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In spite of the availability of antibiotics and the introduction of vaccines for
immunoprophylaxis, bacterial meningitis remains a common disease world-
wide, with high morbidity and mortality. Meningitis can occur at any age
and in previously healthy individuals, although some patients have an in-
creased risk of meningitis including: the immunosuppressed patient and pa- Fever
tients at the extremes of age; young children, especially infants; and geriatric Stiff neck
patients. The clinical triad of meningitis—fever, neck stiffness, and altered Decr LOC
mental status—is, unfortunately, present in less than half of adult patients
who have bacterial meningitis. Furthermore, certain patient populations,
such as infants (especially neonates) and the elderly, often have a subtle pre-
sentation with nonspecific signs and symptoms. Analysis of cerebrospinal
fluid (CSF) remains the key to diagnosis. The goal of therapy remains the early
administration of appropriate antibiotics, although in selected patients, adju-
vant therapy with dexamethasone also may be administered.

Etiology

Meningitis, also termed arachnoiditis or leptomeningitis, is an inflamma-
tion of the membranes that surround the brain and spinal cord, thereby
involving the arachnoid, the pia mater, and the interposed CSF. The inflam-
matory process extends throughout the subarachnoid space around the
brain, the spinal cord, and the ventricles (Fig. 1).
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Fig. 1. Anatomy of the central nervous system. (Courtesy of Sharon E. Mace, MD, and Mr.
Dave Schumick, of the Cleveland Clinic Center for Art and Photography; with permission.)

Meningitis has been divided into bacterial meningitis and aseptic menin-
gitis. Bacterial or pyogenic meningitis is an acute meningeal inflammation
secondary to a bacterial infection that generally evokes a polymorphonu-
clear response in the CSF. Aseptic meningitis refers to a meningeal inflam-
mation without evidence of pyogenic bacterial infection on Gram’s stain or
culture, usually accompanied by a mononuclear pleocytosis (Fig. 2). Aseptic
meningitis is subdivided into two categories: nonbacterial meningeal infec-
tions (typically viral or fungal meningitis), and noninfectious meningeal in-
flammation from systemic diseases (such as sarcoidosis), neoplastic disease
(Ieptomeningeal carcinomatosis or neoplastic meningitis), or drugs.

Epidemiology

Bacterial meningitis is a common disease worldwide. Meningitis still has
high morbidity and mortality in spite of the introduction and widespread
use of antibiotics and other advances in medical care [1]. In the United
States and in other countries, epidemics of acute meningococcal meningitis
are a common occurrence, while in parts of sub-Saharan Africa (meningitis
belt) meningococcal meningitis is endemic [2]. In the United States, the over-
all incidence of meningitis is about 2 to 10 cases per 100,000 population per
year [3-5], although the attack rates are very age-specific. The incidence is
greatest in pediatric patients, especially infants, with attack rates in neonates
at about 400 per 100,000, compared with 1 to 2 per 100,000 in adults and
20 per 100,000 in those less than or equal to 2 years old [6].

Specific pathogens

The relative frequency of the different causative organisms has changed
in recent years. The epidemiology of bacterial meningitis has changed
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Fig. 2. Causes of meningitis. Bacterial infections of the cerebrospinal fluid (CSF) usually have
a positive CSF Gram stain, positive CSF bacterial culture, and increased polymorphonuclear
leukocytes in CSF. Aseptic meningitis usually has mononuclear leukocytes in CSF with a neg-
ative CSF Gram’s stain and negative CSF bacterial culture. (Courtesy of Sharon E. Mace, MD,
and Dave Schumick, of the Cleveland Clinic Center for Art and Photography; with permission.)

significantly, primarily because of widespread immunization with new vac-
cines. The conjugated Haemophilus influenzae vaccine (HIB) was introduced
in the United States in the early 1990s [7], and in 2000, the Streptococcus
pneumoniae vaccine was approved by the US Food and Drug Administra-
tion (FDA) [8]. Before the introduction of these vaccines, H influenzae
accounted for nearly half of all bacteria meningitis cases (45%), followed
by S pneumoniae (18%) and then Neisseria meningitidis (14%) [9]. After
the introduction of the HIB vaccine, the most common pathogens were S
pneumoniae (47%), N meningitidis (25%), group B streptococcus (12%),
and Listeria monocytogenes (8%) (Table 1) [4]. It is likely that the most
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Table 1

Pathogens responsible for bacterial meningitis

Before introduction of After introduction of

Haemophilus influenza type B vaccines® Haemophilus influenza type B vaccines®

H influenzae 45% Streptococcus pneumoniae 47%

Streptococcus pneumoniae 18% Neisseria meningitidis 25%

N meningitidis 14% Group B streptococcus 12%

(S agalactiae)

Group B streptococcus 6% Listeria monocytogenes 8%
(S agalactiae)

Listeria monocytogenes 3% H influenzae 7%

Others 14% Others 1%

Children <5 years old
(>70% H influenzae)

& Percentages taken from Wenger JD, Hightower AW, Facklam RR, et al. Bacterial menin-
gitis in the United States, 1986: report of a multistate surveillance study. The Bacterial Menin-
gitis Study Group. J Infect Dis 1990;162(6):1316-22.

° Percentages taken from Schuchat A, Robinson K, Wenger JD, et al. Bacterial meningitis in
the United States in 1995. Active surveillance team. New Engl J Med 1997;337(14):970-6.

recent addition of the S preumoniae vaccine will change the specific epidemi-
ology of bacterial meningitis again.

H influenzae was previously the most common cause of bacterial menin-
gitis and the most common cause of acquired mental retardation in the
United States [7]. S pneumoniae has supplanted H influenzae as the pathogen
causing most bacterial meningitis cases in the United States [4]. S pneumo-
niae is the most frequent cause of bacterial meningitis in adults ages 19 to
59 years and greater than or equal to 60 years, and in infants/very young
children excluding neonates (eg, age 1 to 23 months) [4].

N meningitidis was previously the third most common cause of bacterial
meningitis in the United States [9] but has now moved into second place be-
hind S pneumoniae, and it accounts for 25% of all cases of bacterial menin-
gitis [4]. It remains to be seen whether the widespread use of the
pneumococcal vaccines decreases the incidence of S pneumoniae meningitis,
thereby allowing N meningitidis and L monocytogenes and other bacteria to
become the prevailing pathogens causing bacterial meningitis. The wide-
spread use of the pneumococcal vaccine beginning in infancy has decreased
the incidence of invasive disease by S preumoniae by more than 90% [10].

Clinical presentation

Signs and symptoms of meningitis include: fever, headache, stiff neck,
confusion or altered mental status, lethargy, malaise, seizures, and vomiting.
About 25% of adults have a classic presentation and are not a diagnostic
dilemma [6]. Unfortunately, many patients have a less obvious presentation.
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Furthermore, certain patients—typically the pediatric patient, especially in-
fants; the elderly; and the immunosuppressed—may not have the classic fea-
tures of meningitis. These patients often have a subtle presentation and
nonspecific clinical signs/symptoms. Patients partially treated with antibi-
otics in addition to patients at the extremes of age (the very young and
the elderly) and the immunocompromised may not have a fever.

The classic triad is fever, neck stiffness, and altered mental status. Yet in
an adult study of community-acquired bacterial meningitis, less than half of
the patients (44%) had the classic triad. Ninety-five percent of the patients,
however, had at least two of the four symptoms of neck stiffness, fever,
headache, and altered mental status [11].

A stiff neck or nuchal rigidity is caused by meningeal irritation with re-
sistance to passive neck flexion. Although this finding is a classic sign of
meningitis, it may be present only 30% of the time [12].

Positive Kernig’s and Brudzinski’s signs are hallmarks of meningitis, yet
Kernig’s and Brudzinski’s signs were present in only about half of adults
with meningitis [5]. With the patient supine and the thigh flexed to a 90°
right angle, attempts to straighten or extend the leg are met with resistance
(Kernig’s sign). There are two Brudzinski’s signs in patients who have men-
ingitis. Flexion of the neck causes involuntary flexion of the knees and hips
(Brudzinski’s sign). Passive flexion of the leg on one side causes contralateral
flexion of the opposite leg (known as Brudzinski’s sign or contralateral sign
or contralateral reflex).

Confusion suggests possible meningitis, as does an abnormal mental status
plus fever. Meningitis also should be in the differential diagnosis when the
combination of fever plus a seizure occurs. Seizures occur in 5% to 28%
of adults who have meningitis [1,13,14]. Seizures are the presenting symp-
tom in one-third of pediatric patients who have bacterial meningitis [15]. In
childhood meningitis, seizures occur more frequently with S pneumoniae
and H influenzae B than with meningococcal meningitis [15].

Petechiae and purpura generally are associated with meningococcal men-
ingitis, although these skin manifestations may be present with any bacterial
meningitis [16].

Signs and symptoms in infants can be particularly subtle. They may have
only a fever or be hypothermic, or even afebrile. They may not have a stiff
neck. The chief complaint of an infant who has meningitis is often nonspe-
cific and includes: irritability, lethargy, poor feeding, fever, seizures, apnea,
a rash, or a bulging fontanelle [17].

In geriatric patients, frequently the only presenting sign of meningitis is
confusion or an altered mental status [18].

The onset of presentation varies with meningitis. Typically, the adult who
has acute bacterial meningitis seeks medical care within a few hours to sev-
eral days after illness onset. The presentation differs, however, depending on
many variables, including: age, underlying comorbidity, immunocompe-
tence, mental competence, ability to communicate, prior antibiotic therapy,
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and the specific bacterial pathogen. The onset of viral meningitis or viral me-
ningoencephalitis is also generally acute over hours to days, but sometimes
is preceded by a nonspecific febrile illness of a few days’ duration.

Patients who have subacute or chronic meningitis present over weeks to
months, and even years. Generally, the onset is more gradual, with a lower
fever, and there may or may not be associated lethargy or disability. Fungal
(eg, Cryptococcus and Coccidoides) and mycobacterium are typical causes of
subacute and chronic meningitis.

The clinical presentation of meningitis also has been categorized as fulmi-
nant (10%) or insidious (90%). Patients who have an insidious onset often
have been seen by a medical care provider and given a diagnosis of a nonspe-
cific or viral illness days before their diagnosis of meningitis is made and fre-
quently have been partially treated with oral antibiotics for an infection such
as otitis, sinusitis, or bronchitis. The delay in diagnosis of meningitis in such
patients is up to 2 weeks, with a median of 36 to 72 hours.

Risk factors for bacterial meningitis
Age and demographics

Meningitis can occur at any age and in previously healthy individuals.
There are some risk factors that predispose the individual to meningitis,
however (Box 1). Host risk factors can be grouped into four categories:
age, demographic/socioeconomic factors, exposure to pathogens, and im-
munosuppression. Patients at the extremes of age: the elderly (age over
60 years) and pediatric patients (young children age younger than 5 years,
especially infants/neonates) have an increased susceptibility to meningitis
[16,18]. Demographic and socioeconomic factors include: male gender,
African American race, low socioeconomic class, and crowding (eg, military
recruits and college students in dormitories) [19].

