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ABSTRACT

The resistance of S. pneumoniae to antibiotics led to the beginning of a restless search in quest of a sole therapy that
could be used as an empirical therapy in all resistant strains. Monotherapies have already been proved to be
ineffective for the treatment of bacterial meningitis due to resistant strains, thus a combination of drug is often a drug
of choice. Combination of ceftriaxone and vancomycin persists to be the first drug of choice combination as
empirical therapy, although different combinations of drugs are tested in order to find a better regimen than this
combination. Co-administration of dexamethasone as adjuvant therapy decreases the permeability of the BBB that is
compensated by reducing the effectiveness of the drug, thereby hampering the treatment. The emergence of multidrug
resistance drove the development and evaluation of quinolones as new anti-pneumococcal agents. In future, a
combination of p-lactam antibiotics and quinolones might play a central role in the empirical treatment of bacterial
meningitis. Since, the degree of antibiotic resistance continues to increase and change, the strategies for managing
these infections need to be modified in response to the resistance in S. pneumoniae.
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INTRODUCTION

Meningitis caused by Streptococcus pneumoniae, is the most frequent disease infecting adults as well as children.
About 26.3% of fatality rate is associated with bacterial meningitis. Bacterial meningitis still remains a serious
disease, despite improvement in the antimicrobial therapy [1]. Earlier penicillin was the only drug of choice, but, due
to occurrence of resistance, newer therapeutic ranges of antibiotics came into existence [2]. Penicillin and other -
lactams inhibit cell-wall synthesis by binding to the penicillin-binding proteins (PBPs), which are responsible for cell
wall maintenance. Emergence of resistance among S. pneumoniae to penicillins and other B-lactams occurs after
several sequences of chromosomally mediated mutations of the five high—-molecular weight PBPs (1A, 1B, 2B, 2X,
and 3) whereas, B-lactamase is not produced by the pneumococci thus making it clear that it is not responsible for
causing resistance [3]. Alterations in the PBP enzymes led to a reduced affinity among the PBP and the B-lactam drug
[4]. The prevalence of antibiotic resistance for S. pneumoniae and its mechanism have been the subject of numerous
reviews and is beyond the scope of this review, thus will not be discussed further [5-7]. It is interesting to note that an
empirical therapy that could be used to treat bacterial meningitis due to resistant strains is still a work in the progress.
But in the quest of an appropriate drug or drug combination a large number of studies have been carried out. The
question is whether the antibiotics combinational therapy is preferred over monotherapy or a single drug can serve the
purpose alone. This review aims in compiling the studies that have been carried out with combination of various
antibiotics in S. pneumoniae induced meningitis and to deduce whether monotherapy or combination should be the
first choice of antibiotic therapy.
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The various agents that are used to treat the antibiotic resistant strains of S. pneumoniae can be summarized as
follows:

Agents used to treat penicillin resistant strains:

Penicillin resistant strains of S. pneumoniae are the ones that have MIC >1 ug/mL whereas the relatively resistant
strains have MICs of 0.1 to 1.0 pg of penicillin per Ml [8]. Gouveial et al., (2011) examined the impact of penicillin
resistance on outcomes of pneumococcal meningitis over a period of ten years in infectious diseases hospital in
Brazil. Findings from this study emphasized the use of third generation cephalosporins for the treatment of suspected
pneumococcal meningitis even at low prevalence of pneumococcal resistance to penicillin [9], but the efficacy of
ceftriaxone was assessed by McCracken et al., (1985) against a relatively penicillin resistant pneumococcal strain
(MBC 8.0 pg/mL) and efficacy of ceftriaxone, vancomycin and imipenem against a penicillin-resistant strain. Finding
from the study revealed that penicillin G and ceftriaxone reduced the number of organisms in cerebrospinal fluid by
4.14 logl0 CFU/mL after single doses and after 9 h continuous infusions. While in the case of infection due to a
penicillin-resistant strain, a single dose of penicillin or ceftriaxone failed to lower the number of organisms in CSF.
Imipenem and Vancomycin reduced the count in CSF by at least 4.10 and 2.19 log;o CFU/ml after single doses and 9
hr infusions, respectively thus it might prove to be effective for the therapy [8].

Despite its good penetration in the CSF, gentamicin was inferior to vancomycin monotherapy against penicillin
resistant pneumococci. On the other hand the combination of the two showed significant results when compared to
monotherapies [10].

Contrary to the reports in the above studies due to the narrow therapeutic window of vancomycin, strict monitoring of
its serum levels is required and the variability of its levels in CSF the routine use of vancomycin in adults for treating
penicillin-resistant pneumococcal meningitis should not be recommended. Viladrich et al., (1991) reported that out of
the 11 adults with pneumococcal meningitis treated with vancomycin and early adjunctive therapy including
dexamethasone, 4 patients experienced a therapeutic failure that led to change in vancomycin therapy. M Dye to the
variability of vancomycin level in CSF lan et al., (1993) conferred that vancomycin therapy within 10hrs of treatment
resulted in a mean reduction of 3.0 log;o CFU/mL in bacterial concentration, but after 14 h regrowth occurred [12].

