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Bacterial Meningitis

HANS-WALTER PrFISTER and KAREN L. Roos

Introduction

The earliest clinical and pathological
description  of meningococcal
meningitis appeared in 1806 in a
medical and agricultural journal. The
remarkable features of the patho-
logical process were recognized and
described, including the purulent
exudate between the dura and pia
mater over the cerebrum and cerebel-
lum, and the turgidity of the blood in
the veins and sinuses of the brain.
The recognition of the charac-
teristic pathological process of this in-
fection — the production of a purulent
exudate in the subarachnoid space
(SAS) —resulted in the earliest form of
therapy, which was the removal or
“washing out” of the cerebrospinal
fluid. The advent of antimicrobial
therapy altered the management of
this infection, focusing the therapeutic
process on the eradication of the
micro-organisms in the SAS. With in-
creasing understanding of the
pathopysiology of this infection, man-
agement is again directed toward
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altering the primary pathological pro-
cess, i.e., inflammatory exudation in
the SAS, and managing the compli-
cations that arise as a result.

The incidence of bacterial
meningitis is estimated at five to ten
cases per 100000 persons per year.
There are approximately 25000 cases
of bacterial meningitis annually in the
United States, 80% of which occur
in children under the age of 10. This
disease is much more common in
developing countries and in specific
geographic areas, such as the menin-
gitis belt of Africa, where there is an
estimated incidence of 70 cases per
100000 persons per year.

Before the advent of antimicrobial
agents, bacterial meningitis was almost
exclusively a fatal disease with a case
fatality rate of 95-100% for
pneumococcal meningitis, 90% for
Haemophilus influenzae meningitis,
and 70-90% for meningococcal
meningitis. However, despite further
progress in antimicrobial therapy the
fatality rate of meningitis due to
pneumococcus, which is the organism
most often responsible for bacterial
meningitis in adults, has remained
unchanged (20-30%) during the past
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The incidence of
neurological  sequelae,  including
sensorineural hearing loss, focal
neurological deficits, and seizure dis-
orders, remains high. The chance
to improve the outcome of bacterial
meningitis lies in a better management
of the complications arising during the
acute phase of the disease.

several decades.

Definition

The diagnosis of bacterial meningitis is
based on the presence of symptoms
and signs of meningitis and detection
of the bacterial micro-organisms in
the cerebrospinal fluid (CSF). The
symptoms of bacterial meningitis are
stiff neck, headache, fever, photo-
phobia, vomiting, and lethargy or
an altered level of consciousness. The
classic sign of meningeal irritation is
nuchal rigidity. The mneck resists
flexion but can be passively rotated
from side to side. There may be a
history of a recent upper respiratory
tract infection or an acute or chronic
otitis media. Focal or generalized
seizures, signs of increased intracranial
pressure, and cranial nerve palsies
are also common at the time of presen-
tation. The laboratory diagnosis of
bacterial meningitis is made by at
least one or both of the following:
(a) detection of the bacterial micro-
organism in the CSF by microscopic
examination of a Gram-stained smear,
culture for bacterial pathogens, or
detection of bacterial antigen using the
latex agglutination method; or (b) CSF
pleocytosis >1000 white blood cells
per microliter with >60% poly-
morphonuclear leukocytes, a low CSF

glucose concentration, and exclusion
of other causes of meningitis.

Pathophysiology

Most of the knowledge on pathophy-
siological mechanisms of bacterial
meningitis has been derived from
rabbit and rat models. These experi-
mental studies have shown that com-
ponents of bacterial cell walls initiate
the local production of cytokines,
including tumor necrosis factor alpha
and interleukin-14, within the CSF
that subsequently elicit inflammatory
changes in CSF. Cerebral edema for-
mation, alterations in cerebral blood
flow, increased intracranial pressure
(ICP), and obstruction to CSF outflow
and resorption have been demon-
strated in animal models of bacterial
meningitis. An increase of regional
cerebral blood flow (rCBF) occurs
early in experimental bacterial menin-
gitis, while in advanced stages of the
disease, rCBF was reduced. Morpho-
logical alterations of the blood-brain
barrier result in increased blood-brain
barrier permeability. The complex
pathophysiological mechanisms of the
major intracranial complications, i.e.,
cerebrovascular complications, brain
edema, and increased ICP, are not
completely understood; however, a
number of phenomena have been ob-
served during experimental bacterial
meningitis which may contribute to the
ultimate brain injury. These factors
include leukocytes and their products,
endothelial adhesion of leukocytes,
cytokines, reactive oxygen intermedi-
ates, cyclo-oxygenase metabolites, and
platelet-activating factor.



Clinical Features

The spectrum of meningeal pathogens
is dependent on a patient’s age, con-
comitant or underlying diseases, or
clinically predisposing factors. Such
factors include a parameningeal in-
fectious source (e.g., otitis, sinusitis,
mastoiditis, brain abscess, subdural
empyema), recent intracranial sur-
gery, a history of head trauma with or
without a dural sinus fistula, a distant
infectious focus (e.g., pneumonia,
endocarditis), immunodeficiency, or
malignancy.

The three major etiologic agents
causing bacterial meningitis are
Haemophilus  influenzae (30-40%
of all bacterial meningitis cases),
Neisseria meningitidis (20-30%), and
Streptococcus pneumoniae (15-20%).
Listeria monocytogenes is emerging as
a frequent pathogen as well. Gram-
negative bacilli are responsible for
10% of cases of bacterial meningitis
overall; however, they are responsible
for 60-70% of all cases of meningitis
in postneurosurgery patients and are a
common cause of meningitis in the
elderly adult and in adults debilitated
by chronic illness. The meningeal
pathogen cannot be detected in ap-
proximately 10-30% of patients with
purulent meningitis.

