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Summary Infections in the central nervous system (CNS)
are caused by a wide range of microorganisms resulting in
distinct clinical syndromes including meningitis, encepha-
litis, and pyogenic infections, such as empyema and brain
abscess. Bacterial and viral infections in the CNS can be
rapidly fatal and can result in severe disability in survivors.
Appropriate identification and acute management of these
infections often occurs in a critical care setting and is vital
to improving outcomes in this group of patients. This
review of diagnosis and management of acute bacterial and
viral infections in the CNS provides a general approach to
patients with a suspected CNS infection and also provides a
more detailed review of the diagnosis and management of
patients with suspected bacterial meningitis, viral encephalitis,
brain abscess, and subdural empyema.
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Introduction

Infections in the central nervous system (CNS) are caused by a
wide range of microorganisms resulting in distinct clinical
syndromes including meningitis, encephalitis, and pyogenic
infections, such as empyema and brain abscess. Appropriate
identification and acute management of these infections often
occurs in a critical care setting and is vital to improving
outcomes in this group of patients. For the purposes of this
review, we will focus on the clinical presentation, diagnosis,
and management of acute bacterial meningitis, encephalitis,
bacterial empyema, and brain abscess. Other important causes
of acute CNS infections, such as postneurosurgical or post-
traumatic meningitis are beyond the scope of this review and
are covered elsewhere [1–3].

Infections of the CNS are uncommon, but a high index
of suspicion is vital to appropriately diagnose and treat
these infections. Patients with a CNS infection often have
prolonged hospitalizations with critical care support, re-
quire a multitude of diagnostic tests and procedures, and
can have poor outcomes. In cases of encephalitis, the direct
medical costs in 1997 in the United States (U.S.) were
approximately $28,151 per hospitalization, with encephali-
tis cases accounting for 19,000 hospitalizations, 230,000
hospital days, and 1400 deaths [4]. Unfortunately, more
recent economic data is not available, although costs have
undoubtedly increased dramatically. The incidence of
encephalitis varies from 2 cases per 100,000 of the
population to 13.7 per 100,000. The incidence of bacterial
meningitis in the U.S. has decreased by 31% during the last
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10 years from a rate of 2 per 100,000 in 1998 to 1.38 per
100,000 in 2007, largely due to a decreased incidence in the
pediatric populations following introduction of vaccines for
Haemophilus influenzae type B and Streptococcus pneumo-
niae [5]. The incidence of pyogenic infections in the CNS,
such as cranial and spinal subdural empyema and brain
abscess, is not well understood. Brain abscess accounts for
approximately 1500 cases annually in the U.S. each year,
and the incidence is estimated at 0.3 to 1.3 cases per
100,000 of the population annually [6]. Although these
infections are rare, the high morbidity and mortality rates in
the absence of appropriate care necessitate a thorough
understanding of the acute management of these infections.

Initial Clinical Presentation

When evaluating a patient with a suspected CNS infection, the
clinician must have a high index of suspicion in patients
presenting with nonspecific signs and symptoms, such as
fever, headache, and altered mental status or meningismus. In
the case of suspected bacterial meningitis, the goal is to
emergently initiate appropriate empiric antibiotic therapy,
based on the age of the patient, the underlying disease status,
and cerebrospinal fluid (CSF) Gram stain, if available.
Retrospective cohort studies of patients with community-
acquired bacterial meningitis have shown an increase in
adverse outcomes when initiation of antimicrobial therapy is
delayed following the initial visit to a physician or the
emergency room (ER) [7]. This data is supported by 2
additional retrospective studies showing improved outcomes
and decreased mortality in patients that receive antimicrobial
therapy earlier in the course of the disease [8, 9]. The data is
similar in patients with herpes simplex virus (HSV)
encephalitis. Patients with HSV encephalitis who receive
the first dose of acyclovir earlier in the course of disease
have significantly lower mortality rates [10–12].

When evaluating a patient with fever, headache, and
mental status changes, the clinician must first determine
whether the patient presents with encephalopathy or a
possible CNS infection. Patients with encephalopathy are
often afebrile and routine laboratory values may reveal a
reason for an underlying metabolic or toxic encephalopathy.
Once infection is suspected, the evaluation should continue
emergently so that appropriate antibiotic therapy or surgical
intervention can be initiated. Patients with suspected
bacterial meningitis or encephalitis should have a lumbar
puncture to obtain CSF for analysis of cell count and
differential, protein, glucose, Gram stain, and bacterial
culture. If viral encephalitis is suspected, specific studies of
the CSF for viral pathogens, including appropriate viral-
specific polymerase chain reactions (PCRs) and serologies,
should be performed. Patients with a history of CNS

lesions, immunosuppression, evidence of increased intra-
cranial pressure, altered mental status, or focal neurologic
signs should have neuroimaging studies performed prior to
lumbar puncture. Given that many patients with infections
in the CNS will present with similar findings of fever,
headache, and neurologic changes, the differential diagno-
sis often remains broad prior to neuroimaging. The neuro-
imaging often delays initiation of antibiotic therapy in
patients with suspected bacterial meningitis, so blood
cultures should be obtained, and empiric antimicrobial
therapy for bacterial meningitis should be initiated prior to
neuroimaging. In pediatric patients with bacterial meningi-
tis, CSF white blood cell (WBC) count and Gram stain
sensitivity were not affected by parenteral antibiotic therapy
administered prior to lumbar puncture [13]. The sensitivity
of CSF culture was slightly decreased from 84% to 74% in
patients that received parenteral antibiotic therapy within 4
hours prior to lumbar puncture, although sensitivity
decreased further in those patients who had a longer
duration of therapy (see as follows) [13]. However, the
decrease in sensitivity of CSF culture is a reasonable
consequence of administering antibiotic therapy earlier in
the course of disease, and blood cultures obtained prior to
antibiotics were positive in 66% of cases. When bacterial
meningitis is first suspected, blood cultures should be
obtained, quickly followed by initiation of empiric antibi-
otic therapy. The choice of empiric antimicrobial is
discussed as follows.

