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Abstract

Bacterial meningitis (BM) affects the central nervous system (CNS) and is a significant long-term sequela for 50% of survivors
globally. Resource-poor areas have a higher prevalence of acute bacterial meningitis than resource-rich ones. The pathogenesis
of BM involves intricate pathways linked to bacterial survival and proliferation in the circulation, increased blood-brain barrier
(BBB) permeability, oxidative stress, and an overactive inflammatory response in the central nervous system (CNS). Drug-
resistant bacteria make treating meningitis more challenging, as the morbidity rate for BM is still very high. There has been
promising progress in neurology recently for drug supplements that effectively prevent and treat BM. There have been hopeful
advancements in neurology recently for medication supplements that effectively prevent and cure BM. Numerous in vivo and
in vitro researches have gone into detail on how drugs affect BM and its important mechanism. However, prevention of BM at
community and individual levels is vital and can be achieved via various strategies. Some of the strategies are particular
hygiene protocols, isolation, social distancing, quite smoking, immunoglobulin treatments and many other methods. Yet,
vaccinations still remain the best stratagem against the risk of bacterial meningitis and several other severe infections at the

level of the community.
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Introduction

Acute bacterial meningitis proves a fatal infectious
disease where a substantial change in its
epidemiology has been reported since the conjugate
vaccines were approved (Van de Beek et al., 2004;
Thigpen et al, 2011; van de Beek et al., 2021).
Nonetheless, a huge toll is inflicted by this disease
even in countries with high income and results in
considerable mortality as well as morbidity (Brouwer
et al., 2010; Thigpen et al., 2011). Early administering
of antibiotics leads to saving lives, but the emergence
of the bacteria that is resistant to multiple drugs on a
global scale serves to prove a threat to the easily
accessible and available antibiotics. In the following
section, numerous strategies of the treatment that are
available will be discussed including drawing
attention to the advancements made in antibiotic as

well as adjunctive therapy.

Initial empirical antibiotics

If due for any reason, the lumbar puncture is delayed,
for example, if there is a need for an additional
diagnostic test like a CT scan following the blood
culturing, empirical antibiotic therapy must be
started at the earliest opportunity (Tunkel et al,
2004). It is critical that antibiotic therapy must be
started even when bacterial meningitis evaluation is
underway because delayed treatment has been linked
to an increase in rates of mortality as well as

morbidity (Tunkel et al., 2004).

Administering empirical antibiotics in the patients
present with bacterial meningitis should have its base
on the age of the patient, local epidemiology,
particular underlying conditions being present or
absent, or the risk factors (Brouwer et al., 2010;
Tunkel et al, 2004). In the geographical regions
where strains of the Streptococcus pneumoniae
(pneumococcal) show resistance against
cephalosporins as well as penicillin, patients who are
more than 1 month present with bacterial meningitis
that is acquired from the community should be
administered with 3 generation cephalosporin
(ceftriaxone or cefotaxime) in conjunction with

vancomycin (McGill et al., 2016; van de Beek et al.,
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2016). The decision regarding the use of vancomycin
is based on the resistance rate against the third-
generation cephalosporins. Areas showing the lower
prevalence of the S. pneumoniae which is resistant to
the cephalosporins (<1% resistance), using a 3
generation cephalosporin (ceftriaxone or cefotaxime)

normally proves enough as the empirical therapy.

Moreover, vancomycin is not best from an economic
point of view as it is expensive and it is not usually
available in countries with low income (Scarborough
and Thwaites, 2008). In conditions such as these,
alternative agents are used, like anti-pneumococcal
fluoroquinolone (such as moxifloxacin) as well as
rifampicin, even though there is a scarcity of clinical
data which supports the use of these drugs.
Rifampicin is comparatively cheaper, shows good
penetration into the CSF, normally is active in-vitro
against pneumococcal strains that are resistant to
ceftriaxone and is available widely (Brouwer et al.,

2010; Nau et al., 2010).

Optimisation of the delivery and effectiveness of
antibiotics

Two major therapeutic challenges are faced in
bacterial meningitis; the first is delivery optimization
and the second one is antibiotic effectiveness. For a
successful treatment to take place, it is essential that
the antibiotic penetrates across the BBB and it
depends upon the degree of the disruption caused to
the integrity of the barriers resulting due to
inflammation, as well as the ability to bind the
protein, interaction of antibiotic with the efflux pump,
charge, size and lipophilicity (Andes and Craig, 1999;
Nau et al., 2010). Nonetheless, the concentration of
the antibiotic in the CSF, along with a bactericidal
activity to the bacteria causing the disease, also

impacts the clinical Efficacy (Nau et al., 2010).