The presence of a purpuric or
petechial rash is suggestive of menin-
gococcal infection or, more rarely,
Staphylococcus aureus infection. Ten
percent of meningococcal infections
have an overwhelming course with
development of the Waterhouse-
Friderichsen syndrome. This syn-
drome is characterized clinically by
fever, large petechial hemorrhages in
the skin and mucous membranes,
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cardiovascular insufficiency, and dis-
seminated intravascular coagulation.

The clinical presentation of
bacterial meningitis is usually rapidly
progressive over several hours; how-
ever, bacterial meningitis may also
have a more subacute presentation
evolving over 24—72h. Because of the
characteristic clinical presentation of
this infection, antibiotic therapy is
started within the first 48h of the dis-
ease in approximately 50% of patients.
With adequate therapy, clinical
symptoms usually improve within
several days. If the patient’s clinical
condition does not improve, a change
of antibiotics may be considered; how-
ever, the possibility of a persistent
infectious focus or complications
of bacterial meningitis should be
investigated.

Approximately 10% of patients
with bacterial meningitis develop focal
cerebral signs, e.g., hemi- or tetra-
paresis, ataxia, aphasia, and
hemianopia. Seizures occur in 30-
40% of patients. Approximately 10%
of the patients develop cranial nerve
palsies, usually of the third, sixth,
seventh, or eighth cranial nerve.
Sensorineural hearing loss develops in
10-30% of patients with bacterial
meningitis.

Predictors for an unfavorable
course of the disease are: apurulent
bacterial meningitis, i.e., high
bacterial density in the CSF combined
with a low cell count; age over 40
years; underlying or concomitant dis-
ease, e.g., splenectomy or
endocarditis; type of bacterial
pathogen (e.g., gram-negative bacteria
or pneumococci); and a long time be-
tween onset of neurological symptoms
and initiation of therapy.
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Differential Diagnosis

The differential diagnosis in the acute
phase of bacterial meningitis includes:
(a) viral meningitis or meningoen-
cephalitis, (b) rickettsial infection, (c)
Lyme disease, (d) subarachnoid
hemorrhage, (e) fungal meningitis, (f)
focal infectious mass lesions, and (g)
neuroleptic malignant syndrome.

The clinical presentation of viral
meningitis is headache, fever, nuchal
rigidity, and lethargy. Patients with
viral meningitis are typically awake
and alert, although they complain of
incapacitating, throbbing headache.
On examination the cerebrospinal
fluid is clear, and the opening pressure
is either normal or only slightly
elevated. The CSF cell count ranges
from 50 to 2000 white blood cells per
cubic millimeter with a predominance
of lymphocytes. CSF protein con-
centration is only mildly elevated, and
the glucose concentration is usually
normal.

The term meningoencephalitis is
used when there are signs of brain
parenchymal inflammation by the
infectious process. When this occurs,
the clinical presentation is charac-
terized by focal neurological deficits,
such as hemiparesis, an altered level
of consciousness, and focal or gener-
alized seizure activity.

In herpes simplex virus type-I
(HSV-1) encephalitis, initial symp-
toms are fever, hemicranial headache,
confusion, or a change in behavior.
The headache may be present for
several days prior to the onset of the
confusional state. As the infection pro-
gresses, focal neurological deficits and
seizure activity develop. HSV-1 has a
predilection for the temporal and
orbitofrontal areas; as such, the ab-

normalities on neurological exam-
ination suggest infection in these
localized areas of the brain. The
following abnormalities are typical of
HSV-1  meningoencephalitis  on
examination of the CSF: (a) elevated
opening pressure, (b) white blood cell
counts ranging from 50 to 500 cells per
ul, with a lymphocytic predominance,
(c) red blood cells and/or xantho-
chromia, (d) elevated protein con-
centration (averaging approximately
200mg/dl), and (e) normal or mod-
erately low glucose concentration.
Electroencephalographic (EEG) ab-
normalities are very specific for this
infection and often very useful, in
addition to the abnormalities on CSF
examination, in making the diagnosis.
The characteristic EEG abnormalities
in HSV-1 encephalitis are periodic
sharp wave complexes that arise from
one or both temporal regions and recur
every 1-5s.

Rocky Mountain spotted fever
(RMSF) may present like bacterial
meningitis. The initial symptoms of
RMSF are fever, headache, myalgias,
and gastrointestinal disturbances. The
neurologic manifestations of RMSF
include focal deficits, stupor, delirium,
coma, and seizure activity. The rash
of RMSF is maculopapular and/or
purpuric, typically diffuse, and in-
volves the palms and soles; it may be
difficult to distinguish clinically from
the rash of meningococcemia. The
rash of RMSF usually does not involve
the mucous membranes, while the rash
of meningococcemia may appear on
them. The diagnosis of RMSF may be
made by biopsy of the skin lesions.
Examination of the CSF can also dis-
tinguish RMSF from bacterial menin-
gitis. In RMSF, the white blood cell
count in the CSF is typically less than



100/mm? (cells may be absent), the
protein concentration is mildly to
moderately elevated, and the glucose
concentration is normal.

A clinical presentation typical of
viral meningitis may also be a mani-
festation of CNS involvement by
Borrelia  burgdorferi, the etiologic
organism of Lyme disease. The CSF
inflammatory changes are much less
pronounced in Lyme disease than in
bacterial meningitis, and the clinical
presentation is more typically
subacute. There is a mild CSF mono-
nuclear pleocytosis, a mild elevation in
protein concentration, and a normal
glucose concentration. In the majority
of cases, intrathecal production of
anti-B. burgdorferi antibodies can be
detected in CSF.

