
Introduction
Streptococcus pneumoniae, also known as pneumococcus, is
one of the leading causes of childhood pneumonia and meningitis.
This organism accounts for 20 to 40% of the estimated annual
global burden of 2.7 million childhood deaths from pneumonia in
developing countries1-2 and the second leading cause of
meningitis in children in Bangladesh3-4. The polysaccharide
capsule of S. pneumoniae has been considered the primary
virulence factor because non-encapsulated bacteria are
essentially harmless compared with the same encapsulated strain.
Recent studies, however, have suggested that certain
pneumococcal proteins on the surface of S. pneumoniae may
also be important virulence factors in the pathogenesis of infection
and disease, and potentially for the development of new
vaccines5-6. These proteins enable S. pneumoniae to evade host
defenses and cause invasive disease by concealing and
protecting the bacterial surface from host immune defenses and
interacting with host tissues to facilitate bacterial colonization;
adherence and ultimately pulmonary and extra-pulmonary
dissemination, bacteraemia, and systemic disease7.
The laboratory diagnosis of invasive pneumococcal disease (IPD)
continues to rely on culture-based methods that have been used
for many decades. The most significant recent developments
have occurred with antigen detection assays, whereas the role of
nucleic acid amplification tests has yet to be fully clarified. Despite
developments in laboratory diagnostics, a microbiological
diagnosis is still not made in most cases of IPD, particularly for

pneumococcal pneumonia8. The limitations of existing diagnostic
tests impact the ability to obtain accurate IPD burden data and to
assess the effectiveness of control measures, such as vaccination,
in addition to the ability to diagnose IPD in individual patients.
Therefore, there is a need for improved diagnostic tests for
pneumococcal disease – especially tests that are suitable for use
in under resourced countries8.  In recent years, a 74 kDa unique
pneumococcal surface protein was identified in the Department
of Microbiology, University of Dhaka (unpublished data). This
protein was found to be located on the surface of different
predominant serotypes of S. pneumoniae. In the present study,
we have demonstrated the immunogenicity of the 74 kDa
pneumococcal surface protein in rabbit model and investigated
the titre of the antibodies so that a high titre anti-74 kDa antibody
may be used for the rapid diagnosis of this bacterium.

Materials and Methods
Bacterial strain
The experiments of this study were carried out in the Department of
Microbiology, University of Dhaka, Bangladesh.  The S. pneumoniae
serotype 7F used in this study was obtained from the stock culture
of the Department of Microbiology, Dhaka Shishu (Children) Hospital.
Originally the S. pneumoniae strain was collected from the out-and-
in patients of Dhaka Shishu Hospital and was serotyped by capsular
swelling procedure (Quellung reaction) with type specific anti
pneumococcal pool, type or group, and factor sera. However, identity
of this organism was reconfirmed by the Gram staining, optochin
susceptibility and bile solubility tests.
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Preparation of surface materials
Water extraction procedure was applied to prepare the surface
materials from the S. pneumoniae organisms following the method
described by Oaks et al.9.  The organism was grown in Brain
heart infusion (BHI) broth supplemented with 10% foetal bovine
serum (FBS) at 37°C for 24 hours on a shaker. The whole culture
medium was harvested by centrifugation (10,000x g for 20 min)
and the supernatant was discarded. The pellet was washed three
times in normal saline, re-suspended in 20 volumes of distilled
water and shaken (100 oscillations per min) for 6 hours at room
temperature. The suspension was centrifuged at 10,000x g for 20
min and supernatant containing the surface materials, was filtered
through a 0.45 ìm millipore membrane filter and stored at –20°C in
aliquots until used.

Isolation of the 74 kDa surface protein
Protein profile of the S. pneumoniae surface material was analyzed
by sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE)10 on a 10% separating gel. Pre-stained molecular
weight markers (BioRad, USA) were run in one of the wells.
Proteins in gel were transferred to a nitrocellulose membrane11

and detected using amido black staining. The 74 kDa protein
band, detected after comparing with the molecular weight markers,
was cut out carefully and sonicated in phosphate buffered saline
(PBS) until the membrane reduced to a fine powder enough to
pass through a 22 G hypodermic needle12.

Immunization of rabbits with the isolated 74 kDa surface protein
A total of five New Zealand white female rabbits (1.5-2.0 kg body
weight) were used for this study, which were housed with
adequate food and fresh water supply.  All experiments using
animals were undertaken following ethical issues set by the
Faculty of Biological Sciences, University of Dhaka.  Three of
the rabbits were immunized with the isolated 74 kDa surface
protein at days 0, 28 and 42 via intramuscular route. Remaining
two rabbits, which were injected with the same concentration of
the sonicated nitrocellulose membrane only, served as negative
controls. Sera (approximately 3 ml) collected from the rabbits
before immunizations, served as non-immunized control sera.
During the whole immunization period, blood was collected from
the marginal ear veins at one week intervals to check the immune
response of the 74 kDa surface protein. Final blood was collected
by cardiac puncture seven days after the last booster dose and
all sera were aseptically separated from blood samples by
centrifugation at 3,000 rpm for 10 min.

Absorption of the sera
Sera collected from the rabbits immunized with the 74 kDa surface
protein or the sonicated nitrocellulose membrane only, were all
separately mixed with the sonicated nitrocellulose membrane and
kept overnight at 4°C for complete binding of the antibody with
the nitrocellulose membrane.  The suspension was then
centrifuged at 3,000 rpm for 10 min so that the nitrocellulose-
antibody complexes were deposited as pellet and the
supernatants were stored at -20°C for further analysis.