Immunocompromised patients

There is an association between immunosuppression and an increased
risk for bacterial meningitis. Immunosuppressive conditions include: dia-
betes, alcoholism, cirrhosis/liver disease, asplenia or status postsplenec-
tomy, hematologic disorders (eg, sickle cell disease, thalassemia major),
malignancy, immunologic disorders (complement deficiency, immunoglob-
ulin deficiency), HIV, and immunosuppressive drug therapy (Table 2)
[19,20].

Mechanism of entry into the central nervous system

There are several mechanisms by which organisms gain entry to the CSF,
most commonly by means of hematogenous spread, but also by contiguous


Yoan
Highlight

Yoan
Highlight

Yoan
Highlight

Yoan
Highlight

Edited by Foxit Reader
Copyright(C) by Foxit Software Company,2005-2007
For Evaluation Only.



Edited by Foxit Reader

Copyright(C) by Foxit Software Company,2005-2007

For Evaluation Only.

ACUTE BACTERIAL MENINGITIS

287

Age

Box 1. Risk factors for meningitis

Extremes of age: elderly (age >60 years); young children
(age <b years), especially infants/neonates

Demographic/socioeconomic

Male gender

African American ethnicity

Low socioeconomic status

Crowding: military recruits, crowded dormitories

Exposure to pathogens

Recent colonization

Household/close contact with meningitis patient
Contiguous infection: sinusitis, mastoiditis, otitis media
Bacterial endocarditis

Intravenous drug abuse

Dural defect: status post neurosurgery, central nervous
system (CNS) trauma, congenital defect
Ventriculoperitoneal shunt, other CNS devices
Cochlear implants

Immunosuppression

Status post splenectomy HIB, Pneumococcus
Hematologic disorders: sickle cell disease, thalassemia

major

Malignancy
Diabetes
Alcoholism/cirrhosis

Immunologic disorder: complement deficiencies, Neisseria

immunoglobulin deficiency
HIV

e Immunosuppressive drug therapy

spread and infrequently by direct entry. Factors that aid the organism in
gaining entry to the CSF include:

e Recent colonization

e Close contact with a patient who has meningitis

e Contiguous infection (eg, sinusitis, mastoiditis, otitis media)

e Hematogenous seeding of the CSF (eg, intravenous drug abuse, bacte-
rial endocarditis)

e Disruption of dura,

e Status post neurosurgery

e Penetrating CNS trauma

e Congenital defects
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Table 2

Common bacterial pathogens and empiric therapy based on age, clinical setting, and risk factors

Age pediatric

Common pathogens

Empiric therapy

Alternative empiric therapy

Neonate (<30 days)

Children 1-23 months

Children 2-18 years

Age adult
Young and middle-aged
adults (18-50 years)

Age > 50 years (includes elderly)

Special considerations
Impaired immunity (such as HIV)

Group B streptococcus Gram

negatives:

(Escherichia coli, Klebsiella)

Listeria

Streptococcus pneumoniae

Neisseria meningitidis
Group B streptococcus
Haemophilus influenzae
Escherichia coli

S pneumoniae

N meningitidis

S pneumoniae
N meningitidis

S pneumoniae
N meningitidis
Listeria monocytogenes

S pneumoniae
Gram-negative bacilli
L monocytogenes

Ampicillin + third generation
cephalosporin (cefotaxime)

Third generation cephalosporin
(cefotaxime or ceftriaxone) +
vancomycin®

Third generation cephalosporin
(cefotaxime or ceftriaxone) +
vancomycin®

Third generation cephalosporin
(cefotaxime or ceftriaxone) +
vancomycin®

Third-generation cephalosporin
(cefotaxime or ceftriaxone) +
vancomycin® + ampicillin

Third generation cephalosporin
(ceftazidime) + vancomycin®
+ ampicillin

Ampicillin + aminoglycoside
(gentamicin)

Meropenem (carbapenem) +
vancomycin®

Carbapenem (meropenem) +
vancomycin®

Carbapenem (meropenem) +
vancomycin®

Third generation cephalosporin
(cefotaxime or ceftriaxone) +
vancomycin® + trimethoprim-
sulfamethoxazole

Carbapenem (meropenem) +
vancomycin® + trimethoprim-
sulfamethoxazole
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Status post neurosurgery or
penetrating trauma

Cerebrospinal fluid leak or
basilar skull fracture

Cerebrospinal fluid shunt
(eg, VP shunt)

Staphylococcus aureus

Coagulase-negative
staphylococci

Aerobic gram-negative bacilli

(eg, Pseudomonas aeruginosa)

S pneumoniae

Streptococci (various)

H influenzae

Coagulase-negative
staphylococci

Staphylococcus aureus

Aerobic gram-negative bacilli

(eg, P aeruginosa,
Propionibacterium acnes)

Fourth generation cephalosporin
(cefepime) &+ vancomycin®

Third generation cephalosporin
(cefotaxime or ceftriaxone) +
vancomycin®

Fourth generation cephalosporin
(cefepime) + vancomycin®

Third generation cephalosporin

(ceftazidime) + vancomycin®
or carbapenem (meropenem) +
vancomycin®

Carbapenem (meropenem) +

vancomycin®

Third generation cephalosporin

(ceftazidime) + vancomycin®

% Some recommend the addition of rifampin when vancomycin and dexamethasone are coadministered.
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e CSF shunts (eg, ventricular shunts)
e Other devices (eg, epidural catheters, Ommaya reservoirs, intracranial
monitoring devices, external ventricular drains)

Postoperative neurosurgical patients and patients who have penetrating
head trauma are at risk for meningitis caused by staphylococci [21]. Bacterial
meningitis in patients who have a ventriculoperitoneal shunt commonly is
caused by staphylococci, especially coagulase-negative strains, and gram-neg-
ative organisms [21-23]. Patients who have a cochlear implant have a greatly
increased risk (greater than 30-fold) of pneumococcal meningitis [24].

Neonatal meningitis

Neonatal (age less than or equal to 1 month) meningitis is caused by the
same organisms that cause bacteremia and sepsis in newborns: commonly;
group-B B-hemolytic streptococci, gram-negative enteric bacteria, and
L monocytogenes. After the first few weeks of life, S pneumoniae and H influ-
enzae emerge as common pathogens also. The pathogenesis of neonatal
meningitis probably results from a maternal-fetal infection, either by direct
inoculation during the birth process or hematogenously (transplacental).
There are predisposing maternal and infant risk factors for neonatal menin-
gitis. Infant factors are prematurity and low birth weight. Maternal factors
include: prolonged rupture of membranes, maternal urinary tract infection,
chorioamnionitis, and endometritis [25]. Neonatal meningitis is frequently
a component of a sepsis syndrome whereby bacteremia seeds the CSF.

Neonates do not have a completely functional immune system, which
predisposes them to infections. Multiple factors cause impaired functioning
of the polymorphonuclear neutrophils (PMNs), including decreased chemo-
tactic ability of PMNs, decreased adhesion of PMNs to surfaces, and im-
paired mobility of PMNs. Newborns receive an incomplete range of
antibody transmitted across the placenta. Although some IgG is received
transplacentally, there is only a small amount of antibody to gram-negative
bacteria and no IgM. Under conditions of stress, preliminary data suggest
there is decreased phagocytosis of gram-negative bacteria and decreased
killing of group B streptococci and Escherichia coli. In addition to impaired
function of PMNs, most newborns have a functional deficiency of the alter-
nate pathway of the complement system [26].

Geriatric meningitis

The elderly have many risk factors that predispose patients to infections.
Numerous chronic illnesses and comorbid conditions, and polypharmacy
and immunosuppressive medications, are associated with aging [27]. The de-
cline in immune system function that occurs in the elderly includes a decrease
in both T lymphocyte function and cell-mediated immunity [28]. Environ-
mental factors, such as incontinence, indwelling catheters, and impaired
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mental status predispose to aspiration and ulcers, which lead to infections
that can progress to bacteremia and hematogenous seeding of the meninges
[29]. Nursing home residents can be a reservoir for antimicrobial-resistant
pathogens including methicillin-resistant Staphylococcus aureus (MRSA)
and vancomycin-resistant Enterococcus (VRE) [29,30].

The elderly often have a subtle clinical presentation of meningitis [18].
The geriatric patient who has meningitis is less likely to have neck stiffness
and meningeal signs, and more likely to have mental status changes, sei-
zures, neurologic deficits, and even hydrocephalus [31,32]. The elderly
patient who has meningitis may not have a high fever and may even be afe-
brile. The mental status changes that can occur in geriatric patients who
have meningitis frequently are ascribed to other conditions from delirium
to psychosis, senility, a transient ischemia attack, or a stroke. Fever,
when present, may be mistakenly attributed to pneumonia, a urinary tract
infection, viral illness, bronchitis, bacteremia, or sepsis, especially because
classic signs and symptoms of meningitis are often lacking in the elderly
patient.

Conversely, the geriatric patient also may have false-positive findings of
meningitis. Signs and symptoms of meningeal irritation such as nuchal rigid-
ity or a positive Kernig’s sign or Brudzinski’s sign may be found in healthy
elderly people [33]. This false-positive finding is attributed to the presence of
limited neck mobility and cervical spine disease. Thus, classic signs and
symptoms of meningeal irritation are unreliable in the elderly and make
the diagnosis of meningitis more difficult [32-34]. Meningitis in the elderly,
as in neonates, (eg, in the extremes of age) frequently is associated with a de-
lay in diagnosis and has a high mortality rate [25,26,32,34].

Pathophysiology

Pathogens enter the CNS either by hematogenous spread (the most com-
mon method) or by direct extension from a contiguous site (Fig. 3). Most
organisms that cause meningitis are able to colonize the upper respiratory
tract by attaching to the host’s nasopharyngeal mucosal epithelium. The
next step is to evade the host’s complement system, which allows invasion
into the neighboring intravascular space. The pathogens then cross the
blood-brain barrier to enter the CSF. Because the host defense mechanisms
within the CSF are poor, the pathogens can proliferate. In attempt to defend
against the invading organisms, a cascade of inflammatory events is set into
motion by the body’s immune defense mechanisms.