The typical presentation of a sub-
arachnoid hemorrhage is a severe,
explosive headache with vomiting or a
sudden transient loss of consciousness
followed by a severe headache. Nuchal
rigidity is usually present within a few
hours of onset. Subarachnoid hemor-
rhage may be visualized on com-
puterized tomographic (CT) scan;
however, in 5-10% of cases the CT
scan is negative, and the diagnosis is
made by finding red blood cells or
xanthochromia in the CSF.

Fungal meningitides may resemble
bacterial meningitis; however, fungal
meningitides tend to have a more in-
sidious onset of fever, headache, and
increasing confusion over several days
or weeks. The CSF usually shows a
mononuclear pleocytosis, an elevated
protein concentration, and a low
glucose concentration. India ink
examination of CSF is positive in ap-
proximately 50% of cryptococcal
meningitis cases; this percentage in-
creases in the setting of HIV infection.
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The diagnosis of fungal meningitis is
established by a positive culture, al-
though fungal cultures are typically
slow growing. When coccidioidal
meningitis is suspected, culture of CSF
obtained from a cisternal, rather than
a lumbar, puncture is recommended.
The detection of fungal antigen in
serum and CSF and complement-fixing
antibodies are useful in the diagnosis
of fungal meningitis.

Brain abscess and subdural
empyema may have a clinical presen-
tation similar to that of bacterial
meningitis. The presentation of either
of these mass lesions is dominated by
hemicranial headache that becomes
increasingly more severe and gener-
alized, focal neurological deficits, and
seizure activity. Either of these lesions
can be readily visualized by CT or
magnetic resonance (MR) scan. The
similarity between the initial presen-
tation of these mass lesions and that of
bacterial meningitis has prompted the
use of neuroimaging prior to lumbar
puncture in patients with fever and
headache; however, careful neuro-
logical examination can often dis-
tinguish a focal mass lesion from
meningitis.

The diagnostic criteria of neu-
roleptic malignant syndrome are fever,
generalized lead-pipe rigidity,
fluctuating level of consciousness,
autonomic instability, and a marked
elevation in the serum creatine kinase
concentration.

Complications

Major determinants of the prognosis
of bacterial meningitis are based on
the occurrence of the following com-



382 H.-W. Pfister and K.L. Roos

plications: (a) central nervous system
complications  including  cerebral
arterial or venous ischemia or infarc-
tion, cerebral edema, hydrocephalus,
brain abscess, subdural empyema, or
subdural effusion (noted in 15-45% of
cases of bacterial meningitis in infants
<18 months of age), and, rarely,
central diabetes insipidus, or the syn-
drome of inappropriate secretion of
antidiuretic hormone, and spinal
vasculitis; (b) systemic complications
including septic shock, disseminated
intravascular  coagulation  (DIC),
adult respiratory distress syndrome
(ARDS), septic or reactive arthritis
and rhabdomyolysis; and (c) typical
complications arising during intensive
care therapy including pneumonia,
deep venous thrombosis, pulmonary
embolism, pharmacogenic or alcoholic
withdrawal syndrome, electrolyte dis-
turbances (e.g., central diabetes

insipidus or the syndrome of inappro-
priate secretion of antidiuretic hor-
mone), and adverse effects of drug or
surgical therapy.

Cerebral arterial or venous com-
plications should be investigated in
patients with bacterial meningitis who
have focal neurological deficits or
persistent unexplained coma despite 3
days of adequate antibiotic therapy.
Such vascular involvement became
evident from (a) autopsy studies show-
ing arteritis and thrombophlebitis; (b)
angiographic evidence of vasculitis
(Fig. 1) or thrombosis of the superior
sagittal sinus and cortical veins; (c)
observations of altered cerebral
blood flow and blood velocity; and
(d) CT studies revealing cerebral
infarctions.

Vascular complications may raise
ICP by different mechanisms, in-
cluding: (a) vasogenic brain edema
from endothelial damage, (b) cyto-
toxic brain edema from brain infarc-
tion, and (c) failure of autoregulation.
There is a risk of cortical necrosis
when the cerebral perfusion pressure
decreases as a result of increased ICP.

In Pfister and colleagues’ pro-
spective study of 86 adult patients with

Fig. 1. Right carotid
angiography (lateral view
from a common internal
carotid artery injection) in
a 66-year-old patient with
pneumococcal meningitis
revealed marked narrowing
in the supraclinoid portion
of the right internal carotid
artery (arrow)



bacterial meningitis, 43 developed
complications. The major CNS com-
plications were vascular involvement
(15.1% of the patients), cerebral
edema (14.0%), and hydrocephalus
(11.6%). The systemic complications
were dominated by septic shock
(11.6%), ARDS (3.5%), and DIC
(8.1%). Seven patients had cerebral
herniation, three with a fatal outcome.
Likewise, in a retrospective study of
children with bacterial meningitis per-
formed by Horwitz et al., 18/302
children (6.0%) had cerebral
herniation during the acute phase of
the disease, three died, and four had
severe disability.

