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Abstract

Context: Military personnel and recruits are generally a high-risk group for meningococcal disease, with a reported incidence of
four to ten times greater than that of the general population. Unlike progresses in medicine, bacterial meningitis is still recognized
as a medical emergency, which necessitates immediate actions for the definitive diagnosis and subsequently proper antimicrobial
regimen. The mortality and morbidity rate are still high even with proper therapeutics and diagnosed cases, if left unattended, can
reach 100% mortality. Epidemics with certain pathogens, especially N. meningitidis, might result in grave situations in public health
levels in crowded places, namely military bases and camps, and this necessitates proper precautionary actions. Various vaccines
have been introduced to control outbreaks in the public health context.
Evidence Acquisition: In this review article, 45 related literatures regarding the “acute bacterial meningitis” were studied search-
ing the Internet using Medical data bases such as PubMed and Google Scholar, using the keyword of acute bacterial meningitis.
Results: Due to high morbidity and mortality rate, providing accurate, detailed, and citable information is vital, especially, concern-
ing the etiology and persons at highest risk to guarantee and ensure public health and appropriate management.
Conclusions: Despite a decrease in morbidity and mortality in the recent years, it is still one of the fatal diseases of the world.
However, a definitive diagnosis, prompt therapeutic strategy, decent adjunctive treatment, and vaccinations can all have positive
influences in the context of the best patient care.

Keywords: Military Personnel and Recruits, Military Medicine, Meningococcal Disease, Bacterial Meningitis, Diagnosis, Prevention
and Control, Mortality and Morbidity

1. Context

Infectious diseases occur worldwide and have tremen-
dous effects on armed forces and warfare (1, 2). Thus, it is
not surprising that military personnel have often been car-
riers and vectors of life-threatening diseases and affected
with pathogenic microorganisms, residing in quarters un-
der the poor hygienic conditions in the battlefield.

Often, military campaigns’ results are determined
by health situations than military arrangements (3).
Throughout history there have been deaths in the armed
forces engaging in battles mostly due to infectious dis-
eases than direct combat injuries, including World War I
with the pneumonia and influenza epidemics (4, 5), World
War two with malaria epidemic (6), and the Korean War
with haemorrhagic fever (7, 8).

Even during peace, infectious diseases might spread
easily in military camps and bases and result in large-scale
epidemics. Therefore given the importance of military
units in each country, these outbreaks could potentially af-
fect the military power of that country, having more ripple
effects on military personnel than on civilians.

Furthermore, after the Cold War, warfare has been
transformed from classic wars to military operations,
which are regional, quicker, and equal with “complex op-
erations” (3). Military personnel might be deployed or set-
tled abroad for long periods, e.g. for special training or ma-
noeuvers, with frequent contact with the local people, vec-
tors, and sources that pose serious risks of diseases that are
not endemic on their own homeland. Besides, surveillance
of evolving diseases (e.g. Influenza and Zika virus) and po-
tential bio-warfare pathogens (e.g. Small pox, Anthrax, and
Plague) has been both an interest and matter of security
(9).

Hence, the above-mentioned reasons imply the prior-
ity and necessity of military medicine, which has always
been closely associated with vaccination to control dis-
eases and keep military personnel at the best condition.
Vaccination is “a military way of life” in the armed forces
and all the personnel, both officers and enlisted, must be
vaccinated.

For about 250 years, the Armed Forces have employed
vaccines for protection against infections that can affect
troops during training and overseas deployment or be-
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cause of individual health status to allow them to complete
the missions. Among all these diseases, including but not
limited to are smallpox, typhoid fever, tetanus, influenza,
meningococcal disease, adenovirus, yellow fever, pneumo-
coccal disease, and anthrax against which nowadays there
are vaccines (Figure 1) (10).

One of the diseases, which has always and still been a
frequent companion of the armed forces is meningococcal
disease, caused mainly by the bacterium Neisseria menin-
gitis, and is associated particularly with outbreaks mostly
among personnel in military recruitments and training
camps and during mobilizations (12).

There have been many reports demonstrating the out-
break of meningococcal disease in the Armed forces of dif-
ferent countries, including, Greece (13), India (14), Korea
(15), Norway (16), Poland (17, 18), United Kingdom (19), and
United States (20-23), and consequently taking necessary
actions in the matter of prevention and vaccination.

