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Bacterial meningitis is still considered serious life-threatening disease in spite of the decline in the
morbidity and mortality in the last decade. The expeditious diagnosis of the disease, a prompt empiric
antibiotic treatment and the proper adjunctive therapy are corner stones for the successful
management of the disease. The objective of this review is to provide the health care professionals with
an update of reference for bacterial meningitis diagnosis and treatment. In addition, the various types of
vaccines and the empiric chemoprophylaxis treatment are reviewed.

Key words: Neisseria meningitides, cerebrospinal fluid (CSF) examination, polymerase chain reaction,

chemoprophylaxis.

INTRODUCTION

Meningitis is an inflammatory disease of the meninges
membranes that cover the brain and spinal cord. The
inflammation and swelling may extend through the
membranes of the pia mater, arachnoid or subarachnoid
(Mace, 2008). Meningitis can be classified into infectious
and noninfectious disease. Noninfectious meningitis can
emerge from administration of certain drugs such as non-
steroidal anti-inflammatory drugs, immunoglobulins or
some antibiotics. It can also develop from diseases like
sarcoidosis and neoplastic meningitis. Infectious
meningitis can be further sub-divided to non-bacterial and
bacterial (pyogenic) meningitis. Non-bacterial meningitis
is typically caused by viral or fungal infections (Mace,
2008). Bacterial meningitis is characterized by the sig-
nificant polymorph nuclear changes in the cerebrospinal
fluid (CSF). This review focuses only on acute bacterial

meningitis; the common causes and effective methods of
management.

EPIDEMIOLOGY

The introduction of conjugate vaccines and the prophy-
lactic antibiotic treatment during pregnancy caused a
change in the epidemiology of bacterial meningitis
(Brouwer et al., 2010; World Health Organization (WHO),
2010). In spite of the advances in medical care with the
introduction and widespread use of antibiotics, meningitis
still has high morbidity and mortality rates. According to
WHO, the incidence of bacterial meningitis is exceeding
1.2 million cases each year worldwide (WHO, 1988). In
Saudi Arabia, bacterial meningitis epidemics usually occur
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usually occur after Al Hajj and Omrah seasons. Al
Mazrou et al. (2004) evaluated the patterns of the
disease in a retrospective study (1999 to 2002) and found
that 58% of the cases were among local population and
48% of it was reported at the holy areas of Makkah and
Al Madinah.

In the United States, the incidence of meningitis was
decreased to 1.38 cases in 2006 to 2007 in exchange for
two out of every hundred thousand people in 1998 to
1999 (Thigpen et al., 2011). However, the attack rates
are very age-specific with a higher extent among
newborn infants and elderly. The attack rates for newborn
infants are in the range of 400 cases per 100,000 in
exchange for 20 per 100,000 in older infants (< 2 years)
while this reduces to only 1 to 2 per 100,000 in adults
(Loring, 2004). Furthermore, males are affected slightly
more than females. The incidence and
the proportion of deaths among bacterial meningitis
diagnosed cases are dependent on area and country, the
causative micro-organism and age (Centre for Disease
Control (CDC), 2013). The reported mortality rate of
meningitis ranges from 3 to 33%. Major of mortality
predictors include over-60-age, immunocompromised
status, low Glasgow coma scale score and infection with
Gram negative bacteria. The common morbidity asso-
ciated with meningitis typically encompasses neurological
sequelae, such as hearing loss, mental disability or
weakness of a limb (Tang et al., 1999; Rosenstein et al.,
2001).

ETIOLOGY

The causes of acute bacterial meningitis are dependent
on age and the clinical setting under which the infection
occurs. Infection with Haemophilus influenzae,
Streptococcus pneumoniae, Neisseria meningitidis, group
B streptococcus (Streptococcus agalactiae) or Listeria
monocytogenes is considered responsible for more than
80% of cases of bacterial meningitis (Porto, 2012). The
existing underlying disease states together with a
patient's age highly influence the etiology of the disease.
Table 1 shows the common bacterial pathogens
according to age and Table 2 shows a list of causative
microorganisms and their common host characteristics.