Patients that require neuroimaging prior to lumbar
puncture will require imaging sensitive enough to evaluate
for a space-occupying lesion in the CNS. Magnetic
resonance imaging (MRI) or computed tomographic (CT)
scan with intravenous contrast are the most sensitive
methods to exclude a space-occupying lesion in the CNS.
MRI is the imaging procedure of choice in virtually all
CNS infections, and typically it is more sensitive than CT
for identifying infection-associated CNS tissue changes and
better able to define areas of involvement. MRI is also a
sensitive test for identifying brain abscess and subdural or
epidural empyema that may present with nonspecific signs
and symptoms consistent with other CNS infections. In
patients with a space-occupying lesion in the CNS
identified on MRI, lumbar puncture rarely adds useful
additional information and is associated with an increase
risk of brain herniation. These patients often require an
emergent neurosurgical drainage procedure, which is both
therapeutic and provides specimens for Gram stain and
culture. Patients without evidence of space-occupying mass
lesions can safely undergo lumbar puncture. In patients
with imaging consistent with encephalitis, empiric treat-
ment with parenteral acyclovir (30 mg/kg/day) should be
considered in addition to empiric antimicrobial therapy,
pending results of HSV PCR in the CSF sample.
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By completing a thorough and expedient evaluation in
patients with possible infections in the CNS, therapy can be
started earlier and potentially decrease the risk of a poor
outcome. Although a general approach will improve the
evaluation of patients with CNS infections, specific
diagnostic and management approaches will differ for each
acute infection in the CNS. Some of these differences will
be highlighted as follows.

Bacterial Meningitis

Bacterial meningitis is a very important cause of infection
in the CNS throughout the world. For the past 10 years in
the United States (U.S.), the median age of patients with
bacterial meningitis has increased from 30.3 years of age in
1998 to 1999 to 41.9 years of age in 2006 to 2007, largely
due to lower rates of H. influenza type B (Hib) and S.
pneumoniae meningitis in children following the wide-
spread utilization of S. pneumoniae and Hib conjugate
vaccines [5]. Despite a 31% decrease in incidence of
disease, overall mortality rates in patients with community
acquired bacterial meningitis remain unchanged at 15%,
and the epidemiology of causative organisms also remains
unchanged [5]. Overall, S. pneumoniae continues to be the
predominant cause of bacterial meningitis in the U.S.,
accounting for 58% of cases, followed by group B
streptococcus (18%), Neisseria meningitides (13.9%), H.
influenzae (6.7%), and Listeria monocytogenes (3.4%).
However, rates of specific etiologic organisms change
according to specific age groups (Fig. 1). In pediatric cases
2 months old, group B streptococcus accounts for 86% of
cases, and in cases >2 months of age, S. pneumoniae and N.
meningitidis are increasingly important causes of bacterial
meningitis, with the peak incidence of N. meningitidis in
the 11- to 17-year-old age group. Given the rapidly fatal
and aggressive course of N. meningitidis infection, ongoing
studies to develop a serogroup B vaccine and improve
vaccination rates with the current vaccine for serogroups A,
C, Y, and W135 continue to be important priorities [14]. In
adults >18 years of age, S. pneumoniae infection causes
approximately 70% of the cases, followed by N. meningi-
tidis, H. influenzae, group B streptococcus, and L. mono-
cytogenes [5]. Adults >65 years of age and alcoholics have
increased rates of infection with L. monocytogenes and
have an increased chance of a poor outcome due to
bacterial meningitis [5, 15].

Diagnosis

CSF analysis is the primary diagnostic procedure required
to make a diagnosis of bacterial meningitis [16, 17].

Lumbar puncture in patients with bacterial meningitis
carries a risk of brain herniation [18, 19]. Patients with
space-occupying lesions in the CNS (e.g., brain abscess,
subdural empyema, subdural hemorrhage, brain tumor, or
necrotic temporal lobe in herpes simplex encephalitis) may
present with symptoms that appear identical to bacterial
meningitis, and lumbar puncture may be complicated by
herniation [18, 20]. Emergent neuroimaging to evaluate for
a CNS space-occupying lesion should be completed prior to
lumbar puncture in patients who have new onset seizures,
focal neurologic signs on examination, a history of a space-
occupying CNS lesion, an immunocompromised state,
signs of increased intracranial pressure, or moderate-to-
severe impairment of consciousness [18, 19, 21]. However,
empiric treatment for bacterial meningitis should not be

Fig. 1 Proportions of bacterial meningitis reported from 2003–2007
per age group. Panel A represents data from children and panel B
represents data from adults. (Adapted from Thigpen et al. Bacterial
meningitis in the United States, 1998–2007. NEJM 2011;64:2016–
2025). GBS = Group B Streptococci; Mo = month; Yr = year
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delayed while awaiting neuroimaging prior to lumbar
puncture. A delay in the initiation of antimicrobial therapy
can result in poor outcomes. Retrospective studies have
shown that the median delay between time of arrival at the
emergency department and antibiotic administration was
4 h, and poor outcomes were associated with delayed
antimicrobial therapy [7]. Among patients with a worsening
condition while waiting in the ER, delay in antimicrobial
therapy longer than 6 h after arrival to the ER was
associated with increased risk of death [22]. If neuro-
imaging is required prior to lumbar puncture, blood cultures
should be obtained and empiric antimicrobial therapy
should be emergently initiated.