2. Evidence Acquisition

A through, analytical, and comprehensive review was
conducted on all relevant reports, articles, statistics, and
guidelines using keywords of bacterial meningitis, menin-
gitis and meningococcal disease and searching on “Pub-
Med”, “Google Scholar”, and World Health Organization
(WHO) websites and over 40 studies were acquired and
necessary information was gathered. All the manuscripts
were written in English and it took one year to be com-
pleted.

3. Results

3.1. Background

Despite great progress in developing broad-spectrum
antibiotic therapy and health care, central nervous sys-
tem infectious diseases, such as acute bacterial meningi-
tis (ABM), are still considered life-threatening, especially in
developing countries with 500 000 deaths, annually (24).

Bacterial meningitis is recognized as one of the rea-
sons of mortality and morbidity in the world (25). How-
ever, mortality and morbidity rate can be influenced by
age, geographical area, and in a great extent causative
agents. Newborns and infants are at highest risk among
patients (especially in poor-developed countries) (26). In
developed countries, bacterial meningitis is an infrequent
illness, while in undeveloped nations it is considered as a
major infection (27).

Different factors contribute to fatality rate of ABM, in-
cluding severity of disease upon presentation, antibiotics
resistance to causative agents, and inadequate knowledge
of the disease (28). All the suspected cases are medical

emergency, thereby, necessary actions must be immedi-
ately done for definite diagnosis and empirical antimicro-
bial regiment. Even if the most proper treatment is ap-
plied, mortality and morbidity might still exceed 95% of
cases. There are common neurological sequelae in sur-
vivors (mostly in newborns and infants) (29, 30), especially
after pneumococcal meningitis (28). During the recent
years and with the profuse application of vaccines, a sig-
nificant decline in incidence was shown.

For the diagnosis of ABM, typical clinical symptoms
along with laboratory tests of cerebrospinal fluid (CSF)
(Gram’s stain, culture, antigen assay and molecular detec-
tion) for detecting the most common causative agents can
be employed (31).

Meningitis is classified to infectious and non-
infectious disease (Box 1). Some drugs, including non-
steroidal anti-inflammatory drugs, immunoglobulins,
antibiotics and diseases like sarcoidosis and neoplastic
meningitis are involved in the development of nonin-
fectious meningitis. Infectious meningitis is categorized
to non-bacterial and bacterial (pyogenic) meningitis.
Viral, fungal, tuberculous, recurrent and nosocomial
infections are all classified as non-bacterial meningitis
(25). Significant changes in CSF polymorph nuclear are
pathognomonic for bacterial meningitis.

As mentioned before, according to geographical area,
the prevalence and etiology of ABM can differ (26). Never-
theless, ABM is still recognized as a public health risk with
high morbidity and mortality rate, which in case of out-
break, could cause a serious economic problem for health
care organizations (33).

3.1.1. Epidemiology

The development of conjugate vaccines and prophy-
lactic antibiotics caused a great change in the epidemiol-
ogy of the disease (26, 28). Even with the administration
of broad-spectrum antibiotics, ABM still has a high fatal-
ity rate and its incidence even exceeds 1.2 million cases, an-
nually, worldwide (28). Meningitis is introduced as a very
age-specific disease, which generally affects new born in-
fants and elderly and normally men are presented more
than women. The region, the responsible microorganism,
and age can significantly influence the fatality proportion
(34). The mortality rate was reported to be from 3 to 33
percent. The immunocompromised patients older than 60
years old with Gram negative bacterial infection are sug-
gested as the main mortality predictors. The most com-
mon sequelae are typically neurological disorders, includ-
ing hearing loss, mental disability, and limb weakness (35,
36).
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Figure 1. Timeline of military medicine involvement in vaccination of the armed forces (11)

Box 1. Various Causes of Meningitis (32)

Classified to Infectious and Non-Infectious Disease

Partially treated bacterial meningitis

Viral meningitis (enteroviruses, arboviruses, herpes simplex virus, lymphocytic choriomeningitis, varicella zoster, Epstein-barr virus,cytomegalovirus,mumps,
adenovirus, HIV)

Tuberculous meningitis

Spirochetes: Syphilis, Lyme disease, leptospirosis

Other bacteria - for example, Brucellosis, mycoplasma

Cerebral malaria

Fungal meningitis

Parameningeal infection (spinal or intracranial abscess, venous sinus thrombosis, occult paranasal sinus infection)

Endocarditis

Malignant meningitis (carcinoma, lymphoma, leukemia)

Subarachnoid hemorrhage

Chemical meningitis

Sarcoidosis

Other chronic inflammatory diseases

Drugs (NSAIDs, immunoglobulin, OKT3 monoclonal antibody, antibiotics: trimethoprim- amoxicillin-cephalosporine, cytotoxic and immunosuppressant drugs:
azathioprine-cytarabine, intrathecal agents: contrast medium, chemotherapy)

Mollaret’s meningitis

3.1.2. Etiology

Among all the causative agents Streptococcus pneumo-
nia (pneumococcus), Haemophilus influenzae type b (Hib),
Neisseria meningitidis (meningococcus), group B strepto-
coccus (Streptococcus agalactiae), and Listeria monocyto-
genes are the most common ones (more than 80% of cases)
(37-39). The pre-existing disease status with the patient’s
age altogether can effectively influence the etiology (Table

1).