The bacteria that cause meningitis have properties that enhance their vir-
ulence, which accounts, at least partly, for their ability to cause meningitis.
The bacteria: H influenza, N meningitidis, and S pneumoniae, all make
immunoglobulin A proteases. Such proteases inactivate the host’s immuno-
globulin A by cleaving the antibody. This destruction of immunoglobulin
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Fig. 3. Pathophysiology of meningitis. (Courtesy of Sharon E. Mace, MD, and Mr. Dave Schu-
mick, of the Cleveland Clinic Center for Art and Photography; with permission.)
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A antibody inactivates the host’s local antibody defense, which allows bacte-
rial adherence to the nasopharyngeal mucosa and colonization. Adhesion to
the host’s nasopharyngeal mucosal epithelial cells by N meningitidis occurs
by means of fimbria or pili. When the ciliated cells of the host are damaged,
as occurs from a viral upper respiratory infection or with smoking, their
ability to prevent mucosal adhesion by invading bacteria is limited. The
pathogens enter the intravascular space by various mechanisms. Meningo-
cocci by the process of endocytosis traverse the endothelium in membrane
bound vacuoles. H influenzae separates the apical tight junctions between
epithelial cells to invade the mucosa and gain access to the intravascular
space.

Encapsulated bacteria, (eg, S pneumoniae, H influenzae, and N meningiti-
dis) avoid destruction by their host once they are in the bloodstream,
because their polysaccharide capsule inhibits phagocytosis and comple-
ment-mediated bactericidal activity.

Once the bacteria are in the bloodstream, bacterial adhesion to structures
of the blood-brain barrier are aided by structural qualities of the bacteria
such as the fimbria with some E coli strains, and the pili and fimbria with
N meningitidis.

Because of poor host defenses in the CSF, the bacteria quickly multiply
after gaining entry to the CSF. Multiple factors account for inadequate host
defense mechanisms within the CSF, including: low complement levels, low
immunoglobulin levels, and decreased opsonic activity, all of which result in
the host’s inability to destroy the bacteria by phagocytosis.

Bacterial components in the CSF trigger an inflammatory cascade in the
host. Proinflammatory cytokines—interleukin (IL)-1, tumor necrosis factor
(TNF), and others—are released by various cells including macrophages,
microglia, meningeal cells, and endothelial cells. Cytokines, in turn, promote
the migration of neutrophils into the CSF by several mechanisms. Cytokines
increase the binding affinity of leukocytes for endothelial cells, and induce
adhesion molecules that interact with leukocyte receptors.

Once they are in the CSF, neutrophils release substances (eg, prosta-
glandins, toxic oxygen metabolites, matrix metalloproteinases) that in-
crease vascular permeability and even may cause direct neurotoxicity.
The inflammatory cascade leads to abnormalities in cerebral blood flow
and cerebral edema. The forces leading to cerebral edema include: vaso-
genic edema from increased permeability of the blood—brain barrier, cy-
totoxic edema caused by cellular swelling from the toxic substances
released by bacteria and neutrophils, and occasionally from obstruction
to CSF outflow at the arachnoid villi. Early in meningitis, cerebral blood
flow increases, but later decreases, which can cause further neurologic
damage. Local vascular inflammation or thrombosis can cause localized
cerebral hypoperfusion. Autoregulation of cerebral blood flow can be im-
paired. Herniation of the brain and death can result from the increased
intracranial pressure.
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Management

After stabilization of the patient (including airway, breathing, circulation),
the priority in the treatment of acute bacterial meningitis is the prompt admin-
istration of an appropriate bactericidal antibiotic(s) that has rapid entry into
the subarachnoid space. In the emergency department, the specific pathogen
usually is not known, so empiric therapy is the rule. In some cases, an anti-in-
flammatory agent (eg, dexamethasone, which suppresses the body’s usual
inflammatory reaction) also is given (see section on adjuvant therapy). Admin-
istration of antibiotics should not be delayed. If any delay, however, is ex-
pected for any reason, including a CT scan, then blood cultures should be
obtained and empiric antibiotics given (see Table 2, Table 3).

Complications

Acute complications are common with bacterial meningitis (Box 2,
Fig. 4). Patients may have an altered mental status or even be comatose.
They may present in shock. About 15% of pediatric patients who had pneu-
mococcal meningitis presented in shock [35]. Shock and/or disseminated in-
travascular coagulation (DIC) frequently are associated with meningococcal
meningitis. Apnea and/or respiratory failure/distress can occur with bacte-
rial meningitis, especially in infants.

Seizures occur in about one-third of patients who have bacterial menin-
gitis [16]. Seizures that persist (longer than 4 days) or begin late tend to be
associated with neurologic sequelae. Focal seizures carry a worse prognosis
than generalized seizures. Focal seizures should raise concern for complica-
tions such as subdural empyema, brain abscess, or increased intracranial
pressure, and suggest a need for neuroimaging. Subdural effusions, which
are common (occurring in one-third of pediatric patients), are generally
asymptomatic, resolve spontaneously, and have no permanent neurologic
sequelae. The syndrome of inappropriate antidiuretic hormone (SIADH)
can occur, so the electrolytes and fluid status should be monitored closely.

All of these complications—shock, DIC, altered mental status to coma,
respiratory distress, seizures, increased intracranial pressure, SIADH, and
other symptoms—should be managed with the usual therpay.

Diagnostic evaluation
Lumbar puncture

CSF is essential to confirm the diagnosis and institute specific antibiotic
therapy (Table 4). In most patients who have acute bacterial meningitis,
a lumbar puncture (LP) can be done safely without prior neuroimaging stud-
ies. The concern is that an LP, in a patient who has increased intracranial
pressure, can have adverse effects even death [36]. If a patient presents with
an acute fulminating febrile illness consistent with bacterial meningitis, early
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antibiotic therapy is warranted, because early therapy is thought to improve
the prognosis and decrease morbidity and mortality. When confronted with
such a patient, the recommendation is either: immediate LP, then give the ini-
tial antibiotic dose; or administer empiric antibiotics, obtain head CT scan,
then do the LP. Criteria have been suggested for obtaining a head CT scan
prior to the LP in suspected bacterial meningitis. The criteria are:

e Head trauma

e Immunocompromised state

e Recent seizure (within the last 7 days)

e Abnormal level of consciousness

e Focal weakness, abnormal speech

e Abnormal visual fields or gaze paresis

e Inability to follow commands or answer questions appropriately

e A history of any of the following: mass lesions, focal infection, or stroke [37]

An absolute contraindication to an LP is the presence of infection in the tis-
sues near the puncture site. A relative contraindication to an LP is increased
intracranial pressure (ICP) from a space-occupying lesion, especially when pro-
gressive signs of herniation such as unilateral cranial nerve I1I palsy or lateral-
izing signs (hemiparesis), are present [38]. The risk of herniation appears to be
greater if the patient has a brain abscess [39,40]. A reduction in pressure in the
spinal canal has been associated with seizures, stupor, cardiorespiratory col-
lapse, and even sudden death in patients who have impending herniation [38].

If the procedure is essential (as with suspected meningitis), and because plate-
let transfusion (for thrombocytopenia) and replacement of clotting factors (for
hemophilia and other disorders) can be done prior to the LP, the presence of
acoagulopathyis only a relative contraindication [41]. If the patient has a coagul-
opathy, some experts recommend that the LP be done by experienced clinicians
who are less likely to have a difficult or complicated LP that results in localized
trauma to the dura. A study in children who had thrombocytopenia secondary
to acute lymphoblastic leukemia documented the safety of LP in thrombocyto-
penic patients (without platelet transfusion prior to the LP), although less than
1% of patients had a platelet count less than or equal to 10 x 10° [42].

Of course, cardiorespiratory instability of the patient is another contrain-
dication, although the ABCs should be dealt with before the LP. Evidence of
spinal cord trauma and/or spinal cord compression would be another con-
traindication to an LP.

When considering bacterial meningitis, CSF should be sent for: Gram’s
stain and cultures, cell count with differential, glucose, and protein, and
other studies as indicated. If an organism can be identified on the Gram’s
stain then empiric therapy can be based on this finding (see Table 3). CSF
findings suggestive of bacterial meningitis are:

e Positive Gram’s stain (organism identified on slide)
e Glucose less than 40 mg/dL or ratio of CSF/blood glucose less than 0.40
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Table 3

Likely bacterial pathogen and antibiotic of choice based on cerebrospinal fluid Gram’s stain results

Gram stain

Positive/negative Appearance

Gram-positive

Bacterial pathogen

Antibiotic of choice

Dose

+ Shape Appearance
+ Cocci Paired diplococci
+ Cocci Single, doubles,

tetrads, clusters

Streptococcus
pneumoniae

Staphylococci

Penicillin G (if sensitive) or
chloramphenicol +
vancomycin + rifampin

Nafcillin or oxacillin (if
methicillin-sensitive) or
vancomycin (if
methicillin-resistant)

Penicillin: adult 4 million units
every 6 h; pediatric 100,000
U/kgevery 6 h

Chloramphenicol: 50 mg/kg
every 6 h (maximum 1 g dose)

Vancomycin: adult 1 g every
dose; pediatric 15 mg/kg every
8-12 h (maximum 1 g every
dose, 4 g/d)

Rifampin: adult 600 mg/d;
pediatric 5-10 mg/kg every
dose given once or twice daily

Nafcillin or oxacillin: adult 1-2 g
every 6 h; pediatric 25-50
mg/kg every 6 h (maximum
12 g/d)

Vancomycin: adult 1 g every
dose; pediatric 15 mg/kg every
8-12 h (maximum 1 g every
dose, 4 g/d)
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+ Cocci

+ Rods

Gram-negative
- Cocci

— Coccobacilli

Pairs and chain

Single or chains

Kidney or coffee bean
appearance cocci or paired
diplococci

Coccobacilli or pleomorphic
bacilli

Other streptococci
(B hemolytic
streptococci)

Listeria monocytogenes

Neisseria meningitidis

Haemophilus influenzae

Penicillin G
(if sensitive) or
ampicillin

Ampicillin + gentamycin or
trimethoprim-
sulfamethoxazole

Penicillin G
(if sensitive) or
chloramphenicol

Ceftriaxone or cefotaxime +
meropenem or
chloramphenicol

Penicillin: adult 4 million units
every 6 h; pediatric 100,000
U/kg every 6 h

Ampicillin: 100 mg/kg 6 hrs
(maximum 2 g per dose)

Ampicillin: 100 mg/kg every 6 h
(maximum 2 g per dose)

Gentamycin: adult 1-2 mg/kg
every 8 h; pediatric 2.5 mg/kg
every 8-12 h (max 1 g q dose,
4g qd)

Trimethroprim-
sulfamethoxazale: 5 mg/kg
every 12 h (based on
trimethoprim component)

Penicillin: adult 4 million units
every 6 h; pediatric 100,000 U/
kgevery 6 h

Chloramphenicol: 50 mg/kg
every 6 h (maximum 1
every dose)

Ceftriaxone: 50 mg/kg every 12 h

Cefotaxime: 50 mg/kg every 6 h

Meropenem: 40 mg/kg every 8 h
(maximum 2 g every dose)

Chloramphenicol: 50 mg/kg
every 6 h (maximum 1 g every
dose)

(continued on next page)

SILIONING TVIYEL1OVd 411DV

L6C



Table 3 (continued)