An autopsy study done by Dodge
and Swartz revealed that ten of 30
patients who died during the acute
phase of bacterial meningitis had dif-
fuse brain edema. Because of the
efficiency of the pia as a barrier, brain
abscess is a very rare complication of
bacterial meningitis.
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Ancillary Tests

After admission of the patient and
clinical examination, a cranial CT
should be performed to identify the
following:

1. Parameningeal infectious foci via
the bone window technique, e.g.,
sinusitis, mastoiditis (Fig. 2)

2. Intracranial free air due to a dural
leak (Fig. 3)

3. Brain abscess or
empyema (Fig. 4)

4. Early complications of bacterial

subdural

meningitis, e.g., venous sinus
thrombosis, hydrocephalus, or
infarction

MR is superior to CT for detecting
parenchymal ischemic changes. Vascu-
lar involvement can be detected by
cerebral angiography, transcranial
Doppler sonography, and SPECT in-
vestigation. Transcranial Doppler
sonography may be useful in diag-

Fig. 2. Acute mastoiditis with dural involvement in a 53-year-old man. T1-weighted coronal MR
image obtained after IV administration of paramagnetic contrast agent shows abnormal
enhancement of both thickened mucosa of right mastoid air cell system and dura above tegmen
tympani (arrow). (Courtesy of Klaus Sartor and Marius Hartmann, Heidelberg)
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Fig. 3. Pneumocephalus in a 33-year-old man
which was due to a craniocerebral injury caused
by a shooting device used to kill cattle (suicide
attempt). Axial CT scan shows multiple smaller
and larger collections of air, most of which are
located extra-axially, which have entered the
intracranial cavity through leaks in the
frontobasal dura. (Courtesy of Klaus Sartor and
Marius Hartmann, Heidelberg)

Fig. 4a,b. Subdural empyema in a 70-year-old man with a changed mental status occurring 4 weeks
after drainage of a chronic subdural hematoma through a burr hole. Axial CT scans obtained before
(a) and after (b) IV administration of iodinated contrast material reveal extraaxial mass lesion of low
density compared with normal brain parenchyma that is biconvex and enhances peripherally, with
short extensions of the enhancement into several sulci. The ipsilateral ventricle is largely compressed
due to the mass effect. (Courtesy of Klaus Sartor and Marius Hartmann, Heidelberg)



nosing involvement of great arteries at
the base of the brain. However, vas-
culitis or thrombosis of small vessels,
major sinuses, and cortical veins can-
not be detected by this technique.
Cerebral angiography may be con-
sidered if at least one of the following
criteria is fulfilled: the development
of focal neurological deficits or focal
seizure activity; evidence of a focal
lesion on cranial CT or MR (e.g., in-
farction, focal brain edema); or no
improvement in coma (Glasgow Coma
Scale score less than eight) after 3 days
of adequate antibiotic therapy, pro-
vided that other causes for coma, e.g.,
metabolic or pharmacologic causes,
hydrocephalus or brain abscess, have
been excluded. In addition, MR angio-
graphy can diagnose sinus thrombosis.

Cerebrospinal  fluid  typically
shows a pleocytosis with more than
1000 cells/ul. There is a predominance
of polymorphonuclear leukocytes
(PMNs); 80-90% of patients with
bacterial meningitis have more than
80% PMN:s in their CSF. A cell count
below 1000 cells/ul may be found in
the following conditions:

— Very early stage of bacterial
meningitis

— Partially
meningitis

— Overwhelming bacterial men-
ingeal infection usually due to
pneumococci (so-called apurulent
bacterial meningitis), charac-
terized by a very low cellular
response but a high density of
bacteria in the CSF

- Leukopenic or immunosuppressed
patients

treated bacterial

Certain bacterial pathogens such
as Listeria monocytogenes may not
induce a purulent CSF.
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The protein concentration in the
CSF usually exceeds 120mg/dl, and
the glucose concentration is normally
below 30mg/dl. The CSF/serum
glucose ratio is typically less than 0.31.
Gram’s stain discloses bacteria in
approximately 80-90% of patients
with a positive CSF culture. The
likelihood of a positive culture of
Gram’s stain result decreases to 5—
40% in patients treated with anti-
biotics prior to examination of the
CSF. An elevated CSF lactate concen-
tration or C-reactive protein may be
useful in differentiating bacterial from
viral meningitis, especially in patients
who have been partially treated with
antibiotics prior to examination of the
CSF.

Management

General Aspects

Clinical suspicion of bacterial menin-
gitis (high fever, headache, stiff neck,
impairment of consciousness) should
prompt a cranial CT, including the
bone window technique, and ex-
amination of the CSF. Only clinical
signs of cerebral herniation or a focal
mass lesion constitute a clear contra-
indication to lumbar puncture. In the
case of suspected raised ICP,
hyperosmolar agents (e.g., 0.25g/kg
body wt. of mannitol) may be infused
intravenously, just before lumbar
puncture. CSF should be immediately
examined for cell count with dif-
ferential, protein, and glucose con-
centration, Gram’s stain, and bacterial
antigen detection by latex ag-
glutination; in addition, agar plates
should be inoculated for routine
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culture for bacteria. Thereafter, intra-
venous antibiotic therapy should be
started. If CT scan is delayed, anti-
biotic therapy should be initiated
and CT scan and CSF examination
obtained as soon as possible. The goal
should be to limit the period from
examination of the patient to the
initiation of antibiotic therapy to less
than 1h. The possibility of an ex-
tracranial infectious focus should be
investigated.  Surgical intervention
for parameningeal infections, such as
otitis or mastoiditis, should be per-
formed as soon as possible when
indicated. CSF leaks are surgically cor-
rected once the meningeal infection is
under control, not during the acute
phase of bacterial meningitis.

