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Human antibody responses to Strepfococcus pneumoniae 6B, 14, and 19F capsular polysac-
charide were analyzed. Thirty-one healthy young adults were immunized with the pneumococ-
cal 23-valent PS vaccine. Serum samples were obtained from them before and 1 month after vae-
cination. The amounts of total antibody, heavy chain and light chain isotypes were determined
by enzyme-linked immunosorbent assay (ELISA). Vaccination increased the total levels of anti-
6B, anti-14, and anti-19F PS antibodies by 3.4-fold, 3.8-fold and 4.1-fold, respectively. Some in-
dividuals showed great variations in antibody responses to different serotypes of PS. The IgG
antibody was predominant in the responses to the three PSs, and most of the IgG anti-PS an-
tibodies were IgG2 isotype. There was no significant difference in the k and A responses.
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Streptococcus pneumoniae is an encapsulated Gram-
positive bacterium. It is a significant pathogen caus-
ing pneumonia, meningitis, bacteremia and otitis me-
dia especially in young children, old adults and im-
munocompromised patients (1). Although approxima-
tely 90 serotypes have been identified by their dis-
tinct polysaccharide (PS) capsules, it has been es-
timated that less than 20 serotypes account for 90%
of about 40,000 deaths caused per year in the Un-
ited States by the pneumococcal infection in adults
(3). Due to the fact that the invasive infections are
associated with high rates of mortality even with
the appropriate antibiotic treatment and the pre-
valence of antibiotic-resistant S. pneumoniae is on
the increase (4, 8), there is a need for effective vac-
cines against S. pneumoniae. Most of the vaccines
are designed to induce antibodies to the capsular
PSs, which are known to be protective against inva-
sive pneumococcal diseases by inducing comple-
ment-dependent opsonophagocytosis (18). The cur-
rent pneumococcal vaccine consists of 23 purified
capsular PSs (13). This vaccine appears to be 60 to
80% effective in preventing the invasive disease in
the adults (6), but children under 2 years of age
respond poorly to most of the pneumococcal PS an-
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tigens of the vaccine (1). To overcome this draw-
back of the PS vaccine, protein-conjugated pneumo-
coccal PS vaccines are being developed and evalu-
ated for immunogenecity and safety in various po-
pulations including young children (2, 15).

Studies of the human antibody repertoire to Hae-
mophilus influenzae type (Hib) PS have shown that
the antibody fine specificity, avidity, and protective
capacity can correlate with the expression of par-
ticular clones and to the antibody structures (7, 11).
Moreover, different Hib PS vaccines elicit antibody
populations with distinct patterns of antibody struc-
ture and disparate functional capacities (14). An-
tibody responses to the pneumococcal PSs have not
yet been analyzed completely. Defining the human
antibody responses to various pneumococcal PSs
would provide the basic data needed for evaluating
the vaccination efficacy of the pneumococcal PS an-
tigens. It will also contribute to the understanding
of differences between the individuals and/or po-
pulations in their abilities to respond to the vari-
ous the pneumococcal PS vaccines. In addition, pn-
eumococcal antibody repertoire could also be used
for the study of genetic determinants and The so-
matic forces dictating the expression of the human
antibody repertoire to PS antigens. In this study,
the human antibody responses to 3 major seroty-
pes (6B, 14, and 19F) of the pneumococcal capsular
PSs were analyzed following immunization with 23-
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Table 1. Antibody values of pneumococcal reference serum 89-SF”
PS serotype Total antibody Isotype (ug/ml)
(ug/ml) 1gG IgM IgA 1gG1 1gG2 X I
6B 24.3 16.9 3.0 1.5 1.69* 15.2* 17.6* 6.7*
14 37.0 27.8 1.2 1.9 (2.78) (25) (26.8) (10.2)
19F 18.8 13.0 3.2 2.0 (1.30) (11.7) (13.6) (5.17)

* Antibody values without any marking were initially assigned by Lederle-Praxis Biologicals. The IgG values have been con-
firmed at FDA. Values marked with * are from Park et al. (12). Values in parentheses are arbitrarily assigned on the as-
sumption that anti-14 and anti-19F antibodies of 89-SF have the same isotype composition as anti-6B antibodies and thus

must be considered highly provisional.

valent pneumococcal PS vaccine.

Materials and Methods

Reagents

Purified cell wall polysaccharide (C-PS) was pur-
chased from Statens Serumin stitut (Copenhagen,
Denmark). The serotype 6B, 14, and 19F pneumoco-
ccal capsular PSs were purchased from American
Type Culture Collection (Rockville, MD, USA). Pneu-
mococcal reference serum, 89-SF was obtained from
Dr. Frasch (Center for Biologics Evaluation and Re-
search, Rockville, MD) Anti-human immunoglobu-
lins (Igs)-alkaline phosphatase conjugate (A3313)
and anti-mouse IgG-alkaline phosphatase conjugate
(A2429) were purchased from Sigma (St. Louis, MO,
USA). Anti-human isotype specific monoclonal an-
tibodies were from Dr. Nahm (Rochester University,
NY, USA).