Antibiotics for specific organisms

Upon the identification of the bacterial pathogen via
CSF gram stain, and sometimes after doing the
isolated and the in-vitro susceptibility testing,
modifications can be brought up into the antibiotic

therapy so optimal results can be obtained.
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Streptococcus pneumoniae

Pneumococcal meningitis treatment has observed
changes since strains showing diminished
susceptibility to penicillin have emerged. In some
regions of the USA, reduction in the susceptibility has
a range that goes from 25% to greater than 50%
(Appelbaum, 2002) and an increase was observed in
the Asian region from 2012-2017, where it went from
16.0% in the time between 2008 to 2009 to 28.1%
(Kim et al., 2020). Resistance to penicillin proves as a
marker indicating the diminished susceptibility to the
other antibiotics as well, which might lead to failure
of the

pneumococcal meningitis (Klugman et al., 2008;

treatment in patients present with

Erdem et al., 2014).

In the areas where there is resistance against
cephalosporin, pneumococcal meningitis empirical
therapy must include administration of the
vancomycin in conjunction with ceftriaxone or the
cefotaxime even though the susceptibility test results
conducted in-vitro are still pending. Even though
pneumococcal meningitis rates have observed a
decrease from the time of heptavalent pneumococcal
conjugate vaccine getting introduced, these vaccines
fail to cover meningitis resulting due to some
serotypes and also the resistant strains, increasing the

number such patients (Oligbu et al., 2019).

Administering the vancomycin in the appropriate
doses is crucial so that appropriate concentrations in
the CSF can be achieved because using adjunctive
dexamethasone concomitantly might lead to a
reduction in the penetration of vancomycin into the
CSF.

Even though data on rifampin effectiveness is rarely
found regarding pneumococcal meningitis patients,
some authorities make use of this agent along with
the 3™ generation cephalosporins, sometimes in
conjunction with vancomycin or sometimes without
it, for the treatment of pneumococcal meningitis that
is resulted due to strains which probably show high
resistance to the cephalosporins or the penicillin

(Brouwer et al., 2010).
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Neisseria meningitidis

The ongoing recommendation for the treatment of
meningococcal meningitis is using ampicillin,
penicillin G, or amoxicillin ( Tunkel et al., 2004; Van
de Beek et al, 2006 Brouwer et al, 2010).
Nonetheless, strains of the meningococci showing
reduced ability toward penicillin have been isolated in
numerous countries (Zouheir et al., 2019 ; Rostamian
et al.,, 2022 ). In one of the studies (Cubells et al.,
1997), it was recorded by the investigators that there
exists a relationship between the increase in the
neurological sequelae or the risk of death in patients
present with meningococcal meningitis and a
reduction in the susceptibility to the penicillin. Thus,
treatment of meningococcal meningitis patients
should be started empirically using 3" generation
cephalosporins (ceftriaxone or cefotaxime) until in-
vitro susceptibility test results become available
(Nadel, 2016). There have been reports of a higher
level of resistance against chloramphenicol (MIC >64
pg/mL) (Galimand et al., 1998), but until now, most
countries show a lower incidence (Rostamian et al.,
2022). Moreover, resistance against ciprofloxacin has
also been reported in some parts of the USA (Wu et
effects on

al, 2009), and showed its

chemoprophylaxis recommendations. During
epidemics of the meningococcal meningitis in settings
where the resources are poor, it is sufficient to
administer a single IM injection of the long-acting
chloramphenicol (Stephens et al., 2007); or a single
injection of the ceftriaxone works equally efficiently

(Nathan et al., 2005).

Haemophilus influenzae

From the time of the rise of strains of H. influenzae
that are resistant to chloramphenicol and produce [3-
lactamase, using third-generation cephalosporins has
become the standard mode of treatment. Enhanced
efficacy is shown by the 3rd generation
cephalosporins compared to the second generation
cephalosporins like cefuroxime (Schaad et al., 1990)
as well as chloramphenicol, even for the patients
present with the H. influenzae type b meningitis
resulted by the

strains  sensitive to the

chloramphenicol (Peltola et al., 1989). In the cases
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where Hib meningitis is suspected, antibiotics like

ampicillin-sulbactam, azithromycin, ceftriaxone,
fluoroquinolones, ceftazidime and cefotaxime are
administered via the parenteral route in the course of
one week (Tristram et al, 2007; Bradley, 2002).
Antibiotics that are usually avoided are ampicillin
because of the production of the beta-lactamase that
is mediated by plasma and results in resistance
(Bradley, 2002; Tristram et al., 2007), cefuroxime is
avoided because of delayed sterilization (Schaad et
al., 1990), and chloramphenicol is avoided due to
strenuous monitoring of the level of the drug as it has
numerous side effects like idiosyncratic aplastic
anaemia as well as the toxicity of the bone marrow
(Barnhill et al., 2012). Furthermore, an increase in
the resistance of bacteria against the chloramphenicol
in the H. influenzae suggests that there is a need for
an alternate antibiotic treatment for meningitis
presently (Duke et al., 2003; Mengistu et al., 2011;

Swann et al., 2014).

