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A B S T R AC T The immunogenicity and safety of two
polysaccharides isolated from type III, group B Strep-
tococcus, were tested in adults selected for existing
low concentrations of natural antibody to the capsular
polysaccharide of this organism. Both vaccine prepara-
tions (trichloroacetic acid and EDTA) were found to
lack pyrogenicity and toxicity for experimental animals.
A single 50-,ug subcutaneous injection of either
polysaccharide in human subjects elicited significant
increases in antibody concentration in immunized
compared with control individuals receiving phos-
phate-buffered saline. Antibody responses were maxi-
mal by 2 wk and remained at 21 wk after immuniza-
tion. Vaccine-induced antibody was primarily of the
IgG class. Of the two vaccines, the larger molecular
size polysaccharide was significantly more immuno-
genic. Although no systemic reactions were recorded,
mild transient local reactions occurred in 45% of
vaccinees.

INTRODUCTION

The importance of the group B Streptococcus as a
cause of serious and often fatal infection among
neonates and young infants is well established (1, 2).
Among isolates from these patients, -60% will be
serologically classified as type III (3, 4). The anti-
body directed against the capsular polysaccharide of
type III strains has been shown to be bactericidal
in the presence of human polymorphonuclear leuko-
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cytes and complement as determined by an opsono-
phagocytic assay (5). This same antibody has been
detected by means of a quantitative radioactive
antigen-binding assay in convalescent sera of' patients
recovering from type III, group B streptococcal
disease (6). Our previous studies have shown a statis-
tically significant correlation between risk for the
development of invasive infant disease with type III
strains and low concentration of maternal sertum aniti-
body to the type III capsular polysaccharide (6, 7).
The antibody directed against the capsular poly-
saccharide of type III strains is present in high
concentration in the sera of many pregnant women,
and is transplacentally transferred to the neonate in
most circumstances (6, 7). It has been our hypothesis
that the correlation between low concentration of'
maternal antibody and risk for infant disease may
provide an immunologic basis for prevention of in-
fection due to type III strains by immunizationi. If'
a capsular polysaccharide isolated from type III,
group B Streptococcus, were shown to be antigenic
and safe in adults, perhaps immunization of adult
women would be an effective means of preventing
infant disease by transplacental passage of antibody.
This maternal antibody might be protective during
that period of time associated with infant suscepti-
bility (i.e. the first 3 mo of life). Large molecular
weight polysaccharides have been isolated from type
III, group B Streptococcus and purified (8).' The
present study was designed to assess the immuno-
genicity of these preparations in those adult human
volunteers most likely to benefit from immunization
those with low concentrations of serum antibody.

I Kasper, D. L., D. K. Goroff, and C. J. Baker. Immuno-
chemical characterization of native polysaccharides from
group B Streptococcus: the relationship of the type III
and group B determinants. Manuscript in preparation.
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METHODS

Vaccine. Polysaccharide antigens were extracted from one
lot of type III group B Streptococcus (strain M732) grown
in Todd-Hewitt broth (Difco Laboratories, Detroit, Mich.)
supplemented with glucose (9). A 300-1 lot of organisms
were grown in a fermenter (courtesy of Dr. John Robbins,
Bureau of Biologics, Bethesda, Md.) with no attempt to main-
tain pH at neutrality. The pelleted organisms were washed
with a neutral buffer-EDTA solution, centrifuged, and then
the supernatant EDTA-antigen-containing solution was puri-
fied by alcohol fractionation, enzyme treatments, and gel
filtration (EDTA non-pH-titrated antigen) (8).1 The EDTA-
washed organisms were then reextracted with 10% cold tri-
chloroacetic acid (TCA antigen), and the supernate was neu-
tralized and purified as above. These antigens have been
shown to be pure polysaccharides consisting of galactose,
glucosamine, glucose, sialic acid, and another sugar which
may be a heptose.1 The EDTA non-pH-titrated and TCA
antigens have molecular sizes of 600,000 and 500,000 daltons,
respectively. Both are acidic polysaccharides which demon-
strate type III and group B serologic specificity.' These two
polysaccharide vaccines were suspended in pyrogen-free
phosphate-buffered saline (PBS)2 at 100 ,ug/ml and stored
at 4°C. Sterility of these polysaccharides prepared for human
use was tested in bulk before final packaging, and in 10% of
the final packaged material in accordance with the regula-
tions of the Food and Drug Administration (title 21, Sect.
§610.12). The PBS employed for suspension of the poly-
saccharides was packaged in an identical vial for use as
placebo (PBS).