PREDISPOSING FACTORS

Predisposing factors for meningitis include head trauma,
immunosuppression, central nervous shunts, cerebro-
spinal fluid fistula/leak, neurological patients, alcoholism,
sinusitis, otitis media, pharyngitis, bacterial pneumonia,
splenectomized patients, sickle cell disease and
congenital defects. Risk factors for meningitis can be
summarized as follows:

1. Age (Geiseler et al., 1980): (extremes of age: elderly
(age > 60 years); young children (age < 5 years),
especially infants (age < 2years/newborns).

2. Demographic/socioeconomic (Choi, 1992; Chaves-
Bueno and McCrcken, 2005): (male gender, African
American ethnicity, poor populations, crowding (military
recruits and crowded dormitories).

3. Exposure to pathogens (Mace, 2008): recent
colonization, (household/close contact with meningitis
patient), contiguous infection: sinusitis, mastoiditis, otitis
media or bacterial endocarditis, intravenous drug abuse
or dural defect: status post neurosurgery, central nervous

system (CNS) trauma, congenital defect,
ventriculoperitoneal shunt, other CNS devices or cochlear
implants).

4. Immuno-compromizing factors (Geiseler et al., 1980;
Schutze et al.,, 2002): Post splenectomy, hematologic
disorders such as sickle cell disease or thalassemia
major, malignancy, diabetes, alcoholism/cirrhosis or HIV.
5. Drugs (Porto, 2012): Nonsteroidal anti-inflammatory
drugs (NSAIDs), trimethoprim-sulfamethoxazole or
immunosuppressive drugs.

6. Disease (Porto, 2012): Systemic lupus erythematosus.

CLINICAL PRESENTATION

Clinical manifestations are nonspecific and vary
depending upon the patient's age. The classic triad of
symptoms in meningitis in adults includes fever, stiff neck
and altered mental status. Approximately 44% of cases
present with this classic triad. The majority of patients
show at least two of the following four symptoms: fever,
headache, neck stiffness and altered mental status
(Tunkel et al., 2009; van de Beek et al., 2004). Positive
Kernig's and Brudzinski's signs of meningeal irritation
may be also seen in a number of patients. Other symp-
toms such as nausea, vomiting, cardiorespiratory arrest,
focal CNS signs, photalgia and seizures may frequently
occur (Tunkel et al., 2009; Bamberger, 2010). In new-
borns and infants, the common symptoms include fever,
poor feeding, vomiting, lethargy, diarrhea and sometimes
apnea. They can be limited to temperature instability and
the presence of bulging fontanel in newborns (Tunkel et
al., 2009). In older children, in addition, photalgia and
mental disorder may occur. Sometimes the symptoms
may be limited to only seizures especially in pediatric
patients with pneumococcal meningitis. In Neisseria-
caused-meningitis, rash and petechiae are common in
more than half of the cases (Tunkel et al., 2009). For
elderly and immunocompromised patients, signs may be
masked with the common age- or immunodeficiency-rela-
ted symptoms. Such groups of patients can present with
lethargy and mental disorder as the common early signs
(Tunkel et al.,, 2009). Other symptoms such as
headaches, photalgia, seizures, rash, nausea and vomiting



Table 1. Common bacterial meningitis pathogens in different age groups.
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Age/predisposing factor  Pathogens

Less common organisms

Newborns (<1 month)
1-3 months

3 months-50 years
More than 50 years

Pneumonia, N. meningitides

Group B streptococcus (S. agalactie), E. coli, L. monocytogenes
Group B streptococcus (S. agalactie), E. coli, L. monocytogenes, S. pneumonia, N. meningitides, H. influenza

Pneumonia, N. meningitides, L. monocytogenes, gram-negative bacilli

L. monocytogenes, Herpes simplex, type 2

Viruses

E. coli, Viruses

L. monocytogenes; aerobic, Gram-negative bacilli, viruses

Source: Mace (2008).

are also seen. Physical examination may reveal
signs of meningeal irritation, stiff neck and positive
Kernig and Brudzinski signs.