Bacterial pathogen

Antibiotic of choice

Dose

Gram stain

Positive/negative Appearance
Gram-positive

+ Shape Appearance
- Rods Rods

- Rods Rods

Enterobactericeae:
Escherichia coli

Pseudomonas
aeruginosa

Ceftriaxone + gentamycin or
meropenem or quinolones

Ceftazidime + tobramycin or
meropenem or quinolones

Ceftriaxone: 50 mg/kg every 12 h
plus gentamycin: adult 1-2
mg/kg; pediatric 2.5 mg/kg
every 8 h

Meropenem: 40 mg/kg every 8 h
(maximum 2 g every dose)

Quinolones: adult 400 mg every
8 h or 600 mg every 12 h
(maximum 1200 mg every 6 h)

Ceftazidimine: 50 mg/kg every
8 h (maximum 2 g every dose)

Tobramycin: adult 1-2 mg/kg
every 8 h; pediatric 2.5 mg/kg
every 8 h

Metroponem: 40 mg/kg every
8 h (maximum 2 g per dose)

Quinolones: adult 400 mg every
8 h or 600 mg every 12 h
(maximum 1200 mg every 6 h)

Doses are for adults and children > 1 month of age (excludes neonates) who have normal renal and hepatic function and are administered intravenously.
Quinolones generally are not recommended in pediatric patients, although the dose used is 5-10 mg/kg every 12 h (maximum 400 mg per dose).
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Box 2. Complications and sequelae of bacterial meningitis

Acute complications
Shock
Respiratory failure/distress/arrest
Apnea
Altered mental status/coma
Increased intracranial pressure
Seizures
Disseminated intravascular coagulation (DIC)
Subdural effusions
Subdural abscess
Intracerebral abscess
Increased intracranial pressure
Death
Sequelae
Seizure disorder
Impaired intellectual functioning
Impaired cognition
Personality changes
Dizziness
Gait disturbances
Focal neurologic deficits:
e Deafness/sensorineural hearing loss (most common in
children who have H influenzae)
e Blindness
e Paralysis
e Paresis
Central nervous system structural sequelae/complications
e Hydrocephalus
Brain abscess
Subdural abscess
Subdural effusion
Subdural empyema
Epidural abscess
Cerebral thrombosis
Cerebral vasculitis

e Protein greater than 200 mg/dL

e WBC greater than 1000/uL

e Greater than 80% polymorphonuclear neutrophils
e Opening pressure (OP) of greater than 300 mm

Other diseases from aseptic or viral meningitis to fungal meningitis, brain
abscess, or neoplastic disease can give abnormal CSF findings (see Table 4).
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Subdural abscess

i Epidural abscess Subdural abscess
Epidural abscess Intracerebral
Intracerebral abscess
abscess

Hydrocephaly

CCF

© 2008

Fig. 4. Central nervous system (CNS) complications of meningitis. Also focal CNS infections in
the differential diagnosis for meningitis. (Courtesy of Sharon E. Mace, MD, and Mr. Dave
Schumick, of the Cleveland Clinic Center for Art and Photography; with permission.)

One caveat to remember is that the CSF findings in bacterial meningitis
may not always yield the classic results. Reasons for a lack of classic CSF
findings in bacterial meningitis include:

e Partially treated meningitis (eg, prior antibiotics)

e Time of LP (is it early in course of the disease before the patient mounts
a response, or late in the course?)

e The patient’s condition (is the patient able to mount a response to the
invading organism or is the patient immunosuppressed or has an over-
whelming infection?)

Thus, the typical CSF findings may not be present in every patient who
has bacterial meningitis and may even show a normal WBC in the CSF
and/or lymphocyte predominance, especially if early in the disease (see
Table 4) [43]. Therefore, if there is any concern that the clinical diagnosis
is meningitis, it is better to treat for bacterial meningitis (specifically, give
parental antibiotics and admit for close observation while awaiting culture
[CSF and blood] results) [44]. In the past, repecat LP was done routinely
to follow the course of bacterial meningitis and to document sterilization
of the CSF, but now repeat LP is done only if there is a specific concern
or indication [45], such as when a hospitalized patient who has bacterial
meningitis on appropriate antibiotics is not improving.

Additional CSF studies may be useful in selected patients. For example,
in patients who have partially treated meningitis, bacterial antigen tests,
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Table 4
Cerebrospinal fluid results
Bacterial Viral Normal Normal Normal Normal

Gram’s stain meningitis meningitis adult child term infant preterm infant
Gram’s Stain + - - - - -
White blood cell (WBC) > 1000 <1000 <5 0-7 8 (022 range) 9 (0-25 range)

(per pL)
WBC type >80% polys 1% to 50% polys All monos 0% polys 61% polys 57% polys
Glucose (mg/dL) <40 >40 >40 40-80 52 mean (34-119 range) 50 mean (24-63 range)
Glucose ratio cerebrospinal <0.4 >0.4 >0.4 >0.5 0.44-1.28 0.55-1.05

fluid/blood
Protein (mg/dL) <200 <200 <50 5-40 90 mean (20-170 range) 115 mean (65-150 range)

Abbreviations: Monos, mononuclear leukocytes; Polys, polymorphonuclear leukocytes.
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such as counterimmunoelectrophoresis (CIE), ELISA, or PCR tests on CSF
can help identify the pathogen. The sensitivity of different detection tests
varies and is in the 60% to 90% range. Newer antigen detection tests are be-
ing designed, however, and older ones are being improved, so these tests, es-
pecially PCR, may become more useful and widely available in the future
[46,47].

When viral meningitis is suspected, testing for viruses by PCR or viral
cultures may be done. Similarly when fungal meningitis is a consideration,
testing for fungal pathogens by India ink and fungal cultures and antigen
testing may be done. Mixing India ink with CSF or other biologic fluids re-
mains a quick and efficacious technique for identifying Cryptococcus, al-
though clinical experience is necessary to recognize the encapsulated yeast.
A positive India ink test occurs in over 80% of patients who have AIDS
and half of non-AIDS patients who have cryptococcal meningitis, according
to one author [48], while others report only about a 50% yield [49]. By com-
parison, cryptococcal antigen is positive in over 90% of patients in the CSF
or serum [48-50].

If leptomeningeal meningitis is a possibility, CSF should be sent for
cytology. Although it is nonspecific, CSF lactic acid has been used when
a patient has had prior antibiotic therapy, which likely makes the CSF
culture- and gram stain-negative. With bacterial or fungal meningitis, the
CSF lactic acid is elevated, while it is generally normal (normal CSF lactic
acid less than 35 mg/dL) with viral infections [51]. Seizures alone generally
do not cause abnormalities in the CSF, so abnormal findings on CSF should
not automatically be attributed to a seizure [52].

Laboratory studies

Laboratory studies other than CSF include: complete blood cell count
(CBCQ), glucose, electrolytes, serum urea nitrogen (BUN,) creatinine, and
blood cultures. The white blood cell (WBC) generally is elevated, and the
differential usually has a leftward shift, although patients at the extremes
of age (geriatric patients, infants) and the immunosuppressed may have
a normal or depressed WBC. The serum glucose is useful to compare with
the CSF glucose (CSF/blood glucose ratio). Renal function tests (BUN, cre-
atinine) are useful as indicators of renal perfusion/function and when dosing
medications. Electrolyte abnormalities (especially hyponatremia), dehydra-
tion, and STADH may occur in meningitis. Blood cultures may be positive
when the CSF is negative, so blood cultures are recommended in all patients
who have suspected bacterial meningitis.

A chest radiograph can be valuable in identifying comorbidity (such as
heart failure) and may detect a pneumonia, which could suggest a causative
organism. About half of patients who have pneumococcal meningitis have
pneumonia on radiograph. The urinalysis may reveal a urinary tract infec-
tion that led to bacteremia and meningitis, as well as yielding information
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on the patient’s state of hydration and renal function. In seriously ill pa-
tients, urine output should be monitored. An EKG may assist in diagnosing
comorbidity and complications from heart failure to septic shock with car-
diac dysfunction and dysrhythmias. Other studies, such as an arterial blood
gas, an electroencephalogram (EEG), or echocardiogram, depend on the pa-
tient’s clinical presentation.

Empiric antibiotic therapy

Empiric antibiotic therapy with a broad-spectrum antibiotic that can rap-
idly enter the subarachnoid space is administered when the specific etiologic
agent is unknown. When the exact organism cannot be identified on
a Gram’s stain smear of CSF, empiric therapy based on the most likely
pathogen is given. The likelihood of a given pathogen is determined from
clinical clues, such as the patient’s age, comorbidity, immunologic status,
and the history/physical examination (see Table 2). For example, based
on the likely pathogen, what are the empiric antibiotics for meningitis in:
a febrile military recruit who has a petechial rash, an elderly confused febrile
patient who has a recent urinary tract infection, an HIV patient, or a febrile
newborn (see Table 2)?

Most empiric therapy regimens include a third- or fourth-generation
cephalosporin plus vancomycin [53,54]. Ampicillin is added in special situa-
tions where Listeria may be a pathogen (such as the elderly, those who have
impaired immunity including patients who have HIV, and newborns). Mer-
openem is an alternative drug for the cephalosporins, while trimethoprim-
sulfamethoxazole is an alternative drug for ampicillin (excluding newborns).
If a cephalosporin cannot be administered (for example, with a true allergy),
alternative antibiotics are a carbepenem (eg, meropenem) or chloramphen-
icol plus vancomycin (see Table 2).

Vancomycin penetration into the CNS is mainly dependent upon menin-
geal inflammation. Dexamethasone, probably because it decreases menin-
geal inflammation, significantly lowers therapeutic drug levels in the CSF
[55,56], which has led to clinical treatment failures in adults [57]. Thus, a con-
cern has been raised regarding vancomycin efficacy when given with dexa-
methasone, so some recommend adding rifampin whenever there is
concurrent administration of vancomycin and dexamethasone.

Rifampin has good CSF penetration and in vitro activity against many
meningeal pathogens, but when used alone, resistance develops quickly.
Therefore, rifampin must be used in combination with other antimicrobial
drugs [58]. When dexamethasone is given in the treatment of bacterial men-
ingitis, rifampin generally also is given along with other antimicrobial drugs
[58]. This is because of studies indicating dexamethasone is associated with
a higher therapeutic failure rates and may decrease the CSF levels of various
antibiotics, such as vancomycin (see Tables 2 and 4, and the adjuvant ther-
apy section) [57,58].
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Unfortunately, in the emergency department, the specific bacterial path-
ogen is generally unknown, so empiric therapy is the rule. The CSF Gram’s
stain, however, may yield an important early clue to the specific pathogen
before the CSF culture results are back. The likely pathogen based on the
Gram’s stain and the current antibiotics of choice are listed in Table 3.