3.1.3. Pathogenesis

The mucosal membranes of the nasopharynx are the
first site of colonization (27). There are few pathogens,
which are responsible for meningitis, nevertheless, the
precise mechanism of the penetration across blood brain
barrier penetration (BBB) is not clear yet (41). In regards
with the physiological function of BBB, it prevents the pen-
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Table 1. Common Agents of Bacterial Meningitis (40)

Predisposing Factor Common Bacterial Pathogens

Age

< 1 month Streptococcus agalactiae, Escherichia coli, Listeria monocytogenes, Klebsiella species

1 - 23 months Streptococcus pneumonia, Neisseria meningitis, S. agalctiae, Haemophilus influenza, E. coli

2 - 50 years N. meningitides, S. pneumonia

> 50 years S. pneumonia, N. meningitides, L. monocytogenes, Aerobic Gram (-) bacilli

Head trauma

Basilar skull fracture S. pneumonia, H. influenza, group A β-hemolytic Streptococci

Penetrating trauma Staphylococcus aureus, coagulase (-) staphylococci (especially S. epidermidis), aerobic (-) bacilli (including Pseudomonas aeroginosa)

Postneurosurgery Aerobic Gram (-) bacilli (including P. aeroginosa),

CSF shunt S. aureus, coagulase (-) staphylococci (especiaIly S. epidermidis) Coagulase (-) staphylococci (especially S. epidermidis), S. aureus, aerobic
Gram (-) bacilli (including P. aeroginosa), Propionibacterium acnes

etration of microorganisms and toxins from blood in brain
tissue (42). Nevertheless, meningitis’ infecting pathogens
penetrate BBB transcellularly, para-cellularly or by infected
phagocytes (Trojan horse mechanism) (43), with the for-
mer as the most common way (44). There are studies that
have demonstrated BBB crossing by interactions of mi-
croorganisms with host receptors (45).

For some organisms, certain components (e.g. Kl
polysaccharide antigen of E. coli) are required for mucosal
attachment and virulence (46). The process of invasion in
the nasopharyngeal mucosal membrane happens through
an intercellular endocytic route, which sequentially re-
sults in separation of apical tight junction of columnar
epithelial cells (47). The major pathological event during
ABM is the inflammation of leptomeninges with exudate
surrounding the brain that extends into Virchow Robin
spaces, involving the vessels, which results in phlebitis and
arteritis and consequently softening and necrosis of corre-
sponding vascular region (Figure 2). Cerebral edema and
acute hydrocephalus (primary symptoms) cause intracra-
nial hypertension. In the first 48 hours the intracranial
pressure (ICP) is elevated, which contributes to cerebral
perfusion and subsequently neuronal injury (48).

3.1.4. Predisposing Factors

Head trauma, immune suppression, central nervous
shunts, cerebrospinal fluid fistula/leak, neurological pa-
tients, alcoholism, sinusitis, otitis media, pharyngitis, bac-
terial pneumonia, splenectomized patients, sickle cell dis-
ease, and congenital defects are all introduced as predis-
posing factors. Risk factors can be summarized as follows:

- Age: Elderly (age > 60 years); children (age < 5 years),
newborns and infants (age < 2 years) (50).

- Demographic/social: Men, African ethnicity, poor-
health population, crowded places (51).

Figure 2. Gross pathology of brain. purulent exudate in the subarachnoid space,
congested vessels and swollen brain showing increased intracranial pressure (49)

- Exposure to pathogens: Recent infection, house-
hold/close contact with meningitis patient, contiguous in-
fection like sinusitis, mastoiditis, otitis media or bacte-
rial endocarditis, intravenous drug abuse or dural defect:
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Status post neurosurgery, central nervous system trauma,
congenital defect, ventriculoperitoneal shunt, other CNS
devices or cochlear implants (52).