DIAGNOSIS

Combining the laboratory tests together with the
investigational local meningeal irritation signs,
confirmed by physical examination and the
patient’s medical history can confirm the diagnosis
of acute bacterial meningitis; however, the key
factor remains the CSF examination. When
meningitis is suspected, patients’ CSF should be
examined after collection by a lumbar puncture
(LP) unless uncorrected coagulopathy or cases
known to cause elevated intracranial pressure are
present. The high intracranial cases include
seizure, focal neurologic deficits and/or head trau-
ma. The presence of cardiopulmonary instability is
considered another contraindication for LP, and in
such cases brain imaging is often recommended
(Tunkel et al, 2004; Chavez-Bueno and
McCracken Jr., 2005). CSF analysis should
highlight differential white blood cell counts and
the level of protein and glucose. Gram stain and
culture should be performed to confirm the
presence and to deter-mine the type of bacterial
infection. In bacterial meningitis, CSF analysis
findings include: high white blood cell (WBC) with

values exceeding 1,000 cells/mm?® with predomi-
nance of neutrophils, high CSF protein (> 100
mg/dl) and low CSF glucose (usually < 40 mg/dl)
due to the inflammatory process. Table 3 pro-
vides a summary of the findings. Normal or near
normal findings may be seen in young children,
immunocompromized and partially treated
patients (Fraser et al., 1947). Determination of the
causative microorganism allows for the selection
of the most effective treatment. Gram staining of
CSF is recommended as a fast, inexpensive and
accurate tool to determine the bacterial etiology
since CSF cultures can take up to 48 h. Positive
gram stain is reported in 60 to 80% of untreated
cases of bacterial meningitis and in 40 to 60% of
partially treated cases. The sensitivity according
to the causative organism varies from 90% for
pneumococcal- or  staphylococcal caused
meningitis to less than 50% in Listeria-caused
meningitis (Seehusen et al., 2003).

Polymerase chain reaction (PCR) and latex
agglutination test may be applied to confirm a
diagnosis of bacterial meningitis when negative
culture results are obtained in patients with prior
antibiotic treatment as it does not depend on the
presence of viable bacteria.

Agglutination test should not be used alone as it
is not sensitive to N. meningitidis (Hall et al.,
1995). Serum procalcitonin and C-reactive protein
can be useful to give a primary indication of bacterial

infection though they lack bacterial species speci-
ficity. They are beneficial for differential diagnosis
of bacterial and viral meningitis (Brouwer et al.,
2010).

MANAGEMENT

Patients suspected of having meningitis must be
diligently cared for. Meningitis management
involves fast and appropriate diagnosis, antimicro-
bial therapy, adjunctive and supportive therapy,
chemoprophylaxis for contacts and vaccination for
prevention. Table 4 represents the recommenda-
tions for empirical therapy by age group and
specific risk factor. In addition, a list of common
bacterial meningitis organisms is presented in
Table 5.

ANTIMICROBIAL THERAPY

Often, the selection of antimicrobial agents is
based on a variety of factors which include: (a)
patients age; (b) clinical setting; (c) presumed im-
mune status; (d) CSF count; (e) ability to achieve
concentration in the CSF above the minimum
inhibitory concentration; (f) gram stain; (g) culture
and sensitivity of CSF and blood isolate. The
choice of the antimicrobial agent should be made
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Table 2. Microorganisms and common host characteristics.

Organism

Common host characteristic

Streptococcus pneumoniae
Neisseria meningitides
Hemophillusinfluenzae
Listeria monocytogenes
Streptococcus agalactiae

Normal; could be impaired
Normal
Normal

Normal (infants), often immunocompromised in older adults
Colonization during delivery (infants). Gastrointestinal source of bacteremia (older adults)

Source: Bleck, (2013).

