VIII cases.

The results are summarized in Table II. In
general, inconstant and low-grade responses were
secured. They were similar to those previously
obtained with the smaller doses given intracuta-
neously (7) and somewhat less marked than those
observed to develop in patients recovering from
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pneumonia due to the same type of pneumococcus
4).
TABLE I

Antibody response to subcutaneous injection of 1.0 mgm.
of Pneumococcus Type VIII soluble specific substance

Titer of Type VIII antibodies
. Days
Subject (Average
Sexand | 3% | Agetu. pr?w’-'n number Type 111 antibodies
|y | o | PRLDY| dpleo
: per
dilution)| "9 ¢c.) "Mnm 0-
leukoeyte)
AS8. 0 0 — 15 No change
M 22 3 0 10 09
7 0 100 40
141 1:4 1,000,000 94
24 | 1:4 1,000,000 16.8
56 | 1:8 [10,000,000 12.2
FC. 0 0 0 2.0 No change
45 3 0 10 29
7 0 1,000 6.2
14 11:2 1,000,000 —_—
31 | 1:4 100.000 18.8
5 | 1:4 100,000 11.6
1468 0 100,000 13.1
F.8. 0 0 0 0.5 Protection: before = 0
F 39 3 0 — 14 14th day 1000 fatal doses
711:2 1,000 21.1 28th day 0
14 | 1:16 | 1,000,000 115 No other change
28 | 1:8 1,000,000 21.8
47 | 1:8 1,000,000 11.6
143 | 1:8 100,000 318
M.McG. 0 0 100 2.8 Phagocytosis in
3 0 10 14 from 0.6 to 2.8
7 :2 10,000 214
14 | 1:8 110,000,000 104
53 | 1:16 | 1,000,000 19.2
W.HM. 0 0 0 - 07 Protection: before =
M 68 8 0 10,000 33 10 fatal doses
156 | 1:2 100,000 11.8 25th and 44th day =
18 | 1:4 — 9.8 100 fatal doses
25 | 1:4 100,000 16.4
44 | 1:4 1,000,000 16.0
J.P.C 0 0 10 1.1 No change
M 62 811:2 1,000 16.2
15 | 1:16 10,000 11.2
51 | 1:4 100,000 -
8.B. 0 0 0 5.8 No change
F 89 7 [} 0 7.6
141 1:2 0 26.8
19 | 1:2 100 38.2
28 | 1:8 100 30.0
8.V.C. 0 0 10 6.0
F 79 7 0 100 4.0
10 | 1:4 — 14.0
14 | 1:4 1,000,000 19.5
J.N. 0 0 0 No change
M 40 40 |1 1:8 100,000 7.7
121 1:2 10
131 | 1:2 100 13
EJB. 0 1:2 10 52
M 7 71 1:2 100 4.0
14 | 1:4 100,000 19.9
MK. 0 0 0 20 No change
F 62 3 0 1 1.6
7 0 10,000 19.6
11 32 1,000,000 13.0
K.R. 0 0 0 13 No change
M 61 81 1:2 0 16.0
25 | 1:4 1,000 -




. IMMUNIZATION WITH SPECIFIC CARBOHYDRATES

TABLE II
Antibodies against Type III and Type VIII pneumococci
resulting from a single subcutaneous injection of 1.0
mgm. of the polysaccharides of these organisms

Number showing increases in titer of antibodies
Poly ar Num-
h? Agglutinins® | Mouse protectiont | Phagoeytosist
of
sub-
jects oj2le
Type Lot 0]2(4]|8+ 0101001000+tf%o;311+
Type VIII antibodies
VIIL w83 12 |0|1(4|7 |0]|O] 1 11 |oj1j0] 11
I WS4e 8 |7]1]ofjo |5]2]1 0 {5/3{0| O
I WwS3 6 |6lojojo |4]2]0 0 |4]1f0} 1
juid WC 6 |s{1fjojo |3]3]0 0 {4]2]0f O
I RS 5 2111|158 |38]1] 0 11 | 2]2(0] 1
I FA 8 |4/3]110 é6j110 1 412121 0
I FB 7 /5]|0]2j0 (4|3} 0 0 [3j1|1}) 3
All Type II1 lots 40 [29)6]4]1 [25(12} 1 2 [22]11{3] 4
Type I1I antibodies
VIII W83 12 [12{ojojo J10{1] 0 1 [1nj1jo} o
1 W84o 9 |6j1j1{1y|3]|1] 2 3Yi13(1|3] 2
I w83 6 |5|0joj1**|3|2] 0 131 511(0] 0
m wC 6 |5{0f1{0 |2]0| 2 2t 4f1{1] O
I RS 5 |3j1{0]1**f1]1] 2 il |3j1j0f| 1
III FA 8 |6]0f1]1 2|14 0 2 6|11} 0
it FB 7 |3jof13tt{2]1]1 B 3(1|1}) 2
All Type I1I lots 41 [28{2{4|7 [13]9] 7 12 |24f/6|6] 5

*(, 2, etc. = no increase, twofold increase, etc., in high-
est dilution showing agglutination.

