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Serological cross-reactions between certain streptococci and some serotypes of
Streptococcus pneumoniae have been reported. These studies detail the serolog-
ical cross-reactivity observed between hot HCl-extracted group B streptococcus
type III (GBS III) antigens and S. pneumoniae type 14 (Pn 14) polysaccharide.
Similar electrophoretic migration patterns of GBS III and Pn 14 were observed
when either type-specific GBS III antisera or pneumococcal omniserum was
utilized to precipitate these antigens. Both the GBS III antigen and the Pn 14
polysaccharide migrated toward the cathode, whereas all other pneumococcal
polysaccharides migrated toward the anode. No cross-reactions were observed
between GBS III antisera and the 11 other types of pneumococcal polysaccha-
rides. Lines of identity were observed between type-specific GBS III antisera and
monospecific Pn 14 antiserum with either GBS III antigens or purified Pn 14
polysaccharide. The cross-reacting antigens of GBS III and Pn 14 appear to be

identical by immunodiffusion and immunoelectrophoresis.

Group B streptococcal disease in neonates has
been well described (3, 6, 9). A similar disease
state has recently been described in neonatal
pneumococcal infections (7), and the question
arises regarding possible interrelationships be-
tween these organisms and the disease states
they produce in neonates. Type-specific anti-
body is required for opsonization of group B
streptococci (GBS) (4, 12, 15), similar to the
opsonization of pneumococci by corresponding
type-specific pneumococcal antibody. Serolog-
ical cross-reactivity between various serotypes
of Streptococcus pneumoniae and other strep-
tococci has been reported (1, 2). This paper
describes the serological cross-reactivity ob-
served between GBS III and Pn 14.

(This work was presented in part at the 78th
Annual Meeting of the American Society for
Microbiology [M. H. Crumrine, M. W. Balk, and
G. W. Fischer, Abstr. Annu. Meet. Am. Soc.
Microbiol. 1978, E111, p. 61].)

MATERIALS AND METHODS

Bacterial strains. Strain III NOR is a GBS III
clinical isolate and has been used in previous studies
by this laboratory (M. H. Crumrine, G. W. Fischer,
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and M. W. Balk, Program Abstr. Intersci. Conf. Anti-
microb. Agents Chemother. 16th, Chicago, Ill., Abstr.
no. 151, 1976). A reference strain of GBS III, SS 620,
was obtained from Hazel Wilkinson, Center for Dis-
ease Control (CDC), Atlanta, Ga.

Antigens. Polysaccharide antigens from GBS III
were produced by using hot HCl extraction and
ethanol fractionation techniques (13).

Pneumococcal antigens used in immunoelectropho-
retic procedures were contained in Lilly duodecavalent
pneumococcal vaccine, 50 ug of polysaccharide per ml.
The following pneumococcal polysaccharides were
present in the vaccine: 1, 3, 4, 6, 7, 8, 9, 12, 14, 18, 19,
and 23. The vaccine was obtained through J. C. Hill,
National Institute of Allergy and Infectious Diseases,
Bethesda, Md. Purified type 14 pneumococcal poly-
saccharide was provided by John Robbins, Bureau of
Biologics, National Institutes of Health, Bethesda,
Md.

Antisera. Type-specific GBS III antisera were pro-
duced according to the methods of McCarty and
Lancefield (16). Pneumococcal omniserum was pur-
chased from the Statens Seruminstitut, Copenhagen,
Denmark. Type-specific Pn 14 antisera were obtained
from Difco Laboratories, Detroit, Mich., and P. B.
Smith, CDC.

Immunoelectrophoresis. Inmunoelectrophoretic
studies were performed by using a modified Scheideg-
ger microslide technique (18). A 1% (wt/vol) agarose
gel was prepared with barbital buffer at pH 8.2 and
ionic strength 0.05. Wells 3 mm in diameter were
utilized, and 20 pl of antigen was added to each well.
Separation of antigens was accomplished at 55 V/slide,
after which troughs were cut and filled with 100 pl of
antiserum. The gels were held at 4°C and observed at
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24-h intervals. Photographic records were made of all
precipitation lines.

Immunodiffusion. Immunodiffusion studies were
carried out on microscope slides in the same 1% bar-
bital-buffered agarose gel as in the electrophoretic
studies. Antigen or antiserum, 20 ul, was placed in the
3-mm-diameter wells, and the slides were held at 4°C
and examined at 24-h intervals. Photographic records
were made as in immunoelectrophoretic studies.

RESULTS

Figure 1 illustrates the reactions observed
when pneumococcal antigens, upper well, and
GBS III SS 620 antigens, lower well, were elec-
trophoresed and GBS III NOR antiserum was
added to the trough. The crude extract of GBS
III, lower well, had two mobility patterns. The
group B antigen migrated toward the anode, and
the type III antigen migrated toward the cath-
ode. The upper pattern in Fig. 1 shows the
cathodal migration of the cross-reactive antigen
from the pneumococcal vaccine.