Aerobic Gram-negative bacilli

The emergence of gram-negative bacilli that is
resistant to multiple drugs it's worrisome. Particularly
in the patients who present with bacterial meningitis
that is associated with health care (Andes and Craig,
1999). development of resistance against third-
generation as well as  fourth-generation

cephalosporins  (Sandulescu, 2016), and the
carbapenems have caused reduction in the range of
available antibiotic options. Meningitis outbreaks
resulting due to the strains of E. coli that produce
ESBL in the neonatal wards might prove hard to
control (Moissenet et al, 2010; Stapleton et al,
2016). If resistance against carbapenems is shown by
the organism, polymyxin B or colistin which is
normally formulated as the colistimethate sodium
must be administered IV, or it could be administered
via intraventricular or intrathecal route (Jiménez-

Mejias et al., 2002; Gupta et al., 2009).

Staphylococcus aureus
Meningitis by S. aureus has resulted following CSF
shunts placement or neurosurgical procedures (Andes

and Craig, 1999). The basis of the treatment is on the
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localized prevalence of the S. aureus strains resistant
to methicillin; vancomycin proves less effective than
using anti-staphylococcal penicillins for treating
severe cases of S. aureus disease. Nonetheless,
empirical vancomycin could be administered until
results for susceptibility testing become available

(DeLeo et al., 2010).

K. pneumoniae

K. pneumoniae is among the commonest pathogens
which show resistance to multiple drugs as well as the
carbapenems in healthcare settings (Podschun and
Ullmann, 1998; World Health Organization, 2015 ;
Sugden et al., 2016 ; Sherry and Howden, 2018) . For
the past few decades, mostly used antibiotic options
for K. pneumoniae which is resistant to carbapenem,
have been represented by polymyxins. Indeed the use
of the polymyxin E (colistin) is considered the last
choice antibiotic agent against infections caused by
MDR K. pneumoniae, proving to be the antibacterial
compound that achieved adequate levels in the serum
as well as MIC (Arnold et al., 2011).

Thus, recently reported isolates of K. pneumoniae
that are resistant to colistin raise concern as it limits
further antimicrobial options as well as the higher
rate of mortality related to such infections (Capone et
al.,, 2013). Regimens given in combination for the
Enterobacteriaceae that involves carbapenems with
8mg/l MICs or less for the carbapenems (given in
dual combination along with the colistin, or high
dosage of tigecycline or the aminoglycosides or
sometimes triple combinations) prove to have
therapeutic advantages over the monotherapy, in
Enterobacteriaceae where the MICs are higher
compared to what is mentioned above. Combination
of three or sometimes two antibiotics including
tigecycline in high dosage, Fosfomycin, colistin and
aminoglycosides are related to decrease in mortality
(Rafailidis and Falagas, 2014 ; Lin et al, 2018).
Primarily, isolate’s antibiotic susceptibility profile,
pharmacokinetics (PK) properties,

pharmacodynamics (PD) properties, potentially
occurring adverse events and the infection site

determines their usage.
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New antibiotics for meningitis

The increase in the meningitis prevalence that
resulted due to the resistant bacteria led to
consideration of new therapeutic antimicrobial
agents, even though data that describes their role is
scarce and is limited to the extrapolations from
animal models used for experimentation along with
the case reports. This discussion is limited to the
agents of which the assessment has been done in

patients with bacterial meningitis.

Cefepime

Cefepime is a fourth-generation Cephalosporin
having a broad activity range as well as showing
greater stability when it comes to p-lactamases, and
those agents that Pseudomonas aeruginosa produce
compared to having agents from a former generation,
for example, cefotaxime and the ceftriaxone. Results
obtained from experimental models of meningitis, as
well as some studies conducted on humans, indicated
cefepime has better activity in the CSF compared to
ceftriaxone even against S. pneumonia that is
resistant to penicillin (Lodise Jr et al., 2007; Miranda
and Tunkel, 2009); nonetheless, in the two control
trials consisting of 345 children present with bacterial
meningitis it was noted by the investigators that
cefepime  demonstrated same  efficacy as
demonstrated by ceftriaxone and the cefotaxime
(Lodise Jr et al., 2007; Miranda and Tunkel, 2009). It
is recommended by guidelines from The Infectious
Diseases Society of America (IDSA) to use cefepime
as second-line agent for the treatment of meningitis
caused by H. influenzae, while ceftazidime or
cefepime should have opted as an empirical first-time
treatment for the patients present with the post-

neurosurgical meningitis (Tunkel et al., 2004).