If the meningeal pathogen is
known, an antibiotic is chosen with
bactericidal activity against the patho-
gen, good blood-CSF barrier penetra-
tion, and effective concentrations in
the CSF, with a relatively low inci-
dence of adverse effects (Table 1).
Experimental studies have demon-
strated that the best response is
achived with CSF antibiotic concen-
trations that exceed the minimal
bactericidal concentration (MBC) of
the infecting organism by 10- to 20-
fold. If the meningeal pathogen is
unknown, empiric therapy is started
based on the age of the patient, pre-
disposing factors, and the most likely
meningeal pathogen (Table 2). The
total daily dosages of the most fre-
quently used antibiotics in bacterial
meningitis are listed in Table 3. The
susceptibility of the identified men-
ingeal pathogen to several antibiotics
should be determined. The CSF cul-
tures usually become sterile within
24-48h after starting therapy; how-
ever, enteric gram-negative rods and

Pseudomonas aeruginosa may remain
culturable for 2—-3 days after the initia-
tion of antibiotic therapy. If the CSF is
not sterile within 3 days, a change in
the antibiotic regimen should be con-
sidered; in addition, a persistent source
of infection should be investigated.
Within 24h of the onset of antibiotic
therapy, almost 50% of samples of
CSF from patients with bacterial men-
ingitis have an increase in cell count
in the CSF. This has no prognostic
significance.

Antibiotics Most Often Used in the
Therapy of Bacterial Meningitis

Penicillin G is very effective against
gram-positive and  gram-negative
cocci and anaerobic bacilli, with the
exception of penicillinase-producing
staphylococci, enterococci, and
Bacteroides fragilis. Penicillin G is
insufficiently effective against
Haemophilus  influenzae,  gram-
negative  Enterobacteriaceae, and
Pseudomonas aeruginosa. The blood-
CSF penetration is adequate in
inflamed meninges but very poor in
intact blood-CSF barrier (<1%).

Ampicillin is less effective than
penicillin against streptococci and
pneumococci, equally effective against
meningococci, and more effective
against L. monocytogenes, H. in-
fluenzae, and enterococci. Ampicillin
is insufficiently effective against gram-
negative Enterobacteriaceae and P.
aeruginosa.

The broad-spectrum penicillins
such as piperacillin, azlocillin, and
mezlocillin are mainly effective against
P. aeruginosa, Enterobacteriaceae,
and enterococci, but they are inferior
to cefotaxime against enteric gram-
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Table 1. Recommended treatment of bacterial meningitis

Meningeal pathogen Aantibiotic

Alternatives

N. meningitidis

S. pneumoniae
cephalosporin®
H. influenzae type b
Streptococci (group B)
cephalosporin®
Enterobacteriaceae

Pseudomonas aeruginosa

S. aureus (methicillin Oxacillin
sensitive)

S. aureus (methicillin Vancomycin
resistant)

Coagulase-negative Vancomycin
staphylococci

L. monocytogenes

Penicillin G or ampicillin
Penicillin G or third-generation

Third-generation cephalosporin®
Penicillin G or third-generation

Third-generation cephalosporin®

Ceftazidime plus aminoglycoside®

Ampicillin (plus aminoglycoside®)

Third-generation
cephalosporin®
Ampicillin

Ampicillin plus chloramphenicol
Ampicillin

Broad-spectrum penicillin®
plus aminoglycoside®
Piperacillin plus
aminoglycoside®
Nafcillin or vancomycin
or fosfomycin

Trimethoprim-sulfamethoxazole

# Cefotaxime or ceftriaxone
® Gentamicin or tobramycin
¢ Piperacillin or mezlocillin

negative rods. Since the CSF concen-
trations usually do not exceed the
minimal bactericidal concentration for
P. aeruginosa, a combination with
an aminoglycoside is recommended
because of the synergistic effect.
The penicillinase-resistant oxacillins
exhibit a high binding to plasma
proteins (97%) and a moderate blood-
CSF  penetration in  inflamed
meninges. They are used in the treat-
ment of staphylococcal meningitis.
The first-generation ce-
phalosporins such as cefalotin and
most  second-generation  cephal-
osporins such as cefamandol and
cefoxitin have been shown to provide
relatively poor CSF penetration with
achieved CSF concentrations below
the minimal bactericidal concentration
of most meningeal pathogens, and are
therefore inappropriate for the treat-

ment of bacterial meningitis. A
marked advancement in the therapy
of bacterial meningitis was achieved
with the development of the third-
generation cephalosporins, such as
cefotaxime, latamoxef, ceftizoxime,
ceftriaxone, ceftazidime, and
cefsulodine. The most frequently em-
ployed and best studied antibiotics
in this group are cefotaxime and
ceftriaxone.

Cefotaxime has a sufficient CSF
penetration rate and has been used
successfully in the therapy of
pneumococcal, meningococcal, and H.
influenzae meningitis and meningitis
due to enteric gram-negative rods
(reaching CSF concentrations of 10—
500 times the minimal inhibitory con-
centration of Escherichia coli and
Klebsiella). However, cefotaxime is
only minimally effective or not ef-
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Table 2. Initial empiric antibiotic therapy of bacterial meningitis

Age-groups
agents

Frequent etiologic

Recommended antibiotic
regimen

Neonates (<2 months old)

Enteric gram-negative rods Cefotaxime plus ampicillin

Group-B streptococci
Listeria monocytogenes

Infants and children (>2 months old)

Haemophilus influenzae
Streptococcus pneumoniae

3rd-generation
cephalosporin®

Neisseria meningitidis

Adults
® healthy, immunocompetent,
community-acquired

® nosocomial (e.g., postneurosurgical)
or recent head injury

Streptococcus pneumoniae
Neisseria meningitidis

Staphylococcus aureus
Staphylococcus epidermidis
Enteric gram-negative rods

3rd-generation cephalosporin
or penicillin G or
ampicillin

3rd-generation cephalosporin
plus oxacillin® plus
aminoglycoside®

Streptococcus pneumoniae

® immunocompromised

Streptococcus pneumoniae
Listeria monocytogenes

3rd-generation cephalosporin
plus ampicillin

Enteric gram-negative rods

® shunt-related meningitis

Staphylococcus epidermidis
Staphylococcus aureus
Enteric gram-negative rods

3rd-generation cephalosporin
plus vancomycin plus
aminoglycoside

2 Cefotaxime or ceftriaxone
® Alternatives: nafcillin or vancomycin
¢Gentamicin or tobramycin

fective against L. monocytogenes, P.
aeruginosa, enterococci, S. aureus,
Acinetobacter, and Clostridium
difficile.

