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Introduction
Bacterial pathogens are responsible for the most severe forms of

pneumonia, bronchitis and other respiratory tract infections (RTI),
which have high morbidity and mortality rates especially among the
elderly and children under 5 years [1]. Streptococcus pneumoniae
accounts for the majority of community-acquired bacterial
pneumonias and is also capable of causing meningitis, otitis media,
and other infectious diseases [2].

Characteristics of Pneumococcal Capsular
Polysaccharides
The capsular polysaccharides of pneumococci have been shown to

be essential for their virulence [3]. Vaccines that include a number of
the most prevalent capsular serotypes have been developed in recent
decades [4]. The polysaccharide capsule is about 200-400 nm thick,
and it has anti-phagocytic protective properties. The highly charged
nature of the polysaccharides at physiological pH inhibits interactions
between pneumococci and phagocytes [5-7]. The capsule is resistant to
the activation of the alternative pathway of complement on its surface,
thus avoiding opsonization.

For use as vaccine antigens, capsular polysaccharides must fulfill
requirements of purity, uniformity and an accurate molecular weight.
Chemical evidence of composition and structure is critical and has
been reported for many S. pneumoniae serotypes [7-9]. However,
vaccines based on pneumococcal capsular polysaccharides (CPS) are
not effective in children below the age of 5 years [10].

Bacterial Polysaccharide-Protein Conjugates (TD
Antigens)

Recently there has been growing interest in the preparation and
purification of bacterial polysaccharide-protein conjugates because of
the need for more effective vaccines against several different pathogens
[11]. The conjugation of bacterial polysaccharides to carrier proteins
converts capsular polysaccharides (CPS) into thymus-dependent
antigens (TD antigens) with an improved vaccine potential. Examples
of conjugated vaccines include the seven-valent PCV7 and PCV13
[12,13]. These vaccines have been successfully used for the control of a
few pathogens, but the number and diversity of pneumococcal
antigens involved make the control of RTI very difficult. Moreover,
although the development of promising technologies for
polysaccharide-protein conjugation may lead to the adoption of these
improved vaccines, several issues remain to be solved. Further
empirical studies are needed to determine the overall yield,
purification procedures and characterization of these products.

Many bacteria are becoming resistant to antibiotics, forcing
exploration of alternative approaches to control the burden of
infectious diseases [14,15].

Polyvalent Bacterial Lysates (PBL) Oral Administration
Oral administration of polyvalent bacterial lysates (PBL) has been

observed to have a beneficial effect on recurrent RTI in childhood (by
decreasing frequency and severity of episodes), as well as on adult
chronic obstructive pulmonary disease [16,17]. PBL are mechanically
fractioned particulates or chemically degraded lyophilized cells derived
from pathogenic bacterial strains responsible for RTI, which may
contain extracts derived from various bacterial species including
Streptococcus pneumoniae [18].

Polysaccharide Production and Economical Analysis
To achieve highly purified capsular polysaccharides for

polysaccharide and conjugate vaccines, the selection of the culture
medium is crucial [19,20]. The culture medium is also critical for the
preparation of PBL. Although complex media containing biological
materials, such as blood or soy extracts, are not yet banned for the
production of vaccines and other biotechnology products, the use of
defined media is encouraged for health and safety reasons and because
they facilitate harvesting and quality control of polysaccharide antigens
[21].

S. pneumoniae culture conditions are critical for the determination
of time profiles of bacterial cell growth and polysaccharide production,
which dictate optimal harvest time. Uniformity in the molecular
weight distribution of the polysaccharides is desirable for consistency
in the manufacture of conjugate vaccines [22,23].

Many authors have reported the influence of nutrient medium
composition (e.g vitamin content, carbohydrates) on the synthesis of
high molecular weight capsule polysaccharide of S. pneumoniae [24],
highlighting the association between culture media and polysaccharide
production. Bacterial cell cultivation requires special attention to
media composition to obtain the desired yield and product quality.
Scaled up fermentations are generally performed with inexpensive
complex carbon and nitrogen containing supplements such as yeast
extract, or other sources of vegetable origin. While these media are
inexpensive, they give rise to undesirable variability in the production
process, ultimately associated with higher costs [25]. Chemically
defined media become more attractive and competitive in relation to
traditional media when the simplicity and economy of downstream
operations (separation, purification, characterization and so on) are
taken into account. The costs and benefits of the growth media selected
must be carefully balanced. Recently, Marthos et al. [24] reported a
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rapid and economical procedure for identifying the best cultivation
conditions using peptones. Their method, using fractional factorial
experimental design, could be used to screen for the most important
constituents in chemically defined media.

This short commentary outlines recent research work contributing
to the field of pneumococcal production for vaccine use [20,26].
Improvement of culture conditions using fully defined culture media is
indicated for achieving reliable, reproducible, controlled growth
cultures for all serotypes of S. pneumoniae. Production of CPS for the
purpose of synthesizing effective vaccines requires an approach to the
design of fermentation and downstream separations that treats them as
a single integrated process.
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