Carbapenems

When it comes to beta-lactams, the most extensive
range of activity in vitro against both the Gram-
negative and the gram-positive bacteria is shown by
the carbapenems. Studies that included human
beings indicate meropenem do have better
penetration in the CSF compared to doripenem and

imipenem (Nau et al., 2010;Nalda et al., 2012). In the
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four controlled trials consisting of 448 children as
well as 58 adults, it was shown that meropenem
demonstrated efficacy as well as safety similar to that
of ceftriaxone and cefotaxime, illustrating
meropenem as the best carbapenem candidate for
bacterial meningitis treatment (Nau et al, 2010).
Novel beta-lactamases emergence, which shows direct
activity for hydrolyzation of carbapenems has a
significant contribution to increasing the prevalence
of Enterobacteriaceae that are resistant to

carbapenems (Gupta et al., 2011).

Fluoroquinolones

Moxifloxacin and gatifloxacin are two
fluoroquinolones that effectively penetrate CSF and
show increased activity in vitro for ground-positive
bacteria compared to their predecessors, for example,
ciprofloxacin. Results obtained from experimental
models of meningitis indicate them to be effective for
meningitis caused by S. pneumoniae, as well as
meningitis caused by strains that are resistant to
penicillin as well as cephalosporin (Lutsar et al.,
1998; Ostergaard et al., 1998). Even though it was
suggested by one controlled trial that trovafloxacin
mesylate, which is a fluoroquinolone, that it has
similar efficacy as shown by ceftriaxone in both cases,
i.e., without adding the vancomycin or adding it, for
treatment of bacterial meningitis in the pediatric
patients (Saez-Llorens et al,, 2002), there is the
absence of clinical trials which underline using the
moxifloxacin or the gatifloxacin in the humans for the

treatment of bacterial meningitis.

An association between the use of gatifloxacin and
trovafloxacin has been made with dysglycaemia as
well as severe hepatic toxicity, respectively, and they
were removed from numerous markets (Park-Wyllie
et al., 2006). it is recommended by the guidelines
from IDSA that moxifloxacin be used as an alternative
for 3 generation of cephalosporins including
vancomycin, for the treatment of meningitis resulting
from the strains of S. pneumoniae that show
resistance against 3" generation cephalosporins as
well as penicillin (Tunkel et al., 2004), even though it

is recommended by some of the experts do not use
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this agent alone but in combination with some other
drug like a 3% generation cephalosporin or
vancomycin due to clinical data being absent which

supports using it.

Daptomycin

Daptomycin is essentially a cyclic lipopeptide and
only shows activity against Gram-positive bacteria.
Even though its penetration into the CSF is poor, it is
shown by experimental models that the bactericidal
concentrations in the CSF are achieved for the
organisms that are most susceptible and that
daptomycin might be elicited better bactericidal
activity against bacteria that are resistant to f-lactam
compared to the vancomycin (Egermann et al.,
2009). There is limited human data available in the
form of case reports which demonstrate using
daptomycin successfully (6-12 mg/kg per day)
normally in combination with the rifampicin for the
treatment of meningitis resulting from S. aureus that
is resistant to meticillin and the Enterococcus spp.
which is resistant to vancomycin ( Lee et al., 2008;Le

et al., 2010;).

Linezolid

Linezolid is oxazolidinone which shows activity only
against Gram-positive bacteria. Its assessment has
never been carried out in controlled trials for
bacterial meningitis patients, but there are some
published case reports (Ntziora and Falagas, 2007);
penetration into the CSF is achieved by the linezolid
and is related to successful treatment rates of nearly
90%. Variable penetration into the CSF has been
described by clinical studies; nearly 50% of the
patients who are provided with a standard dosage
(6oomg twice in 24 h) might fail to achieve
therapeutic concentrations in the CSF (Yogev et al.,
2010). There is a need for the measurement of
concentration in the CSF and the higher doses so that
linezolid therapy for bacterial meningitis can be

optimized.