- Immunocompromising factors: Post splenec-
tomy, hematologic disorders, such as sickle cell dis-
ease or thalassemia major, malignancy, diabetes, alco-
holism/cirrhosis or HIV (53).

- Drugs: NSAIDs, trimethoprim-sulfamethoxazole or
immunosuppressive drugs (37).

- Disease: Systemic lupus erythematosus (37).

3.1.5. Clinical Presentation

The illness could be age-related and nonspecific. In
adults, 44% of cases present with the classic triad of symp-
toms: Fever, stiff neck, and altered mental status. There are
four general symptoms, namely fever, headache, neck stiff-
ness, and altered mental status; at least two of which are
diagnosed in meningitis cases (54).

Positive Kernig and Brudzinski’s signs of meningeal ir-
ritation might be present in patients. Moreover, nausea,
vomiting, cardiorespiratory arrest, focal CNS signs, pho-
talgia, and seizures might occur as well (55). Among all
the symptoms in newborns and infants fever, poor feeding,
vomiting, lethargy, diarrhea, and sometimes apnea are the
most common ones, due to temperature instability and
the bulging fontanel in newborns (56).

In children, photalgia and mental disorder might be
present as well. Sometimes in pediatric patients with
pneumococcal meningitis seizure is the only symptom. In
Neisseria-caused meningitis, rash and petechiae are also
present (more than 50%) (54). In elderly and immuno-
compromised patients, due to age- or immunodeficiency-
associated conditions, signs might be masked, patients
can be presented with lethargy and mental disorder (as
the common early signs), headaches, photalgia, seizures,
rash, nausea, vomiting, meningeal irritation, stiff neck and
positive Kernig and Brudzinski upon physical examination
(54).

Sequelae of ABM can be listed as follows: Neurological
(increased ICP, seizures, extra-axial fluid collection, ventri-
culitis, cranial nerve palsies, hemi/quadriparesis, hearing
loss, hydrocephalus), systemic (peripheral circulatory fail-
ure, disseminated intravascular coagulation, syndrome of
inappropriate secretion of antidiuretic hormone, arthri-
tis) and sequelae mental retardation, seizures, sensorineu-
ral hearing loss, visual impairment, behavioral problems,
motor deficits, hydrocephalus, and learning disabilities
(57).

3.2. Diagnosis

3.2.1. Laboratory Findings

The CSF examination is one of the most important di-
agnostic methods since it can be utilized for all forms of

meningitis. All meningitis suspected cases must undergo
lumbar puncture (LP) only when there are no head mass
lesions (CT scan studies) and cardiopulmonary disorders;
head’s mass lesions, like focal neurological signs and in-
creased intracranial pressure. The CSF pressure should be
recorded during LP.

A CSF’s Gram stain should be performed; a bacterial
count higher than 1 × 103 cells per milliliter confirms the
infection (58). A positive Gram stain is always present
in patients, especially children: 90% with pneumococcal
meningitis, 80% with meningococcal meningitis, half of
patients with Gram negative bacillary meningitis, and a
third of patients with listeria meningitis (58). Cytospin
centrifugation is demonstrated to be very sensitive for de-
tecting organisms in Gram stained CSF (59). For differen-
tial diagnosis, CSF cell count and differentiation as well as
concentrations of protein and glucose are useful. A low CSF
white blood cell count with positive Gram stain has a poor
outcome (60).

However, in children, who are already under an-
tibiotics treatment, CSF culture might be negative be-
fore CSF examination. In one study, complete steriliza-
tion of N. meningitidis from CSF was evident within two
hours of administration of a parenteral third generation
cephalosporin and the beginning of sterilization of S. pneu-
moniae from CSF by four hours into the treatment (61). In
such children, increased CSF white blood cell counts and
increased CSF protein concentration are usually sufficient
to establish the diagnosis of bacterial meningitis. Blood
cultures or non-culture diagnostic tests might be helpful
in identifying the infecting pathogen.

3.2.2. Non-Culture Methods

There are certain conditions, which necessitate the use
of non-culture tests like early identification of pathogens
and patients with previous antibiotic administration or
negative early CSF Gram stain and negative culture within
72 hours of incubation.

Latex agglutination is an assay for determining mi-
croorganisms and is more sensitive against Hib antigen
than N. meningitides antigen (62). In Pneumococcal menin-
gitis studies, this technique was reported to be positive in
49 (66%) of 74 CSF samples for S. pneumoniae, and in 4 of 14
CSF samples that were culture-negative (60).

