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Rabbits hyperimmunized with group A, C, and G streptococcal vaccines devel-
oped autoantibodies with affinities for different tissues (smooth muscle, cytoplas-
mic, and myocardial antibodies) and for autologous proteins (anti-albumin and
anti-immunoglobulin antibodies). The presence of anti-albumin and smooth mus-
cle antibodies, associated with a high level of immunoglobulin, suggests the
development of hepatic disorders in the hyperimmunized rabbits.

Rabbits injected with nonviable group A
streptococcal cells developed lesions in connec-
tive tissue and in the vascular system, changes
in lymphatic tissue and spleen, and parenchy-
matous liver lesions. The proposed mechanism
of streptococcal action refers to delayed- and
immediate-type hypersensitivity, immune com-
plex injury, and direct toxic effects resulting
from degradation of cell walls after phagocytosis.
On the other hand, a possible pathogenetic role
in the initiation of tissue injury may be played
by streptococcal antigens cross-reactive with tis-
sues (heart, kidney) and the corresponding cy-
totoxic antibodies. T'he numerous studies con-
cerning these problems have been comprehen-
sively reviewed by Ginsburg (7, 8).

Rabbits immunized intravenously with strep-
tococcal vaccine also develop antibodies against
autologous immunoglobulin G (IgG) (2, 3) and
cryoglobulins (9, 10).
Because the problem of the autoimmunity

produced in rabbits by immunization with strep-
tococci requires elucidation, it was of interest to
follow the appearance of autoantibodies with
affinities for tissues and autologous proteins (al-
bumin, IgG) in rabbits hyperimmunized with
group A, C, and G streptococcal cells. Moreover,
our aim was to provide evidence for a possible
pathogenetic role played by group C and G
(which were less implicated than group A) strep-
tococci in human pathology.

MATERIALS AND METHODS
Preparation of streptococcal vaccines and im-

munization ofNew Zealand white rabbits. Group
A (Wheatley), C (Chestle), and G (Valente) (originat-
ing from Colindale, London, and Prague) streptococcal
vaccines were prepared by growing cells in 1 liter of
Todd-Hewitt medium for 24 h at 37°C. The cells were
harvested by centrifugation, washed three times with

0.15 M saline, and suspended in 50 ml of saline con-
taining 5% pancreatic extract. They were incubated
for 24 h at room temperature, washed six times with
saline, and inactivated at 56°C for 1 h. The vaccine
contained 2 x 109 cells per ml. During week 1, the
rabbits received 0.5 ml ofvaccine intravenously; during
weeks 2 through 4, they received 1.0 ml three times
per week. Bleeding was done in week 5 (4 weeks after
immunization began). The numbers of rabbits were
24 for group A, 23 for group C, and 28 for group G.
Measurement of IgG. IgG was measured by the

radial diffusion technique described by Mancini et al.
(14).
Measurement of anti-SRBC antibodies. Anti-

sheep erythrocyte (SRBC) antibodies were measured
by agglutination of nomal SRBC. Absorption with
SRBC was performed for all sera having anti-SRBC
activity.
Measurement of anti-IgG antibodies. Anti-IgG

activity was measured by agglutination of SRBC
coated with rabbit hemolytic serum or with rabbit
IgG isolated by diethylaminoethyl-cellulose chroma-
tography from the same serum.
Measurement of anti-streptococcal polysac-

charide antibodies. Anti-streptococcal polysaccha-
ride antibodies were measured by agglutination of
SRBC coated with the streptococcal polysaccharides
by the chromium chloride technique (1).

Anti-albumin antibodies. Anti-albumin antibod-
ies were tested by immunodiffusion against rabbit
albumin polymerized with glutaraldehyde. The polym-
erization was done in 0.1 M phosphate buffer, pH 6.8,
using a protein concentration of 2Q mg/ml and an
albumin/glutaraldehyde weight ratio of 8:1 (12).

Autoantibodies. Autoantibodies with affinity for
tissues were detected by indirect immunofluorescence,
using sheep anti-rabbit immunoglobulin serum conju-
gated with fluorescein isothiocyanate.

