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ANTIPNEUMOCOCCAL SPECIES IMMUNITY
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Bacteriological Department of the London Hospital Medical College

THEBB is some evidence that a certain degree of active immunity to all types of
pneumococci may be induced by the use of vaccines prepared from one type,
although passive immunity is generally held to be a function of antibodies to
the type-specific antigen. Tillett (1928) was able to immunize rabbits against
infection with types I and III pneumococci by using a vaccine of rough
organisms derived from a type II strain. Mice which were effectively immunized
to infection with one type of Pneumococcus were found to have a partial active
immunity to infection with heterologous types (Yoshioka, 1923). Blake (1932)
correlated the natural resistance of normal guinea-pigs to infection with
pneumococci of types I, II and III with the presence of group or species
agglutinins, and suggested that basic active immunity to pneumococcal
infection in man might be similarly dependent on antipneumococcal species
antibodies.

Day (1933, 1934) has claimed that under certain conditions it is possible to
prepare a species antigen from a single pneumococcal type which is capable of
immunizing mice equally well to infection with the homologous and hetero-
logous types, and it is further claimed that such an antigen injected into rabbits
produces a species antibody capable of passively protecting mice against all
types of pneumococcal infection. These findings have been confirmed by
Harley (1935), and both Day and Harley suggest that the species antigen is
derived by dissociation from the type-specific antigen of virulent pneumococci.

The practical application of a single vaccine capable of producing immunity
to all types of pneumococci prompted this study of the antigenic efficiency of a
pneumococcal antigen prepared according to the methods of Day and Harley.

EXPERIMENTAL

Methods. The strains of Pneumococcus used in the majority of the experi-
ments were those with which the work recorded in the previous paper was
carried out. The methods of testing animals for active immunity and examining
sera for antibodies have been described in that communication.
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Experiment 1

The antigenic efficiency of the vaccine prepared according to method C (Harley,
1935). Vaccine A, the type-specific antigen, was prepared by adding 50 c.c. of
l#0 % glucose broth to 100 c.c. of culture of type I Pneumococcus grown for
16 hr. in broth containing 2-0 % rabbit serum, and incubating for 2 hr. longer.
The deposit of bacteria obtained by centrifugation was resuspended in 75 c.c.
saline to which 2V/10 HC1 was added to make a final concentration of iV/30 HC1.
This was heated at 60° C. for 1 hr., then made up to a volume of 150 c.c. with
saline and adjusted to a pH of 5-0 with normal NaOH. Half of this suspension
was reserved as vaccine A.

Vaccine B, the species antigen, was prepared from the other half by
adjusting the reaction to pH 8-5-9-0 and incubating for 16 hr. at 37° C.
During this period species antigen should appear. The vaccine was finally
adjusted to p& 5-0 and heated for 20 min. at 60° C.

Stained films from vaccines A and B demonstrated a preponderance of
Gram-positive forms.

Mice were injected with these vaccines in two doses of 0-5 c.c. each at 4-day
intervals and tested for active immunity 7 days after the second injec1}ion.
Table I demonstrates that neither vaccine produced an immunity to hetero-
logous types of pneumococci.

Table I. The immunity produced in mice by antigens A and B

Infected with
culture

Type I : 10"1

IO-2

10-3

10-4

10-5

10"6

10-'
10"8

Type I I : 10"4

10-6

10"6

10-'
10~8

Type I I I : 10"4

10-6

10"6

10-'
10-8

Mice immunized with

Antigen A
D B
B S
S S

s s
s s
s s
—
.—

D B
B B
B B
B B

.
D B
B B
B S
S S

Antigen B
B B
B S
S S
s s
s ss s

D B
B D
D D
B D
D B
B B
B B
B B
B B
B 8

"NTn?*m a 1 POU t r n l
X i KJL XlXcLX L/VfXX UX U l

mice
—

.

D D
D D
D D

D B
B B
B B

B B
B B
B S

0-5 c.c.

69
5

51
4

50
4.

D = died within 4 days of pneumococcal infection. S = survived 7 days.

Three rabbits were injected with each vaccine. Doses of 1-0 c.c. were
injected by the intravenous route on three successive days, and at 4-day
intervals three subsequent series of injections were given. Seven days after the
last injection the animals were bled from an ear vein and tested for active
immunity 6 days later by the intradermal injection of 0-1 c.c. of the virulent
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Table II. Antibodies in the sera of rabbits immunized with antigens A and B

Rabbit,
no.
449
450
451
452
453
454
479

Trn m n n J7ftH
X LI 1 III \X± J-LCiOU

with
Antigen A

Antigen B

Control

Titre of agglutinins
against

A

Type I Type II
1: 80 - *
1: 160
1:10
1:10
1: 10
1:10

Precipitation with
polysaccharides

Type I Type III
+ + + -
+ + +
+ + +
+ + +
+ + +
+ + +

Mouse protective
antibodies

Type I Type II
not tested

JlO-if %

Test for
active

-, immunity
type I

S
S
s
s
s
sDead 46 hr.