10, 10, etc. = 0, tenfold, etc., increase in fatal doses of
protection.

10 to 1, 2 to 5, etc., = increase in average number of
diplococci phagocyted per polymorphonuclear leukocyte.

§1:32.

| 1,000,000 fatal doses.

| Serum of same subject increased 16-fold in protection
and an average of 22 diplococci per polymorphonuclear
leukocyte.

** 16-fold increase.

1t 1 increased 16-fold, another 32-fold.

11 10,000-fold increase.

§§ 2 increased 10,000-{old.

Antibodies for the heterologous but related type
following an injection of the Type III or the
Type VIII pneumococcus carbohydrate

The sera of all of the subjects receiving an in-
jection of either the Type III or the Type VIII
carbohydrate were tested for antibodies against
both types of organism. The results are sum-
marized in Table II. Only 1 of the subjects
(F. S.) injected with the Type VIII material
showed an appreciable development of antibodies
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for the Type III organism. Other subjects, as
described in the paper that follows (8), were en-
countered whose sera showed Type III antibodies
in low titer following the injection of the Type
VIII material in different amounts or by routes
other than the subcutaneous one.

The Type III preparations used were all simi-
lar in their antigenicity as regards both the homol-
ogous and the related type of antibody. Anti-
bodies of significant titer against Type VIII
following injections of Type III polysaccharide
were infrequent. Low titers of such antibodies,
however, were demonstrated in almost half of
the subjects who received Type III materials.

The findings described indicate that the com-
mon antigen of the Types III and VIII pneumo-
cocci is retained, at least in part, in these highly
purified fractions. Less of it is retained in the
Type VIII than in the Type III materials. In
either case, however, the antibody response to the
related type was less frequent than that following
injections of the intact organisms in lower ani-
mals (1, 2, 3), or than that found in patients
recovering from pneumonia due to these types

(4)-

Development of antibodies against heterologous
and unrelated pneumococcus types

The development of antibodies for heterologous
types of pneumococci has been reported to follow
injections of Type I and II pneumococcus frac-
tions in lower animals (13) and in human beings
(14). In the present investigation, in addition to
tests for antibodies against the homologous and
the related types of organisms (Type III and
Type VIII), similar tests were carried out on the
sera of each subject with either Type I or Type
II pneumococci. None of the subjects who re-
ceived Type VIII injections showed any increase
in antibodies against either of these types by any
of the tests employed. Among those receiving
the Type III polysaccharide, 3 subjects developed
or increased their titer of antibodies against an
heterologous type as shown by mouse protection
and phagocytic tests. Agglutinins did not appear
in the serum. Only 1 of the 3 subjects developed
Type VIII antibodies.

One subject received 1.0 mgm. of Type III preparation
FA and developed antibodies as follows: Type III ag-



832

glutinins appeared in dilution of 1:8, mouse protection
against 10,000 fatal doses and an increase in phagocytic
titer from 0.8 to 10.3 diplococci per polymorphonuclear
leukocyte; Type VIII agglutinins increased from 1:2 to
1:8, protection from 10 to 10,000 fatal doses and the
phagocytic titer from 0.5 to 7.0; Type I protection in-
creased from 1000 to 100,000 fatal doses and the phago-
cytic titer from 13.4 to 23.5. In a second subject receiv-
ing the same material no Type III or VIII antibodies
appeared, but the protective titer of the serum against
Type I increased from 10 to 10,000 fatal doses and the
phagocytic titer for this type increased from 1.9 to 22.4
diplococci per polymorphonuclear leukocyte. A third sub-
ject who received preparation RS developed protective
antibodies against 100 fatal doses of Type III and against
1000 fatal doses of Type II pneumococci. The phago-
cytic titer increased only against Type II pneumococci,
the titer being 1.7 before and 16.7 after the injection.

These findings indicate that a species antigen
may be present in the pneumococcus but that it is
largely lost in the process of preparation of the
carbohydrate fractions (cf. 15). In the case of
some of the Type III preparations, the data sug-
gest that sufficient of this species antigen was re-
tained to give rise to Type I or Type II anti-
bodies in measurable amounts in an occasional
subject.

SUMMARY

1. High titers of antibodies against the homolo-
gous type were demonstrated regularly in human
subjects following the subcutaneous injection of
1.0 mgm. of a highly purified, type-specific carbo-
hydrate of Pneumococcus Type VIII.

2. Various preparations of the Type III pneu-
mococcus polysaccharide, given in the same man-
ner, produced antibodies for the homologous type
with less regularity and in lower titers.

3. Occasional subjects injected with Type III
or with the related Type VIII pneumococcus car-
bohydrate developed antibodies against pneumo-
cocci of the heterologous but related type. Such
cross-immunity, however, was less frequent and
of a lower grade than that encountered either in
animals immunized with the whole organism or
in human patients recovering from pneumonia
due to these types of pneumococcus.

The authors express their gratitude to Dr.
Rachel Brown and Dr. Augustus B. Wadsworth
for providing most of the carbohydrate prepara-
tion and for their kindly interest.
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