RESULTS
After immunization of New Zealand white

rabbits with group A, C, and G streptococcal
624
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vaccines, the IgG levels were raised in compari-
son with the preimmune one (Fig. 1). At the
same time, specific anti-polysaccharide antibod-
ies were produced (Fig. 2).
The mean values found for IgG were 42 ± 5

(group A), 29 ± 2 (group C), and 30 ± 2 (group
G) mg/ml, compared with the preimmune value
of 16.8 ± 1.1 mg/ml.
The levels of anti-polysaccharide antibodies

were 7.3 ± 0.4 (group A), 3.2 ± 0.4 (group C),
and 12.3 ± 0.7 (group G). These values represent
the log2 of the hemagglutination titer. No anti-
streptococcal activity was found in the preim-
mune serum samples.
The levels of anti-IgG antibodies (log2 of the

hemagglutination titer) were 2.8 ± 0.4 (group
A), 4.8 ± 0.4 (group C), and 4.8 ± 0.3 (group G)
(Fig. 3), compared with the preimmune level of
0.6 ± 0.1.
The anti-SRBC antibodies had titers of 1.4 ±
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FIG. 1. IgG level in rabbits hyperimmunized with
group A, C, and G streptococcal vaccines. The rep-
resentative data on 15preimmune serum samples are
shown. Mean values are indicated by dashed lines.

0.3 (group A), 6.0 ± 0.2 (group C), and 1.5 ± 0.2
(group G) (Fig. 4), compared with the preim-
mune titer of 0.7 ± 0.1.

In 38% of the rabbits immunized with group
C streptococcal vaccine, anti-albumin antibodies
were observed by immunodiffusion. Rabbits im-
munized with group A and G streptococcal vac-
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FIG. 2. Level of anti-polysaccharide antibodies in

rabbits hyperimmunized with group A, C, and G
streptococcal vaccines, measured against the homol-
ogous group polysaccharide antigen. Mean values
are indicated by dashed lines.
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FIG. 3. Level of anti-IgG antibodies in rabbits hy-
perimmunized with group A, C, and G streptococcal
vaccines. The representative data on 15 preimmune
serum samples are shown. Mean values are indicated
by dashed lines.
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cines were not tested for the presence of anti-
albumin antibodies.
The incidence of different kinds of autoanti-

bodies, detected by immunofluorescence, is pre-
sented in Table 1. Rabbits with positive immu-
nofluorescence in the preimmune serum were

excluded. In all three groups of rabbits, smooth
muscle, cytoplasmic, and myocardial antibodies
were found.
Our results indicate a relatively high incidence

of autoimmune phenomena in rabbits hyperim-
munized with streptococcal vaccines. The fre-
quency found for smooth muscle antibodies ex-

ceeds that associated with human chronic active
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FIG. 4. Level of anti-SRBC antibodies in rabbits
hyperimmunized with group A, C, and G streptococ-
cal vaccines. The representative data on 15 preim-
mune serum samples are shown. Mean values are
indicated by dashed lines.
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hepatitis, reaching an incidence of 70%, as de-
scribed in acute viral hepatitis (17). The tend-
ency toward development of autoimmune phe-
nomena is confirmed also by the presence of
anti-IgG antibodies in all tested rabbits.
Comparing the IgG level (total IgG and IgG

with certain specificity: anti-polysaccharide,
anti-IgG, and anti-SRBC) with the presence or
absence of anti-smooth muscle and anti-albumin
antibodies, we found that the presence of these
two kinds of autoantibodies was associated with
a higher level of IgG, significant differences (P <'
0.05) being recorded for the total IgG (group
A), and anti-polysaccharide antibody (group C)
levels (Table 2).

DISCUSSION
Our data seem to indicate that autoantibody

formation was stimulated by an intense specific
immune response, especially in the anti-group
C streptococcal sera. The simultaneous stimu-
lation of specific and nonspecific immunoglobu-
lins has been described for various antigens, as,
for instance, against tobacco mosaic virus (20),
insolubilized bovine serum albumin (5), and type

TABLE 1. Autoantibodies detected by
immunofluorescence in rabbits hyperimmunized
with group A, C, and G streptococcal vaccines

Vaccine Autoantibody (%)

group Smooth muscle Cytoplasmic Myocardial

A 39.3 41.7a 30.7
C 50.0 13.6 45.5
G 67.8 42.9a 35.7

a Four rabbits from group A and one from group G
showed mitochondrial antibodies. Sera were positive
also in the complement fixation test with mitochon-
drial antigen, with titers between 1/16 and 1/128.