Animal toxicity studies. The general safety test employing
guinea pigs (title 21, Sect. §610.11) was performed in 375-g
Hartley strain guinea pigs injected intraperitoneally with
500 ,tg of each polysaccharide in 5 ml of PBS. The
animals were observed, weighed, and had their tempera-
tures recorded daily for 12 days. The pyrogenicity of the
vaccines was tested in 3-kg New Zealand white rabbits
(Sect. §610.13); rectal temperatures were recorded before
the booster and then hourly for 4 h after intravenous
injection with 100 ,ug of each polysaccharide. Systemic
toxicity in rabbits was assessed after intravenous injection
with a total of 500 ,ug of each vaccine in 10 divided
doses over a 3-wk period. Daily observations and weights
were recorded for 21 days. Interference with the growth
rate of 21-g mice was evaluated after intraperitoneal in-
jection with 500 ,ug of each polysaccharide (Sect. §610.11).
Mice were weighed daily and observed for 12 days. 10 12-
kg Cynamolgous monkeys received 50 ,ug subcutaneous
injections of each vaccine preparation. A second 50-,ug
injection was given 4 wk later. Animals were observed for
local and systemic reactions for 72 h after each injection,
and sera were collected from the rabbits and monkeys at
0, 2, 4, and 8 wk after immunization.

Subjects. 150 normal healthy adult volunteers (largely
laboratory personnel and physicians at Baylor College of
Medicine) had sera tested to determine the concentration
of antibody to type III capsular polysaccharide antigen.
33 subjects with a serum concentration <2.0 ,ug/ml volun-
teered for immunization. These subjects gave signed informed
consent for participation in the study at the time of im-
munization. The subjects were randomized into three
"vaccine" groups (of 11 each) by age- and sex-matching,
and coded vaccines or placebo were administered in a

2Abbreviation used in this paper: PBS, phosphate-buf-
fered saline.

double-blind fashion. There were nine male and two female
volunteers in each of the groups receiving immunization
with TCA or EDTA vaccines with a mean age of 27
(range 24-34) and 26.3 (range 24-29) yr, respectively.
Eight male and three female volunteers were given placebo
(PBS). Their mean age was 26.7 yr (range 24-31). All
subjects were bled immediately before, and at 2 and 4 wk after
immunization. The EDTAand TCA vaccinees were bled at
8 and 21 wk after immunization. A subcutaneous injection
of 0.5 ml (50 ,ug) of one of three coded vaccine prepara-
tions (EDTA, TCA, or PBS) were given to each volunteer
in the deltoid region. Subjects were interviewed and
examined 24 and 48 h after the injection, and their
symptoms, as well as their local reactions and tempera-
ture, were recorded.

Serologic methods. Serum antibody to the capsular poly-
saccharide of type III, group B Streptococcus was quanti-
tated by means of a radioactive antigen-binding assay (6, 7).
Sera were separated and stored in 2-ml aliquots at -70°C.
Results of the antibody responses to immunization were
expressed as the geometric mean antibody concentration for
each group (micrograms of antibody protein per milliliter of
serum). 2 ml of selected subjects' sera collected at 2 and 8
wk after immunization with EDTAvaccine was fractionated
and the immunoglobulins were purified (10). Fractions con-
taining primarily IgG or IgM were each tested in the radio-
active antigen-binding assay to determine the immuno-
globulin class of vaccine-induced antibody.

Statistical methods. The geometric mean antibody con-
centrations and 95% confidence intervals were calculated
for each group of subjects (11). Differences in the con-
centration of antibody in preimmunization and a 4-wk
postimmunization sera for subjects in the EDTA and TCA
vaccine groups compared to controls (PBS) and to each other
were analyzed by the Wilcoxon rank sum test (12) because
of the nonparameter distribution of the antibody data.

RESULTS

Animal studies. Five tests were performed to assay
for the toxicity of the EDTA and TCA polysac-
charide vaccines in laboratory animals. One test
was designed to detect contamination with biologi-
cally active endotoxin, and the other four were
general toxicity tests. Toxicity studies were performed
on final packaged material which had passed the
sterility test. No significant rises in temperature
(30.5°F) were detected in rabbits indicating that
these preparations contained no biologically active
endotoxin. The general toxicity tests in mice, guinea
pigs, rabbits, and primates revealed normal weight
gain and no systemic symptoms when animals in-
jected with vaccines were compared with controls
(PBS). Neither polysaccharide was found to induce
antibody formation in rabbits or primates.

Toxicity in human volunteers. No systemic reac-
tions were observed in the 22 vaccinees or the 11
control subjects. Overall, mild local reactions were
observed in 10 of 22 (45%) vaccinees but in none of
the placebo (PBS) group. Two (18.2%) of the TCA
and eight (72.8%) of the EDTA vaccinees had local
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reactions. These consisted of small areas of erythema
(<3 cm diameter) or induration (<1 cm diameter)
which persisted for 48 h. Mild local tenderness
which resolved within 48 h was noted by six of the
EDTAvaccinees, but in none of the other subjects.

Antibody response. The antibody response of sub-
jects immunized with polysaccharides (EDTA or TCA)
or receiving placebo (PBS) is summarized in Table I.
No significant differences between the preimmuniza-
tion concentrations of antibody were detected in sera
from the three groups of volunteers. 2 and 4 wk after
immunization with PBS, antibody concentration was
unchanged in the sera from control subjects. How-
ever, 2 wk after the immunization, sera from TCA-
and EDTA-immunized volunteers had geometric mean
antibody concentrations of 2.26 and 9.18 ,ug/ml,
respectively. The rises in antibody concentration 4
wk after immunization with the EDTA and TCA
vaccines were highly significant when compared to the
PBS control group by means of the Wilcoxon rank
sum text (P = <0.001) (12). Furthermore, the EDTA
vaccine was a significantly better immunogen than
the TCA vaccine (P = <0.01).

