
188 Recent Patents on Anti-Infective Drug Discovery, 2007, 2, 188-196  

  1574-891X/07 $100.00+.00 © 2007 Bentham Science Publishers Ltd. 

Novel Approaches To Fight Streptococcus pneumoniae 

Beatriz Maestro* and Jesús M. Sanz 

Instituto de Biología Molecular y Celular, Universidad Miguel Hernández, Av. Universidad, s/n. 03202 Elche (Alicante), Spain 

Received: July 24, 2007; Accepted: August 15, 2007; Revised: September 10, 2007 

Abstract: Streptococcus pneumoniae affects millions of people worldwide. It is responsible for a wide spectrum of serious illnesses such 
as pneumonia, meningitis and bacteraemia. The highest rate of pneumococcal disease (and the highest mortality) occurs in young 

children, as well as in the elderly and the immunocompromised patients. Identification of S. pneumoniae in diagnostic procedures may 
significantly improve thanks to the descripion of new PCR-derived techniques. Vaccination based on the polysaccharidic capsule, 

together with benzylpenicillin-derived drugs, constitute the current choices to tackle pneumococcal diseases. However, the wide serotype 
diversity of S. pneumoniae and the emergence of antibiotic-resistant strains is fostering the development of new methods to fight this 

microorganism. In this sense, patents documenting the use of novel antibiotics of the fluoroquinolone or tetracycline families have 
recently been described. Moreover, surface-associated proteins are receiving an increasingly special attention, as they are synthesized by 

most pneumococcal strains and play an important role in virulence. New patented protein-based vaccines take into consideration these 
polypeptides. In this article we present the main relevant characteristics of this pathogen and review the most recent methods that have 

been patented for the prevention, diagnostic and treatment of the pneumococcal diseases.  
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INTRODUCTION 

 Streptococcus pneumoniae (pneumococcus) is a Gram-positive 
encapsulated diplococcus bacterium [1]. It is a major cause of 
invasive infections (meningitis, bacteraemia) and diseases affecting 
the upper (otitis media and sinusitis) and lower (pneumonia) 
respiratory tracts [2]. Pneumococcal disease occurs worldwide and 
it is estimated to kill 1.6 million people annually, most of these in 
developing countries [3]. Children under two and the elderly 
constitute the main target group [3]. Moreover, HIV infection and 
conditions that compromise the immune system are associated with 
increased risk of pneumococcal illness [4]. 

 Streptococcus pneumoniae is typically found in the naso-
pharynx of healthy individuals. It has been estimated that about half 
of children are colonized with this bacterium [5]. Pneumococci are 
transmitted by direct contact with respiratory secretions from 
patients and healthy carriers and attach to epithelial cells via 
bacterial surface adhesins. Eventually, the infection takes place 
after movement of the patogen from mucosal surfaces in the 
nasopharynx to other parts of the body [6]. 

 Among the wide panoply of diseases caused by S. pneumoniae, 
meningitis, pneumonia and otitis media should be regarded as the 
most important not only in medical but also in the economic terms 
associated to healthcare costs [2]. Meningitis is the most life-
threatening pneumococcal illness. It causes inflammation of the 
layers surrounding the brain and spinal cord, with important 
neurological after-effects in survivors such as deafness, blindness, 
paralysis and mental impairment. It is estimated that S. pneumoniae 
has become the most common microorganism causing bacterial 
meningitis in the United States (US) [7], and may also account for 
about 30% of cases in developing countries [8]. The mortality 
associated to pneumococcal meningitis may reach values around 
25%, especially in the elderly [3,9]. On the other hand, community-
acquired pneumonia (CAP), of which S. pneumoniae is the leading 
causing agent, is the main cause of death due to infectious diseases 
in developed countries [10], and one of the major causes of 
mortality worldwide [11,12]. Complications of pneumonia that may 
occur include empyema, pleural effusion, bacteraemia and 
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meningitis. In Europe and US the incidence of this invasive disease 
may reach levels of more than 100 cases per 100,000 population 
[13]. With respect to acute otitis media (OMA), this appears as a 
painful, suppurative and purulent infection of the middle ear, with 
an estimated incidence of more than 70% in early childhood [14 
and references therein], and pneumococcus has been pointed as the 
most frequent cause [15]. OMA is one of the most frequent 
childhood diseases, the primary reason for paediatrician visit under 
three in developed countries [16] and the most common indication 
for the prescription of antibiotics [17]. One-third of patients 
eventually develop new episodes, leading to chronic otitis media in 
5-10% of cases [18]. Complications arising from otitis media 
comprise tympanic perforation and meningitis, among others 
[16,19].  