TABLE 2. Correlation between autoimmune phenomena and the IgG level found in rabbits hyperimmunized
with group A, C, and G streptococcal vaccines

IgG level
Vaccine group Autoantibod(mg/il) Anti-polysaccha- Anti-IgG (log T) Anti-SRBCTotal(g/rnl) ride (log2 Tb) Ani 2g (log2T) (02T

A SMA+ 50.3 ± 12.2*c 7.6 ± 0.5 3.4 ± 0.5 1.0 ± 0.2
SMA- 37.5 ± 3.4* 7.1 ± 0.6 2.8 ± 0.5 1.6 ± 0.4

C SMA+ 29.4 ± 2.6 4.1 ± 0.6* 5.4 ± 0.7 6.3 ± 0.3
SMA- 28.3 ± 3.4 2.3 ± 0.3* 4.3 ± 0.5 5.8 ± 0.4

AAA+ 29.9 ± 3.7 4.1 ± 0.5* 5.3 ± 0.7 6.7 ± 0.3
AAA- 27.3 ± 2.5 2.3 ± 0.2* 4.6 ± 0.6 5.8 ± 0.4

G SMA+ 31.1 ± 2.9 12.8 ± 0.8 4.6 ± 0.2 1.6 ± 0.2
SMA- 27.1 ± 3.4 11.5 ± 1.6 5.0 ± 0.6 1.3 ± 0.4

a SMA, Smooth muscle antibodies; AAA, anti-albumin antibodies; +, present; -, absent.
b T, Hemagglutination titer.
c * Significant difference (P < 0.05).
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SIII pneumococcal polysaccharides (4). In the
case of pneumococcal polysaccharides, in spleen
cell cultures, besides specific antibodies, some
directed against different antigens (SRBC, var-
ious haptens) were found. Possible similar be-
havior of streptococcal and pneumococcal poly-
saccharides, at least in some aspects, could ex-
plain anti-SRBC antibody formation and, pos-
sibly, the autoantibody stimulation in rabbits
hyperimmunized with streptococcal vaccine.
On the other hand, autoantibody formation

may be due to possible cross-reactivity between
streptococcal and hepatic antigens or to the
release of hepatocellular antigenic components,
since a similar frequency of smooth muscle an-
tibodies is seen in human liver diseases (6). The
presence of anti-albumin antibodies, detected in
anti-group C sera, suggests the development of
hepatic lesions in the animals hyperimmunized
with streptococcal vaccines, since these auto-
antibodies appear to be a specific test for liver
cell damage (11, 13). Hepatic lesions produced
during streptococcal immunization have been
described by other authors and reviewed by
Ginsburg (7, 8), but in our case the presence of
albumin antibodies is an index for liver cell
dysfunction. These disturbances may be due to
some toxic effect of the streptococcal vaccine
and/or to the overloading of Kupffer cells in-
duced by the intravenous administration of an-
tigens (19). Also the presence of mitochondrial
antibodies (in group A) and the histopathologi-
cal aspect of the liver, characterized by the pres-
ence of a fibrotic process in the hepatic lobules
and of lymphohistiocytic infiltrates in the portal
spaces, support the idea of hepatic lesions pro-
duced in the hyperimmunized rabbits, which
present imilarities with those seen in human
chronic active hepatitis.
The autoimmune phenomena appear to have

different distributions, according to streptococ-
cal group. Thus, rabbits hyperimmunized with
group A and G streptococcal vaccines present a
high incidence of cytoplasmic antibodies, con-
trary to results with group C.

Antibodies to heart were present in all three
groups of rabbits. Lack of fluorescence with
heart fibers was observed with another lot of
anti-group A sera, this being difficult to explain
because group A streptococci were the most
implicated in the autoimmune phenomena af-
fecting the heart (8).
A limitation of autoimmune phenomena in

rabbits producing antibodies of electrophoreti-
cally restricted heterogeneity was noticed. Such
rather homogeneous antibodies are produced by
5 to 20% of New Zealand red (16, 18) or New
Zealand white (15) rabbits hyperimmunized
with streptococcal vaccines.

Our results have shown that the hyperimmu-
nization of rabbits with group A, C, and G strep-
tococcal vaccines induces an immunological hy-
perreactivity manifested by a high level of IgG
and specific antibodies and by autoimmune phe-
nomena, characterized by a histological and se-
rological pattern similar to that seen in human
chronic active hepatitis. Our data appear to
argue for a possible pathogenetic role played by
group C and G streptococci, which are less im-
plicated in human pathology than is group A.
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