Other empiric therapy for aseptic (nonbacterial) infectious meningitis in-
cludes: acyclovir for herpes (HSV-1) meningoencephalitis (usually the CSF

-Ampho Bshows lymphocytic pleocytosis, increased number of erythrocytes, elevated
-Acyclovir protein, normal glucose), and amphotericin B and flucytosine for fungal

meningitis (eg, cryptococcal meningoencephalitis).

Antibiotic resistance

Antibiotic sensitivity testing of the causative bacterial pathogen is key, so
that antibiotic coverage can be tailored to provide optimal narrow coverage.
Antibiotic sensitivity testing is also critical because of increasing pathogen
resistance to various antibiotics.

There has been an increase in infections with antibiotic resistant strains in
recent years. With the pneumococci, resistance to penicillin has occurred. In
one series of patients who had pneumococcal meningitis, 25% of isolates
were resistant to penicillin, and 9% were resistant to cefotaxime [59]. In
other reports, up to about one-third of pneumococci tested had intermediate
(14% to 22%) or high resistance (3% to 14%) to penicillin [4,60,61].

With the pneumococci, resistance to cephalosporins is starting to emerge. In
the United States, in the prevaccine era, over 40% of S pneumoniae isolates were
nonsusceptible to penicillin G, and about half of these isolates also were nonsus-
ceptible to a third-generation cephalosporin (ceftriaxone or cefotaxime). These
penicillin-nonsusceptible strains also have increased rates of resistance to tri-
methoprim-sulfamethoxazole, clindamycin, and particularly high resistance
to macrolides (greater than 50% resistance). Increased rates of macrolide resis-
tance (greater than 10% resistance) also are noted with the penicillin-susceptible
strains [8]. Another study found S preumoniae isolates had 0% to 45% penicillin
resistance, 18% to 33% clindamycin resistance, and 33 to 50% erythromycin
resistance. This study also noted that antibiotic resistance for S pyogenes iso-
lates was 14% to 34% for erythromycin and 0% to 28% for clindamycin
[62]. S pneumoniae organisms that cause meningitis remain susceptible to van-
comycin and moxifloxacin, although decreased susceptibility to penicillin and
cefotaxime was noted in some isolates [63].

Many experts recommend adding vancomycin to a third-generation ceph-
alosporin when treating pneumococcal meningitis until the sensitivities are
known [53,54,64]. Because of its poor penetration of the blood-brain
barrier, monotherapy with vancomycin is not recommended [57].

Resistance to ampicillin has been noted in up to 39% of H influenzae iso-
lates, and 36% produced a B-lactamase [65]. Fortunately, so far, H influenzae
resistance to third-generation cephalosporins (eg, ceftriaxone or cefotaxime)
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is rare [66]. Likewise, meningococcus is sensitive to the cephalosporins, and
there have been few reports of B-lactamase producing meningococcus in the
United States.

Increased resistance to antibiotics has been noted with staphylococci
(MRSA), enterococci (vancomycin-resistant enterococci, VRE), pneumococ-
cus (penicillin- and cephalosporin-resistant pneumococci), and Haemophilus
(ampicillin resistance). Resistance mechanisms to B-lactams, which consists
mainly of extended-spectrum B-lactamase (ESBL), have been reported
in gram-negative organisms: Pseudomonas aeruginosa, E coli, Klebsiella
pneumoniae, and Enterobacter cloacae. The emergence of ESBL-producing
pathogens may decrease the effectiveness of the cephalosporins against
gram-negative bacilli [67,68].

Some experts are recommending that serious methicillin-susceptible
Staphylococcus aureus (MSSA) infections including meningitis be treated
with a B-lactamase resistant (BLR) B-lactam antimicrobial agent, such as
oxacillin or nafcillin rather than vancomycin. This is because most Staphy-
lococcus aureus strains produce B-lactamase enzymes and are resistant to
penicillin and ampicillin. Oxacillin and nafcillin have been recommended
for MSSA infections to decrease the possible emergence of vancomycin-
or clindamycin-resistant strains. For MRSA, vancomycin is the drug of
choice, with some experts adding rifampin or gentamicin [69].

Recently, polymicrobial infections and multiantibiotic resistance also have
been identified [21,70]. Because the sensitivities to antibiotics are evolving, new
antimicrobials are being developed, and the incidence of various pathogens as
causative agents of meningitis is changing, the physician should be aware of
and consider local/hospital trends regarding antibiotics, their sensitivities,
and pathogens when considering antibiotic therapy for acute bacterial menin-
gitis. The recommendations in Tables 2 and 3 are based on current reports;
they may need modifications in the future as sensitivities/pathogens evolve.

Adjunctive dexamethasone therapy
Clinical trials

The role of corticosteroids in acute bacterial meningitis is controversial.
The best answer to whether corticosteroids should be used in acute bacterial
meningitis is “it depends” or ‘“‘sometimes.” The likely bacterial pathogen
and the patient’s age are key considerations in determining whether cortico-
steroids (specifically, dexamethasone) are given. The time of administration
of dexamethasone is also critical.

The pathogenesis of bacterial meningitis and animal studies support the
use of corticosteroids [71,72], while the results of clinical trials are mixed
[73-80]. Animal studies of corticosteroids in experimental pneumococcal
meningitis resulted in decreased cerebral edema, lowered CSF pressure,
and decreased CSF lactate levels [72]. Bactericidal antibiotics given to
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patients who have septic meningitis results in the killing of the invading bac-
teria and the release of bacterial cell wall components, which in turn leads to
the production of proinflammatory cytokines, such as IL-1 and TNF by
macrophages and microglial cells in the subarachnoid space. Dexametha-
sone has several anti-inflammatory effects including: inhibition of the syn-
thesis of IL-1 and TNF, and stabilizing the blood—brain barrier.

The reason why it is recommended that dexamethasone be given 15 to
20 minutes before administering antibiotics is that dexamethasone inhibits
the release of IL-1, TNF, and other inflammatory cytokines by microglia
and macrophages only if it is given before these cells are activated by the en-
dotoxins released from the killing of bacteria. Once these cells have been in-
duced to produce these inflammatory cytokines, dexamethasone does not
affect cytokine (IL-1, TNF, others) production by the body’s cells (macro-
phages, glial cells, and others) [48,81].

The findings regarding corticosteroids as adjunctive therapy in acute bac-
terial meningitis from various clinical trials are mixed and somewhat depen-
dent on the bacterial pathogen and on the patient’s age (pediatric patients
versus adults). Two randomized double-blind, placebo-controlled studies
of childhood bacterial meningitis documented a lower incidence of long-
term hearing loss in infants/children given dexamethasone and a cephalospo-
rin antibiotic versus those given just the antibiotic [73]. A meta-analysis of
11 studies of dexamethasone in infants/children who had bacterial meningi-
tis found:

e With H influenzae meningitis, dexamethasone significantly decreased se-
vere hearing loss irrespective of when it was given (eg, before or after
antibiotic therapy)

e With pneumococcal meningitis, dexamethasone was effective in reducing
hearing loss only if given before antibiotics

e For all pathogens combined, the only benefit of dexamethasone was
a decrease in hearing loss with no protection against any other neuro-
logic deficits [79]

Several other studies of dexamethasone in childhood bacterial meningitis
noted similar results [74-76].

In adults who had bacterial meningitis, a randomized placebo-controlled,
double-blind trial that compared dexamethasone versus placebo in addition
to antibiotics found that dexamethasone decreased the incidence of unfavor-

NNT = 10 able outcomes including death [77]. The reduction in unfavorable outcomes

i pneumoc&@éJ%S% to 15% (P = .03) and in mortality was 15% to 7% (P = .04). The
absolute risk reduction was 10%. Dexamethasone was given either 15 min-
utes before or simultaneously with antibiotics and continued every 6 hours
for 4 days. Benefits were present with pneumococcal meningitis but not with
any other bacterial pathogen (including N meningitidis) [77].

A study of neonatal (age less than or equal to 30 days) meningitis in
which K pneumoniae was the main bacterial pathogen showed negative
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results with dexamethasone [80]. Therefore, dexamethasone is not recom-
mended in this age group.

Currently, adjunctive dexamethasone is recommended in infants/children
older than 6 weeks with H influenzae B meningitis and is considered in in-
fants/children older than 6 weeks who have pneumococcal meningitis, and
in adults who have proven or suspected pneumococcal meningitis [58].
According to the Red Book, dexamethasone may be beneficial for the treat-
ment of H influenzae B meningitis in infants and children if given before or
concurrently with the first dose of antibiotics [7]. The dexamethasone dose
in children and adults is 0.15 mg/kg per dose intravenously every 6 hours
for 2 to 4 days, with the first dose given before or concurrently with the first
dose of antibiotics.

Empiric adjunctive dexamethasone therapy?

Because the organism usually is not known definitively when the patient
who has bacterial meningitis is in the emergency department, empiric anti-
biotics are frequently the rule. Similarly, the question of empiric administra-
tion of dexamethasone in the emergency department could be argued, with
some advocates for [82] and some against [83].

Several concerns regarding the use of dexamethasone have been raised.
There is also the logistical necessity of administering dexamethasone either
just before or at the same time as the antibiotic. There is concern that clin-
ical signs and symptoms may be masked in the presence of dexamethasone,
making it difficult to evaluate the adequacy or inadequacy of the response to
therapy [83]. Gastrointestinal (GI) bleeding has been noted to occur in the
1% to 2% of patients with bacterial meningitis who received dexamethasone
[83]. A decreased learning ability and decreased spatial memory, and in-
creased hippocampal neuronal apoptosis were noted in two recent animal
studies [84,85].

First, the narrow window of opportunity for drug administration should
not be an issue if prospectively discussed with nursing/pharmacy/other in-
volved hospital or department personnel, and a mechanism is put into place
for rapidly obtaining and giving the medications.

Next, a significant difference in the incidence of GI bleeding between
those receiving dexamethasone and those not receiving dexamethasone
has not been noted, although the incidence of GI bleeding may be too small
(1% to 2%) to detect a difference. One study in adults noted a higher inci-
dence of GI bleeding in the placebo group (5 of 144 patients = 0.03%)
versus the dexamethasone group (2 of 157 patients = .01%) [77], while
a study in children that monitored for possible adverse effects found no
abnormalities [74]. A systematic review of steroids in adults who had acute
bacterial meningitis found that adverse events were distributed equally
between both groups (eg, steroids versus nonsteroids). They noted
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a significant decrease in mortality (P = .002) and in neurologic sequelae
(P = .05) with steroid treatment. They recommended ‘routine steroid
therapy with the first dose of antibiotics” in most adults who had com-
munity-acquired bacterial meningitis [82].