In patients with bacterial meningitis, CSF opening
pressure is often elevated due to increased edema and
inflammation in the CNS [23]. The CSF findings are
important to define the differential diagnosis in patients
with suspected bacterial meningitis. A cellular pleocytosis
is present in most patients with bacterial meningitis (cell
counts from 100–10,000 WBC per cubic mm) and 80 to
95% of patients will exhibit a neutrophil predominance on
the cell count differential [20, 23–25]. Some cases of
lymphocytic predominance are reported, as well as cases
with no pleocytosis (5-10% of cases) in the CSF, which are
both associated with poor outcomes [26]. Protein levels in
the CSF are often elevated at >50 mg per dL, and CSF
glucose levels are typically decreased to <40% of coinci-
dent serum glucose [20, 23–25]. Gram stain and culture of
the CSF are the current gold standards for diagnosis of
bacterial meningitis. Gram stain sensitivity is between 60
and 90% and can provide rapid identification of an
etiologic organism [21, 23]. Culture of the CSF provides
a specific diagnosis in 88% of cases not receiving antibiotic
therapy prior to lumbar puncture [13]. A retrospective
cohort study in children revealed that 72% of CSF cultures
were positive following <4 h of antibiotic therapy prior to
lumbar puncture [13]. Sensitivity of CSF cultures decreased
to 55% following initiation of antibiotic therapy >4 h prior
to lumbar puncture. However, prior antibiotic therapy had
no significant impact on Gram stain sensitivity.

Bacterial antigen tests in the CSF have limited sensitivity
and are not recommended for routine use, but may be
helpful in patients with negative CSF Gram stain and
culture in the presence of other clinical findings consistent
with bacterial meningitis [21]. PCR assays for common
bacterial ribosomal sequences exhibit promise as a rapid
diagnostic tool, but are subject to false-positive results [27,
28]. PCR assays may be useful in cases of bacterial
meningitis with negative Gram stain and culture or in cases
with prior antibiotic therapy. Further studies will establish
the usefulness of this rapid assay in the acute care setting.
Determination of CSF lactate concentrations may be useful
in differentiating bacterial from nonbacterial meningitis in

patients that have received prior antimicrobial therapy [29].
CSF lactate concentrations of >4.0 mmol/L were consid-
ered a positive finding in favor of bacterial meningitis and
may be especially helpful in the diagnosis of bacterial
meningitis following neurosurgery [29].

Management

The choice of antimicrobial therapy is based on the age of
the patient, underlying risk factors for disease (e.g.,
immunocompromise, trauma, neurosurgery), and patterns
of antimicrobial resistance in the community (Table 1).
According to Infectious Diseases Society of America
(IDSA) practice guidelines for the management of bacterial
meningitis, poor outcomes are associated with advanced
clinical severity of disease, and empiric antimicrobial
therapy for suspected or proven bacterial meningitis should
be initiated as soon as possible after the diagnosis of
bacterial meningitis is suspected [29]. Results from CSF
Gram stain, culture, and susceptibility testing will allow
modifications and refinements in empiric antimicrobial
therapy. Due to the emergence of penicillin-resistant S.
pneumoniae infections, current empiric standard therapy for
suspected adult bacterial meningitis includes vancomycin
and a third-generation cephalosporin, such as ceftriaxone or
cefotaxime) [21]. In cases of suspected Listeria infection
(e.g., age >65, alcoholism, pregnancy, atypical CSF
profile), empiric therapy should include ampicillin or penicil-
lin G, as cephalosporins have limited activity against this
organism [29, 30].

Adjunctive corticosteroid therapy for bacterial meningi-
tis is started in patients to treat the underlying cerebral
edema, inflammation, and increased intracranial pressure
(ICP). Adjunctive corticosteroids improve outcomes in
infants and children with H. influenzae type B and in
adults with S. pneumoniae meningitis [31, 32]. A random-
ized, double-blind, placebo-controlled trial evaluating the
efficacy of corticosteroid therapy found that the addition of
corticosteroids reduced the risk of unfavorable outcome
from 25 to 15% and reduced mortality from 15 to 7% [32].
The benefit was greatest in patients with intermediate
severity of disease and S. pneumoniae infection. Practice
guidelines published in 2004 from the IDSA state that
consideration should be given to administer adjunctive
dexamethasone in patients with suspected or proven
bacterial meningitis, and adjunctive dexamethasone should
be initiated in all adult patients with suspected or proven
pneumococcal meningitis [29]. Recent studies in the
developing world suggest no clear benefit with adjunctive
corticosteroid therapy in children and adults [33, 34], and
these data were analyzed in a large meta-analysis, which
questioned the mortality benefit for corticosteroid therapy
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in patients in the developing world [35, 36]. The underlying
etiology of different responses to corticosteroid therapy in
the developed world and the developing world are not clear.
A recent observational study from the Netherlands found
that mortality from bacterial meningitis had decreased from
30 to 20% after steroid therapy became widely used as a
general standard of care [37]. Administration of corticoste-
roid therapy in cases of S. pneumoniae meningitis was also
found to preferentially benefit patients >55 years of age in
another study from a developed country [35, 37]. Based on
the IDSA guidelines and recent data, patients with
suspected or proven S. pneumoniae meningitis in the
developed world should receive adjunctive dexamethasone
therapy. Data to support initiation of adjunctive dexameth-
asone therapy in patients in the developing world with
bacterial meningitis is less clear and must be left to the
discretion of the treating physician.