Ceftriaxone has an activity com-
parable to that of cefotaxime and the
advantage of a long serum half-life of
about 8h; therefore, ceftriaxone can
be administered in a once- or twice-
daily dose. In childhood bacterial
meningitis, ceftriaxone has been
proven to be superior to cefuroxime.

Ceftazidime is very effective
against P. aeruginosa and is superior in
vitro to cefsulodine and piperacillin.
However, ceftazidime is less effective
against gram-positive bacteria than
cefotaxime. Ceftazidime’s level of beta
lactamase stability is high, and its CSF

penetration rate is comparable to that
of cefotaxime.

Latamoxef is not recommended
for initial therapy of bacterial menin-
gitis because it is insufficiently ef-
fective against gram-positive cocci;
however, it has been used successfully
in combination with ampicillin in the
treatment of meningitis due to these
organisms. The use of latamoxef is
limited because of the potential
adverse effects of hypoprothromb-
inemia, thrombopathy, and
thrombocytopenia associated with this
agent.

The aminoglycosides such as gen-
tamicin, tobramycin, netilmicin, and
amikacin are especially effective
against gram-negative bacteria (enteric
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gram-negative rods and P. aeruginosa)
and staphylococci. They are not effec-
tive or only insufficiently effective
against meningococci, pneumococci,
streptococci, enterococci, L. mono-
cytogenes, H. influenzae, and anaerobic
bacteria. The serum concentrations of
the aminoglycosides should be mon-
itored regularly (e.g., gentamicin
concentration <10ug/ml). The CSF
concentrations of the aminoglycosides,
whose activity is decreased in acid
milieu, usually do not attain the mini-
mal bactericidal concentrations for
most gram-negative bacteria because
of their poor and variable CSF pen-
etration, even in inflamed meninges.
Therefore, especially during the
1970s, intraventricular administration
of the aminoglycosides was recom-
mended. However, with the advent of
sufficient CSF-penetrating third-gen-
eration cephalosporins, this strategy
has increasingly receded into the
background. Currently, the intraven-
tricular administration of gentamicin
(dosage 5-10mg/day in adults, 1-
2mg/day in children) is indicated only
if gram-negative meningitis is unques-
tionable, the clinical picture is severe
(coma), and clinical or bacteriological
improvement does not occur during
intravenous antibiotic therapy.

Once-daily Aminoglycoside Therapy

All aminoglycosides can potentially
cause reversible and irreversible ves-
tibular, cochlear, and renal toxicity,
and, because of the narrow therapeu-
tic range and wide pharmacokinetic
variability among patients, optimal
dosage regimens are often difficult to
attain. In general, low serum trough

levels of aminoglycosides are associ-
ated with decreased antibiotic ac-
cumulation in the renal cortex and
endolymph and perilymph of the inner
ear, and high serum peak levels corre-
late with increased bactericidal effect.
Recently, it has been reported that
toxicity can be reduced and efficacy
can be improved when aminoglycosides
are given only once daily compared
with the conventional regimen of mul-
tiple times daily (that is, a single total
dose of aminoglycosides results in
higher peak levels and lower trough
levels). Aminoglycosides should always
be given intravenously because of the
variable rate of absorption after intra-
muscular injection.

Fosfomycin has an effective CSF
penetration and may be useful in
staphylococcal meningitis; however,
staphylococci may become resistant
to this antibiotic during therapy. In
addition, it is active against H. in-
fluenzae, meningococci, and gram-
negative enterobacteria (E. coli,
Citrobacter, Serratia). It is less effec-
tive against pneumococci, Entero-
bacter, Klebsiella, and Proteus and
ineffective against Bacteroides species.
Vancomycin is an alternative anti-
biotic for bacterial meningitis due to
oxacillin- or fosfomycin-resistant sta-
phylococci. Vancomycin is often
required in shunt infections or ventri-
culitis. In addition, vancomycin is ef-
fective against streptococci, including
enterococci and pneumococci.
Trimethoprim-sulfamethoxazol
(TMP-SMZ) has good CSF penetra-
tion and is used as an alternative anti-
biotic in the therapy of Listeria men-
ingitis in cases of allergy to ampicillin.
Furthermore, TMP-SMZ has been
successful in the therapy of bacterial



meningitis due to Enterobacter, Acine-
tobacter, and Serratia.

Metronidazole adequately pen-
etrates into the CSF and is employed
in the therapy of brain abscess and
the very rare condition of anaerobic
meningitis (e.g., meningitis caused by
Bacteroides fragilis, Fusobacterium,
Peptococcus, Veillonella, and Pepto-
streptococcus).

Chloramphenicol is not a first-
choice antibiotic because of its poss-
ible side effects. It has a good degree
of CSF penetration, even in intact
meninges, and is very effective against
meningococci, pneumococci, and H.
influenzae. Chloramphenicol has a
high failure rate in gram-negative
meningitis because in this condition
it reaches only bacteriostatic concen-
trations in the CSF. The serum con-
centrations of chloramphenicol have
to be monitored regularly, and the
maximum levels should not exceed
15-20 ug/ml.