* = negative in a serum dilution of 1: 2.
f =0-2 c.c. of serum protected against 10-1 dilution of culture.
J=no protection against 10~' dilution of culture (31 colonies).

type I culture. Table II shows that vaccines A and B both produced antibodies
which were purely type-specific in character.

Experiment 2
Day (1933) concluded from his experiments that species antigen was formed

in the bodies of pneumococci in ageing cultures prior to obvious autolysis. It
seemed possible therefore that, if antigen were prepared from cultures at
different stages of growth by the method already outlined, evidence in support
of his findings might be forthcoming. Accordingly, after the addition of the
glucose broth, portions of a culture of type I Pneumococcus were removed at
the end of 1, 2, 3 and 4 hr. In these successive samples the reaction was found
to be increasingly acid from pK 6-4 to 5-0. The four samples were submitted to
the procedure used for preparation B in the first experiment. Microscopic
examination of the four preparations made before and after the final incubation
showed that, whereas before incubation all contained chiefly Gram-positive
bacteria after incubation the first two showed a preponderance of Gram-
negative cocci. These first two preparations had cleared somewhat during
incubation while the other two cleared only slightly if at all, and after incuba-
tion the majority of the bacteria seen in stained films were still Gram-positive.

Although the four preparations had undergone varying degrees of autolysis
all gave similar results when used for the immunization of mice. Two injections
protected mice against 0-5 c.c. of lCh2 to 10~4 dilutions of young cultures of
virulent type I pneumococci but failed entirely to give any protection against
0-5 c.c. of 10~7 or 10~8 dilution of type II culture—amounts which in plate
cultures showed 44 and 3 colonies respectively.

Experiment 3

Antigens prepared by Day's alcohol method—(method A, Harley, 1935). In
this method the pneumococci, obtained from cultures prepared as before, are
treated with 50 % alcohol for 10 min. After removal of the alcohol by centrifu-
gation, the pneumococci are suspended in saline, the reaction is adjusted to
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pH. 7-6 or made slightly more alkaline, pH. 8-5-9<0, and the suspension incu-
bated for some hours before the final heating at 60° C. with pH. 5-0. Day states
that storage of the suspensions at 5° C. for a week before the final incubation
seemed to give more active preparations.

In the present experiment the cultures of type I pneumococci were grown
under the same conditions as in Exp. 1. After treatment of the deposit of
organisms by alcohol some preparations were incubated immediately, others
were kept in the refrigerator at a temperature of approximately 4° C. for 8 days
before incubation. In some instances the pH was adjusted to 7-4, in others to
8-5-9-0 before the final incubation. Observations on morphology revealed
that many of the pneumococci were rendered Gram-negative by the alcohol
treatment. After further incubation the suspensions usually showed some
clearing, and microscopical examination at this time showed only Gram-
negative organisms, many of them shadowy forms.

The various preparations were used for the immunization of mice, two
intraperitoneal injections being made before testing 7 or 8 days later with
living organisms. The results only differed from those recorded above in that
the protection afforded against the homologous type I culture was less than
before. In no instance was there any evidence of protection of significant
degree against pneumococci of types II and III. The lower degree of protection
against infection with the type I culture afforded by these alcohol-treated
preparations seemed to be associated with the degree of autolysis observed.

Experiment 4

It seemed possible that the failure to obtain preparations capable of in-
ducing active resistance in mice against heterologous types might have been
due to the strain of Pneumococcus used. The strain of type I used throughout
Day's work was kindly furnished by Dr Harley, and further experiments were
made with this strain.

Several preparations were made from a culture grown under the same con-
ditions as before. Vaccines a, b and c were made from portions of the culture
removed 1,1\ and 3^ hr. respectively after the addition of the glucose broth by
the technique outlined in the first experiment. Vaccine d was prepared by the
alcohol method from a portion of the culture removed 2J hr. after the addition
of glucose broth. This preparation, adjusted to pH. 5-0 after the alcohol treat-
ment, was kept in the refrigerator for 8 days. The reaction was then adjusted to
pR 8-5 and the preparation incubated at 37° C, for 3 hr. before finally adjust-
ing the reaction to pR 5-0 and heating. For the purpose of control two vaccines
were made from a culture of a haemolytic Streptococcus grown under the same
conditions. These were treated by the methods used for Pneumococcus pre-
parations b and d and are referred to as vaccines 1 and 2. Morphological
examination of the vaccines made when they were ready for use showed that
the streptococci in vaccines 1 and 2 were practically all Gram-positive. The
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majority of the pneumococci in vaccines a, b and c were Gram-positive, while
in vaccine d, although the organisms still stained sharply, only a few retained
the Gram stain.

The results of the test of active immunity in mice made 7 days after the
last of two immunizing injections are shown in Table III.