There are studies, which have shown the usefulness of
standard or sequential-multiplex polymerase chain reac-
tion (PCR) for the detection of infecting pathogens in pa-
tients with previous antibiotics treatment or in resource-
poor settings (63-68). Multiplex real time PCR or broad-
range PCR is one of the promising techniques, which tar-
gets 16S ribosomal RNA gene of eubacteria, and in patients
with history of antibiotic administration, positive results
are significantly higher with PCR compared to cultures
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(63). Nevertheless, in some studies the detection rate was
limited between assays (69). DNA extraction in real-time
PCR takes 90 minutes, which makes this make method very
useful (63).

A Gram stain specific probe-based real-time PCR (using
16S ribosomal RNA) has been demonstrated for simulta-
neous detection and differentiation of Gram-positive and
Gram-negative bacteria directly from blood samples (70),
suggesting a fast and precise diagnosis in infants and chil-
dren. furthermore, sequential PCR-based serotyping of
S. pneumoniae using serotype-specific primers confirms
pneumococcal serotype distribution, where previous us-
age of antibiotics is high (71).

Loop-mediated isothermal amplification is a recently
developed technique, which amplifies DNA under isother-
mal conditions (63°C), and is considered promising, since
the results can be read with naked eyes (72, 73). In one
study, using swab samples, ten or more copies of S. pneumo-
niae taken from oral mucosa were detected (72), yet there
was no evidence of its use in bacterial meningitis diagno-
sis.

Microarray or biochip techniques use extraction of
genomic DNA from CSF, amplification of targeted DNA,
and hybridization of labelled DNA with oliogonucleotide
probes (pathogen specific or virulence genes) immobi-
lized on a microarray (69, 74, 75). However, this technique
has to be yet proved to be useful in clinical practice.

In one study, rapid immunochromatographic test was
used for detecting S. pneumoniae in 122 children infected
with pneumococcal meningitis (76). The sensitivity of
the immunochromatography technique was 100% for the
diagnosis of pneumococcal meningitis in comparison to
other techniques: CSF culture (sensitivity of 71%) and la-
tex agglutination (86%), therefore, this technique could be
useful in case of pneumococcal meningitis.

3.2.3. Bacterial Meningitis Score

To prevent unnecessary hospitalization and antibiotics
administration, especially in infants and children, bacte-
rial and nonbacterial meningitis must be discriminated.
“Bacterial meningitis score”, established assessing menin-
gitis’ patients and outpatient therapeutic protocol, is ad-
visable for children having pleocytosis (7 × 106 cells/L or
more) and none of the following five criteria on presenta-
tion: History of a seizure with the illness, blood neutrophil
count of at least 10 × 109 cells/L, positive CSF Gram stain,
CSF protein of at least 80 mg/dL, or CSF neutrophil count
of at least 1 × 109 cells/L. This technique has a 95% sensi-
tivity rate (69, 75). In one study, five meningitis patients
with pleocytosis had a low risk bacterial meningitis score
and 5.5% of meningitis cases did not have pleocytosis (69).
Patients with positive CSF culture without pleocytosis or

increased CSF protein concentrations probably represent
early-stage bacterial meningitis (27).

3.2.4. Soluble Triggering Receptor Expressed on Myeloid Cells 1
(sTREM-1)

This was presented as a biomarker in CSF in one study
of bacterial and viral meningitis (77). At a cutoff level of 20
pg/mL, the sensitivity, specificity, positive and negative pre-
dictive value of sTREM-1 was 73% (95% confidence interval,
0.65 to 0.80), 77% (95% confidence interval, 0.57 to 0.89),
0.94 (95% confidence interval, 0.88 to 0.98), and 0.34 (95%
confidence interval, 0.23 to 0.48), respectively. High levels
of sTREM-1 can be considered as unfavorable outcomes.

Another study demonstrated low undetectable sTREM-
1 levels for 12 viral meningitis patients and an increased
level for seven of nine patients (78). However, the yield of
this technique compared to other CSF diagnostic tests is
yet to be established.

3.2.5. Blood Culture

Blood culture is a useful means to detect the causative
agents and can be utilized as a complementary method
when CSF cultures are negative or unavailable. There could
be different positive results of blood culture: 50% to 90%
for H. influenzae meningitis cases (79, 80), 75% for pneumo-
coccal meningitis cases (60, 81, 82), 40% of children and
60% of adult patients with meningococcal meningitis (83,
84). However, in two studies the efficacy of blood culture
decreased by 20% in patients that had previously received
treatment (85, 86).