To define the immunoglobulin class of vaccine-
induced antibody, sera from selected vaccine re-
cipients demonstrating high concentration of antibody
in postimmunization sera were fractionated. IgG was
found to be the immunoglobulin accounting for the
majority of antigen-binding in sera from these
selected vaccinees at 2 and 8 wk after immunization.
That vaccine-induced antibody was primarily of the
IgG class was further substantiated by the persistence
of antibody in sera at similar concentrations 21 wk
after immunization.

DISCUSSION

Infant disease due to group B Streptococcus is ob-
served during the first 2-3 mo of life; the majority

occurs at <7 days of age. This age is one during
which transplacentally acquired maternal antibody, if
present, protects young infants against a number of
serious bacterial infections including disease due to
type III, group B Streptococcus (6). Although poly-
saccharide vaccines have been shown to be rela-
tively poor immunogens in infants, they are generally
immunogenic in adults. Therefore, immunization of
women with polysaccharides from group B Strep-
tococcus offers the theoretical advantage of pre-
venting disease in neonates and young infants by
transplacental passage of antibody.

We have assessed the safety and antigenicity of
two relatively large molecular size polysaccharides
extracted by different methods from a type III strain
of group B Streptococcus. One polysaccharide was
extracted by washing cells grown in Todd-Hewitt
broth supplemented with glucose with neutral buffer-
EDTA solution. After purification, this EDTA-III
polysaccharide had a molecular size of 600,000
daltons. The second polysaccharide (TCA-III) was
isolated from EDTA-washed cells by extraction with
cold 10% TCA, and after purification it had a molec-
ular size of 500,000 daltons. Both preparations were
nontoxic in laboratory animals, and no untoward
systemic reactions were observed in human volun-
teers. Local reactions were detected primarily in the
EDTA vaccinees. These were mild, of short dura-
tion, and were similar to those which have been
reported for several other bacterial polysaccharide
vaccines.

The EDTA-III polysaccharide possessed signif-
icantly greater immunogenicity than the TCA-III
vaccine as indicated by the number of subjects
responding to immunization and the magnitude of their
antibody response. This greater immunogenicity may
be a reflection of the larger molecular size of the
EDTApreparation. Size has been shown to be a crucial
determinant of the immunogenicity of polysaccharides

TABLE I
Immunogenicity of TCA- and EDTA-Extracted Type III Polysaccharides

Antibody concentration in ,Ag/ml-geometric mean (95% confidence interval)
wk after immunization

Immunogen 0 2 4 8 21

EDTA-III 0.93 9.18 9.29 10.79 8.37
(0.28-3.09) (0.14-603.5) (0.13-691.8) (0.12-794.3) (0.12-592.6)

TCA-III 0.79 2.26 2.14 2.29 1.93
(0.27-2.34) (0.04-95.5) (0.55-83.2) (0.05-104.7) (0.05-92.3)

PBS control 0.79 0.80 0.79 ND* ND
(0.39-2.04) (0.39-1.58) (0.31-2.0) ND ND

* ND= not done.
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in man (13). Recently we purified an even larger
molecular size type III polysaccharide (1.0 x 106
daltons) from organisms grown tinder more optimal
growth conditions by maintaining a neutral pH
throughout the growth cycle.' Even greater immuno-
genicity might be expected wheni hluimian volunteers
are immunized with this more native EDTA-pH
titrated polysaccharide.

Of the 11 human volunteers immunized with
the EDTA type III polysaccharide, 8 (72.7%) had
>1.0 ,g/ml increases in serum antibody concentra-
tion at 2 wk after iminiuization, whereas only 4
TCA-III immunized volunteers of 11 (36.4%) had
>1.0 ,ug/ml increases durinig the samle interval. This
rate of' response to immulnization with the EDTA
polysaccharide is similar to that observe(d in adults
receiving other polysaccharide vaccines wheni sub-
jects were preselected for low concentration of' serum
antibody. For example, Andersoni et al. (14) immuniiized
62 adults with polyribophosphate; of' these, 32 had
very low concentrations of antipolyribophosphate
antilbody in preimmunization sera and 23 (71.9%) had
>1.0-,ug/ml inereases in antibody concentration de-
tected 2 wk after immnunizationi. Similar results are
recorded for group A meningococcal (15) and pneumo-
coccal polysaccharides (16) in adtults when response
for subjects with low levels of antibody in pre-
immunization sera are analyzed separately. Since
women with low concentrations of serum antibody
to the capsular polysaceharide from type III, group
B Streptococcus are those whose offspring are at risk
for disease due to this mieroorgainism (6, 7), the
potential uisefulness of' an effective immunogen in this
poptilationi requires evaluation. Althouigh further stud-
ies are nee(led, the demonistrationi of the safety and
immutnogenicity of' the EDTA-III polysaccharide in
mian represents the first step in realizing the preven-
tion of' grouip B streptococcal disease in neoniates
and young inftants by immuntiologic menthodIs.
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