Table III . Test for active immunity in mice which had, been treated with
vaccines of type I pneumococci (a-d) and haemolytic streptococci (1 and 2)

culture
Type I: 10'1

io-2

io-3

io-4

io-5

io-6

io-7

io-8

Type II: 10~4

io-6

io-6

io-'
io-8

a
D D
D S
S S
s s
s s
s s
—

D D
D D
D S
D S
D S

Mice immunized

6
D D
D D
S S
s s
s s
s s
—

D D
D D
D D
D D
D S

c
D S
D S
D S
s s
s s
s s
—

D D
D D
D D
D D
D S

with

d
D S

s ss s
s s
s s
s s
—

D D
D D
D D
D S
D S

vaccines

1
—

—
D D
D D
D D
D D
D D
D D
D D
D D
D D
D S

D
D
D
D
D
D
D
D
D
S

2

D
D
D
D
D
D
D
D
D
S

Control
normal

mice
—.
—
—
—
—

D D
D D
D D

D D
D D
D S

Colonies
from

0-5 c.c.
—
—

—
—

54
6

33

Here again there is little indication that the preparations had evoked
resistance to infection with the heterologous type of Pneumococcus. With
vaccine a there is some slight suggestion of this, and a further experiment was
made with this preparation. Mice given three doses of the vaccine at intervals
of 3 days all succumbed to the test dose of type II Pneumococcus, but in this
case the culture of type II used for infection seemed to be slightly more virulent
as all the control mice died. Serum obtained from mice of this immunized
group 7 days after the last immunizing injection showed agglutination of type I
suspension but no agglutinins against type II organisms in a serum dilution of
1: 3. Slight precipitation occurred when the serum was mixed with a 1: 50,000
dilution of type I polysaccharide, but no precipitation with a similar dilution
of type III polysaccharide.

DISCUSSION

Immunity to the Pneumococcus as a species, in so far as it has been shown
to exist, may be dependent on two antigens, or partial antigens, which are
common to all types of pneumococci—the C carbohydrate of Tillett et al. (1930)
and the heterophile antigens described by Bailey & Shorb (1931). The C
carbohydrate isolated by Tillett et al. was found to be non-antigenic in mice
and rabbits, but the recent work of Enders et al. (1936) suggests that the
relative resistance of certain animals and human beings to pneumococcal
infection may be due to the presence of an antibody or antibody-like substance
reacting with this carbohydrate. This view might explain the correlation of
natural resistance to pneumococcal infection and the presence of species
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agglutinins observed in certain guinea-pigs by Blake (1932) and the active
immunity to heterologous types of pneumococcus noted in vaccinated rabbits
by Tillett (1927, 1928) and in mice by Yoshioka (1923). Further, the C carbo-
hydrate may be an important part of the heterophile antigen common to
different types of pneumococci, although it would appear that this antigen is
not identical with that present in sheep red cells or guinea-pig tissues (Bailey &
Shorb, 1933). The serum of rabbits in Tillett's experiments did not protect
mice against heterologous types of pneumococci, while heterophile antibody
sera? although possessing some protective power in rabbits, were found by
Powell et al. (1933) to have no protective action against pneumococcal infection
in mice. The value of heterophile antibody in the treatment of pneumococcal
pneumonia in man would seem to be doubtful (Finland et al. 1935), and it
would appear that for the production of effective passive immunity to the
Pneumococcus type-specific antibody is essential.

Whether the C carbohydrate is responsible for the active resistance to
infection with heterologous types observed in vaccinated" animals or not, it
should be emphasized that the degree of such resistance is less than that which
is determined by the type-specific carbohydrate and effective only against the
homologous type of Pneumococcus. The protocols in the papers of Day and
Harley do not indicate a high degree of immunity to heterologous types. The
dose of type I organisms which failed to kill mice previously treated with
"species antigen" from type II culture varied from 100 to 10,000 cocci. In the
course of the present work it has frequently been observed that a single intra-
peritoneal injection of a suitable vaccine of type I Pneumococcus would protect
against one million lethal doses of the homologous organism. On the other
hand, the results of the experiments recorded in this paper failed to give
evidence that effective immunization of mice or rabbits against heterologous
types could be produced by the methods recommended by Day and Harley.
It is evident from their work that the results varied with different preparations,
and it may be that the experiments recorded above were unsuccessful because
of the omission of some necessary precautions not sufficiently appreciated.

There seems little doubt from the results of various workers that in certain
animal species some degree of active resistance to infection may be induced
against the Pneumococcus as a species and independent of type-specific anti-
bodies, but there is little evidence that effective passive immunity can be
conferred by antibodies to Pneumococcus "species antigen".

SUMMARY

In the experiments recorded the various antigens prepared from type I
pneumococci failed to produce effective resistance in mice to heterologous
types or to produce demonstrable antibodies against these types in mice or
rabbits.
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