Viral Encephalitis

When evaluating a patient with possible encephalitis, it is
important to first distinguish between: 1) infectious pro-
cesses, 2) encephalopathy, and 3) postinfectious immune-
mediated processes, as exemplified by acute disseminated
encephalomyelitis (ADEM) [38]. Encephalopathy refers to
diffuse cerebral dysfunction without associated inflamma-
tion. The most common causes of encephalopathy relate to
exposure to toxins (e.g. alcohol, licit or illicit drugs) or
metabolic dysfunction (e.g. hypoxia, hypoglycemia or
hyperglycemia, electrolyte disorders, renal and hepatic
failure). The presence of fever, headache, peripheral
leukocytosis, and CSF pleocytosis all favor encephalitis

instead of encephalopathy. Although some encephalopa-
thies may produce focal neurological signs, these are more
typical in encephalitis, as are focal seizures. Patients with
encephalitis frequently have neuroimaging abnormalities,
and may show focal electroencephalographic (EEG) abnor-
malities or specific patterns of dysfunction that are rarely
seen in encephalopathy.

In the differential diagnosis of cases of suspected viral
encephalitis, it is important to also consider autoimmune
causes of encephalitis including postinfectious encephalo-
myelitis or ADEM, as well as the increasing number of
syndromes caused by antibodies against neural antigens,
including the N-methyl D-aspartate (NMDA) receptor and
voltage-gated potassium channels (reviewed in Vincent et
al. [39]). ADEM is an inflammatory demyelinating disease
of the CNS that follows an infection or vaccination,
typically after a delay of 1 to 4 weeks with an incidence
of 0.4 to 0.8 per 100,00 of the population [40–42]. Most
cases are monophasic and associated with MRI findings of
diffuse or multi-focal subcortical and central white matter
lesions with increased signal on T2-weighted and fluid-
attenuated inversion recovery (FLAIR) sequences [41, 43].
A clear preceding infection or vaccination is found in
approximately two-thirds of pediatric cases and half of
adult cases [41–43]. Historically, the most common ante-
cedents were measles, varicella, rubella, and mumps,
although the frequency of these illnesses has declined in
much of the world due to effective vaccination campaigns.
More recent studies have stressed the importance of
antecedent infections caused by influenza A and B,
hepatitis viruses, nonspecific flu-like upper respiratory tract
infections, and nonviral infectious agents, including myco-
plasma [42]. Post-vaccination cases of ADEM are rare with

Table 1 Empiric Antibiotic Therapy for Bacterial Meningitis*

Predisposing Factor Common Pathogen Empiric Antimicrobial Therapy

Age

<2 months Group B streptococcus, E. coli, L. monocytogenes,
H. influenzae, S. pneumoniae

Ampicillin plus cefotaxime or ampicillin plus aminoglycoside

2-23 months S. pneumoniae, N. meningitidis, group B
streptococcus, H. influenzae

Vancomycin plus a third- generation cephalosporin

2-50 years S. pneumoniae, N. meningitidis Vancomycin plus a third-generation cephalosporin

>50 years S. pneumoniae, N. meningitidis, L. monocytogenes,
H. influenzae

Vancomycin, ampicillin, and a third-generation cephalosporin

Head Trauma

Basilar skull fracture S. pneumoniae, H. influenzae, group A streptococci
(S. pyogenes).

Vancomycin plus a third-generation cephalosporin

Penetrating trauma S. aureus, coagulase-negative staph., gram-negative
bacilli

Vancomycin plus cefepime, vancomycin plus ceftazidime, or
vancomycin plus meropenem

Postneurosurgical Gram-negative bacilli (P. aerginosa), S. aureus,
coagulase-negative staph.

Vancomycin plus cefepime, vancomycin plus ceftazidime, or
vancomycin plus meropenem

*Adapted from Tunkel et al. IDSA Practice Guidelines for Bacterial Meningitis, 2004
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the newer vaccines now in general use, but have been
reported with vaccines against measles, Japanese encepha-
litis virus, poliovirus, tetanus toxoid, influenza, and
hepatitis B (reviewed in Huynh et al. [41]).

ADEM is a postinfectious or post-vaccination immune-
mediated process rather than a consequence of direct viral
or microbial injury to the CNS; therefore, CSF cultures and
PCR studies show no evidence of an infecting pathogen,
and brain tissue specimens do not show direct evidence of
infection (e.g., no inclusions, microbial antigens, or nucleic
acid and negative cultures). The basic CSF profile in
ADEM is similar to that frequently seen in infectious
encephalitis, including a pleocytosis with a predominance
of lymphocytes, a normal glucose, and a normal or elevated
protein. The presence of oligoclonal bands in the CSF or
evidence of pathogen-specific intrathecal antibody synthe-
sis (immunoglobulin M [IgM], increased CSF/serum
immunoglobulin G [IgG] ratio) are more typical of
encephalitis than ADEM. Conversely, significant elevations
of CSF myelin basic protein are more common in ADEM,
but can occur in encephalitis when significant white matter
injury occurs. Pathological examination of brain tissue, if
performed, allows definitive differentiation of ADEM from
encephalitis. ADEM typically exhibits perivenular inflam-
mation and demyelination, whereas encephalitis exhibits
pathological evidence of perivascular and parenchymal
inflammation, neuron, and glial cell death, and evidence
of viral infection (viral inclusions, antigen staining, or viral
nucleic acid).