 Finally, S. pneumoniae also plays a role in the development of 
other illnesses such as bacteraemia [20], keratitis [21], sinusitis 
[22], osteomyelitis and arthritis [23]. 

DIAGNOSIS 

 Diagnosis of pneumococcal infections is carried out by 
evaluation of clinical history, signs, symptoms and (in the case of 
pneumonia) chest radiography. The course and duration of the 
disease will be established, to a great extent, by a rapid and accurate 
determination of the causal agent and its antibiotic susceptibility. At 
this point a specific therapy is defined, leaving aside the initial, 
empiric treatment. In the case of CAP, a correct diagnosis is 
important since many diseases affecting the respiratory tract are of 
viral origin, making unnecessary the use of antibiotics. 

 A culture assay is today the Gold Standard for detection of 
pneumococcus, and conventional microbiological tests are therefore 
used involving bacteria and colony appearance, -haemolysis, 
susceptibility to optochin and bile or deoxycholate solubility [24]. 
Clinical material such as cerebrospinal fluid, sputum, lung aspirates 
or blood samples can be cultured if handled with care. These probes 
are time consuming, and many times do not finally define the 
etiology of the illness due to low culture yield, mostly because 
antibiotics have been previously administrated, or to colonization of 
lower airways in some patient groups. In case of purulent sputum a 
sample can be sent to the laboratory for Gram stain and culture, in 
spite of that the value of the result depends directly on the quality of 
the sample and the experience of the clinical microbiologist. On the 
other hand, serological assays identify antibodies to the bacteria, 
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but sometimes they do not appear in blood in high enough levels 
(infection too recent or immunocompromised patients) or they are 
residuals from a previous infection. 

 With all this in mind, currently there are not good definitive 
routine guidelines for the rapid and unequivocal detection of the 
causative agent, and in half of the cases no ethiological agent is 
defined. Considerable effort is being made in developing new 
diagnostic kits to allow immediate results for most patients. The test 
should be quick, easy, cost-effective and accurate. Besides, it 
should detect all the 91 pneumococcal serotypes. In this sense, new 
advances are continuously being implemented as complementary 
assays. 

 A rapid urinary antigen assay (Binax NOW
®

 S. pneumoniae 
urinary antigen test; Binax, Portland, Maine) has been approved by 
the U.S. Food and Drug Administration for helping in the diagnosis 
of pneumococcal illness. It is a rapid immunochromatographic 
assay for the detection of the C-polysaccharide cell wall antigen 
common to all S. pneumoniae strains [25]. The test is quick, simple 
to perform, and it appears to be highly specific and sensitive in 
adults [26,27]. However, the performance of the test in children 
remains controversial because of the widespread nasopharyngeal 
carriage of pneumococci, especially in developing countries [28]. 
The Binax NOW test has also been used in cerebrospinal fluid 
(CSF) samples for the diagnosis of meningitis [29]. 

 Many rapid diagnostic kits have been published and/or patented 
based on the polymerase chain reaction (PCR) [30]. The aim is to 
detect genes that are unique to the S. pneumoniae species. 
Oligonucleotide primers may be labeled with fluorescent or 
chromophore probes, although the amplification product may also 
be visualized by usual agarose gel electrophoresis. This kind of 
tests have been proved to be rapid, highly sensitive and specific. 
Moreover, continuous real-time PCR monitoring allows the 
determination of the samples in a high-throughput format [31]. 
Besides, previous administration of antibiotics do not affect the 
sensitivity of the assay. However, despite its great potential, these 
assays are still not regularly used. Although the technique is widely 
accepted for sterile samples, contamination in non-sterile ones may 
compromise the interpretation of the results, and in some cases, 
cross-reaction with highly related species has been documented 
[32]. As a consequence, it has been suggested the need of 
performing the test with three different samples in order to enhance 
the sensitivity [33]. Nevertheless, due to its potential, it is expected 
that current and future refinements will finally lead to the 
widespread use of this diagnostic technique in a routinary basis. 