Table 3. Common CSF findings in acute meningitis.

Finding Viral Bacterial
WBC (Cells/mm®) 100-1,000 >1,000
Neutrophils (%) 20-40 280
Glucose (mg/dl) Normal <40
Blood/CSF ratio Normal <0.4
Protein (mg/dl) Normal >100
Positive Gram stain NA 60%-95%
Positive culture NA >95%
Lymphocyte predominance Yes NA

Polymerase chain reaction  Enterovirus, Herpesvirus

Under investigation for pneumonia, N. meningitides and H. influenza

Source: Porto (2012).

with as much information as possible but treatment
should not be delayed while waiting for test results
(Brouwer et al., 2012; van de Beek et al., 2012). As soon
as the microorganism has been identified, and its in vitro
susceptibilities known, a modification of therapy may be
applied if necessary. Table 6 summarizes the recommen-
ded antimicrobial therapy for each pathogen-specific
acute meningitis. The blood brain barrier (BBB) charac-
teristics and the physicochemical properties of the anti-
microbial agent such as logP and pKa are considered the
most critical factors affecting adequate CSF concen-
trations (Sinner and Tunkel, 2004; Nau et al., 2010).

CSF penetration

The first determinant in the ability of the drug to treat
bacterial meningitis effectively is its ability to cross BBB.
The CSF has a unique environment and as a result has
different pharmacokinetic parameters than in other areas
of the body. Generally, antimicrobial agents are not signi-
ficantly metabolized in the CSF and because of that,
concentrations of most drugs primarily depend on pene-
tration and elimination through the BBB that is affected by
the following factors (Andes and Craig, 1999):

Lipid solubility: Lipophilic agents, such as the fluoro-
quinolones, chloramphenicol, rifampin and sulfonamides
are able to enter the CSF via passive diffusion which allows

them to reach peak CSF concentrations more rapidly,
maintain adequate CSF concentrations and reach CSF
half-lives similar to those in serum, regardless of the pre-
sence or absence of meningeal inflammation. In contrast
to hydrophilic agents, such as -lactams and
vancomycin, these depend on the opening of tight
junctions for entry and as a result have poor penetration
and delayed onset of peak CSF concentrations (Lutsar et
al., 1998; Chowdhury and Tunkel, 2000; Sinner and
Tunkel, 2004).

Molecular weight: Fluoroquinolones and rifampin have
low molecular weights and simple structures, which result
in a better CSF penetration compared with larger
compounds with more complex structures, such as
vancomycin (Lutsar et al., 1998; Chowdhury and Tunkel,
2000; Sinner and Tunkel, 2004).

lonization: Drugs with high ionization have poor CSF
penetration. In bacterial meningitis, the pH of CSF is
lower than that of plasma, so drugs such as B-lactam
antibiotics which are weak acids and highly ionized in the
physiologic pH of plasma have poor penetration into the
CSF and tend to pass from the CSF into the plasma
instead of in the reverse direction (Lutsar et al., 1998;
Chowdhury and Tunkel, 2000; Sinner and Tunkel, 2004).

Protein binding: Only unbound fractions of antimicro-
bials enter the CSF; a high degree of protein binding in the



Table 4. Recommendations for empiric therapy by age group and specific risk factors.
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Age-Group

Therapy

Neonate<1 month

Infant (1-23 months)

Pediatric and adult (2 to 50 years)
Elderly (>50 years)

Penetrating head trauma, post neurosurgery or cerebrospinal fluid shunt

Skull Fracture

Ampicillin plus aminoglycoside or ampicillin plus cefotaxime

Third-generation cephalosporin (cefotaxime or ceftriaxone) plus vancomycin
Third-generation cephalosporin (cefotaxime or ceftriaxone) plus vancomycin

Third —generation cephalosporin (cefotaxime or ceftriaxone) plus ampicillin plus vancomycin

Vancomycin plus cefepime or ceftazidime or meropenem
Vancomycin+ ceftriaxone or cefotaxime

Table 5. Common bacterial meningitis organisms.