The precipitation bands in Fig. 2 are those of
the electrophoresed pneumococcal antigen, cen-
ter well, precipitated by omniserum from the
upper trough and GBS III NOR antiserum from
the lower trough. Again the cathodal migration
of the cross-reactive antigens was observed. The
upper trough contained omniserum and the
lower trough contained GBS III NOR antise-
rum. As previously described, the cathodal mi-
gration of the cross-reactive antigens was ob-
served.

Cross-reactions observed with the immunoe-
lectrophoretic technique were also observed in
the immunodiffusion gels (Fig. 3 and 4).

Each of the three antisera, GBS III NOR,
GBS III SS 620, and CDC Pn 14, formed a
precipitin band with both Pn 14 polysaccharide
and alcohol-fractionated GBS III NOR type III

Fi16. 1. Immunoelectrophoresis of GBS III SS 620
antigens in the bottom well and S. pneumoniae anti-
gens1,3,4,6,7,8 09,12, 14, 18, 19, and 23 in the upper
well and antiserum against GBS III in the trough.
Anode is on the left.
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Fi6. 2. Immunoelectrophoresis of S. pneumoniae
antigens 1, 3,4,6,7,8 9, 12, 14, 18, 19, and 23 in the
well and pneumococcal omniserum in the upper
trough and GBS III antiserum in the lower trough.
Anode is on the left.

ysaccharide in the center well, and clockwise from
the upper left, antisera to the following organisms:
CDC Pn 14, GBS III NOR, CDC Pn 14, and GBS III
SS 620.

antigens. A line of identity was observed among
GBS III NOR, GBS III SS 620, and CDC Pn 14
antisera against Pn 14 polysaccharides. Simi-
larly, a line of identity was formed between the
three antisera and GBS III NOR alcohol-frac-
tionated antigen which had been absorbed with
group B-specific antisera.

DISCUSSION

The serological cross-reactions between GBS
IIT and Pn 14 initially observed by immunoelec-
trophoresis were studied using various other in
vitro techniques. In each situation, the cross-
reactivity was observed and reproduced. The
electrophoretic mobility of the cross-reactive Pn
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Fi1c. 4. Immunodiffusion in agarose of GBS III
NOR antigens in the center well, and, clockwise from
the upper left, antisera to the following organisms:
CDC Pn 14, GBS III NOR, CDC Pn 14, and GBS 111
SS 620.

14 antigen is similar to that observed for the
GBS type III antigen by others (5, 17). The GBS
type III antigen migrates due to electroendos-
motic forces in the gel. The cathodal migration
of pneumococcal type 14 antigen has been re-
ported (11).

Immunodiffusion studies show that type-spe-
cific antisera against type 14 S. pneumoniae and
type III GBS form a line of identity with the
pneumococcal antigen. Identity lines are formed
when the same antisera are reacted against GBS
III ethanol-fractionated antigen. These obser-
vations suggest that either there are identical
determinants shared between GBS III and Pn
14 carbohydrate or the determinants are quite
similar and may differ slightly in polysaccharide
composition. The report of Lindberg et al. (14)
describing the structure and composition of the
Pn 14 polysaccharide and the work of Baker et
al. (5) and Russell and Norcross (17) describing
the composition of the type III GBS antigen
show similarities in monosaccharide composi-
tion between the two antigens. The recent report
of Kasper et al. (10) confirms our previous ob-
servation (Crumrine et al., Program Abstr. In-
tersci. Conf. Antimicrob. Agents Chemother.
16th, Chicago, Ill., Abstr. no. 151, 1976) that
cross-reactions between GBS III polysaccharide
and Pn 14 polysaccharide occur.

Studies by Fischer et al. (8) clearly demon-
strate the ability of Pn 14 antisera to opsonize
GBS III. In their studies, Pn 14 antisera opson-
ized GBS III NOR but did not opsonize Pn 3 or
GBS III O90R, which has no type antigens.
Their in vivo studies also demonstrated a signif-
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icant protective effect of Pn 14 antisera in a
neonatal rat model of GBS III sepsis and men-
ingitis. Data from Kasper’s laboratory (10), how-
ever, appear to conflict with those of Fischer et
al. (8). Kasper et al. (10) report poor opsonic
responses for GBS in humans immunized with
multivalent pneumococcal vaccine.

The data presented in this paper and the
initial report from our laboratory clearly estab-
lish the fact that similar antigenic determinants
are shared between GBS III and type 14 pneu-
mococcus. Studies by Fischer et al. (8) and Kas-
per et al. (10) give further credence to these
findings. However, further investigations are
necessary to detail the role of opsonizing anti-
serum against GBS III antigen and Pn 14 anti-
gen, and the protection they may afford in view
of the present conflicting data.