Once an infection of the CNS is considered in the
differential diagnosis, the evaluation and initiation of
therapy should progress quickly. In cases of bacterial
meningitis and herpes encephalitis, studies have shown that
delay in therapy increases morbidity and mortality. When
evaluating a patient with a possible infection of the CNS,
the initial diagnostic goals are to obtain CSF for appropriate
studies and to perform neuroimaging, preferably MRI
unless contraindicated. Patients with suspected encephalitis
will have altered consciousness or focal neurological
findings and will usually require neuroimaging, preferably
MRI, prior to lumbar puncture. In patients with suspected
bacterial meningitis, as well as encephalitis, empiric
antibiotic therapy should be initiated after blood cultures
are completed if lumbar puncture is delayed for neuro-
imaging (see previously). Empiric acyclovir therapy should
also be initiated in patients with suspected Herpes simplex
encephalitis, pending results of diagnostic studies [38, 44].

If encephalitis is suspected, MRI, which is more
sensitive, provides more detailed diagnostic information
than CT, and is the neuroimaging procedure of choice.
Neuroimaging studies can provide valuable clues that can
assist in specific diagnosis of encephalitis. The most
common abnormalities include areas of increased signal

on T2 and FLAIR sequences. Diffusion-weighted imaging
sequences may demonstrate abnormalities from before, or
more extensive images than those seen in T2 and FLAIR
sequences [45–49].

CSF examination is part of the basic testing in all
patients with suspected encephalitis or meningitis [29, 38].
CSF from patients with viral encephalitis is typically
characterized by a lymphocytic pleocytosis with a normal
glucose concentration and a normal-to-elevated protein
concentration. This pattern is similar to that seen in ADEM.
The presence of neutrophils rather than lymphocytes, as the
predominant cell type, occurs frequently in patients with
West Nile virus (WNV) neuroinvasive disease [50], and
tick borne encephalitis virus [51], and can also occur with
Eastern equine encephalitis [52].

The suggested CSF diagnostic studies for immunocom-
petent adults in the U.S. with suspected encephalitis include
a CSF opening pressure, cell count and differential, protein
and glucose concentrations, Gram stain, and bacterial
cultures. Initial viral studies of the CSF should include
PCR studies for HSV, Varicella zoster virus (VZV), enter-
oviruses, and West Nile virus (WNV) IgM serology (in the
summer and early fall seasons). Although viral CSF
cultures have a high specificity when positive, they are
insensitive and not routinely recommended for diagnostic
purposes. Additional diagnostic tests are guided and
prioritized by the clinical and epidemiologic clues obtained
during evaluation of the patient. With immunocompromised
patients, a series of diagnostic tests may be indicated based
on the clinical and epidemiologic context of the patient
(Table 2). EEG testing can be helpful in evaluating the type
and frequency of seizures, and the presence of non-
convulsive status epilepticus. The degree and severity of
slowing is a sensitive indicator of the presence and severity
of metabolic encephalopathies. Specific EEG patterns may
suggest an increased likelihood of specific diagnoses (see
EEG as follows).

Clinical Features

The presence of specific sets of neurological signs and
symptoms by themselves does not allow unequivocal
diagnosis of a specific cause of encephalitis. However,
findings on neurological examination can increase the
likelihood of some etiologic agents and reduce the
likelihood of other pathogens, thereby facilitating and
guiding confirmatory diagnostic testing. The most common
focal neurologic signs associated with encephalitis include
hemiparesis, aphasia, ataxia, cranial nerve palsies, myoclo-
nus, and seizures [53]. Other important neurological
findings include loss of temperature and vasomotor control
as a result of autonomic dysfunction, and either diabetes

Management of Acute CNS Infections 129



insipidus or syndrome of inappropriate antidiuretic hor-
mone (SIADH) resulting from hypothalamic dysfunction.
Signs of Parkinsonism (bradykinesia, rigidity, or rest
tremor) may suggest infection with a Flavivirus (WNV,
St. Louis Encephalitis virus (SLEV), Japanese Encephalitis
virus (JEV)) and frontotemporal signs, such as aphasia,
memory impairment, and personality changes, may suggest
limbic encephalitis from HSV, human herpes virus 6
(HHV6) infection, a neoplastic etiology, or a non-
neoplastic autoimmune encephalitis. Seizures occur in
encephalitides that involve the cortex (e.g., HSV encepha-
litis) and less commonly with Flavivirus infections (WNV,
St. Louis Encephalitis (SLE), JEV) that involve predomi-
nantly deep gray matter structures, such as the basal ganglia
and thalamus. Brainstem involvement can occur with HSV,
enterovirus 71 infections, and Flaviviruses (WNV); where-
as cerebellitis is associated with Epstein Barr virus (EBV),
VZV, mumps, and Flavivirus (WNV, SLEV) infections.
Flavivirus infections (WNV, JEV), enterovirus 71, and
poliovirus (poliomyelitis) infections can cause disease in
the anterior horn of the spinal cord, resulting in acute
flaccid paralysis. The frequency of cranial nerve palsies
varies greatly in patients with encephalitis. Cranial nerve
palsies are common in several nonviral infections that can
mimic viral encephalitis (Lyme disease, syphilis, tubercu-
losis, fungal infections) and most commonly produce
peripheral facial palsy (VII), vestibular or cochlear dys-
function (VIII), or paralysis of extraocular movements (III,
IV, VI). Cranial nerve palsies are generally infrequent in
viral encephalitis, unless there is concomitant brainstem
involvement. However, WNV infection and VZV vascul-
opathy have been associated with palsies of a variety of
cranial nerves (see specific sections).