 The S. pneumoniae ply gene encodes the pneumococcal 
cytolytic protein pneumolysin, that is present in all the relevant 
serotypes [34]. Several studies have demonstrated the great 
potential of the PCR technique with the ply probe, with a sensitivity 
between 90-100% while Gram staining and microbiological culture 
only account for 62% and 36% respectively, and displaying limited 
cross-reaction with other bacterial, virus and human genes [35,36]. 
Furthermore, this method can be tested with clinical samples from 
cerebrospinal fluid, plasma, serum, lung aspirates and whole blood, 
and it is possible to employ specific primers for the main three 
species causing meningitis (Neisseria meningitidis, Haemophilus 
influenziae type B and S. pneumoniae) with no cross-reactions 
between them, thus allowing the identification of the infectious 
microorganism with a single experiment [35]. However, other 
studies describe the possibility of cross-reaction with pneumo-
coccus-like species of the viridans type [32]. 

 Another probe that has been evaluated for PCR-based diagnosis 
is the psaA gene. It codes for the pneumococcal surface adhesin 
PsaA, a 37-kDa lipidated protein present in the surface of all 
serotypes of S. pneumoniae [37,38]. Although S. mitis and S. oralis 
possess a gene that is 95% similar to the psaA gene, a PCR with 
primers derived from the pneumococcal psaA gene does not 

amplify a fragment of the target size in these heterologous 
pathogens [39,40] so that psaA PCR-based diagnosis could be set if 
detection is made by gel electrophoresis. A kit for the specific 
diagnosis of pneumococcal disease by psaA PCR has already been 
patented [41]. 

 The lytA gene has also been reported in numerous studies as 
target for pneumococcal PCR diagnosis [42-44]. The lytA gene 
codes for the N-acetylmuramoyl-L-alanine amidase and has been 
extensively studied [45]. Comparative studies with the three 
different PCR target genes most commonly used (i.e. ply, lytA and 
psaA) demonstrated that lytA PCR is the most specific in 
discriminating true pneumococci from atypical streptococci [32,46]. 
Finally, in a recent study, Llull et al. [47] found that the nucleotide 
sequences of the lytA gene from atypical alleles present a 6-bp 
deletion at the 3' end of the sequence, together with other mutations 
that confer them distinctive signatures. Based of these features, they 
propose a lytA PCR diagnostic method combined with restriction 
analysis to unambiguously identify between typical and atypical 
lytA alleles, therefore improving the specificity of the diagnostic 
tool. 

 Other diagnostic tests include the penicillin binding proteins 
[48,49], the superoxide dismutase gen sodA [50], and specific 16S 
ribosomal RNA sequences (ACCUPROBE

®
, GenProbe, San Diego, 

California). 

ANTIBIOTIC THERAPY 

 Given the high variety and complexity of pneumococcal 
diseases, a comprehensive review of the practical guidelines for 
their management is out of the scope of this article. Doses and class 
of antibiotic strongly depend on parameters such as the type and 
severity of the disease, patient history and physical state, age, 
antibiotic resistance, etc. [51-54]. In many cases the first treatment 
is often taken in the emergency department, and it is usually 
decided empirically. As a general rule, -lactam antibiotics are 
usually the first choice (Fig. 1), being penicillin G (benzyl-
penicillin) the preferred agent for penicillin-sensitive strains, 
sometimes in combination with amoxicillin or a macrolide [52]. 
Current guidelines also include the use of fluoroquinolones (Fig. 2) 
such as gemifloxacin or garenoxacin as an alternative first treatment 
option, especially in the elderly and other risk-patients, or when a 

-lactam allergy is suspected [55-57].  

 For the treatment of pneumococcal meningitis, cephalosporins 
(cefotaxime and ceftriaxone, Fig. 1) are used in combination with 
vancomycin [58], although some data suggest that in certain 
situations the addition of rifampicin (rifampin) to ceftriaxone may 
be a better choice [59]. Besides, therapeutic possibilities against 
CAP are very diverse. Among -lactams, administration of 
amoxicillin in combination with clavulanic acid is very common, as 
it is the use of cephalosporins (cefdinir, ceftriaxone, cefuroxime) 
[13,52] and recently tested carbapenems (ertapenem, [60]) (Fig. 1). 
To overcome allergy problems, alternatives include fluoroquino-
lones (levofloxacin, moxifloxacin, gemifloxacin) [13,52] (Fig. 2). 
In this sense, it has been described that garenoxacin displays a high 
efficiency against virtually all pneumococcal strains and is 
independent of resistant types [61]. Other posibility is the use of 
azithromycin [62] (Fig. 3) or macrolides such as doxycycline, 
although the studies on the effects of these compounds on CAP are 
scarce and therefore their administration in combination with -
lactams is recommended [63].  