An increased number of the therapeutic failures has been noted in some
studies when dexamethasone is given with various antibiotics [57]. The thera-
peutic failures occurring with concomitant dexamethasone administration are
a concern. This may, at least in part, be related to a decreased CSF level of
antibiotics. The mechanism for this is not entirely clear. It may be that antibi-
otic therapy failures occur because dexamethasone impairs antibiotic penetra-
tion across the blood—brain barrier [57,86]. Another possibility is that
dexamethasone decreases the level of antibiotic (eg, vancomycin, ceftriaxone,
and rifampin) in the CSF [83]. Several studies did demonstrate decreased level
of antibiotics in the CSF when dexamethasone was given in several animal
studies [55,56,86], and in a study of adults who had bacterial meningitis receiv-
ing vancomycin [57]. Another animal study noted therapeutic failures when
dexamethasone was given with ceftriaxone, although the antibiotic pharma-
cokinetics, including CSF drug levels, were not different between the animals
receiving dexamethasone or not receiving dexamethasone.

Negative effects of dexamethasone were reported in a study of neonatal
bacterial meningitis. Therefore, coadministration of dexamethasone with
antibiotics is contraindicated in neonatal bacterial meningitis.

Furthermore, the two recent studies using different animal models dem-
onstrating decreased learning ability and impaired memory along with mo-
lecular signs of neuronal damage are particularly concerning [84,85].

The conclusion is that the various risks and benefits of administering
dexamethasone in bacterial meningitis need to be determined on an individ-
ual basis until additional evidence/research is forthcoming.

Differential diagnosis

The differential diagnosis of bacterial meningitis includes all the causes of
aseptic meningitis, both the infections (mostly viral but also partially treated
bacterial meningitis and focal CNS infections) and noninfectious causes:
neoplasm, drugs, and systemic diseases. The infectious causes of aseptic
meningitis include: partially treated bacterial, viral, fungal, tuberculosis,
Lyme disease, syphilis, and meningitis caused by atypical and nonpyogenic
bacteria. Meningeal irritation also can be caused by adjacent bacterial infec-
tions (such as a brain abscess, subdural empyema or epidural abscess) (see
Fig. 1). A CT scan can be valuable in detecting these adjacent infections.
Neoplastic disease of the meninges (leptomeningeal carcinomatosis) also
can cause meningeal signs and symptoms.

Aseptic meningitis is differentiated into infectious and noninfectious
causes. Viral meningitis accounts for most cases of aseptic meningitis. Non-
viral infectious causes of aseptic meningitis include the following: partially
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treated bacterial meningitis, atypical and nonpyogenic bacterial meningitis,
meningitis caused by adjacent pyogenic infections, tuberculous meningitis,
syphilitic meningitis, fungal meningitis, and meningitis associated with
Lyme disease (see Fig. 2).

Etiologic agents of viral meningitis include: enteroviruses (most common
cause: echoviruses, but also coxsackie, and infrequently polio viruses), ade-
noviruses, herpes simplex, varicella-zoster virus, influenza types A and B,
HIV, lymphocytic choriomeningitis virus, and Epstein-Barr virus.

A multicenter study of 3295 children admitted to the hospital with CSF
pleocytosis who were treated with parenteral antibiotics noted 3.7% of the pa-
tients had bacterial meningitis, and 96.3% had aseptic meningitis [87]. A bac-
terial meningitis scoring system was devised using the following variables:

e Positive CSF Gram’s stain

e CSF absolute neutrophil count greater than or equal to 1000 cells/uL

e CSF protein greater than 80 mg/d

e Peripheral blood absolute neutrophil count greater than or equal to
10,000 cells/pL

e A history of seizure before or at the time of presentation. The risk of
bacterial meningitis was very low (0.1%) in patients with none of these
criteria [87]

Atypical bacteria that can cause meningitis include: tuberculosis, Nocar-
dia, Treponema pallidum (syphilis) and Borrelia burgdorferi (Lyme disease).
Fungal etiologies for meningitis are in two categories: those that cause dis-
ease in immunocompromised patients (such as HIV patients) and those
endemic to certain geographic locales. Fungi associated with a specific geo-
graphic region are: Histoplasma, Coccidoides, and Blastomyces. Organisms
causing meningitis in compromised hosts include

e Fungi: Candida, Cryptococcus, and Aspergillus
e Parasites: Toxoplasma gondii and cysticercosis (pork tapeworm)
e Certain viruses

There are reports of these pathogens causing meningitis in immunocom-
petent individuals as well.

Focal CNS infections that are in the differential for bacterial meningitis
include: brain abscess and parameningeal CNS infections (subdural empy-
ema, epidural abscess, spinal abscess) (see Fig. 4). A CT scan can be valu-
able in detecting these adjacent infections.

Noninfectious etiologies of aseptic meningitis can be grouped into four
categories: (1) drugs, (2) carcinomatosis meningitis or leptomeningeal carci-
nomatosis (metastases to the meninges), (3) associated systemic diseases,
and (4) inflammatory conditions that primarily affect the CNS. The systemic
diseases that can cause aseptic noninfectious meningitis are generally an
autoimmune hypersensitivity disease and include: systemic lupus erythema-
tosus, sarcoidosis, Behcet’s syndrome, Wegner’s granulomatosis, and lead
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poisoning. Noninfectious CNS inflammatory processes include: granuloma-
tous cerebral vasculitis and chemical meningitis following myelography
(with water-soluble nonionic contrast), inflammation following neurosur-
gery, and inflammation after spinal or epidural anesthesia.

Neoplastic disease can cause meningitis with tumors that leak inflamma-
tory materials into the CSF, with primary CNS tumors, or with metastatic
carcinomatous meningitis. Some of the drugs that have been associated with
drug hypersensitivity meningitis are: nonsteroidal anti-inflammatory drugs,
trimethoprim-sulfamethoxazole, and OKT3 (an antibody against T cells).

Prognosis/sequelae

The annual mortality for bacterial meningitis in the United States was
about 6000 prior to the routine use of pneumococcal conjugate vaccine,
with about two-thirds of all cases occurring in pediatric patients less than or
equal to 18 years of age [59]. A recent report notes half of all acute bacterial
cases are in children and infants [4]. In the United States, the annual mortality
rate for bacterial meningitis was less 1000 (708 deaths) reported in 2003 [88].
Although the overall incidence of bacterial meningitis in the United States is
decreasing, especially in pediatric patients, the proportion of patients in cer-
tain high-risk groups (such as geriatric patients) is increasing [4,34]. Whether
this changing age-related trend continues and if it is related to the use of the
newer vaccines and widespread immunization and/or other factors including
an aging population with higher acuity and increased comorbidity (including
immunosuppressed patients) remain to be determined.

The case fatality rates for bacterial meningitis are reported as 4% to 10%
in the pediatric population [16], 25% in adults [1], and up to 50% for geri-
atric patients [34]. Meningitis case fatality rates are estimated at 3% to 7%
for H influenzae or N meningitidis or group B streptococci, 20% to 25% for
S pneumoniae, and up to 30% to 40% for L monocytogenes [4,8,19,81].
Higher fatality rates occur in patients at the extremes of age (the elderly
and the infant, especially the neonate) [16,17,32,34,89].

The prognosis varies depending on multiple factors: age, presence of co-
morbidity, responsible pathogen, and the degree of severity at presentation/
neurologic presentation on admission. The severity or degree of neurologic
impairment at the time of presentation is a prognostic factor [81,89]. The
mortality rate rises with the following clinical parameters:

Decreased level of consciousness at admission
Signs of increased intracranial pressure
Seizures within 24 hours of admission

Age (older than 50 years or infancy)

e Comorbidity

e Need for mechanical ventilation

e Delay in initiation of treatment [81]
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A recent study of community-acquired acute adult bacterial meningitis
(51% S pneumoniae, 37% N meningitidis) noted risk factors associated
with a poor prognosis were: advanced age, presence of osteitis or sinusitis,
low Glasgow Coma Scale (GCS) on admission, tachycardia, absence of
rash, thrombocytopenia, elevated erythrocyte sedimentation rate, low CSF
cell count, and positive blood culture [11].

The incidence of sequelae varies with the pathogen, with about 25% of
survivors having moderate or severe sequelae [81]. In one report, 40% of
survivors had sequelae, including hearing loss and other neurologic sequelae
[89], while others cite 60% morbidity [48,59]. Sequelae of bacterial meningi-
tis [90] include: sensorineural hearing loss (particularly common in children
who have H influenzae infection), decreased intellectual/cognitive function,
impaired memory, dizziness, gait disturbances, focal neurologic deficits in-
cluding paralysis and blindness, hydrocephalus, subdural effusion, and sei-
zures (Box 2).

Chemoprophylaxis

The incidence of transmission of Meningococcus among household con-
tacts is about 5%. According to one estimate, the risk for developing men-
ingitis after exposure to a patient with meningococcal meningitis is 500 to
800 times greater than in the general population [91]. Therefore, chemopro-
phylaxis is indicated for high-risk contacts of patients who have meningitis.
Because up to one-third of secondary cases of meningococcal disease de-
velop within 2 to 5 days of illness in the index (initial) case, prompt chemo-
prophylaxis is indicated.

Individuals considered high-risk who need prophylaxis are: household or
close contacts (individuals who slept and ate in the same household with the
patient) and intimate nonhousehold contacts who have had mucosal expo-
sure to the patient’s secretions (such as a boyfriend or girlfriend). Individ-
uals who have had direct exposure to the patient’s secretions through
shared utensils or toothbrushes, kissing, and school/daycare contacts in
the prior seven days should receive chemoprophylaxis.

Not all health care workers need chemoprophylaxis. Health care workers
who are at increased risk and require chemoprophylaxis are those who have
had direct mucosal contact with the patient’s secretions, as for example, dur-
ing mouth-to-mouth resuscitation, endotracheal intubation, or suctioning of
the airway.

Chemoprophylaxis for meningococcal meningitis is provided by rifampin
given in a 600 mg dose for adults, 10 mg/kg every dose for children older
than 1 month, 5 mg/kg every dose for neonates (age less than or equal to
30 days) orally every 12 hours for a total of four doses. Those receiving che-
moprophylaxis should be counseled to watch for fever, rash, or any other
meningeal signs/symptoms. They should be hospitalized with appropriate
intravenous antibiotics if signs/symptoms of active meningococcal disease
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develop, because rifampin alone is not effective against invasive meningo-
coccal disease. Alternative single-dose chemoprophylaxis regimens are ci-
profloxacin 500 mg by mouth for adults and ceftriaxone 250 mg
intramuscularly (age greater than or equal to 12 years) or 125 mg intramus-
cularly (age less than 12 years).

Rifampin chemoprophylaxis for H influenzae meningitis is warranted for
nonpregnant household contacts if there are young children (age younger
than 4 years) in the household. The by mouth dose is 600 mg for adults
and 20 mg/kg for children once daily for 4 days. Chemoprophylaxis is not
given for pneumococcal meningitis.