Empiric Antibiotic Recommendations

The most common bacterial patho-
gens causing neonatal meningitis are
enteric gram-negative rods, group-B
streptococci, and Listeria monocyto-
genes. Therefore, a combination of
ampicillin and cefotaxime or of am-
picillin and an aminoglycoside is
recommended (Table 2). A third-
generation cephalosporin is recom-
mended for initial empiric antibiotic
therapy in infants and children (over 2
months of age). In controlled studies,
cefotaxime or ceftriaxone were as
effective as ampicillin and chloram-
phenicol. Moreover, an increasing
number of strains of Haemophilus
influenzae, the most frequent bacterial

Bacterial Meningitis 391

pathogen of meningitis in infants and
children, have been identified in recent
years that are resistant to ampicillin
and chloramphenicol.

The most frequent agents of bac-
terial meningitis in previously healthy
adults are meningococci and pneu-
mococci. Initial treatment with a
third-generation cephalosporin (e.g.,
cefotaxime or ceftriaxone) is rec-
ommended before the meningeal
pathogen is identified. Penicillin G
or ampicillin may be substituted in
cases of meningococcal infection as
demonstrated by Gram’s stain. CSF
isolates of pneumococci and meningo-
cocci should be tested for penicillin
and ampicillin susceptibility. A third-
generation cephalosporin can be used
for penicillin-resistant meningococci
or relatively penicillin-resistant pneu-
mococci, and vancomycin is recom-
mended for highly penicillin-resistant
pneumococci.

Initial therapy of bacterial menin-
gitis associated with recent head
trauma or a neurosurgical procedure
should include a combination of a
third-generation cephalosporin, such
as cefotaxime or ceftriaxone, oxacillin
(alternatively fosfomycin), and an
aminoglycoside to treat staphylococci
and enteric gram-negative rods. Ven-
triculitis associated with an external
intraventricular drainage device should
be treated with a combination of a
third-generation cephalosporin, van-
comycin (alternatively oxacillin or
fosfomycin), and an aminoglycoside.
When meningitis develops in asso-
ciation with a ventriculoperitoneal
shunt, the shunt should be removed
and a temporary external ventricular
drainage device inserted. The latter
will control hydrocephalus while the
infection is being treated. Some clini-
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cians have attempted antibiotic treat-
ment without shunt removal, with
limited success. Antibiotic therapy
should include a combination of a
third-generation cephalosporin, van-
comycin (alternatively flucloxacillin or
fosfomycin), and an aminoglycoside.
If the shunt infection is caused by
enteric gram-negative rods, which are
susceptible to aminoglycosides, then
gentamicin should be given intraven-
ously and intraventricularly (dosage in
infants and children 1-2mg/day, in
adults 5-10mg/day). If there is a
known underlying immunocompro-
mised state or malignancy, the initial
antibiotic therapy should be directed
against a broad spectrum of bacterial
pathogens, including L. monocyto-
genes; therefore, a combination of a
third-generation cephalosporin and
ampicillin is recommended.

Treatment Duration

The treatment duration of bacterial
meningitis depends on the response
to therapy and the type of bacterial
pathogen. In meningitis caused by
meningococci, pneumococci, H. in-
fluenzae and group-B streptococci, a
1014 day course of antibiotic therapy
is recommended. Alternatively, anti-
biotics should be continued for 7
days after the patient’s fever has dis-
appeared. Meningitis due to L.
monocytogenes and enteric gram-
negative rods is usually treated for 3—4
weeks.

Isolation

Patients with meningococcal menin-
gitis should be isolated for the first

24h after the onset of antibiotic
therapy.

Chemoprophylaxis

The risk of secondary disease for close
contacts of patients with H. influenzae
type b or meningococcal meningitis
is approximately 200—-1000 times the
risk for the general population.
Chemoprophylaxis for eradication of
the bacteria from the nasopharynx
is recommended for family and house-
hold members, persons who have had
close contact with the index case for
more than 4h daily during the week
prior to the onset of the disease, and
hospital staff members who have had
potential contact with secretory pro-
ducts of the respiratory tract of the
index case prior to the onset of anti-
biotic therapy. In contrast to men-
ingococcal meningitis, the risk of
infection in H. influenzae meningitis
seems to exist only for children
younger than 6 years of age. Since the
bacterial pathogens are usually not
eradicated from the upper respiratory
tract in a patient with H. influenzae
meningitis or meningococcal menin-
gitis despite successful systemic anti-
biotic therapy, the patient is a
potential carrier. Therefore, it is
recommended that the index patient
also receives chemoprophylaxis before
discharge from the hospital. The
recommended antibiotic for chemo-
prophylaxis is rifampicin (Table 4).
Rifampicin usually has no toxic effects
when administered for a short period
of time; however, it should not be
prescribed to pregnant women.

Up to 70% of meningococci were
resistant to sulfadiazine in reported
series in the 1970s; therefore, sul-
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Etiologic agent Total daily dosage of rifampicin
Adults Infants and children ~ Neonates
(>1 month) (<1 month)
Haemophilus influenzae 600 mg/day orally 20 mg/kg/day orally 10 mg/kg/day
over 4 days (maximum orally over 4
600 mg/day) over days
4 days
Neisseria meningitidis 2 X 600 mg/day 2 x 10mg/kg/day 2 x 5mg/kg/day
orally over 2 orally over 2 days orally over 2
days days

fadiazine is not recommended for
chemoprophylaxis of meningococcal
disease. Rifampicin is currently the
recommended agent. An alternative
to rifampicin, ciprofloxacin, has been
given successfully as chemoprophy-
laxis in meningococcal infection (500
or 750mg in a single oral dose).