Tigecycline
Tigecycline shows activity against numerous gram-

negative bacteria along with numerous gram-positive
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bacteria and is glycycline antibiotic. There is limited
data available regarding their use in the management
of bacterial meningitis and is confined to the case
reports which describe using tigecycline treatment for
meningitis caused by Acinetobacter that is resistant to
multiple drugs (Kim et al., 2009), and some of them
demonstrate standard IV doses of tigecycline leading
to the production of subtherapeutic concentrations in

the CSF (Kim et al., 2009; Ray et al., 2010).

Adjunctive Therapy (Dexamethasone and Rifampin)
Rationale for using the adjunctive dexamethasone is
the reduction of inflammatory responses in
subarachnoid space that is resulted due to bacterial
components getting released in response to the
bactericidal therapy, which serves as a precursor to
neurological  complications related to  the
inflammation (van de Beek et al.,2016 ; Hasbun,
2019). It has been demonstrated that adjunctive
dexamethasone when used in adults suffering with
pneumococcal meningitis, lowers mortality as well as
decreases loss of hearing in children suffering from
Hib meningitis ( Tunkel et al., 2004; Hasbun,
2019). It is recommended by guidelines from the
IDSA that adjunctive dexamethasone is used in adults
where meningitis is proven or even suspected to occur
due to S. pneumoniae and in infants, excluding the
neonates, as well as children present with meningitis
resulting from the Hib (Hasbun, 2019). The suggested
regimen dosage for dexamethasone is 0.15 mg/kg
administered 4 times per day at equal intervals for the
duration of 2 days to 4 days, where the first dosage is
administered 10 min to 20 min prior to the first
antibacterial therapy dosage or at a similar time of it (
van de Beek et al, 2016 ; Hasbun, 2019). If it is
revealed by the testing that there is another pathogen
is involved, or it ruled out that it is bacterial
meningitis, discontinuation of the dexamethasone
should be done, as there is no data that supports
using it to gain an advantage for treating other
pathogens (Hasbun, 2019). Moreover, it is advised
that dexamethasone be not administered in patients
who are already receiving antibacterial therapy
because it is highly unlikely that improved outcomes

will be attained (Hasbun, 2019).
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If the administration of dexamethasone is done in
patients where pneumococcal meningitis is suspected,
some of the experts prefer adding rifampin to the
empirical vancomycin antimicrobial regimen along
with 34 generation cephalosporin, making it a part of
the initial regimen or when the susceptibility test
results are pending. For S. pneumoniae isolates that
show resistance against a cephalosporin (described as
MIC >2 mcg/mL), rifampin might be added or
continued if already added before as it incurs
synergetic effects with the ceftriaxone against S.
which

cephalosporin (Costerus et al., 2017; Hasbun, 2019).

pneumoniae shows resistance against

Vaccine-based prevention

Bacterial meningitis falls into the category of diseases
that are preventable due to the availability of vaccines
against the commonest of the pathogens that cause
this disease (McIntyre et al., 2012). Vaccines that
were derived from S. pneumoniae, N. meningitidis,
and Hib polysaccharide capsules were introduced first
many decades ago. They lead to the generation of
immune responses that are T-independent, and cause
no induction of immunological memory; other than
that, and they also do not prove immunogenic in
infants, rendering them not suitable to be
implemented in the universal programmes for the
immunization of infants. The development of
vaccines based on the conjugate of polysaccharide
and protein against the Hib in the 1980s bypassed
poor responses in infancy to plain polysaccharides via
evocation of the immune responses that were T-cell
dependent, class-switching of the immunoglobin as
well as immunological memory was also acquired.
Since that time, it has become possible to use anti-
meningitis vaccines on a wider scale (Hargreaves et

al., 1996; Peltola, 2000).

Polysaccharide vaccines

Polysaccharides are antigens that are not dependent
on the T-cell, meaning that there is no presentation to
the T-cell in conjunction with the MHC-II molecules,
which in turn prevents memory B cells from
developing (Kelly et al., 2004; Plotkin et al., 2008).

Subsequently, following a vaccination concentration
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of the antibody sees a rapid decline in children of
young age, and no further anamnestic response is
observed to further doses of the polysaccharide with
little or no observable effect on the oropharyngeal or
nasopharyngeal carriage (Plotkin et al., 2008).
Efficacy against meningitis by polysaccharide
vaccines has been best demonstrated for the A
serogroup meningococcal disease, but protection
declined following 3 years of administration, also
being poor in the children younger than 2 years of age
(Patel and Lee, 2005; Stephens et al, 2007).
Likewise, pneumococcal vaccine responses against
most of the serotypes is found to be reduced in
children aged 2 years. Talking about the adults, such
vaccines prove effective against the invasive
pneumococcal disease which can be attributed to the
serotypes of the vaccines, and also against meningitis
is implicated, but there is a lack of available data
(Moberley et al., 2013). Minute effect of the vaccine
constructed from the Hib polysaccharide on the
disease, particularly meningitis, was noted when this
vaccine was in routine use in the USA among children
who were older than 2 years despite of the fact
efficacy was documented (Wenger et al., 1991), might
be due to the small number of cases of Hib meningitis

in the people of this age (McIntyre et al., 2012).

