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In the preceding communication were reported the results of immuno-
logical studies in a group of patients with infections associated with Types
III and VIII pneumococci (1). In this paper will be presented similar
studies in a group of patients with infections associated with the Types II
and V pneumococci. The latter are the most frequent and most important
of the pneumococci immunologically related to Type II (2) and correspond
to the Group IIa of Avery (3). The materials and the methods were iden-
tical with those used in the preceding study.

Agglutination of strains of Types II and V pneumococci in
antipneumococcus horse sera of these types

Tests for cross-agglutination were carried out with 10 Type II and
12 Type V strains. One Type V and 3 Type II antisera from different
laboratories were available. The Type V serum agglutinated one-half of
the homologous strains in dilutions up to 1: 80 and the rest up to 1: 160
or 1: 320. This serum failed to agglutinate 4 Type II strains and agglu-
tinated 6 others in dilutions of 1: 10 or 1: 20. The Type II sera varied
slightly in the titer to which they agglutinated homologous strains; one
agglutinated up to 1: 40, the second to 1: 80 and the third to 1: 160. The
first failed to agglutinate 8 Type V strains and agglutinated 4 strains in
1: 2 or 1: 4 dilutions only, the second agglutinated 8 strains in 1: 4 dilu-
tions, and 4 others in 1:10 dilution and the third did not agglutinate 6
Type V strains and agglutinated the rest in 1: 4 dilutions only.

Microscopic agglutination tests with each strain in 1: 10 dilutions of
each antisera always showed a clear differentiation. The agglutination
with the homologous type antisera was marked. In the related type anti-
serum agglutination was either absent, or the clumps were small, without
much serum surrounding them, and many free unagglutinated organisms
were seen.

Thus, cross agglutinations were observed with each of the antisera
used, but these were chiefly in the macroscopic tests. There was no defi-

1 This investigation was aided, in part, by a grant given in honor of Francis
Weld Peabody by the Ella Sachs Plotz Foundation.
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nite relationship between the cross-agglutination and the titer of agglutinins
for the homologous type strains.

Agglutinins and protective antibodies in patients weith infections
associated with Type II and Type V pneumococci

The results of tests for agglutinins and mouse-protective antibodies for
Types I and II pneumococci in the sera of 11 patients with Type II pneu-
mococcus infections are shown in Table I and those in 25 patients with
Type V pneumococci appear in Table II. None of these patients received
pneumococcic antibody or antigenic substances before these sera were ob-
tained. Each serum was tested for agglutinins with 4 Type V strains and,
in addition, with strains of about 15 different types of pneumococci. The
data in Tables I and II are summarized in Table III.

The results in each of these 2 groups of patients were remarkably simi-
lar. Almost all of the patients with pneumonia who recovered, showed
protective antibodies against 100 or more lethal doses of the homologous
type pneumococcus in their serum about the time of recovery or later.
Two patients who were studied only during the acute disease and did not
have antibodies at that time were later given specific antiserum and the
studies discontinued. The findings of agglutinins for the homologous type
paralleled, in general, the protective antibodies. The titer of Type V ag-
glutinins was practically the same in any given serum with each of the dif-
ferent antigens used. Occasionally protective antibodies were demon-
strated before the appearance of agglutinins or when the latter could not
be demonstrated at any time.

The patients with infections other than typical lobar pneumonia are of
special interest. Antibodies for the homologous organism were demon-
strated in the serum of one patient with bronchopneumonia and another
with a common cold associated with the finding of Type V pneumococci in
the sputum. In a third patient with acute bronchitis and with Type II
pneumococci in the sputum, no antibodies could be demonstrated.

Cross-immunity, as judged by the mouse-protection tests, was observed,
but infrequently. In no instance, however, was cross-agglutination ob-
served; nor was cross-protection demonstrated in the absence of the homol-
ogous type antibody.

All of the fatal cases failed to show antibodies for either type by either
test.