It is noteworthy that ceftriaxone and meropenem were least effective as monotherapy reported in the same study. The
combination of rifampin with either ceftriaxone or vancomycin was not more effective than single-agent therapy. By
contrast vancomycin and ceftriaxone were synergistic, suggesting that the combination might be effective for initial
empiric therapy of pneumococcal meningitis [12].

Meropenem, a broad-spectrum carbapenem, was bactericidal in rabbit model of meningitis due to highly resistant
strain of penicillin (MIC 4 ng/mL) reported by Gerbera et al., (1999), and was insignificantly superior to ceftriaxone
and vancomycin. Although the combination of vancomycin with ceftriaxone was more active than ceftriaxone alone.
On the other hand an insignificant gain was observed by the addition of vancomycin to meropenem [13].

Kim et al., (2004) evaluated the therapeutic efficacy of meropenem and compared various treatment regimens in a
rabbit model of meningitis caused by penicillin-resistant Streptococcus pneumoniae. The therapeutic efficacy of
meropenem and vancomycin in combination and in comparison to that of Ceftriaxone and Vancomycin that was
contrary to the results obtained from Gerbera et al., (1999). It was inferred that the meropenem monotherapy may not
be a suitable choice for penicillin resistant meningitis, while combination of meropenem and vancomycin could serve
to be a possible alternative in the treatment of penicillin resistant strains meningitis [14].

Cefepime a broad-spectrum fourth generation cephalosporin, showed excellent penetration and bactericidal activity in
the inflamed meninges that was superior to the monotherapies of ceftriaxone and vancomycin. The above results
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qualified Cefepime as a potential candidate in cases where broad antibacterial activity is required for the treatment of
pneumococcal meningitis; it can serve the purpose alone or in combination with vancomycin [15].

Fernandez et al., (2005) reported Teicoplanin; a glycopeptide alone was very effective in animal model of
cephalosporin-resistant pneumococcal meningitis but when used in combination not alone. Synergism was reported
between the ceftriaxone and vancomycin in vitro, but no synergism was reported in animal models [16].

The penetration of gemifloxacin into the inflamed meninges was 22 to 33% in rabbit model of meningitis, it produced
bactericidal activity that was better than that of standard regimen i.e. ceftriaxone and vancomycin against penicillin
resistant strain [17].

Addition of cefotaxime to levofloxacin not only showed synergistic effect in-vitro against penicillin resistant strains,
but it also suppressed the resistance induced due to levofloxacin by the mutation of the genes encoding topoisomerase
IV and gyrase [18]. Against pneumococci that are susceptible to B-lactams, rifampin appears to be considerably less
active than ceftriaxone [19]. Clinafloxacin alone and in combination with teicoplanin and rifampin was ineffective
against strains resistant to penicillin and ciprofloxacin and neither did the combination worked [20]. In penicillin
sensitive strains of S. pneumoniae ceftriaxone was less effective than moxifloxacin when administered in high
concentration, thus qualifying it to be a potential therapy for the treatment of the disease [21].

Agents used to treat cephalosporin resistant strains:

Klugman (1994) reported the failure of cefotaxime and ceftriaxone in treating the resistant strains that has led to the
revision in the breakpoint for pneumococcal resistance to cefotaxime and ceftriaxone [22]. On account of failure
reports of extended spectrum cephalosporin, Klugman et al., (1995) assessed the cerebrospinal fluid of children with
bacterial meningitis; ceftriaxone alone was unable to kill intermediately ceftriaxone resistant or fully resistant strains
at CSF concentration of 5pg/mL. Although at higher concentrations bactericidal activity was present. The addition of
vancomycin or rifampin to ceftriaxone significantly enhanced CSF bactericidal activity in comparison to that of
ceftriaxone alone. The study led to the conclusion that ceftriaxone and any similar agents were not relevant for the
treatment of cephalosporin resistance in pneumococci [23].

Using the same antibiotics Ribes et al., (2005) assessed there in vitro and in vivo efficacy alone and combined against
S. pneumoniae ATCC 51916 (a strain that is characterized by high resistance levels to ceftriaxone/cefotaxime (MICs
of 32 mg/L) and an intermediate penicillin resistance). Ceftriaxone combined with rifampicin or vancomycin
produced an effect that was statistically significant when compared to ceftriaxone alone as reported earlier by
Klugman (1995), whereas, rifampicin and vancomycin did not produce any significant alterations in the activity of
either drug alone, but was more effective than ceftriaxone. Inflammatory data obtained with rifampicin confirmed its
low potential for inducing a CSF inflammatory response, and that the addition of rifampicin or vancomycin to
ceftriaxone led to reduction in inflammatory parameters in comparison to ceftriaxone monotherapy [24].