Organism Age

Risk factors

Proportion of cases

Case fatality

S. pneumoniae All ages

Aged 11 to 17 years

N. meningitidis and younger adults

L. monocytogenes Neonates and adults

Children and adults
Neonates

H. influenzae
Group B streptococcus

Gram-negative rods (E.

Adul
coli, K. pneumoniae ) dults

Immunoglobulin alternative complement deficiency,
asplenia, alcoholism

Multiperson dwellings, travel to Sub Saharan Africa

Cell-mediated immunodeficiencies (e.g. steroids, HIV,
alcoholism), newborns

Newborns
86% of cases are in patients aged G2 months

Nosocomial infection; only 3% from community

33% of all nosocomial

17.9%; higher if

S7% immunocompromised
7% 10%
4% 18%
6% %
17% 1%

35% nosocomial; 25%

meningitis community acquired

Source: Bartt (2012).

binding in the serum (for example, with
ceftriaxone) limits the degree of CSF penetration
(Lutsar et al., 1998; Chowdhury and Tunkel, 2000;
Sinner and Tunkel, 2004).

Mode of administration

Mode of administration of the drug can be by in-

termittent or continuous intravenous administration.
The standard clinical practice of intermittent
administration usually leads to higher peak CSF
concentrations but may not maintain concentra-
tions above the minimal bactericidal concentration
(MBC) for the entire dosing interval. In contrast,
continuous infusion administration maintains con-
centrations above the MBC during nearly 100% of
the dosing interval, although a lower peak CSF

concentration is attained (Sinner and Tunkel,
2004). The mode of administration has been a
concept of considerable debate but fewer clinical
failures were seen in infections treated with con-
tinuous intravenous infusion of antibiotics that act
by time-dependent killing (for example, B-lactams)
and even with aminoglycosides that exhibit
concentration-dependent killing (Kasiakou et al.,
2005).
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Table 6. Recommendations for antimicrobial therapy for pathogen-specific acute meningitis.

Microorganism First choice

Alternative agents

S. pneumonia
Neisseria meningitides
GBS (S. agalactiae)
Listeria monocytogenes
Haemophilusinfluenzae

Ceftriaxone or cefotaxime

Ceftiaxone or cefotaxime

S. aurues
Methicillin-sensitive
Ampicillin-resistant
Vancomycin resistant

Ampicillin+gentamicin
Vancomycin+/-rifampin
linezolid

P. aeruginosa

Vancomycin plus ceftriaxone or cefotaxime

Ampicillin or penicillin G+/-aminoglycoside
Ampicillin or penicillin G+/-aminoglycoside

Ceftazidime or cefepime +/- aminoglycoside

Meropenem, fluoroquinolone

Penicillin G, ampicillin, fluoroquinolones, aztreonam
Cefotaxime or ceftriaxone

meropenem

Chloramphenicol, cefipime, meropenem, fluoroquinolone

NA
NA
NA

Azteronam, fluoroquinolone, meropenem-+/-
aminoglycoside

Source: Bartt (2012).

Table 7. Recommended doses for certain antibiotics.

Antibiotic IV Dosage (children) IV Dosage (adult)

Amikacin 20-30 mg/kg/day + every 8 h 15 mg/kg/day + every 8 h
Ampicillin 200-400 mg/kg/day + every 6 h 12g+every4h

Cefepime 150 mg/kg/day + every 8 h. 6g+every8h

Cefotaxime 225-300 mg/kg/day + every 6-8 h 8-12+gevery4-6 h
Ceftazidime 150 mg/kg/day + every 8 h 6g+every8h

Ceftriaxone 100 mg/kg/day + every 12 h 4 g+every12-24 h
Ciprofloxacin NA 800 - 1200 mg + every 8-12 h
Gentamicin 7.5 mg/kg/day + every 8 h 5 mg/kg/day + every 8 h
Meropenem 120 mg/kg/day + every 8 h 6g=+every8h