Immunogenicity of the 74 kDa surface protein
(i) Enzyme-linked immunosorbent assay (ELISA)
Antibody titres of the rabbit anti-74 kDa surface protein were
determined by ELISA using a 96-well plate13. An aliquot of surface
materials prepared earlier was diluted in coating buffer to a final
concentration of 5 µg per 100 µl and added to each well. After
overnight incubation at 4°C, the wells were blocked with 1%
bovine serum albumin (BSA) and reacted with diluted rabbit anti-
74 kDa surface protein sera (1:50, 1:100, 1:200, 1:400, 1:800, 1:1600
and 1:3200).  After vigorous washing, secondary antibody, horse
radish peroxidase (HRP) conjugated goat anti-rabbit IgG (whole
molecule, Sigma, USA) diluted to 1:10,000, was added into the
wells. Substrate was added to the wells after vigorous washing
and intensity of the color was read at 490 nm by an ELISA reader
(Bio Rad, USA).  Each experiment was done in triplicate.
(ii) Immunoblot analysis
Surface materials were subjected to SDS-PAGE analysis as
described above10, and the proteins in gel were transferred to a
nitrocellulose membrane11. After blocking the membrane with
3% skimmed milk in PBS, the membrane was incubated with rabbit
sera (both 74 kDa surface protein and nitrocellulose membrane
immunized) at a dilution of 1:100 in PBS.  Following washing, the
membrane was incubated with HRP conjugated goat anti-rabbit
IgG. The membrane was dipped in the substrate solution until
antigenic band(s) had appeared and the reaction was stopped by
washing the membrane in water.

Results and Discussion
In this study, the objective was to observe the long term systemic
immunogenicity of the pneumococcal 74 kDa surface protein in
the rabbit model. For this, surface proteins of the S. pneumoniae
were extracted by the water extraction procedure and later the 74
kDa surface protein was isolated by the SDS-PAGE and
immunoblot method12.

The water extraction procedure, applied for the isolation of the
surface material from the bacterial strains, is a simple low ionic
strength extraction by the use of distilled water, has been used
previously to release surface protein components from other
sources9. As such extraction procedure does not contain any
chemical treatment or drastic conditions, there is less possibility
of altered immunological specificity of the product and the
proteins may remain in their native non-dissociated conformation,
which has been confirmed by the single antigenic band obtained
in the immunoblot experiment.

The antibody response against the 74 kDa surface protein was
evaluated by both ELISA and immunoblot analysis. Sera
collected from the 74 kDa surface protein immunized rabbits for
seven weeks were examined and the high titre (1:1600) ELISA
values (OD490) indicated the production of adequate amounts
of anti-74 kDa antibodies in the rabbits (Figure 1). However, the
negative control sera collected from rabbits on day 0 before
immunization with the 74 kDa surface protein or rabbits injected
with sonicated membrane only, showed no antibodies against
the 74 kDa surface protein, as demonstrated by the low titre
OD490 values. Using ELISA values for 1:50 dilution on different
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days (7, 14, 21, 28 and 35), a plot of OD490 versus time (days)
was drawn (Figure 2). The graph showed a significant increase
in pneumococcal anti-74 kDa antibody with time. Production of
antibody increased almost exponentially up to day 21 and after
that, it almost maintained the same level until day 50.  Similar
results were also obtained from other dilutions of 1:100, 1: 200,
1:400 and 1: 800 (data not shown).

In the immunoblot analysis, a prominent antigenic band was
obtained on the nitrocellulose membrane treated with sera
obtained from rabbits immunized with the 74 kDa surface protein
(Figure 3).  Molecular weight of the antigenic band was found to
be 74 kDa, as confirmed by comparing with the molecular weight
standards, indicating the immunogenicity of the 74 kDa
pneumococcal surface protein in rabbit model.

Figure 1. The antibody response against the 74 kDa surface
protein was evaluated by ELISA method. Sera collected from
the 74 kDa surface protein immunized rabbits for seven weeks
were examined and the high titre (1:1600) ELISA values (OD490)
indicated the production of adequate amounts of anti-74 kDa
antibodies in the rabbits. Values shown are the mean of three
experiments.

Figure 3. Immunoblot analysis of the antibody reactivity in nitrocellulose adsorbed sera from immunized rabbits. A prominent
antigenic band was obtained on the nitrocellulose membrane treated with sera obtained from rabbits immunized with the 74 kDa

Figure 2. Kinetics of anti-74 kDa surface protein antibody
response in rabbits. Using ELISA values for 1:50 dilution on
different days (7, 14, 21, 28 and 35), a plot of OD490 versus time
(days) was drawn.  A significant increase in pneumococcal
anti-74 kDa antibody with time was found.  Production of
antibody increased almost exponentially up to day 21 and after
that, it almost maintained the same level until day 35. Values
shown are the mean of three experiments.
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The pneumococcal 74 kDa surface protein has been found to be a
unique surface protein present in many of the predominant
serotypes of the S. pneumoniae (unpublished data). The high titre
antibody production in the rabbits indicate the immunogenicity of
the 74 kDa surface protein in rabbit model and the sera of rabbits
may be a good source of antibodies to be used for immunological
diagnosis of the S. pneumoniae irrespective of the serotype
distribution. However, further characterization of the 74 kDa surface
protein is necessary to confirm other functions of this protein.
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