Fosfomycin, a broad-spectrum antibiotic acting by inhibiting the first step of cell wall synthesis, was assessed by
Ribes et al., (2006), against two strains of S. pneumoniae: HUB 2349 (fosfomycin and ceftriaxone, MICs 16 and 2
mg/L) and ATCC 51916 (MICs of 4 and 32 mg/L) alone and in combination with ceftriaxone and vancomycin. Once
again the combination with either of the two showed improved efficacy and there was decrease in the inflammatory
response due to the combination over monotherapy. Thus, qualifying the combinations as a possible alternative in
allergic condition or cases where intolerance to first-line drugs occurs [25].

Other non f lactam antibiotics used as therapy:

Non fB-lactam antibiotics with anti pneumococcal activity, such as rifampicin or quinolones, have proven effective in
the animal model of meningitis and have emerged as possible alternatives especially for patients allergic to penicillin
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or for infections with strains with very high cephalosporin resistance. [25]. The progressive spread of pneumococcal
resistant clones to antibiotics promoted the use of fluoroquinolones for its management. Therefore, fluoroquinolones
such as moxifloxacin, gatifloxacin, levofloxacin and gemifloxacin with antipneumococcal activity may play a
significant role in the management of pneumococcal disease [26]. Fluoroquinolones have emerged as the drug of
choice as prevalence of resistance among S. pneumoniae to these drugs have been reported to be 0.3% that is
relatively low in comparison to resistance due to other antibiotics, although there are potentials for unrecognized
resistance that can occur [27].

Addition of cefotaxime to levofloxacin not only showed synergistic effect in vitro against penicillin resistant strains,
but it also suppressed the resistance induced due to levofloxacin by the mutation of the genes encoding topoisomerase
IV and gyrase [18].

Strains of S. pneumoniae with MIC of 0.008 ug/mL for rifampin, 0.5pug/mL for ofloxacin and 0.03pug/mL for
ceftriaxone was used in an experiment conducted on rabbit model, result from the study revealed the ineffectiveness
of rifampin exhibited diminished bactericidal activity thus not making rifampicin an optimal antibiotic. When
combined to ofloxacin the two did not show any synergism [19].

Egermann et al., (2009) stated the combination of daptomycin with ceftriaxone was the most efficacious regimen for
treatment of pneumococcal meningitis [28]. The advent of strains of pneumococcus that are resistance to vancomycin
lead to the evaluation of garenoxcin and moxifloxacin, the two agents proved to be more efficacious as
monotherapies than Ceftriaxone and vancomycin in combination in meningitis caused due to the strains having
vancomycin tolerance [29].

The combination of cefotaxime and levofloxacin immensely decreased the risk of tolerance to quinolones.
Meningitis due to tolerated stains of ciprofloxacin rendered the use of clinafloxacin alone and in combination with
teicoplanin and rifampin ineffective for its management [20].

Dexamethasone as an adjuvant therapy hampers the effectiveness of drug therapy:

Sensorineural hearing loss (SNHL) is the most common after effect of bacterial meningitis and is observed in 30% of
survivors when the disease is caused by S. pneumoniae. Meningitis is the single most important origin of acquired
SNHL in childhood. Anti-inflammatory dexamethasone holds promises as potential adjuvant therapy to prevent
SNHL associated with meningitis. **! It has been reported in many studies that the use of an adjuvant therapy
decreases the entry of the antibiotic in the CSF as it interferes with the permeability of the BBB and showed
decreased penetration of drug in CSF thus decreasing the efficacy of therapy studied by Fernandez et al., (2005) [31].
Egermann et al., (2009) inferred that the penetration of daptomycin was remarkably decreased to 2% from 6% by the
addition of dexamethasone. In the same study it was deduced that the addition to ceftriaxone and vancomycin
rendered the regimen completely ineffective for the treatment [28]. The same was reported with the addition of
teicoplanin, although therapeutic failure did not occur [31].

CONCLUSION

S. pneumoniae being a pervasive and problematic pathogen around the globe because of its resistance to penicillin
and other classes of antimicrobials, none of the anti-microbial agents currently available for clinical use is ideal as
single-agent therapy for resistant pneumococcal meningitis strains. Ceftriaxone and vancomycin still persists to be the
first choice of drug combination as empirical therapy. Various in vitro and in vivo studies have been conducted on
animal model qualify many non B-lactam antibiotics as a potential therapeutic option for the treatment of meningitis,
especially when resistant strains are involved. On the other hand addition of adjuvant therapy reduces the entry of
antibiotics in the CSF and hampers the effectiveness of drug therapy. In the future, a combination of B-lactam

(18]
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antibiotics and quinolones might play a central role in the empirical treatment of bacterial meningitis. Although, these
results deserve further evaluation and caution must be exercised in applying results from the animal model to the
management of patients. Since the degree of antibiotic resistance continues to change and increase, the approach to
managing these infections must be modified in response to these changes
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