Vaccination

Thirty-one healthy young adults were received. a
single intramuscular injection of polyvalent pneu-
mococeal vaccine (PNEUMO 23, Pasteur-Merieux
Serums & Vaccines, France). Serum samples were
collected at the time of immunization and 1 month
later.

Antibody ELISA

ELISA was used to determine the total antibody
and the isotype levels of the anti-pneumococcal PS
sera (12). Microplates were coated with 5 ug/ml
pneumococcal PS (6B, 14, or 19F) in phosphate-buff-
ered saline (PBS) and left overnight. The plates
were washed with PBS containing 0.1% Tween 20
and incubated with blocking solution (PBS contai-
ning 1% bovine serum albumin and 0.05% Tween 20)

Table 2. Anti-human isotype-specific monoclonal antibodies

Ab HG7 HG11 HP JSADA HAl1 HK2 HL1

Specificity IgG IgGl IgG2 IgM IgA Kappa Lambda

for 30 minutes. Serum samples, diluted 50 fold us-
ing blocking solution containing 10 ug/ml of C-PS,
were added to the wells, serially diluted and then in-
cubated for 2 hours. Wells were washed four times,
followed by the addition of alkaline phoaphatase-con-
jugated anti-human Igs. After incubation at room
temperature for 2 hours, the wells were washed and
p-nitrophenyl phosphate in diethanolamine buffer
(pH 9.8) was added. Absorbance at 405 nm was read
with a microplate reader. All the incubations in EL-
ISA were carried out at room temperature. Antibody
levels were calculated from a standard curve gen-
erated with reference serum 89-SF. Assigned an-
tibody values of 89-SF are shown in Table 1.

For the determination of isotype levels of the an-
ti-pneumococcal PS antibodies, each of the anti-hu-
man isotype-specific monoclonal antibodies (Table
2) was added to the microplate wells (1 pug/ml) fol-
lowing incubation with the serum samples. Afer in-
cubation for 2 hours, the wells were washed and
anti-mouse IgG alkaline phosphatase conjugate
was added.

Results and Discussions

Total serotype-specific antibody in anti-pneu-
mococcal PS sera

Serum samples from 31 young adults were analyz-
ed for their serotype-specific antibody levels using 89-
SF as the standard. Total antibody levels of pre- and
postimmune sera are summarized in Table 3. Al-
though the mean antibody levels of preimmune sera
to the 3 serotypes were substantially higher than 1.9

Table 3. Total serotype-specific antibody levels of sera be-
fore and after vaccination

Geometric mean of Ab concentration (pg/ml)

6B 14 19F
Preimmune 5.59 5.65 6.25
Postimmune 19.15 21.59 25.36
Fold increase 3.4 3.8 4.1
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Fig. 1. Variations of fold increase among postimmune sera.

Postimmune sera which have more than 10-fold differences in

fold increases to the three different PS serotypes are shown

here.

ug/ml, the estimated ‘protective level in humans' (16),
some preimmune sera showed antibody levels less
than 1.9 pg/ml (10 to 26% of tested sera depending
on the PS serotype). The protective level of an an-
tibody may depend on many factors including an-
tibody affinity, antibody isotype and PS serotype,
and the level of an antibody required to protect
against a mild disease, such as otitis media, is likely
to be different from that required to prevent more
severe diseases, such as pneumonia or meningitis.
Anyway the existence of young adults whose an-
tibody levels are extremely low in preimmune sera
raises a necessity of a comprehensive study which
could clearly define the range of people to whom pne-
umococcal vaccination should be recommended.
Vaccination increased the total levels of anti-6B,
anti-14, and anti-19F PS antibodies by 3.4-fold, 3.8-
fold and 4.1-fold, respectively. The increase was sta-
tistically significant for all the three PS serotypes
(P<0.025, two-tailed t test). However, several indivi-
duals showed great variations in antibody respon-
ses to different PS serotypes. In 10 out of the 31
postimmune sera, there were more than 10-fold dif-
ferences in fold increases of antibody levels to the

Table 4. Isotype levels of sera before and after vaccination
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Fig. 2. Relationship between total anti-14 antibody and light

chain isotypes. Correlation coefficients for x, A are 0.851, and
0.835, respectively.

different PS serotypes and the PS showing the
highest response differed between individuals (Fig.
1). These results extend previous reports (9, 10) in
which although mean titers of antibody response
against each capsular PS increased significantly,
some individuals failed to show any response to cer-
tain serotypes. And the data strongly indicate that
each PS antigen of the polyvalent anti-pneumop-
coccal PS vaccine may have different immunogene-
cities in different individuals. As different antibody
response could result in different vaccine efficacy,
multivalent PS vaccines should be carefully tested
for the immunogenecity of each vaccine component.