 Treatment of OMA is mainly empirical, fundamentally with 
prescription of amoxicillin and ceftriaxone [64,65] (Fig. 1). 
Recently, carbapenems such as tebipenem pivoxil (Fig. 1) are 
receiving increasing attention [66]. However, many studies question 
the convenience of antibiotic therapy for this disease: only 13% of 
children benefit from antibiotic treatment, while about 80% of cases 
evolve spontaneously [67,68]. 
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 Finally, topical benzylpenicillin (penicillin G), imipenem or 
ciprofloxacin have historically been used for the treatment of 
pneumococcal keratitis [20, 69-71], although recently cholesterol 
has been shown to be very useful as an alternative [72]. 

Antibiotic Resistance 

 The increased prevalence of drug-resistant pneumococci is a 
matter of extreme interest [73]. The treatment of patients infected 
with these organisms requires expensive alternative antimicrobial 
agents and may result in prolonged hospital stays. Resistance to -
lactams is mostly recognized. The incidence of invasive S. 
pneumoniae isolates insensitive to penicillin has been reported to be 
around 34% in 2000 in the US [74]. Remarkably, penicillin 
resistance in Southern Europe skyrocketed from about 5% to nearly 
50% in only a decade, whereas, on the contrary, resistance levels in 
Northern Europe (where the use of antibiotics is more restricted) 
are contained below 5% ([75] and references therein). One of the 
solutions to tackle this problem makes use of formulations 

combining amoxicillin and a salt of clavulanic acid [76,77]. The 
mechanism of penicillin resistance is based on the production of 
low-affinity penicillin-binding proteins (PBPs) [78], the normal 
function of which is the catalysis of the latest phases of the 
biosynthesis of cell wall peptidoglycan [79]. Nevertheless, other 
genes not directly involved with the PBPs have been shown to 
participate in the resistance process. This is the case of proteins like 
MurM and MurN that catalyze the addition of the first amino acid 
residue of the short dipeptide branches to the muropeptide units of 
the pneumococcal peptidoglycan [80]. Inactivation of murMN 
operon causes not only alterations in the peptidic cross-bridges of 
the cell-wall peptidoglycan, but also a complete loss of penicillin 
resistance [81]. These observations have allowed the development 
of methods for treating penicillin-resistant S. pneumoniae infections 
by inhibiting MurM and/or MurN proteins, which would result in 
losing the penicillin resistance [82]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Structures of several -lactam antibiotics. 
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Fig. (3). Structures of other representative antipneumococcal antibiotics. 

 

 Worryingly enough, S. pneumoniae not only displays resistance 
against -lactam antibiotics, but also to fluoroquinolones and 
macrolides [83] among others. In fact, the prevalence of macrolide-
resistant strains is even higher than that of penicillin-resistant ones 
in many countries [84]. Moreover, there seems to be a strong corre-
lation between penicillin and fluoroquinolone [85] and macrolide 
[86] resistances. The appearance of multi-drug-resistant strains is 
certainly a major concern in the fight against pneumococcus, 
making necessary the continuous development of new drugs. In this 
sense, new fluoroquinolones such as levofloxacin, moxifloxacin 

and gemifloxacin (Fig. 2) are related with a current resistance lower 
than 3%. Furthermore, tigecycline is a glycylcycline (a derivative of 
tetracyclines) that may also be promising against penicillin-resistant 
pneumococci [87,88] (Fig. 3). 

VACCINES 

Vaccines Based in Cell Capsule 

 The polysaccharidic capsule is a major virulence factor of S. 
pneumoniae, and is essential for invasive disease. It is antigenic and 
constitutes the major candidate for the development of vaccines. 
Moreover, it represents the basis for classifying all the 
pneumococcal serotypes. There are at least 91 different serotypes, 
based on differences in the bacterial polysaccharide or 'sugar coat'. 
The major pneumococcal diseases are associated with a small 
number of serotypes, which may vary by region. Globally, only 13 
serotypes cause at least 75% of invasive disease in children [3]. 