Nafcillin 200mg/kg/day + every 6 h 9-120 g-every 4 h NOT sure of dosing here
Penicillin G 300,000 million unit/kg/day + g 4-6 h 24 million units every 4 h
Rifampin 10-20 mg/kg/day + q 12-24 h 600 mgqg24h

Tobramycin 7.5 mg/kg/day + every 8 h 5 mg/kg/day + every 8 h
Trimethoprim-Sulfamethoxazole 10-20 mg/kg/day + q 6-12 h 10-20 mg/kg/day q 6-12 h
Vancomycin 60 mg/kg/day +q 6 h 30-60 mg/kg/day g 8-12 h

Antimicrobial pharmacodynamics in CSF

Knowledge of the pharmacodynamic properties of
antimicrobials allows for appropriate optimization of
bactericidal drug concentrations (Lutsar et al., 1998;
Aronin, 2000). Bacterial killing is particularly important in
the CSF in which there is a decreased immune response
from relatively lower concentrations of antibody and
complement and inefficient phagocytosis. The recom-
mended doses for commonly used antibiotics are
included in Table 7. Antibiotics may exhibit either time-
dependent or concentration-dependent killing activities.
Time-dependent antimicrobial activity (demonstrated by
the B-lactam antibiotics and vancomycin) depends on the
time that the drug concentration in CSF is above the MBC

(T > MBC). An experimental study of cephalosporin-
resistant pneumococcal meningitis showed that the T >
MBC was the most important single determinant of
ceftriaxone efficacy and correlated best with the bacterial
kill rate supported by the direct linear relationship that
was found between T > MBC and the bacterial killing rate
(Lutsar et al, 1997). Aminoglycosides and
fluoroquinolones exhibit concentration-dependent Kkilling
(Ahmed et al., 1997; Rodriguez-Cerrato et al., 2001),
although fluoroquinolones, particularly trovafloxacin and
gatifloxacin have been shown to have features of time-
dependent killing in which the T > MBC was also
considered a factor in bacterial killing (Kim et al., 1997;
McCracken, 2000). The efficacy of concentration-depen-
dent killing depends on attaining high peak CSF meningitis
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Duration of therapy

Organism Recommended therapy Alternative therapy (days)
MIC< 0.1 mcg/ml: (a) Penicillin G 4 Million
Units IV g4h; (b) Ampicillin 2 g IVg4h MIC< 0.1 mcg/ml: (a) Third —generation cephalosporin or chloramphenicol MIC 0.1-1 mcg/ml; (b)
Cefepime or meropenem
Streptococcus pneumoniae MIC 0.1-1 m.cg/mI: () Third-generation 10-14
cephalosporin
) ) MIC > 2 MCG/ml: Fluoroquinolone
MIC>2 mcg/ml: (a) Vancomycin plus third-
generation cephalosporin
MIC 0.1-1 meg/ml: (a) Penicillin G 4 Million ) —— . . .
Units IV g4h: (b) Ampicillin 2 g IVgdh MIC 0.1-1 mcg/ml: Third —generation cephalosporin or chloramphenicol
Neisseria meningitidis 7
MIC 0.1-1 m_cg/ ml: Third-generation MIC 0.1-1 mcg/ml: Chloramphenicol, fluroquinolone, or meropenem
cephalosporin
Beta lactamase negative: Ampicillin2g IV Beta lactamase negative: Third —generation cephalosporin , cefepime, chloramphenicol or
gdh Fluoroquinolone
H. Influenzae 10-14
Beta Iactam_ase positive: Third-generation Beta lactamase positive: Cefepime, chloramphenicol or fluoroquinolone
cephalosporin
Streptococcus agalactiae Penicilin G 4 Million units IV g4h; Ampicilin Third —generation cephalosporin 14-21
2gm IVgdh
— Penicillin G 4 million Units IV g4h; . .
Listeria monocytogenes Ampicillin 2 g IVzh Trimethoprim- sulfamethoxazole or meropenem >21
syndrome. augmented by pressors and ventilation as output as well as serum electrolytes should be
required. Convulsions must be treated appro- continuously monitored (van de Beek et al., 2012).
priately. Fluid management must be adequately Dexamethasone has been found to prevent
ADJUNCTIVE TREATMENT addressed. Careful monitoring of the hydration sensorineural hearing loss after H. influenzae and