Distribution of light chain isotypes

In the analysis of light chain isotypes, ¥ and A
constituted 55% and 45% of anti-14 antibodies both
in the preimmune and the postimmune sera. No
significant difference was observed in x and A ex-
pression (P=0.378 in preimmune sera; 0.297 in pos-
timmune sera, two-tailed t test). Similar results
were observed also in the anti-6B and anti-19F PS
antibody responses. And the levels of ¥ and A anti-
pneumococcal PS antibody responses were highly
correlated with that of total antibody response (Fig.

Geometric mean of Ab concentration (ug/ml)

PS Serum
IgG IgG1 1gG2 IgM IgA K A
Preimmune 2.98 0.27 3.32 2.85 0.21 2.22 1.62
6B Postimmune 10.6 0.77 10.0 4.41 0.99 6.29 5.73
Fold increase 3.6 2.9 3.0 1.6 4.6 2.8 3.5
Preimmune 3.53 0.24 3.69 1.07 0.23 2.96 2.43
14 Postimmune 16.2 0.44 13.9 2.17 0.92 9.84 8.08
Fold increase 4.6 1.8 3.8 2.0 4.0 3.3 3.3
Preimmune 4.53 0.46 3.97 2.54 0.39 3.83 3.14
19F Postimmune 16.0 0.96 13.5 4.02 1.88 15.5 11.7
Fold increase 3.5 2.1 3.4 1.6 4.8 4.0 3.7
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Fig. 3. Relationship between total anti-14 antibody and heavy
chain isotypes. Correlation coefficients for IgG, IgM, and IgA
are 0.942, 0.069, and -0.145, respectively.

2 and Table 5) regadrless of the serotypes. These
results suggest that there are no particular dom-
inance of x or A isotype in the light chain expres-
sion of human anti-pneumococcal antibody respon-
ses. Tarrand et al. (17) showed that antibodies of x
isotype are preferentially expressed in the human
antibody responses to Hib PS, which has similar
structure with pneumococcal 6B PS. The mechan-
ism which make different immune responses to
these structurally similar PSs is not clear now and
needs further research.

Distribution of heavy chain isotypes

Isotype levels of pre- and postimmune sera are
summarized in Table 4. In the anti-6B antibodies
of preimmune sera, the majority of antibodies were
IgG (49%) and IgM (48%). In the cases of the anti-
14 and anti-19F antibodies, IgG was dominant (>
61%) with susbtantial amounts of IgM (>22%).
Fold increase by vaccination was higher for IgG (>
3.5) and IgA (=4.0) than IgM (<2.0) isotypes. IgG
antibodies (=>66%) accounted for majority of the to-
tal anti-PS antibodies in the postimmune sera. In
addition, the level of the IgG anti-pneumococcal PS
antibody response was highly correlated with that
of total antibody response (Fig. 3 and Table 5) rega-
drless of the serotypes.

IgG2 isotype constituted most (>84% of IgG) of
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Fig. 4. Relationship between total anti-14 antibody and IgG
subclasses. Correlation coefficients for IgGl and IgG2 are
0.661 and 0.899, respectively.

the IgG antibody responses in the postimmune sera
(Table 4). and IgG2 levels were highly correlated
with the total antibody levels in anti-pneumococcal
PS antibody responses (Fig. 4 and Table 5). These
results extend the previous data (12) in which hu-
man anti-6B antibody responses were mediated
mainly by IgG2 isotype and suggest that restriction
to IgG2 isotype in human antibody response is a
common property of the various pneumococcal PSs.

To be protective against the bacterial infections, the
antibodies should be able to elicit effector functions
such as complement activation and/or opsonization.
1gG2 has been claimed to be inefficient in activating
complement and binding to Fc receptors on phagocyte
surfaces (18). But some studies (5) have shown that
IgG2 can activate complement at high epitope den-
sities. IgG2 has also been reported to bind to LR al-
lotype of FeyRIIa (19). Thus IgG2 anti-pneumococcal
PS antibodies could induce the production of C3b and
might be able to do their protective function by op-
sonizing the bacteria together with C3b.
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Table 5. Correlation coefficients between antibody isotype and total antibody.

PS Serum Correlation coefficient
IgG IgG1 1gG2 IgM IgA Kappa Lamda

B Postimmune 0.913 0.684 0919 0.033 0.569 0.915 0.789
6 Preimmune 0.898 0.620 0.920 -0.012 0.321 0.669 0.757
Postimmune 0.942 0.661 0.899 0.069 -0.145 0.851 0.835
14 Preimmune 0.933 0.799 0.978 0.535 -0.140 0.941 0.848
19F Postimmune 0.847 0.533 0.828 -0.085 -0.033 0.756 0.649
Preimmune 0.904 0.764 0.971 -0.050 -0.241 0.940 0.797
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man isotype-specific monoclonal antibodies.
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