Immunoprophylaxis

A vaccine against meningococci has been used to immunize adults. Un-
fortunately, this vaccine does not confer protection in children younger
than 2 years because of a poor antibody response in this age group. This
vaccine is based the polysaccharide capsule but only confers immunity
against four serogroups of meningococci (A, C, Y, W-135). The quadriva-
lent vaccine has been used for routine immunization by the United States
military since the 1980s, for travelers to countries where meningococcal dis-
ease is endemic, during meningococcal epidemics, and for elective immuni-
zation of college freshman. Currently, there is no licensed vaccine against
serogroup B meningococci. The quadrivalent meningococcal conjugate vac-
cine (MCV4) is recommended:

e For 2- to 10-year old children at increased risk for meningococcal dis-
ease, including patients who have asplenia (functional or anatomic),
HIV infection, and terminal complement deficiencies

e For travelers to areas where N meningitidis is hyperendemic or endemic

e During outbreaks caused by a serotype included in the vaccine [92-94]

A quadrivalent meningococcal conjugate vaccine was approved by the
FDA in 2005 for use in adolescents and adults 11 to 55 years of age [93,94].

Despite there being a large number of serotypes of pneumococci, effective
pneumococcal vaccines have been developed, because most clinical disease is
caused by relatively few serotypes of pneumococci. The pneumococcal vac-
cines have had a positive effect in decreasing the incidence of all types of in-
vasive pneumococcal diseases including meningitis [10].

Several pneumococcal vaccines are available. A single dose of a polyva-
lent vaccine effective against 23 serotypes of pneumococci is recommended
for elderly or debilitated patients, especially those who have pulmonary dis-
ease, sickle cell disease, and those who have impaired splenic function such
as patients after splenectomy. Childhood immunization recommendations
include a heptavalent conjugated pneumococcal vaccine that is 90% protec-
tive with a low incidence of adverse reactions [§].
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The HIB vaccine, which confers immunity against H influenzae type B, is
also part of the childhood immunization recommendation and has been
very effective in decreasing the incidence of all types of disease caused by
H influenzae type B, from pneumonia to meningitis [7].

Summary

Despite advances in medical care including antibiotics and vaccines, men-
ingitis still has a high morbidity and mortality rate, especially in certain
high-risk patients. Early diagnosis with the administration of appropriate
antibiotics remains the key element of management.

References

[1] Durand ML, Calderwood SB, Weber DJ, et al. Acute bacterial meningitis in adults: a review
of 493 episodes. N Engl J Med 1993;328:21-8.

[2] Lieb SL, Tauber MG. Acute and chronic meningitis. In: Cohen J, Powderly WG, editors.
Infectious diseases. 2nd edition. St. Louis (MO): Mosby; 2004. p. 251-65.

[3] Fraser DW, Geil CC, Feldman RA. Bacterial meningitis in Bernailillo County, New Mex-
ico: a comparison with three other American populations. Am J Epidemiol 1947;100(1):
29-34.

[4] Schuchat A, Robinson K, Wenger JD, et al. Bacterial meningitis in the United States in 1995.
Active surveillance team. N Engl J Med 1997;337(14):970-6.

[5] Lavoie FW, Caucier JR. Central nervous system infections. In: Marx JA, Hockberger RS,
Walls RM, et al, editors. Rosen’s emergency medicine concepts and clinical practice. 6th edi-
tion. Philadelphia: Mosby Elsevier; 2006. p. 1710-25.

[6] Loring KE. CNS infections. In: Tintinalli JE, Kelen GD, Stapczynski JS, editors. Emergency
medicine: a comprehensive study guide. 6th edition. New York: McGraw-Hill; 2004.
p. 1431-7.

[71 Haemophilus influenzae infections. In: Pickering LK, Baker CJ, Long SS, et al, editors. Red
Book: 2006 Report of the Committee on Infectious Diseases. 27th edition. Elk Grove Village
(IL): American Academy of Pediatrics; 2006. p. 310-8.

[8] Pneumococcal infections. In: Pickering LK, Baker CJ, Long SS, et al, editors. Red Book:
2006 Report of the Committee on Infectious Diseases. 27th edition. Elk Grove Village
(IL): American Academy of Pediatrics; 2006. p. 525-37.

[9] Wenger JD, Hightower AW, Facklam RR, et al. Bacterial meningitis in the United
States, 1986: report of a multistate surveillance study. The Bacterial Meningitis Study
Group. J Infect Dis 1990;162(6):1316-22.

[10] Black S, Shinefield H, Baxter R, et al. Postlicensure surveillance for pneumococcal in-
vasive disease after use of heptavalent pneumococcal conjugate vaccine in Northern
California Kaiser Permanente. Pediatr Infect Dis J 2004;23(6):485-9.

[11] van de Beek D, de Gans J, Spanjaard L, et al. Clinical features and prognostic factors in
adults with bacterial meningitis. N Engl J Med 2004;351(18):1849-59.

[12] Ziai WC. Advances in the management of central nervous systems infections in the ICU. Crit
Care Clin 2006;22(4):661-94.

[13] Pfister HW, Feiden W, Einhaulp KM. Spectrum of complications during bacterial meningi-
tis in adults. Results of a prospective clinical study. Arch Neurol 1993;50(6):575-81.

[14] Hussein AS, Shafran SD. Acute bacterial meningitis in adults. A 12-year view. Medicine
(Baltimore) 2000;79(6):360-8.

[15] Kaplan SL. Clinical presentations, diagnosis, and prognostic factors of bacterial meningitis.
Infect Dis Clin North Am 1999;13:579-94.



314 MACE

[16] Chavez-Bueno S, McCracken GH Jr. Bacterial meningitis in children. Pediatr Clin North
Am 2005;52:795-810.

[17] Edwards MS. Postnatal bacterial infections. In: Martin RJ, Fanaroff AA, Walsh MC, edi-
tors. Fanaroff and Martin’s neonatal-perinatal medicine: diseases of the fetus and infant.
vol. 2. 8th edition. Philadelphia: Mosby Elsevier; 2006. p. 791-829.

[18] Choi C. Bacterial meningitis. Clin Geriatric Med 1992;8(4):889-902.

[19] Geiseler PJ, Nelson KE, Levin S, et al. Community-acquired purulent meningitis: a review of
1316 cases during the antibiotic era 1954—-1976. Rev Infect Dis 1980;2(5):725-45.

[20] Schutze GE, Mason EO Jr, Barson WJ, et al. Invasive pneumococcal infections in children
with asplenia. Pediatr Infect Dis J 2002;21:278-82.

[21] Wang KW, Chang WN, Huang CR, et al. Postneurosurgical nosocomial bacterial menin-
gitis in adults: microbiology, clinical features, and outcomes. J Clin Neurosci 2005;12(6):
647-50.

[22] Odio C, McCracken GH Jr, Nelson JD. CSF shunt infections in pediatrics: a seven-year ex-
perience. Am J Dis Child 1984;138:1103-8.

[23] O’Neill E, Humphreys H, Phillips J, et al. Third-generation cephalosporin resistance among
gram-negative bacilli causing meningitis in neurosurgical patients: significant challenges in
ensuring effective antibiotic therapy. J Antimicrob Chemother 2006;57:356-9.

[24] Reefhuis J, Honein MA, Whitney CG, et al. Risk of bacterial meningitis in children with co-
clear implants. N Engl J Med 2003;349:435-45.

[25] Berman PH, Banker BQ. Neonatal meningitis: a clinical and pathological study of 29 cases.
Pediatrics 1996;38:6-24.

[26] Kapur R, Yoder MC, Polin RA. Developmental immunology. In: Martin RJ, Fanaroff AA,
Walsh MC, editors. Fanaroff and Martin’s neonatal-perinatal medicine, vol. 2. 8th edition.
Philadelphia: Mosby-Elsevier; 2006. p. 761-90.

[27] Nicolle LE, Strausbaugh LJ, Garibaldi RA. Infections and antibiotic resistance in nursing
homes. Clin Microbiol Rev 1996;9(1):1-17.

[28] Yung RL. Changes in immune function with age. Rheum Dis Clin North Am 2000;26(3):
455-73.

[29] Mody L. Infection control issues in older adults. Clin Geriatric Med 2007;23(3):499-574.

[30] Yoshikawa TT. Antimicrobial resistance and aging: beginning of the end of the antibiotic
era? Journal of the American Geriatric Society 2002;50(7):S226-9.

[31] Gorse GJ, Thrupp LD, Nudleman KL, et al. Bacterial meningitis in the elderly. Archives of
Internal Medicine 1984;144(8):1603-7.

[32] Kulchycki LK, Edlow JA. Geriatric neurologic emergencies. Emerg Med Clin North Am
2006;24(3):273-98.

[33] Puxty JA, Fox RA, Horan MA. The frequency of physical signs usually attributed to men-
ingeal irritation in elderly patients. J Am Geriatr Soc 1983;31(10):216-20.

[34] Adedipe A, Lowenstein R. Infectious emergencies in the elderly. Emerg Med Clin North Am
2006;24:433-48.

[35] Kornelisse RF, Westerbeek CM, Spoor AB, et al. Pneumococcal meningitis in children:
prognostic indicators and outcome. Clin Infect Dis 1995;21(6):1390-7.

[36] van Crevel H, Hijdra A, de Gans J. Lumbar puncture and the risk of herniation: when should
we first perform CT? J Neurol 2002;249(2):129-37.

[37] Hasbun R, Abrahams J, Jekel J, et al. Computed tomography of the head before lumbar
puncture in adults with suspected meningitis. N Engl J Med 2001;345(24):1727-33.

[38] Duffy GP. Lumbar puncture in the presence of raised intracranial pressure. Br Med J 1969;1:
407-9.

[39] Brewer NS, MacCarty CS, Wellman WE. Brain abscess: a review of recent experience. Ann
Intern Med 1975;82:571-6.

[40] Samson DS, Clark K. A current review of brain abscess. Am J Med 1973;54:201-10.

[41] Silverman R, Kwiatkowski T, Bernstein S, et al. Safety of lumbar puncture in patients with
hemophilia. Ann Emerg Med 1993;22(11):1739-42.



ACUTE BACTERIAL MENINGITIS 315

[42] Howard SC, Gajjar A, Ribeiro RC, et al. Safety of lumbar puncture for children with acute
lymphoblastic leukemia and thrombocytopenia. JAMA 2000;284:2222-4.

[43] Freedman SB, Marrocco A, Pirie J, et al. Predictors of bacterial meningitis in the era after
Haemophilus influenzae. Arch Pediatr Adolesc Med 2001;155(12):1301-6.

[44] Mace SE. Meningitis. In: Greenberg MI, editor. Avoiding malpractice in emergency medi-
cine. Wayne (PA): Greenleaf Press; 1988. p. 91-142.

[45] Durack DT, Spanos A. End-of-treatment spinal tap in bacterial meningitis. Is it worthwhile?
JAMA 1982;248(1):75-8.

[46] Bryant PA, LiHY, Zaia A, et al. Prospective study of a real-time PCR that is highly sensitive,
specific, and clinically useful for diagnosis of meningococcal disease in children. J Clin
Microbiol 2004;42:2919-25.