ACKNOWLEDGMENTS

These studies were funded and supported by the Clinical
Investigation Service, Madigan Army Medical Center, Ta-
coma, Wash., and the Clinical Investigation Service, Tripler
Army Medical Center, Honolulu, Hawaii.

We gratefully acknowledge the editorial assistance of
Nancy Whitten in the preparation of this manuscript.

LITERATURE CITED

1. Austrian, R. 1974. Cross-reactions between pneumococ-
cal and streptococcal polysaccharides, p. 39-44. In J. B.
Robbins, R. E. Horton, and R. M. Krause (ed.), New
approaches for inducing natural immunity to pyogenic
organisms. DHEW Publication no. (NIH) 74-553. De-
partment of Health, Education and Welfare, Washing-
ton, D.C.

2. Austrian, R., C. Buettger, and M. Dole. 1972. Problems
in the classification and pathogenic role of alpha and
nonhemolytic streptococci of the human respiratory
tract, p. 355-370. In L. W. Wannamaker and J. M.
Matsen (ed.), Streptococci and streptococcal diseases.
Academic Press Inc., New York.

3. Baker, C. J., F. F. Barrett, R. C. Gordon, and M. D.
Yow. 1973. Suppurative meningitis due to streptococci
of Lancefield group B: a study of 33 infants. J. Pediatr.
82:724-729.

4. Baker, C. J., and D. L. Kasper. 1976. Correlation of
maternal antibody deficiency with susceptibility to neo-
natal group B streptococcal infection. N. Engl. J. Med.
294:753-756.

5. Baker, C. J., D. L. Kasper, and C. E. Davis. 1976.
Immunochemical characterization of the “native” type
III polysaccharide of group B Streptococcus. J. Exp.
Med. 143:258-270.

6. Bobitt, J. R., and W. J. Ledger. 1976. Obstetric obser-
vations in eleven cases of neonatal sepsis due to the
group B B hemolytic Streptococcus. Obstet. Gynecol.
47:439-442.

7. Bortolussi, R., T. R. Thompson, and P. Ferrieri. 1977.
Early-onset pneumococcal sepsis in newborn infants.
Pediatrics 60:352-355.

8. Fischer, G. W., G. H. Lowell, M. H. Crumrine, and J.
W. Bass. 1978. Demonstration of opsonic activity and
in vivo protection against group B streptococci type II1
by Streptococcus pneumoniae type 14 antisera. J. Exp.
Med. 148:776-786.

9. Howard, J. B., and G. H. McCracken, Jr. 1974. The
spectrum of group B streptococcal infections in infancy.



VoL. 25,1979

Am. J. Dis. Child. 128:815-818.

10. Kasper, D. L., C. J. Baker, R. S. Baltimore, J. H.
Crabb, G. Schiffman, and H. J. Jennings. 1979.
Immunodeterminant specificity of human immunity to
type III group B Streptococcus. J. Exp. Med. 149:327-
339.

11. Kenny, G. E., B. B. Wentworth, R. P. Beasley, and H.
M. Foy. 1972. Correlation of circulating capsular poly-
saccharide with bacteremia in pneumococcal pneumo-
nia. Infect. Immun. 6:431-437.

12. Klesius, P. H., R. A. Zimmerman, J. H. Mathews, and
D. H. Krushak. 1973. Cellular and humoral immune
response to group B streptococci. J. Pediatr. 83:926-
932.

13. Lancefield, R. C., and E. H. Freimer. 1966. Type-spe-
cific polysaccharide antigens of group B streptococci. J.
Hyg. 64:191-203.

GBS III AND S. PNEUMONIAE CROSS-REACTIONS

963

14. Lindberg, B., J. Lonngren, and D. A. Powell. 1977.
Structural studies on the specific type-14 pneumococcal
polysaccharide. Carbohydr. Res. 58:177-186.

15. Mathews, J. H., P. H. Klesius, and R. A. Zimmerman.
1974. Opsonin system of the group B Streptococcus.
Infect. Immun. 10:1315-1320.

16. McCarty, M., and R. C. Lancefield. 1955. Variation in

the group-specific carbohydrate of group A streptococci.
I. Immunochemical studies on the carbohydrates of
variant strains. J. Exp. Med. 102:11-28.
7. Russell, H., and N. L. Norcross. 1972. The isolation and
some physiochemical and biologic properties of the type
III antigen of group B streptococci. J. Immunol. 109:
90-96.
. Scheidegger, J. J. 1955. Une micromethode de
I'immunoelectrophorese. Int. Arch. Allergy Appl. Im-
munol. 7:103-110.

—

—
o<