 Protective immunity against pneumococcal disease is currently 
dependent upon type-specific anticapsular antibodies. The adult 
vaccine is based on polysaccharides from the 23 more prevalent 
serotypes (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 
17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F) (PNEUMOVAX

®
, 

Merck Research Laboratories). However, its main drawback is that 
its non-conjugated polysaccharide antigens are T-cell independent 
and cannot be presented to the MHC molecules to interact with T-
cells. These capsular polysaccharides can only activate mature B 
cells, which may be the reason why infants respond poorly to such 
vaccine [2]. Moreover, the 23-valent vaccine does not demonstrate 
protection against pneumococcal pneumonia and otitis media 
diseases [89] and some adverse side effects of vaccination may be 
produced in the elderly.  

 An improved polysaccharide-based vaccine for the prevention 
of pnemococcal infection (particularly pneumonia) of the elderly 
(and/or infants and toddlers) has been presented by Laferriere and 
Poolman [90]. The invention uses at least one S. pneumoniae 
polysaccharide antigen (conjugated or not) and at least one 
pneumococcal protein antigen selected from: PolyHistidine Triad 
family (Pht; e.g. PhtA, PhtB, PhtD or PhtE), Lyt family (e.g. LytA, 
LytB, or LytC), SpsA (PspC, CbpA), Sp128, Sp130, Sp125 
(ZmpB), Sp101 and Sp133, optionally with a Th1 adjuvant. The 
proteins can be processed or presented to MHC molecules to 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Structures of several fluoroquinolones. 
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interact with T-cells, whereas the polysaccharides can stimulate the 
immune system through B-cells. With the simultaneous stimulation 
of T-cell and humoral immune system a synergy is achieved for the 
prevention and/or treatment of pneumonia in the elderly. The 
presence of the adjuvant in the vaccine formulation enhances the 
synergy between both branches of the immune system.  

 Other authors have explored the idea of combining antigens 
from different bacteria to fight a unique disease. Combining 
antigens into a single dose is attractive, although it often presents 
difficulties due to antigen interference or competition. However, in 
the case of the meningitis, O´Hagan [91] has presented a 
composition for mucosal delivery comprising an antigen from S. 
pneumoniae, Haemophilus influenzae and Neisseria meningitidis. 
All antigens are of capsular saccharide type and are preferably 
conjugated to a carrier protein. This combination of polysaccharide 
protein conjugate vaccine for intranasal inmunization has turned out  
effective in the antibody response to either antigen. 

 The 7-valent pneumococcal conjugate vaccine, known as PCV-
7 and first licensed in the US in 2000 as PREVNAR  (Wyeth) is 
the main vaccine to help prevent invasive pneumococcal disease in 
infants and toddlers [3]. It contains saccharides derived from the 
capsular antigens of seven S. pneumoniae serotypes (4, 6B, 9V, 14, 
18C, 19F and 23F), conjugated to a nontoxic variant of the highly 
immunogenic diphtheria toxin. The serotypes included are the most 
commonly involved in invasive disease in children younger than 6 
years in the US [92]. The vaccine has been licensed in many 
countries around the world and its effectiveness has been 
extensively assessed [93,94]. However, this vaccine is far from 
being a definitive solution. The protective efficacy of the PCV-7 
against infections of the respiratory tract is currently questioned 
[3,89]. Moreover, the vaccine serotypes are now being simply 
replaced by nonvaccine ones, taking their place in causing disease 
[95,96], and what is more, new polysaccharide types can be 
acquired by natural transformation [97]. For all these reasons, more 
efforts are directed to improve pneumococcal vaccine compositions 
and to make them more widely available. 

 Currently, 9-, 10-, 11- and 13-valent vaccines are under the last 
trial phases [98]. A 13-valent pneumococcal conjugate vaccine 
(13vPnC) has been described as comprising the seven serotypes in 
the PCV-7 vaccine plus six additional ones (1, 3, 5, 6A, 7F and 
19A) [99]. Serotypes 6A and 19A, which are associated with 
antibiotic resistance, play an important role in otitis media [100], 
and provide a better coverage to children under 2 years of age. 

 As mentioned before, S. pneumoniae is a pathogen which enters 
the body through the respiratory mucosa. In this sense, a patent 
[101] relates to the potential of mucosal immunization with 
pneumococcal polysaccharide vaccines, either conjugated or not. It 
has been shown that intranasal immunization with pneumococcal 
polysaccharides from serotypes 1 and 3 conjugated to a carrier 
polypeptide and mixed with RhinoVax®

 as adjuvant was able to 
protect mice against infection after intranasal challenge with the 
respective pneumococcal serotypes and that the protection was 
related to the levels of type specific serum IgG and IgA antibodies 
[101]. 