[47] Schuurman T, deBoer RF, Kooistra-Smid AM, et al. Prospective study of use of PCR am-
plification and sequencing of 16S ribosomal DNA from cerebrospinal fluid for diagnosis of
bacterial meningitis in a clinical setting. J Clin Microbiol 2004;42:734-40.

[48] Tunkel AR, Scheld WM. Acute meningitis. In: Mandell GL, Bennett JE, Dolan R, editors.
Mandell, Bennett & Dolin: principles & practice of infectious diseases. 6th edition. Philadel-
phia: Churchill & Livingtstone; 2005. p. 1083-126.

[49] Sato Y, Osabe S, Kuno H, et al. Rapid diagnosis of cryptococcal meningitis by microscopic
examination of centrifuged cerebrospinal fluid sediment. Journal of Neurological Sciences
1999;164:72-5.

[50] Collazos J. Opportunistic infections of the CNS in patients with AIDS. CNS Drugs 2003;
17(12):869-87.

[51] Beaty HN, Oppenheimer S. Cerebrospinal fluid lactic dehydrogenase and its isoenzymes in
infections of the central nervous system. N Engl J Med 1968;279(22):1197-2002.

[52] Wong M, Schlaggar BL, Landt M. Postictal cerebrospinal fluid abnormalities in children.
J Pediatr 2001;138:373-7.

[53] Kaplan SL. Management of pneumococcal meningitis. Pediatric Infectious Disease Journal
2002;21(6):589-91.

[54] Rodriquez CA, Atkinson R, Biter W, et al. Tolerance to vancomycin in pneumococci: detec-
tion with a molecular marker and assessment of clinical impact. Journal of Infectious Dis-
eases 2004;190(8):1481-7.

[55] Cabellos C, Martinez-Lacasa J, Tubau F, et al. Evaluation of combined ceftriaxone and
dexamethasone therapy in experimental cephalosporin-resistant pneumococcal meningitis.
J Antimicrob Chemother 2000;45(3):315-20.

[56] Lutsar I, Friedland IR, Jafri HS, et al. Factors influencing the anti-inflammatory effect of
dexamethasone therapy in experimental pneumococcal meningitis. J Antimicrob Chemother
2003;52(4):651-5.

[57] Viladrich PF, Gudiol F, Linares J, et al. Evaluation of vancomycin for therapy of adult pneu-
mococcal meningitis. Antimicrob Agents Chemother 1991;35(12):2467-72.

[58] Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the management of bac-
terial meningitis: Infectious Disease Society of American (IDSA) guidelines. Clinical Infec-
tious Dieseases 2004;39:1267-84.

[59] Quagliarello VJ, Scheld WM. Treatment of bacterial meningitis. N Engl J Med 1997;336(10):
708-16.

[60] Butler JC, Hofmann J, Cetron MS, et al. The continued emergence of drug-resistant Strepto-
coccus pneumoniae in the United States: an update from the Centers for Disease Control and
Prevention’s Pneumococcal Sentinel Surveillance System. J Infect Dis 1996;174(5):986-93.

[61] Doerm GV, Brueggemann A, Golley HP Jr, et al. Antimicrobial resistance of Streptococcus
pneumoniae recovered from outpatients in the United States during the winter months of
1994 to 1995: results of a 30-center national surveillance study. Antimicrob Agents Chemo-
ther 1996;40:1208—-13.

[62] Lin K, Tierno PM, Komisar A. Increasing antibiotic resistance of Streptococcus species in
New York City. Laryngoscope 2004;114:1147-50.



316 MACE

[63] Verhaegen J, Vandecasteele SJ, Vandeven J, et al. Antibiotic susceptibility and serotype dis-
tribution of 240 Streptococcus pneumoniae causing meningitis in Belgium. Acta Clin Belg
2003;58(1):19-26.

[64] Friedland IR, McCracken GH Jr. Management of infections caused by antibiotic resistant
Streptococcus pneumoniae. N Engl J Med 1994;331:377-82.

[65] Doern GV, Brueggemann AB, Pierce G, et al. Antibiotic resistance among clinical isolates of
Haemophilus influenzae in the United States in 1994 and 1995 and detection of beta-lacta-
mase positive strains resistant to amoxicillin-clavulanate: results of a national multicenter
surveillance study. Antimicrob Agents Chemother 1997;41:292-7.

[66] Schneider JI. Rapid infectious killers. Emerg Med Clin North Am 2004;22:1099-115.

[67] Lee SH, Jeong SH. Antibiotic susceptibility of bacterial strains isolated from various infec-
tions. Lett Appl Microbiol 2002;34(3):215-21.

[68] Andes D, Craig WA. Treatment of infections with ESBL-producing organisms: pharmaco-
kinetic and pharmacodynamic considerations. Clin Microbiol Infect 2005;(11 Suppl 6):10-7.

[69] Staphylococcal infections. In: Pickering LK, Baker CJ, Long SS, et al, editors. Red book:
2006 Report of the Committee on Infectious Diseases. 27th edition. Elk Grove Village
(IL): American Academy of Pediatrics; 2006. p. 598-610.

[70] Yoshikawa TT. Resistant pathogens: considerations in geriatrics and infectious disease.
J Am Geriatr Soc 2002;50(7 suppl):S226-9.

[71] Saez-Llorens X, McCracken GH Jr. Antimicrobial and anti-inflammatory treatment of bac-
terial meningitis. Infect Dis Clin North Am 1999;13:619-36.

[72] Tauber MG, Khayem-Bashi H, Sande MA, et al. Effects of ampicillin and corticosteroids on
brain water content, cerebrospinal fluid pressure, and cerebrospinal fluid lactate levels in ex-
perimental pneumococcal meningitis. J Infect Dis 1985;151:528-34.

[73] Lebel MH, Freij BJ. Dexamethasone therapy for bacterial meningitis: results of two double-
blind, placebo-controlled trials. N Engl J Med 1988;319:964-71.

[74] Schaad UB, Lips U, Gnehm HE, et al. Dexamethasone therapy for bacterial meningitis in
children. Swiss Meningitis Study Group. Lancet 1993;342(8869):457-61.

[75] Molyneux EM, Walsh AL, Forsyth H, et al. Dexamethasone treatment in childhood bacte-
rial meningitis in Malawi: a randomized control trial. Lancet 2002;360(9328):211-8.

[76] Wald ER, Kaplan SL, Mason ED Jr, et al. Dexamethasone therapy for children with bacte-
rial meningitis—Meningitis Study Group. Pediatrics 1995;95(1):21-8.

[77] deGansJ, van de Beek D. Dexamethasone in adults with bacterial meningitis. N Engl J Med
2002;347(10):1549-56.

[78] Gijwani D, Kumhar MR, Singh VB, et al. Dexamethasone therapy for bacterial meningitis in
adults: a double-blind placebo control study. Neurol India 2002;50(1):63-7.

[79] Mclntyre PB, Berkey CS, King SM, et al. Dexamethasone as adjunctive therapy in bac-
terial meningitis: a meta-analysis of randomized clinical trials since 1988. JAMA 1997,
278:925-31.

[80] Daoud AS, Batieha A, Al-Sheyyab M, et al. Lack of effectiveness of dexamethasone in neo-
natal bacterial meningitis. Eur J Pediatr 1999;158(3):230-3.

[81] Roos KL, Tyler KL. Meningitis, encelphalitis, brain abscess, and empyema. In: Harrison’s
internal medicine. New York: McGraw-Hill Co; 2007. p. 2471-90.

[82] Van de Beek D, deGans J, Macintyre P, et al. Steroids in adults with acute bacterial menin-
gitis: a systematic review. Lancet Infect Dis 2004;4:139-43.

[83] Pelton SI, Yogev R. Improving the outcome of pneumococcal meningitis. Arch Dis Child
2005;90:333-4.

[84] Leib SL, Heimgartner C, Bifrafe YD, et al. Dexamethasone aggravates hippocampal apo-
ptosis and learning deficiency in pneumococcal meningitis in infant rats. Pediatr Res 2003;
54:353-7.

[85] Zysk G, Bruck W, Gerber J, et al. Anti-inflammatory treatment influences neuronal-apopto-
tic cell death in the denate gyrus in experimental pneumococcal meningitis. J Neuropathol
Exp Neurol 1996;55:722-8.



ACUTE BACTERIAL MENINGITIS 317

[86] Scheld WM, Brodeur JP. Effect of methyprednisolone on entry of ampicillin and gentamicin
into cerebrospinal fluid in experimental pneumococcal and Escherichia coli meningitis. Anti-
microb Agents Chemother 1983;23:108-12.

[87] Nigrovic LE, Kupperman N, Macias CG, et al. Clinical prediction rule for identifying chil-
dren with cerebrospinal fluid pleocytosis at very low risk of bacterial meningitis. JAMA
2007;297(1):52-60.

[88] Vital statistics. In: Gutierrez CM, Sampson DA, Cooper KB, et al, editors. Statistical
abstract of the United States: 2006. Washington, DC: U.S. Census Bureau 2005; 2006. p. 85.

[89] Miller LG, Choi C. Meningitis in the older patient: how to diagnose and treat a deadly in-
fection. Geriatrics 1997;52:43-4, 47-50, 55.

[90] Grimwood K, Anderson VA, Bond L, et al. Adverse outcomes of bacterial meningitis in
school-age survivors. Pediatrics 1995;95:646-56.

[91] Analysis of endemic meningococcal disease by serogroup and evaluation of chemoprophy-
laxis. J Infect Dis 1976;134:20-4.

[92] Centers for Disease Control and Prevention. Meningococcal disease and college students.
Recommendations of the Advisory Committee on Immunization Practices (ACEI).
MMWR Recomm Rep 2000;49(RR-7):13-20.

[93] Baker CJ, Rubin LG, Bocchini JA Jr. Recommendations updated for PCV7, MCV4 vac-
cines. AAP News 2007;14. Available at: www.aapnews.org. Accessed March 3, 2008.

[94] Bilukha O, Messonnier N, Fischer M. Use of meningococcal vaccines in the United States.
Pediatr Infect Dis J 2007;26(5):371-6.


http://www.aapnews.org

	Acute Bacterial Meningitis
	Etiology
	Epidemiology
	Specific pathogens

	Clinical presentation
	Risk factors for bacterial meningitis
	Age and demographics
	Immunocompromised patients
	Mechanism of entry into the central nervous system

	Neonatal meningitis
	Geriatric meningitis
	Pathophysiology
	Management
	Complications
	Diagnostic evaluation
	Lumbar puncture
	Laboratory studies

	Empiric antibiotic therapy
	Antibiotic resistance
	Adjunctive dexamethasone therapy
	Clinical trials

	Empiric adjunctive dexamethasone therapy?
	Differential diagnosis
	Prognosis/sequelae
	Chemoprophylaxis
	Immunoprophylaxis
	Summary
	References