Conjugate vaccines

Conjugate vaccines are dependent on T-cell, which
allow the memory B-cell to develop, subsequently
leading to anamnestic responses and their effect on
the carriage is one of the most important factors of
them (Kelly et al., 2004; Plotkin et al., 2008).

Hib conjugate vaccines

The very first conjugate vaccine that was
commercially available was constructed against Hib
(Chandran et al., 2005). Manufacturers made use of
the different proteins (the outer membrane protein of
serogroup B [OMP],
diphtheria toxin [CRM]
polysaccharide [PRP], diphtheria toxoid [D], and

tetanus toxoid [TT]) (Kelly et al., 2004;Chandran et

N. meningitidis mutant

conjugated to Hib

al., 2005). The vaccine constructed from PRP-OMP
showed antibody response after delivery of the first
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dosage proving a crucial advantage in the settings
where there was the occurrence of Hib in the early
phases of life. Other conjugates of Hib (PRP-CRM,
PRP-D, and PRP-T) needed two or sometimes three
doses of vaccines to achieve such an antibody
response (Capeding et al, 1998; Chandran et al,
2005). Pneumococcal and Hib conjugate vaccines are
provided to infants in a series of three to four doses
(McIntyre et al., 2012), but children of an older age
need fewer doses. This vaccine has proved useful in
causing a reduction of Hib infection incidence in the
childhood population that was susceptible (van de
Beek et al., 2016).

Pneumococcal conjugate vaccines

The first conjugate vaccine constructed against
pneumococcal infection was PCV which, as a protein
carrier, made use of CRM and in 2000, it was licensed
as well as recommended in the USA to be used
routinely. All the seven serotypes that were
commonest and caused invasive disease (18C, 23F, 4,
9V, 19F, 6B, 14) were included in that. Some other
vaccines where conjugates were 13, 11, 10 or 9
(serotypes included were 194, 5, 1, 3, 7F, 6A) have
been researched, with 13-valent products and 10-
valent  products acquiring licensure.  The
immunogenicity of these products varies by the
serotype, consequent administration of the vaccine,
population under study, and number of doses (Kayhty
et al.,, 2008). Some of the policies for the national
immunization have a recommendation that
pneumococcal vaccines in adults be done as they are
present at a higher risk of pneumococcal infection
owing to their immunocompromised makeup, chronic
ailments like sickle cell anemia, or older age (Adriani
et al., 2013). The 13-valent vaccine constructs caused
prevention of the invasive pneumococcal disease as
well as pneumonia resulting from the serotypes that
were covered in a mass clinical trial conducted on a
population belonging to the elderly age group (Bonten
et al., 2015). Since 1983, a 23-valent polysaccharide
vaccine against pneumococcal infection has been
available and is recommended for people of adult age,
even though there is availability and licensure of the

13-valent conjugate vaccine for adults as well as the
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recommendation for its usage in adults equal to or
greater than 65 years of age in the USA (Kobayashi et
al,, 2015).

Meningococcal vaccines

There are 12 known serotypes of the meningococci,
but vaccines are available only against W, B, A, Y and
C, either in the single targeting serotype versions (B,
A or C) or in the form of multiple (A/C/Y/W, A/C or
A/C/Y) targeting serotypes (Ladhani et al, 2016).
Vaccine  conjugate  containing  serotype C
polysaccharide in combination with the CRM was the
first ever conjugate vaccine against meningococci;
consequently, TT conjugates as well as serotype Y,
W135, and A conjugates have already been developed
(Khatami and Pollard, 2010). The use of the conjugate
vaccine is done routinely for the prevention of
diseases, whereas for controlling epidemics or
outbreaks, both polysaccharides and conjugate
versions of the vaccines are used. Vaccination of the
individuals higher at risk (like, those present with
complement deficiencies or asplenia) is a common
practice, but there are variations when it comes to the
universal policies for the vaccination among the
countries. In the UK, since 1998, there has been the
implementation of the serotype C vaccine in the
regions of Wales and England, but in 2015 serotype B
vaccination was implemented. In this programme,
there was routine administration of both serotype C
and B vaccines in the infants, whereas all the
teenagers received a booster dosage of A/C/Y/W
conjugate vaccine construct (Ladhani et al., 2016). In
the USA, the overall rate of meningococcal disease is
low in the general population but a bit higher in both
young adults and adolescents, the recommendation
has been given regarding the administration of the 4-
valent W, A, C and B serotype targeting vaccine in the
children aged 11-12 years whereas a booster dosage be
administered at 16 years; a less-restrictive
recommendation for serotype B vaccine usage has
been proposed in a recently given policy, stating that
use of the vaccine might be done for the individuals
with ages between 16 to 23 years in whom the risk of
the meningococcal disease is high (MacNeil et al.,