Mixed infections
There were 3 patients (Cases 24, 90 and 21) from whom other types

of pneumococci were recovered in addition to the Type II or V organism.
Each of these patients had antibodies for the latter organisms only. From
two other patients (Cases 14 and 27, see Table I in previous communica-
tion (1)) only Type III pneumococci were obtained, but the serum showed
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TABLE III

Summary of Tables I and II

Immunity resulting from infections associated with Type II and Type V pneumococci*

Number Agglutinins present Mouse protection presentl
Infecting of

type patients
tested Pn. II Pn. V Pn. II Pn. V

Pneumonias recovered II 8t 6 0 6 1
V 20 0 18 2 20

Pneumonias fatal II 2 0 0 0 0
V 4 0 0 0 0

Acute respiratory infec- II 1 0 0 0 0
tion (No pneumonia) V 1 0 0 0 1

* In every instance in which antibodies for the heterologous type were dem-
onstrated, they were also demonstrated for the homologous type.

t Two cases without antibodies were not studied after recovery.
$ For 100 or more lethal doses.

Type V antibodies and none for the homologous type. Conversely, one
patient (Case 77) with only Type II pneumococci, had antibodies demon-
strable for Type III only. Finally, the serum of 1 patient (Case 73) was
found to cross-agglutinate with strains of Type VI pneumococci (probably
Group IIb of Avery (2, 3)).

Effect of absorption seith Types II and V pneumococci on the antibodies
for these types

A number of sera with antibodies for Type II or Type V pneumococci
or both were absorbed with these 2 types of pneumococci and, in some
instances, also with Type I organisms. The effect of this absorption on
the agglutinins and protective antibodies was studied. The results were
quite uniform; they appear in Table IV. The homologous type antibodies
were absorbed by that type only and not by the related or unrelated type.
The cross-protective antibodies were absorbed by both the homologous and
the related type.

DISCUSSION

The cross-agglutination of strains of Types II and V pneumococci
in horse antisera prepared with these types is of practical significance.
Therapeutic sera of high potency against Type II have comparatively little
protective power against Type V strains (2) and are of no value in treat-
ing pneumonia caused by the latter. Inasmuch as large amounts of con-
centrated Type II antiserum are necessary for the effective treatment of
pneumonia due to this type (4), it is important, in determining the pneumo-
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coccus type, to exercise care to exclude Type V cases from among those
selected for treatment with Type II antisera. This may be done by further
agglutinating in Type V antiserum all strains reactive with Type II.

It is interesting to compare the immune response to infections with
Types III and VIII pneumococci (1) with those here observed in Types
II and V cases. Homologous type-specific antibodies were more con-
stant and of higher grade with the latter types. With the former, cross-
immunity was frequent and of high grade, often associated with higher
titers of antibody for the related than for the homologous type and, at
times, present in the absence of antibodies for the infecting type. With
the latter, cross-immunity was infrequent, of low grade so that it could
not be demonstrated by the agglutination reaction, and was always asso-
ciated with the finding of a high titer of antibodies for the homologous
type.

The cases mentioned under the heading of "mixed infections" also
present an interesting contrast with the corresponding cases in the Type
III group (1). The immunological reactions in the latter suggested that
the finding of Type III was incidental in most instances and the other
organisms were usually etiologically related to the disease. In the present
cases the data suggest an opposite conclusion, namely, that in most in-
stances the other organism was incidental and the Type II or V was the
important invader. These findings are not difficult to appreciate in view
of the frequency with which Type III organisms are found in the normal
respiratory passages, and the rarity with which Types II and V organisms
occur under similar conditions (5).

SUMMARY AND CONCLUSIONS

Cross-agglutinations of Types II and V pneumococci in antipneumo-
coccus horse antisera were observed frequently and, in some instances, in
dilutions high enough to cause confusion in routine type determinations.
The desirability of agglutinating strains of either of these types in both
antisera was indicated, especially in relation to the use of specific antisera
in treatment.

Homologous type-specific antibodies were found fairly constantly in
patients with Type II or V pneumococcus lobar pneumonia who recov-
ered. Fatal patients with either type failed to develop antibodies. Cross-
immunity was observed but it was infrequent and of low grade. Where
it occurred, absorption experiments indicated that only the organism re-
covered from the sputum was antigenically active.

The authors gratefully acknowledge the technical assistance of Miss
Louise N. Batt and Miss Mary S. Carroll.
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