The general physical examination also provides important
clues that assist in the diagnosis of encephalitis. Skin rashes
are common and characteristic for VZV, WNV, some enter-
oviruses, human immunodeficiency virus (HIV), measles, and
rubella, and may occur with a variety of nonviral infections,
including Lyme disease, syphilis, Mycoplasma, Rickettsia,
Anaplasma, and Ehrlichia. Oral mucosal ulcerations may
suggest herpangina and an enterovirus or HSV infection.
Ocular findings including chorioretinitis occur with WNV,
cytomegalovirus (CMV), and Bartonella (cat scratch).
Parotitis, orchitis, and oophoritis can occur with mumps
and lymphocytic choriomeningitis virus (LCMV) infections.

Diagnostic Tests

Neuroimaging

Unless specifically contraindicated, all patients with sus-
pected infectious encephalitis should have an MRI scan
performed. The sensitivity and specificity of different
patterns of neuroimaging abnormalities for the diagnosis
of specific forms of encephalitis have not been formally
defined. However, different forms of encephalitis often
produce distinctive MRI patterns that may provide clues
suggestive of particular agents that can guide more
definitive confirmatory tests (Fig. 2). Temporal lobe and
limbic abnormalities are seen in HSV and HHV6 enceph-
alitis, whereas subependymal enhancement occurs with
CMV ventriculitis. An MRI often reveals multi-focal
hemorrhagic infarctions and demyelinating lesions in cases
of VZV vasculopathy [54]. Predominant demyelination on
MRI is suggestive of progressive multi-focal leukoence-

Table 2 Laboratory Studies for
Other Causes of Encephalitis

AFB = Acid fast bacilli;
CSF = cerebrospinal fluid;
HHV6 = human herpes
virus 6; HIV = human
immunodeficiency virus;
IgG = immunoglobulin G;
IgM = immunoglobulin M;
PCR = polymerase chain
reaction; RPR = Rapid Plasmid
reagin; VCA = viral capsid
antigen; VDRL = venereal
disease research laboratory

Infectious Agent CSF Studies Serum Studies

HIV PCR PCR, IgG/Western blot

Epstein Barr virus PCR IgM to VCA, IgG to early and nuclear
antigens

HHV6 PCR

Mycoplasma pneumoniae PCR IgM and IgG

Mycobacterium tuberculosis PCR, AFB stain, culture

Varicella zoster PCR and IgG Paired Serum IgG with CSF sample

LaCrosse IgM and IgG

St. Louis encephalitis IgM IgM and IgG

Eastern equine encephalitis IgM IgM and IgG

Venezuelan equine encephalitis IgM IgM and IgG

Cryptococcus Antigen titer

Coccidiomycosis Complement fixation titer

Syphilis VDRL RPR and treponemal-specific antibody test

Borrelia IgM and IgG

Rickettsia IgM and IgG
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phalopthay (PML) caused by JC virus infection or ADEM.
PML lesions typically do not enhance in severely immu-
nocompromised patients, whereas MRI lesions associated
with ADEM show similar characteristics, acutely enhance,
and then become nonenhancing with time.

In HSV encephalitis, MRI is significantly more sensitive
than CT, revealing temporal lobe abnormalities in 90% of
PCR-proven HSV cases [55]. There were 79% of patients
with HSV encephalitis that had abnormalities on their initial
CT scan, but 100% of the 17 patients whose CT scan was
initially normal and who had repeat scans had abnormalities
an average of 5 days later [55, 56]. There were 89% of
patients with HSV encephalitis who exhibited MRI abnor-
malities of the temporal lobe, and 36% also had frontal
involvement. Only 9% of patients with herpes simplex
encephalitis (HSE) had an MRI with abnormalities exclu-
sively outside the frontotemporal area. In 57% of HSE
patients, the abnormalities were predominantly unilateral

[11]. Characteristic MRI changes occur early in the course
of HSE and include high-signal intensity lesions on T2-
weighted and FLAIR images involving the medial and
inferior temporal lobes with extension into the insula. MRI
abnormalities can also include the orbitofrontal gyri and
inferomedial frontal lobes [56, 57]. Diffusion-weighted
imaging abnormalities may antedate and be more extensive
than abnormalities seen on T2 and FLAIR sequences.

CT is almost invariably normal early in WNV and other
arbovirus infections in the CNS. The MRI abnormalities are
less frequent in cases of WNV than those that have been
reported for HSVencephalitis. In 2 series involving a total of
34 patients, initial MRI studies were normal in approximately
one-third of patients. MRI abnormalities associated with
WNVencephalitis included areas of increased T2 and FLAIR
and low T1 signal that involved the basal ganglia, thalamus,
and brainstem [58, 59]. The MRI imaging abnormalities in
WNV infection are generally distinct from those seen in
HSVencephalitis, although in 1 series approximately 20% of
patients had abnormalities limited to the mesial temporal
lobes [59]. Some patients with WNV infection only have
meningeal enhancement or abnormalities that are only seen
on diffusion-weighted imaging. Patients with JEV have MRI
abnormalities similar to those reported for WNV. In a recent
study, MRI was more sensitive than CT for JEV infections,
showing abnormalities in >90% of adults and children [60].
The most commonly involved areas were the thalamus
(88%), basal ganglia (41-54%) and brainstem, but some
patients can have medial temporal lesions resembling those
seen in HSV encephalitis [60–62]. Patients infected with
enterovirus 71 may demonstrate increased T2 and FLAIR
signal intensity in the midbrain, pons, and medulla.