2015). MenAfriVac (Serum Institute of India Pvt. Ltd,
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Pune, India), a monovalent construct of serotype A
conjugate vaccine particularly developed from an
economic point of view to be used in settings where
there is low income. It was introduced first time in
Burkina Faso in 2010. There is a recommendation of
the WHO that MenAfriVac has a target range for
individuals aged from 1 to 29 years in all the countries
coming under the meningitis belt, as well as
establishing routine programmes for the vaccination
for children aged 9 to 18 months (Meningococcal,
2015). Early obtained reports on control of serotype A

vaccines are very promising (Daugla et al., 2014).

Trials of vaccine efficacy

The interplay between the immunogenicity of the
vaccine and the epidemiology of the disease was
highlighted by trials of the first two developed Hib
conjugate vaccines, which made use of PRP-D in
settings that differed very much. In Finland, Efficacy
showed by the PRP-D was 94% (CI 83 lower 95%)
(Eskola et al., 1990), whereas in the state of Alaska,
USA, where the incidence of Hib was higher and the
peak of it was observed in the initial 6 months
compared to the second year of life, the efficacy of the
vaccine was noted to be 35% (—233%) (Ward et al.,
1990). A contrasting observation was made when
researchers made an assessment of the PRP-OMP in
the infants of Navajo in who occurrence of Hib
disease was predominant in the initial few months
(Coulehan et al., 1984), similar to the Alaska Native
infant population as well as the aboriginal infant
population of Australia, and Efficacy was noted to be
95% (72%) after administration of two doses as well
as protective following one dose (CI for one individual

dose 45% lower 95%) (Santosham et al., 1991).

Trails of the 7-valent PCV with the schedule of four
doses were carried out in the state of California, USA
(Black et al., 2000), as well as also in infants of the
Navajo population (O'Brien et al., 2003), where there
is a greater diversity of the serotypes as well as higher
incidence compared to the general infant population
of the USA. It was shown by these trials that there
was higher efficacy of 94% against the serotypes of
the vaccine (Black et al., 2000) and 83% (O'Brien et
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al., 2003), respectively.

Trials of the 9-valent vaccine administered in the
schedule of 3 primary doses at 6 weeks, 10 weeks and
14 weeks of the being born as per the
recommendations of the Expanded Programme on
Immunization in the regions of Gambia and South
Africa demonstrated similar results of efficacy against
the serotypes of the vaccine, with the exception of
children infected with HIV. Efficacy against all of the
serotypes of meningitis or sepsis in the trials
conducted was less compared to what was noted in
the studies conducted in the USA due to the higher
baseline incidence of the disease by non-vaccine
serotypes (Klugman et al., 2003; Cutts et al., 2005).
In spite of these findings, The Gambia has high
mortality rates and administration of the vaccine
caused 16% (CI 3-28 95%) reduction in the all-cause
mortality (Cutts et al., 2005).

None of the conjugate vaccines against the
meningococcal have been subjected to test in the
randomized control trials with the disease endpoints
as it was not thought justified in the context that
immunological correlates of the protection can
predict the effectiveness of the vaccine reliably
(Khatami and Pollard, 2010). Efficacy of the vaccine
against meningitis caused by the meningococci is,
thus, deduced from the studies conducted on the
effectiveness following the licensure, where observed
results of multiple studies showed a significant effect
of the vaccine (Campbell et al., 2009; Galloway et al.,
2009; Plotkin et al, 2009; Miller et al., 2011;
Halperin et al., 2012; Kaaijk et al., 2012).

Chemoprophylaxis

In various situations, antimicrobial
chemoprophylaxis is indicated to prevent infection
spread from patients with meningitis involving H.
influenzae or N. meningitidis (Cohn et al., 2013;

Briere et al., 2014 ).