3.2.6. Serum Inflammatory Markers

These markers are able to distinguish viral and bacte-
rial meningitis (87)). One study comparing bacterial and
aseptic meningitis, demonstrated that elevated serum pro-
calcitonin levels (0.5 ng/mL) and C-reactive protein levels
(20 mg/L) are suggestive of bacterial meningitis (88). An-
other study in Finland demonstrated 100% specificity of C-
reactive protein levels lower than 40 mg/liter for patients
and 93% sensitivity for bacterial and viral meningitis (89).
In conclusion, although increased serum concentrations
of C-reactive protein and procalcitonin could be consid-
ered a useful method yet they still need to be evaluated in
future studies.

3.2.7. CT

Information regarding intracranial complications,
such as brain edema, hydrocephalus and infarcts could
be acquired using a cranial CT. Moreover, bone window
imaging identifies parameningeal foci, such as sinusitis,
mastoiditis or odontogenic abscess. Given that local
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infections are common in meningitis (especially in pneu-
mococcal meningitis) and they might need surgical
interventions.

Nevertheless, due to increased intracranial pressure,
which might result in cerebral herniation, a cranial CT be-
fore LP is under debate. Particularly, a cranial CT must
be performed on patients with focal neurological deficits,
seizures, and a disturbed consciousness before LP. If it is
not possible to perform LP, a therapeutic regimen must be
established according to clinical symptoms. Regarding pa-
tients without focal signs or seizures and with a normal
level of consciousness, CT abnormalities are found in less
than 3% (90, 91); LP could be performed without prior CT.
Nevertheless, a normal CT does not rule out intracranial hy-
pertension and a potential threat of herniation (92).

3.2.8. Management

Intensive and proper care must be considered for in-
dividuals that are suspected of meningitis (Table 2). Due
to high transmissibility, meningitis must be diagnosed on
time and appropriately and considering therapeutics es-
tablished: Antibiotics, adjunctive and supportive therapy
as well as prophylaxis and vaccination for prevention. Out-
patient antimicrobial therapy in bacterial meningitis pa-
tients is based on inpatient antimicrobial therapy for ≥
6 days, absence of fever for at least 24 to 48 hours prior
to initiation of outpatient therapy, no significant neuro-
logic dysfunction, focal findings or seizure activity, clin-
ical stability or improving condition, ability to take flu-
ids by mouth, access to home health nursing for antimi-
crobial administration, reliable intravenous line and infu-
sion device (if needed), daily availability of a physician, es-
tablished plan for physician visits, nurse visits, laboratory
monitoring and emergencies, patient and/or family com-
pliance with the program and safe environment with ac-
cess to a telephone, utilities, food, and refrigerator (93).

3.2.9. Antimicrobial Therapy

Normally, factors such as age, clinical setting, immune
status, CSF’s sensitivity, culture, bacterial count, Gram
stain, and agent’s blood isolation can influence the choice
of antibiotics. Antibiotics must be chosen wisely based on
information yet therapeutic plans must be followed while
waiting for laboratory test results (94). The duration of an-
tibiotic treatment depending on isolated pathogen takes
≥ 21 days (95). After the identification of causative mi-
croorganism through in-vitro assays, the therapeutic plan
could be modified accordingly (Table 3). The BBB character-
istics and the physicochemical features of antibiotics (logP
and pKa) have a direct influence on sufficient CSF penetra-
tion (95).

3.2.10. Adjunctive Treatment

Similar to all severe cases of infectious diseases, proper
actions regarding physiological support must be taken un-
til improvement by definitive therapy is achieved. Fluid
therapy and oxygenation must be applied and adjusted
according to patient status. However, regarding over-
hydration, the patient must be controlled carefully since
it can increase intracranial pressure and the possibility of
cerebral edema. If symptoms relief is noticed after 24 to 48
hours, fluid therapy should be withdrawn, however, serum
electrolytes must be monitored constantly (40).

Dexamethasone (inhibition of sensorineural hearing
loss for H. influenzae and pneumococcal meningitis) and
antibiotics can be administered contemporaneously. Nev-
ertheless, it is recommended for children older than two
months of age, considering advantages and potential dan-
gers when bacterial meningitis’ results are positive based
on CSF analysis, Gram stain or agglutination assay. Steroid
therapy must be initiated after diagnosis or contempora-
neously with antibiotic therapy commencement.

The guidelines suggest the simultaneous administra-
tion of dexamethasone and antibiotic therapy in suspi-
cious pneumococcal meningitis cases (96). Dexametha-
sone should be administrated 10 to 20 minutes prior or
concomitantly with the first dose of an antibiotic. For chil-
dren, a dose of dexamethasone 0.6 mg/kg/day IV divided to
four doses is recommended for four days while 10 mg IV ev-
ery six hours is recommended for adults (40).