CSF Profile

CSF examination forms an essential part of the diagnosis of
encephalitis and should be performed in all patients unless
absolutely contraindicated [38]. The most typical CSF
profile in patients with viral encephalitis is a CSF
pleocytosis with a predominance of lymphocytes, a normal
glucose, and an elevated protein. In cases of Flavivirus
infection, particularly WNV, neutrophils may predominate,
which is also a finding reported with Eastern equine
encephalitis [50]. In 1 large series, the median percentage
of neutrophils in patients with WNV encephalitis was 45%,
and 37% of cases had a neutrophil predominance [50]. By
contrast, patients with HSV encephalitis, typically have 5 to
24% neutrophils [11, 63, 64].

The magnitude of CSF pleocytosis varies greatly in
different forms of encephalitis. In the classic studies of
biopsy proven HSV encephalitis by the Collaborative
Antiviral Study Group (CASG), patients with HSV enceph-
alitis had a median CSF WBC count of 130 cells/cubic

Fig. 2 Typical magnetic resonance imaging (MRI) changes associated
with viral encephalitis. (A) Herpes simplex virus type 1 encephalitis with
increased T2-weighted signal in bilateral temporal lobes. Increased
signal does not extend beyond the insular cortex (black arrow), but does
involve the cingulate gyrus (white arrow). (B) Varicella-zoster virus
vasculopathy on proton-density MRI scan with multiple areas of
infarction in both hemispheres (arrows). (C) West Nile virus enceph-
alitis with increased signal on FLAIR MRI of the basal ganglia (arrows).
(D) Enterovirus encephalitis with increased signal intensity on FLAIR
MRI in both hemispheres in posterior cerebral hemisphere (arrow).
(Adapted from Beckham and Tyler. Encephalitis, 7th ed. Mandell,
Douglas and Bennett’s Principles and Practice of Infectious Diseases.
Churchill Livinstone, Elsevier 2010:1248)
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millimeter; and 68% of patients had between 50 to 500 cells
[65]. There were 4% of patients who had <5 cells/cubic
millimeter, and only 8% had >500 cells/cubic millimeter.
Similar CSF profiles were noted in a study of CSF PCR-
proven HSV encephalitis. In that study, no patient with
HSV encephalitis had <5 cells/cubic millimeter, and 69% of
HSE patients had between 50 and 500 cells/cubic millime-
ter [55]. In a large series of cases with serologically proven
WNV encephalitis, the mean CSF cell count was 227 cells/
cubic millimeter (95% CI 133–321) [50]. Although patho-
logic evaluation of HSV encephalitis often demonstrates the
presence of hemorrhagic necrosis, CSF red blood cell
counts do not differ significantly between patients with
biopsy proven HSV encephalitis and nonherpetic encepha-
litis [12, 65]. Glucose concentrations are normal in >95%
of patients with encephalitis due to HSV and Flaviviruses
(WNV, SLE) but may be low in some cases of CMV,
mumps, and Eastern equine encephalitis infection.

CSF PCR and Antibody Studies

For some neuroinvasive viruses, PCR of the CSF has high
sensitivity and specificity, making it the diagnostic study of
choice for identifying a specific viral etiology. For example,
HSV PCR in the CSF has a sensitivity of 98% and a
specificity of 94% [66]. The sensitivity of PCR for
detection of HSV encephalitis varies with the timing of
the study. In the California Encephalitis Project, 3 patients
with negative CSF HSV PCR tests performed within 72
hours of symptom onset had positive tests 4 to 7 days later
[67]. CSF HSV PCR sensitivity declines as a function of
duration of antiviral therapy with 98% of studies remaining
positive in patients treated for 7 days or less, followed by a
decrease in sensitivity with ongoing treatment to 47% at
8 to 14 days, and 21% after 15 days of antiviral treatment
[66]. Using quantitative PCR, acyclovir-treated patients had
negative PCR results 19±6 days (range, 9–28 days) after
initiating acyclovir therapy [68].

PCR detection of VZV DNA has a specificity of >95%,
but the sensitivity is ≤30% in some studies [69]. In cases of
VZV CNS vasculopathy, CSF should also be tested for
intrathecal synthesis of VZV specific antibody (IgM and
IgG CSF/serum ratio), as these studies are complementary
to PCR and may be positive when PCR tests are negative
[69]. In a recent study, CSF VZV specific IgG was detected
in 100% (14/14) of cases, but PCR was positive in only
28% [69].

PCR for EBV DNA in the CSF can be a valuable
addition to the evaluation of a patient with viral encephalitis
[70]. However, the results must be correlated with the
clinical presentation, imaging, and serology results, because
latently positive mononuclear cells in the CSF can produce
false-positive results. False-positive PCR results are possi-

ble for much of the same reasons in patients suspected of
HIV or HHV6 encephalitis, because infiltrating lympho-
cytes may act as a reservoir for viral reactivation and are
not representative of primary infection.