As with any severe infection, physiological support
is paramount while one is awaiting the effect of
the definitive therapy. Fluid and oxygenation are
keystones of supportive therapy and must be

status of the patient is critical as over hydration
can result in the possibility of associated cerebral
edema and increased intracranial pressure. As
improvement is noted (after 24 to 48 h), liberaliza-
tion of fluid intake may be allowed but intake and

pneumococcal meningitis without interfering with
antimicrobial therapy. It is recommended on
individual basis for children greater than 2 months
of age, with consideration of the benefit and possi-
ble risk when the diagnosis of bacterial meningitis
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Table 9. Empiric therapy for acute meningitis syndrome.

Source or syndrome

Common pathogens

Suggested empiric therapy

Community acquired
Adult or child
Neonate

Immunocompromised e.g. patients with HIV, asplenia,
alcoholism, cancer, or patients older than 60 years)

Adjunctive therapy (community-acquired disease unless
contraindicated)

Identified focus of infection

Maxillary sinusitis or otitis

Endocarditis

Nosocomial

Penetrating trauma or recent neurosurgical procedure (eg,
shunt)

Encephalitis (e.g., seizures, obtundation)

S. pneumonia, N. meningitides, L. monocytogenes, H. influenzae
Group B streptococcus: L. monocytogenes and S. pneumoniae

S. pneumonia, L. monocytogenes Aerobic gram-negative bacilli (eg,
Enterobacteriaceae family)

Streptococcus species, Gram-negative bacilli, Staphylococcus
aureus, Haemophilus species

Viridians streptococcus; S. aureus Streptococcus; bovis HACEK
group, Enterococci

Gram-negative bacilli, Staphylococci species

S. aureus and other species (especially
MRSA),Enterobacteriaceae family

Pseudomonas species

Herpes family (especially herpesvirus type 1)

Vancomycin + ceftriaxone
Ampicillin +cefotaxime or aminoglycoside

Vancomycin + ampicillin +extended-spectrum cephalosporin

Dexamethasone (before or with first dose of antibiotics)

Vancomycin +metronidazole + extended-spectrum cephalosporin

Vancomycin + extended-spectrum cephalosporin

Vancomycin +extended-spectrum cephalosporin

Vancomycin + metronidazole + extended-spectrum; Cephalosporinor
Vancomycin + meropenem

Acyclovir

Source: Bartt (2012).

is proven or highly suspected on the basis of CSF
analysis report, Gram stain or positive aggluti-
nation test results. It is preferable to start steroid
therapy as soon as diagnosis is made or at least
at the start of antimicrobial administration.

The practice guidelines of the Infectious
Diseases Society of America include the recom-
mendation of adjunctive use of dexamethasone
with the start of antibiotic treatment in patients

with suspected pneumococcal meningitis (Tunkel

PROPHYLAXIS

et al., 2004). The mode of administration is 10 to

20 min before or concomitantly with the first dose
a dose of

of an antibiotic. For children,

Chemoprophylaxis

dexamethasone 0.6 mg/kg/day intravenously In the case of H. influenzae or N. meningitidis,
divided into four doses is recommended for people in close contact including family, health
four days while 10 mg IV every 6 h is care professionals or school settings are

recommended for adults (van de Beek et al,

2012).

considered at high risk of contracting the disease.
Other types of bacterial meningitis including cases



caused by S. pneumoniae are considered to be less
transmissible to close contacts. A two-day rifampin
course of therapy is proved as the first-line regimen for
chemoprophylaxis (Lieberman et al, 1990). The
recommended dosage is 10 mg/kg every 12 h for children
older than 1 month or 600 mg every 12 h for adults. Other
option includes the use of single dose 500 to 750 mg
ciprofloxacin or a single dose of ceftriaxone at a dose of
125 mg in children or 250 mg in adults given intramus-
cular (Darouiche et al., 1990; Schaad et al., 1995).