3.3. Prophylaxis

3.3.1. Chemoprophylaxis

Individuals in close contact, including health care pro-
fessionals or military personnel are considered at highest
risk of infection (especially for H. influenzae and N. menin-
gitides). However, S. pneumoniae are normally less conta-
gious via direct routes. Administration of Rifampin for two
days (10 mg/kg every 12 hours for children older than one
month or 600 mg every 12 hours for adults) has been found
effective (97). As alternatives, ciprofloxacin (single dose
500 to 750 mg) or ceftriaxone (single dose 125 mg in chil-
dren or 250 mg in adults IM) can be administered as well
(98).

3.3.2. Vaccines

There are currently two vaccines, which are adminis-
tered against S. pneumoniae and H. influenzae, the most
common causative agents. Furthermore, H. influenzae vac-
cine is produced as a single antigen conjugate vaccine.

There are two pneumococcal vaccines as conjugate
vaccine (PCV) [7-valent, 10-valent and 13-valent, seven
serotypes: 4, 6B, 9V, 18C, 19F and 23F, conjugated to a carrier
protein] and polysaccharide vaccine (PPSV) [23-valent].
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Table 2. Empirical Antimicrobial Therapy for Patients with Bacterial Meningitis Based on Clinical Subgroup (26)

Clinical Subgroup Initial Therapy (Daily Dose [Dosing Interval]) Predominant Bacterial Organism (s)

Neonates, early onset Ampicillin (150 mg/kg/day [8 h]) plus gentamicin (5 mg/kg/day [12 h])
or cefotaxime (100 - 150 mg/kg/day [8 - 12 h])

S. agalactiae, E. coli, L. monocytogenes

Neonates, late onset Ampicillin (200 mg/kg/day [6 - 8 h]) plus an aminoglycoside or
cefotaxime (150 - 200 mg/kg/day[6 - 8 h])

L. monocytogenes, S. agalactiae, Gram (-) bacilli

Infants and children Expanded-spectrum cephalosporin plus vancomycin (60 mg/kg/day
[6 h])

S. pneumoniae, N. meningitidis

Adults Expanded-spectrum cephalosporin plus vancomycin (30 - 60
mg/kg/day [8 - 12 h])

S. pneumoniae, N. meningitidis

Elderly Expanded-spectrum cephalosporin plus ampicillin (12 g/day [4 h])
plus vancomycin (30 - 60 mg/kg/day [8 - 12 h])

S. pneumoniae, N. meningitidis, L. monocytogenes

Immunocompromised Expanded-spectrum cephalosporin plus ampicillin (12 g/day [4 h])
plus vancomycin (30 - 60 mg/kg/day [8 - 12 h])

S. pneumoniae, N. meningitidis, L. monocytogenes

Community-acquired Expanded-spectrum cephalosporin plus vancomycin (30 - 60
mg/kg/day [8 - 12 h])

S. pneumoniae, N. meningitidis, H. influenzae recurrent meningitis

Nosocomial meningitis Vancomycin (30 - 45 mg/kg/day [8 - 12 h]) plus either ceftazidime (6
g/day [8 h]), cefepime (6 g/day [8 h]) or meropenem (6 g/day [8 h])

S. aureus, S. epidermidis, aerobic Gram (-) bacilli

Basilar skull fracture Expanded-spectrum cephalosporin plus vancomycin (30 - 60
mg/kg/day [8 - 12 h])

S. pneumoniae

Table 3. Specific Antimicrobial Therapy for Bacterial Meningitis Based on Causative Microorganism (26)

Microorganism Standard Therapy Alternative Therapy

Haemophilus influenza

β-Lactamase negative Ampicillin Expanded-spectrum cephalosporin; cefepime;
chloramphenicol; aztreonam; fluoroquinolone

β-Lactamase positive Expanded-spectrum cephalosporin Cefepime; chloramphenicol; aztreonam;
fluoroquinolone

BLNAR Expanded-spectrum cephalosporin plus meropenem Expanded-spectrum cephalosporin plus
fluoroquinolone

Neisseria meningitides

Penicillin MIC < 0.1 µg/mL Penicillin G or ampicillin Expanded-spectrum cephalosporin;
chloramphenicol

PenicillinMIC 0.1 - 1.0 µg/mL Expanded-spectrum cephalosporin Chloramphenicol; fluoroquinolone; meropenem