Vaccines Based on Pneumococcal Proteins 

 The investigation of several immunogenic pneumococcal 
proteins as candidates for the development of alternative vaccines is 
currently receiving an increasing attention. A family of these 
proteins are the so-called choline-binding proteins (CBPs). These 
proteins are present in all pneumococcal isolates, have several 
important physiologic roles, and are related to virulence [102,103]. 
They contain a functional module linked to a choline-binding 
module that is responsible for the anchoring of the protein to the 
choline-containing teichoic acids in the cell wall. Pneumococcal 
peptidoglycan hydrolases (LytA, LytB, LytC), the surface protein 
PspA, and adhesins such as PspC (CbpA) and PcpA, are members 

of this family. One major advantage of these vaccines would be 
that, since CBPs are common to all strains, they would overcome in 
principle the insufficient coverage of all serotypes displayed by the 
polysaccharidic vaccines. Moreover, the costs associated to these 
vaccines are certainly lower and this should allow the adequate 
availability by developing countries [104]. Pneumococcal surface 
protein A (PspA) is a well-known virulence factor that is expressed 
by all pneumococcal types [105,106]. It is a surface polypeptide 
that leads to a significant cross-reactivity between the different 
families of the protein [105,107]. Therefore, it might constitute a 
good candidate for a vaccine and a patent has been issued 
accordingly [108]. In fact, immunization against PspA, as well as 
the adhesin PspC (CbpA), has demonstrated some success in 
reducing otitis media infections in rats [109], and a patent has taken 
this into account [110]. The same approach was also useful for 
treatment of pulmonary infection and sepsis in mice [111]. 
Furthermore, human antibodies raised against PspA have been 
found to protect mice challenged intraperitoneally with pneumo-
cocci [112]. An interesting variation is the conjugation of PspA 
with a capsular polysaccharide from N. meningiditis in search of a 
meningitis conjugate vaccine [113]. Patent US2005196405 also 
takes into account the immunological potential of the adhesin PspC 
[114]. Other patents involving CBPs as vaccine components have 
also been issued recently [115-117]. 

 Besides CBPs, other surface proteins like the pneumococcal 
surface adhesin A (PsaA) may also be useful. It has been shown 
that oral vaccination of mice with PsaA induces a significant 
protection against colonization, pneumonia and septicaemia [118]. 
Nevertheless, despite these promising results, allelic variation 
within individual proteins seems to prevent species-wide pneumo-
coccal protection. Therefore, an efficient protein-based vaccine will 
probably have to take into account a combination of different 
proteins like the cited above [119], or all allelic variants of the same 
protein [104]. 

NEW THERAPIES 

Choline-Binding Proteins as New Targets 

 As mentioned above, the antibiotic resistance problem, together 
with the limited efficacy of vaccines and the fact that these may be 
economically non-viable for developing countries [120], make 
necessary the search for novel, alternative ways to fight pneumo-
coccus. In any case, the most effective and selective treatments 
should take into account virulence factors common to all pneumo-
coccal strains. In this sense, much attention has been focused on the 
surface exposed proteins like the CBPs described above, since they 
are involved in important functions for the cell such as adhesion to 
the host cell, bacterial sepsis, etc.  

 Inhibition of the biological role of CBPs might constitute a 
promising way for new therapies. As all the CBPs share the ability 
of recognizing choline in the cell wall, in an ideal case, the same 
drug should inhibit all of them, therefore difficulting the appearance 
of antimicrobial resistances. In fact, addition of choline to 
pneumococcal cultures inhibits daughter cell separation and induces 
the formation of long chains [121]. Exogenously added choline 
competes with the choline residues present in the cell-wall, and 
interferes with the normal binding of CBPs. It has been reported 
that ofloxacin-type quinolones may act as choline analogs and are 
able to inhibit the activity of some CBPs [122]. In a recent study 
[123], we have shown that other analogs of choline, i.e. esters of 
bicyclic amines (atropine and ipratropium), are much more 
effective inhibitors of CBPs than choline itself, and they also arrest 
cell growth and induce the formation of cells of abnormal shape. 
This suggests that these compounds bind to proteins essential for 
the pneumococcal life cycle, and opens the possibility of a new 
selective therapy to tackle pneumococcal diseases.  
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 In some cases, it may be interesting to activate the function of 
some CBPs rather than to inhibit it, especially if the CBP is a lytic 
enzyme. Miltefosine, currently licensed as an oral antileishmanial 
agent, has been found to activate the release of the LytA amidase 
[124], therefore promoting the uncontrolled lysis of pneumococcal 
cultures. 