Vaccines

There are currently three vaccines available that target
the most common bacterial causes of meningitis: S.
pneumoniae, H. influenzae. These microorganisms are
largely human pathogens, contain a polysaccharide
capsule as the main virulence determinant of and that
capsular types associated with meningitis are only a
small subset of those that colonize the nasopharynx,
these similarities are important for vaccine development
(Mcintyre et al., 2012). H. influenzae vaccine is available
as a single antigen conjugate vaccine and in combination
with other vaccines. Despite the type of vaccine, the
recommended dose is to be given at 2, 4 and 6 months
or at 2 and 4 months. Pneumococcal vaccine can be
classified as a pneumococcal conjugate vaccine (PCV) or
a pneumococcal polysaccharide vaccine (PPSV).
Approved PCV include: the 7-valent (PCV-7), the 10-
valent (PCV-10) and the 13-valent (PCV-13). PCV is
recommended for all children with ages younger than 5
years. PCV-7 was approved by Food and Drug
Administration (FDA) in 2000 for use in infants and young
children. It consists of seven serotypes conjugated to a
carrier protein. These serotypes (which include 4, 6B, 9V,
18C, 19F, and 23F) have been found to be responsible
for about 82% of meningitis cases caused by
pneumococci and effective in reducing invasive infection
by 79% (Seppa, 2011). However, an increase in the
incidence of infection caused by other serotypes was
observed (for example, 19A), that led to the development
of the 10-valent and 13-valent pneumococcal conjugate
vaccine. In 2009, the European Commission gave
authorization for marketing of 10-valent PCV containing
serotypes 1, 5 and 7F in addition to all serotypes of PCV-
7. Shortly after that, the 13-valent was also introduced in
2010 (European Medicines Agency, 2013). This vaccine
covers an additional three serotypes (which are 3, 6A
and 19A). These 13 serotypes are responsible for 63% of
invasive pneumococcal cases in children less than 5
years and 5 to 6 years with underlying medical conditions
such as chronic lung disease, diabetes or heart disease.
The main disadvantages of the 23-valent pneumococcal
polysaccharide vaccine (PPSV23) are the inability to
induce immunologic memory and effect on nasopharyngeal
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carriage.

The CDC Advisory Committee on Immunization
Practices (ACIP) recommends the PPSV23 for children
aged = 2 years that have underlying medical conditions
after completing all recommended doses of PCV13. A
poster dose of PPSV23 given 5 years after the first dose
is recommended for children with anatomic or functional
asplenia. PPSV23 is also recommended for elderly
subjects only if it is proved that they did not receive
pneumococcal vaccination at least in the last five years.
High risk populations such as subjects with chronic
pulmonary or cardiovascular diseases, diabetes and/or
immunodeficiency, in addition to nursing home residents
and smokers, should be considered for PPSV23 vaccine.

Meningococcal vaccines are active against many
strains of N. meningitidis. Immunization against
meningococcal is not warranted as post exposure
prophylaxis unless the strain is documented to have a
capsular serotype represented in the vaccines (type A, B,
C, Y or W-135). A marked reduction in H. influenzae
meningitis has been associated with the use of H.
influenzae vaccine directed against the type b capsular
polysaccharide of this organism in children in developed
countries since 1987.

Conclusion

Bacterial meningitis continues to carry high morbidity and
mortality rates. Awareness of appropriate empiric and
directed antimicrobial therapy regimens may help to
lower the morbidity and mortality rates. Vaccinations,
dexamethasone and chemoprophylaxis should be used
judiciously in the appropriate patient population to provide
the best patient care.
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