Streptococcus pneumonia

Penicillin MIC ≤ 0.1 µg/mL Penicillin G or ampicillin Expanded-spectrum cephalosporin;
chloramphenicol

Penicillin MIC 0.1 - 1.0 µg/mL Expanded-spectrum cephalosporin Meropenem; cefepime

Penicillin MIC ≥ 2.0 g/mL or cefotaxime or
ceftriaxone MIC ≥ 1.0 mg/mL

Vancomycin plus a third-generation cephalosporin Expanded-spectrum cephalosporin plus
moxifloxacin

Listeria monocytogenes Ampicillin or penicillin G Trimethoprim-sulfamethoxazole

Streptococcus agalactiae Ampicillin or penicillin G Expanded-spectrum cephalosporin

Staphylococcus aureus

Methicillin sensitive Nafcillin or oxacillin Vancomycin; meropenem; linezolid; daptomycin

Methicillin resistant Vancomycin Trimethoprim-sulfamethoxazole; linezolid;
daptomycin

Staphylococcus epidermidis Vancomycin Linezolid

Streptococcus pyogenes Penicillin Expanded-spectrum cephalosporin

For infants and children under five years old, PCV is ad-
ministered. Almost 82% cases of pneumococcal meningitis
are introduced with the above mentioned serotypes and
after the introduction of the PCV, it was decreased by 79%
(99). However, some serotypes were found to be responsi-
ble for the increased incidence of infections (e.g.19A) and
the 10-valent and 13-valent pneumococcal conjugate vac-

cines were removed from the market.

In 2009, a 10-valent PCV (serotypes 1, 5 and 7F and all
serotypes of PCV-7) was approved in Europe for marketing.
In 2010, the 13-valent (three serotypes: 3, 6A and 19A) was
introduced, which is responsible for 63% pneumococcal
cases in children younger than five years old with chronic
lung disease, diabetes or heart disease (99).
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Nevertheless, there are also some disadvantages with
the administration of PPSV23, namely insufficient induc-
tion of immunologic memory and effect on nasopharyn-
geal carriage. The PPSV23 is recommended for children
more than two years old with underlying medical condi-
tions after completing all recommended doses of PCV13.
Children with anatomic or functional asplenia must re-
ceive a poster dose of PPSV23 five years after the first dose.
In elderly, it is advisable to receive PPSV23 only if they do
not receive pneumococcal vaccination at least in the last
five years. Patients with chronic pulmonary or cardio-
vascular diseases, diabetes and/or immunodeficiency, and
smokers should be considered for the PPSV23 vaccine.

Meningococcal vaccines are active against many
strains of N. meningitides. Immunization against meningo-
coccal 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.

4. Conclusions

Bacterial meningitis is still a disease with high mor-
bidity and mortality rates, whereby knowledge of proper
empirical antibiotics and other therapeutics for adminis-
tration could decrease the fatality. Preventive and pallia-
tive medicines (vaccines, dexamethasone and etc.) must be
administered wisely to offer the best possibility in patient
care context.

The presentation of conjugate vaccines in the recent
decade played a major role in the epidemiology and char-
acteristics of bacterial meningitis, primarily in developed
countries. Moreover, there are increasing reports of antibi-
otic and drug resistance, which results in treatment fail-
ures.

Nowadays, bacterial meningitis cases are more com-
monly found amongst adults (caused mainly by S. pneu-
moniae and N. meningitides). Furthermore, CSF laboratory
tests are of significant importance for diagnosis; confirm-
ing and identifying the causative bacteria and determin-
ing the best antibiotics using sensitivity tests. CSF Gram
staining is considered as a rapid diagnostic technique. Re-
cently, application of PCR technique is increasing for etio-
logical purposes and as it is evolving, it is probable that in
the future, it will be registered as the standard technique,
yet further studies are required. With the growing reports
of antibiotic resistance and evolving pathogens, culture
tests combined with susceptibility testing are suggested
as the standard method for diagnosis. With great pro-
gresses in medicine, bacterial meningitis episodes are de-

creasing in developed countries, while in non-developed
countries serious actions and policies are required to con-
trol it. Throughout the world vaccination stands are iden-
tified as the best solution for controlling bacterial menin-
gitis.

All military vaccination and immunization protocols
must be individualized on the basis of individual con-
traindications and previous immunity status. The proper
guidance of the armed forces’ medical programs respects
the requisites for detailed education of military personnel,
elevates quality in immunization delivery and prevents
highly transmissible disease outbreak.
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