Immunophrophylaxis (Vaccination)

The efficacy of the 23-valent pre-
paration of pneumococcal vaccine
against pneumococcal meningitis has
not been proven. However, this pre-
paration is usually recommended for
high-risk patients over 2 years of age.
The dose of the vaccine is 0.5ml,
intramuscularly, which is usually well
tolerated. Booster injections should
be given every 5 years. There is no
effective vaccine against meningococci
of the serogroup B, which accounts
for the most frequent cases of menin-
gococcal infection. A tetravalent
meningococcal vaccine (serogroups
A,C)Y, and W 135) is currently re-
commended for high-risk patients,
including patients with terminal com-
plement component deficiency or

dysfunction, asplenic patients, and
travelers to areas with hyperendemic
or epidemic. meningococcal disease
(e.g., Nigeria, Cameroon). H. in-
fluenzae type b conjugate vaccine is
recommended for all infants at the age
of 2, 4, and 6 months.

Management of Special Problems and
Complications

Experimental studies on the patho-
physiological mechanisms of pneu-
mococcal meningitis have shown that
the cell wall of the pneumococcus
elicits an inflammatory response in the
subarachnoid space. Since bacterial
lysis by antibiotics releases cell-wall
components, which in turn initiate
the inflammatory cascade, adjunctive
therapy to alter the inflammatory
cascade may be more promising than
further  development of  lytic
antibiotics.

Two placebo-controlled double-
blind studies performend by Lebel et
al. and Odio et al. in children with
bacterial meningitis showed a bene-
ficial effect of dexamethasone on
hearing loss and neurological
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sequelae. These results may not be
applicable to newborns but are most
likely applicable to adults with
bacterial meningitis. Dexamethasone
reduced mortality in adults with
pneumococcal meningitis in an open
randomized study performed in Egypt.
Dexamethasone may also have a bene-
ficial effect in patients with cerebral
edema, cerebral arterial complica-
tions, or apurulent bacterial menin-
gitis. Recent studies to evaluate the
effect of corticosteroids in septic shock
do not, however, support the use of
high-dose steroids in septic shock. The
recommended dose of dexamethasone
in children with bacterial meningitis is
0.15mg/kg every 6h intravenously
for 4 days. The first dose of dexa-
methasone should be given before
the first dose of antibiotic. The con-
comitant use of an intravenous H,-
receptor antagonist is recommended.
For cerebral arterial complications
there is no proven therapy. Vasospasm
of the large arteries at the base of the
brain, with a high risk of cerebral
infarction, resembles vasospasm ' in
subarachnoid = hemorrhage  after
aneurysmal bleeding. In these pa-
tients, hypervolemic  hypertensive
therapy could be considered to prevent
irreversible brain damage, but this has
not yet been investigated in bacterial
meningitis.

Anticoagulation of septic venous
sinus thrombosis in bacterial menin-
gitis is a subject of controversy.
Recently, the beneficial effect of dose-
adjusted intravenous heparin was
reported in patients with aseptic
venous sinus thrombosis. Although
prospective controlled studies on
the treatment of septic venous sinus
thrombosis have not been performed,
anticoagulation  with  intravenous

heparin seems justified, since the out-
come with antibiotic therapy alone is
unsatisfactory, with mortality still
between 50% and 78%.

Immediate treatment of hydro-
cephalus by ventricular drainage is
easy and very effective. Subdural ef-
fusion (sterile) usually spontaneously
resolves and does not require surgical
therapy. Only in cases of clinical deter-
ioration due to subdural empyema
should stereotactic ~aspiration be
performed.

Treatment of increased ICP is dis-
cussed in Chap. 9.

New Developments

Free-radical scavengers and non-
steroidal  anti-inflammatory agents
such as indomethacin have had bene-
ficial effects in experimental animal
studies of bacterial meningitis, but so
far they have not been investigated
clinically. Further studies are needed
to determine whether some of the ap-
proaches recently considered, such as
application of monoclonal antibodies
directed against leukocyte endothelial
adhesion molecules, endotoxin, or
cytokines (tumor necrosis factor alpha
or interleukin 1f), may be applied in
clinical practice.

Prognosis and Conclusions

Despite the improvement in anti-
microbial therapy during the past few
decades, the mortality and number of
sequelae due to bacterial meningitis
remain high. The unfavorable clinical
outcome is often due to intracranial
complications such as cerebral edema,



hydrocephalus, and cerebrovascular
complications during the acute phase
of the disease. The availability of the
third-generation cephalosporins has
led to a decrease in mortality of gram-
negative meningitis from 40-80% to
10-20%; however, the mortality of
bacterial meningitis due to pneumo-
coccus, which is the most frequent
pathogen in adult bacterial meningitis,
is still as high as 20-30%. The overall
incidence of sensorineural hearing loss
in children with bacterial meningitis is
10-30%. The antibiotics most often
used for the treatment of bacterial
meningitis are known to induce auto-
lysis, which results in the release of
inflammatory cell wall components.
Further improvement of antibiotics so
that they retain killing without lysis
may substantially improve the prog-
nosis of the disease. Likewise, it may
also be helpful to identify agents
capable of intervening with mediators
which are believed to be of major
importance in producing secondary
brain damage. Thus, in clinical
practice, early detection and better
management of the complications may
be important factors in decreasing
mortality and improving prognosis of
bacterial meningitis.
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