 It should be highlighted that not only the CBPs but also the 
choline per se is also involved in virulence. Kharat and Tomasz 
[125] have recently demonstrated that, whereas the need for choline 
in growth can be bypassed, its requirement for pneumococcal 
virulence is unquestionable. Choline utilization mutants were 
isolated that showed a severe inhibition to adhere to human 
nasopharyngeal cells, thus been unable to invade them, and these 
mutants were also avirulent in intraperitoneal and intravenous 
models of mouse infection. This means that in the absence of 
choline in the cell-wall the bacteria would be taken away from their 
in vivo habitat, and this might constitute a new target for action 
against pneumococcus. In this sense, it has been found that the 
genes in the lic locus of H. influenzae encode enzymes that 
participate in the addition of choline to the cell wall. Moreover, one 
of the products of this locus, the LicA choline kinase, is similar in 
sequence to a choline kinase described for S. pneumoniae. 
Therefore, it might be possible to find drugs inhibiting these 
enzymes (or their biosynthesis), preventing the incorporation of 
choline into the cell wall [126]. Moreover, since the human choline 
kinase is considered an oncogene, and enzyme inhibitors with 
antitumoral properties have been patented [127,128], the possibility 
exists that such compounds may also be at the basis for the 
development of inhibitors of the pneumococcal protein. 

Enzybiotics 

 Lytic enzymes are produced not only by the pneumococcus but 
also by pneumococcal bacteriophages. They hydrolyze the cell wall 

at the end of their replicative cycle, releasing the phage progeny 
[103]. It follows then that such bacteriophages, or their encoded 
peptidoglycan hydrolases, are attractive candidates for the specific 
lysis of S. pneumoniae. Fischetti and coworkers demonstrated that 
purifed pneumococcal bacteriophage cell wall hydrolases were able 
to kill most serotypes of pneumococci both in vivo and in vitro, and 
first coined the term enzybiotic for designating these enzymes 
[129]. Pal and Cpl-1 enzymes from Dp-1 and Cp-1 phages respec-
tively are also effective in the eradication of the nasopharyn-
geal/otic colonization, where the pneumococcus has its reservoir 
[130,131], as well as in a murine sepsis model [132]. Patent 
US2006159671 [133] discloses a method for treating or preventing 
pneumococcal infections by synergistic combination of these two 
lytic enzymes and a suitable carrier. It includes infections that are 
resistant to treatment with antibiotics such as penicillin. Moreover 
the Cpl-1 lysozyme has proved 100% effective in preventing OMA 
[134]. As these enzymes are only active on microorganisms con-
taining choline in their cell wall, they have the advantage of inter-
fering neither with the normal microbiota, nor with the mammalian 
tissues.  

CURRENT AND FUTURE DEVELOPMENTS 

 S. pneumoniae is one of the major pathogens, as well as a very 
elusive one due to its ability for serotype-shifting and the rise of 
antibiotic resistance. Therefore, the strategies to fight this 
microorganism need to be multiple, varied and imaginative. Fig. (4) 
summarizes the current and developing approaches aimed to stop 
pneumococcal infection. Besides the usual investigation in anti-
biotics and capsule-based vaccines, new advances are being 
incorporated that involve other targets such as pneumococcal 
surface proteins and lytic enzymes. Research should be carried out 
to understand (and prevent) colonization from nasopharyngeal cells. 
Diagnostic success is boosting thanks to PCR techniques, that are 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). A summary of different antipneumococcal approaches. 
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continuously improving to avoid cross-reactions with related 
species. Moreover, in the development of new vaccines, special 
attention must be paid to the virulent serotypes in developing 
countries, which often differ from those included in current 
formulations. Efforts should also be made for the vaccines to be 
affordable for developing countries. Besides, antibiotic resistance is 
an important threat that must be combated, above all, with a 
reasonable and controlled administration of antibiotics to the 
population. Furthermore, new targets such as pneumococcal surface 
proteins represent a promising source of both novel protein-based 
vaccines as well as a new generation of antimicrobials that may be 
common to all serotypes. Finally, the use of lytic enzymes as 
"magic bullets" against pneumococcus has an enormous potential 
that require an intense research to constitute a valid alternative to 
the current procedures. 
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