There is an indication for chemoprophylaxis for
infection caused by N. meningitidis where there is a

close contact, described as at >3 feet distance (close
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proximity) and for greater than 8 hours (prolonged
contact), or for any person getting exposed to the oral
secretions of the patient in seven days prior to the
onset of symptoms. Therefore, meningococcal
chemoprophylaxis might be used for the contact of
child-care, household members, or anyone getting
directly exposed to the oral secretions of the patients
through activities for example mouth to mouth
resuscitation,  kissing, management of the
endotracheal tube or endotracheal intubation. For N.
should be

administered at the earliest possible and within 24

meningitidis, the chemoprophylaxis
hrs., ideally after identifying the index patient.
Administration of prophylaxis is not recommended
after 14 days of exposure as it has been observed not
to pose any benefit after 14 days (Cohn et al., 2013).

Regarding H. influenzae type b chemoprophylaxis, it
is recommended for all contacts of household in
households with partially vaccinated individuals who
are younger than 4 years of age, for any household
contact who is immunocompromised and younger
than 18 years of age (regardless of immunization
status) and for all child-care providers and attendees
when there are children whose vaccination is not
completed yet and there are 2 or greater than 2 cases
of invasive infection reported to have occurred in

previous 60 days (Briere et al., 2014).

Prevention of bacterial meningitis

Preventing infectious diseases at the level of
individual people or level community is achievable via
different methods. Mainly, a reduction in the risk of
acquiring bacterial meningitis can be achieved either
by minimizing the occurrence of the pathogens
responsible for it or by boosting the defense
mechanism of that particular individual against that

specific disease.

The task of diminishing the bacterial occurrence
responsible for meningitis within the community is
hard. Chiefly, such bacteria sometimes are part of the
normal Dbacterial flora of humans, or their
colonization takes place without resulting in infection
(Mace, 2008; Kim, 2010;). Three of the most

commonly found bacteria that cause meningitis are

2022

N. meningitidis, S. pneumoniae, and H. influenzae,
whereas all of these bacteria show colonization of the
upper respiratory tract (URT) epithelium (Grief,
2013). Even though there is the possibility of
eliminating it by the use of antibiotics in case of local
outbreaks inside restricted groups, this option
becomes useless at the level of community, while also
being not an option when it comes to the treatment of
H. Influenzae or S. pneumoniae (Cuevas and Hart,
1993; Fraser et al., 2005). Vaccination is the only
viable option when it comes to reducing occurrence at
the level of the community. Meningococcal
vaccination has been demonstrated to cause a
reduction by 18% to 100% when talking about
nasopharyngeal carriage and swift serotype
replacement has been seen in nasopharyngeal
carriage upon pneumococcal vaccine administration
in the children who got vaccinated compared to their
siblings who did not get vaccinated (Vergison, 2008;

Balmer et al., 2018).

Providing hindrance in the way of transmission is
usually a preventive measure of importance for the
reduction of infectious diseases that are contagious.
Some of the strategies are particular hygiene
protocols, isolation, social distancing, and many
others (Rashid et al., 2015; Smith et al., 2015; Baseler
et al., 2017). This proves viable in larger gatherings
where there is a higher risk of meningococcal
meningitis outbreaks. Nonetheless, there is usually no
deployment of such strategies because these
pathogens have widespread colonization inside the
community (Mace, 2008; Kim, 2010; Grief, 2013;

Yezli et al., 2018).

Lastly, the option that remains is strengthening the
defense of individuals to fight off the infections.
Despondently, strengthening the physical barriers can
be done only by repair of the defects that occur rarely
and cause leakage of the cerebrospinal fluid (Wang et
al., 2005; Daudia et al., 2007; Phang et al., 2016;
Englhard et al., 2018; Wang et al., 2019) and there is
no way the leads to the improvement of the blood-
brain barrier (Dando et al., 2014; Serlin et al., 2015;

Mazurek et al., 2017 ). Thus, the only strategy that
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remains feasible in such conditions is that the
immune system should be strengthened. In an
isolated event, this is achievable via starting
immunoglobulin treatments in the child who is
primarily immunodeficient or by optimization of the
illnesses that were pre-existing in children who are
secondary immunodeficient (Yusuf et al, 1999;
Chinen and Shearer, 2010; Goldacre et al., 2014;
Sankar et al.,, 2015; Amaya-Uribe et al., 2019). It is
important that determinants of health, like reduction
in the rate of smoking in patients or increasing
breastfeeding in infants to strengthen immunity, be
addressed at the level of the community. But, infant
vaccinations still remain the best stratagem against
the risk of bacterial meningitis and several other
severe infections at the level of community (Doherty

et al., 2016).
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