CSF PCR is extremely specific (>95%) for the diagnosis
of progressive multifocal leukoencephalopathy (PML) in
immunocompromised patients with appropriate clinical and
radiographic findings. However, the sensitivity of CSF JCV
PCR may be as low as 50 to 80%, with lower values seen in
more immunocompetent patients who likely have lower
viral loads. Higher CSF JC viral loads correlate with worse
outcomes in patients with PML [71]. Antibody testing for
JC virus in serum or CSF is of little use in the diagnosis of
PML, as 55 to 85% of individuals are seropositive in serum
by adult life. In patients with intact capacity to mount
antibody responses, such as those at risk for PML due to
treatment with the lymphocyte migration inhibitor natali-
zumab, all reported cases of PML to date have been
seropositive for JC virus at diagnosis, and the results of
negative JC virus serology would provide an argument
against the diagnosis. However, in patients with diminished
humoral immunity, such as those with acquired immune
deficiency syndrome (AIDS), or receiving immunosuppres-
sive agents that blunt antibody responses, such as the anti-
CD20 monoclonal antibody rituximab, the absence of JCV
seropositivity does not exclude the possibility of PML.
Demonstration of intrathecal synthesis of JC virus-specific
antibody has been reported to have a sensitivity of 78% and
a specificity of 97% for diagnosis of PML, but intrathecal
antibody synthesis is not generally detectable until 2 to
3 weeks after onset of the illness [72].

In the case of Flaviviruses including WNV, CSF PCR is
less sensitive (57-70%) compared to detection of CSF IgM
antibodies for diagnosis of a neuroinvasive disease [73]. An
exception may occur in the immunocompromised patient,
such as a bone marrow and solid organ transplant recipient
who has a prolonged, high titer viremia, and can have
positive serum, and/or CSF PCR studies when antibody
tests are negative or seroconversion is delayed [74, 75].
CSF IgM WNV antibodies are diagnostic of both acute
WNV infection and neuroinvasive disease; their presence is
indicative of intrathecal synthesis because IgM molecules
cross the blood-brain-barrier poorly due to their large size.
CSF IgM antibodies are found in approximately 80% of
patients with WNV neuroinvasive disease within a week of
onset of symptoms, rising at the rate of approximately 10%
per day after symptom onset [76].

EEG

EEGs in patients with viral encephalitis are frequently
abnormal, but the results only rarely provide a clue to a
specific etiological diagnosis. The most common abnor-
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mality is the presence of generalized slowing [77]. Focal
EEG abnormalities, most commonly involving the temporal
lobes, are seen in 75 to 80% of patients with HSV
encephalitis [65, 78]. Common abnormalities include the
presence of frontotemporal slowing, temporal sharp activ-
ity, and/or spike activity, and periodic lateralizing epilepti-
form discharges at a rate of 2 to 3 Hz. None of these
patterns is diagnostic of HSV encephalitis. EEG abnormal-
ities have been reported in approximately 60 to 90% of
patients with WNV encephalitis. The most common finding
is the presence of diffuse irregular slow waves, although it
has been suggested that the presence of anteriorly predom-
inant slowing may suggest the diagnosis [79]. Triphasic
slow waves, generally considered more characteristic of
metabolic encephalopathies, have also been reported in
WNV encephalitis [80].

Management

The clinical status of patients with encephalitis can
deteriorate rapidly; therefore, patients should be closely
monitored in an intensive care unit or equivalent setting.
Viral encephalitis caused by arboviruses or herpes viruses
does not require patient isolation for infection control.
Respiratory or contact isolation should be considered in
cases of encephalitis of unknown etiology or in patients
with possible bacterial meningitis or a skin rash. Universal
precautions should be applied to handling all body fluids,
including CSF, blood, saliva, and respiratory secretions,
and stool and urine, as their potential infectivity varies with
the inciting pathogen.

Patients with encephalitis can experience autonomic
dysfunction, resulting in hypotension or cardiac arrhyth-
mias, and also patients should have close monitoring of
blood pressure and electrocardiogram testing until clinically
stable. If the airway is compromised due to alterations in
consciousness, then intubation should be considered to
protect the airway and prevent aspiration. If clinically
indicated, empiric antimicrobial agents should be initiated
in patients with suspected bacterial infection or bacterial
meningitis.

Patients with encephalitis may develop increased intra-
cranial pressure. Patients with potential signs of increased
ICP, such as decreased level of consciousness, papilledema,
or cerebral edema often require continuous intracranial
pressure monitoring. Clinical trials studying the role of
steroids in encephalitis patients are not conclusive and
further studies are needed; however, in cases of encephalitis
with increased ICP, corticosteroids may be used to treat
cerebral edema [77, 81, 82]. Additional measures to acutely
diminish increased ICP include hyperventilation and intra-
venous mannitol administration.

Patients with certain types of encephalitis are likely to be
at increased risk of seizures, and seizures can contribute to
transiently increased ICP. The value of prophylactic
anticonvulsant therapy in patients with encephalitis is
uncertain. Patients with seizures are generally treated
urgently with lorazepam or diazepam followed by mainte-
nance therapy with intravenous fosphenytoin. Patients may
require continuous electrocardiographic monitoring as
clinical observation in obtunded patients may not reliably
detect seizures.

In cases of suspected encephalitis, empiric acyclovir
therapy (30 mg/kg intravenously per day divided into 3
doses) should be started as soon as possible and continued
until HSV encephalitis is ruled out by appropriate testing or
an alternative diagnosis is established. A delay in empiric
acyclovir therapy for suspected HSV encephalitis is
associated with an increased risk of death and severe
disability [11]. In a recent retrospective review of 184
patients with HSV encephalitis, 37% of patients received
acyclovir late in the hospitalization (>1 day after admission)
[44]. Late administration of acyclovir was associated with
severe underlying disease, alcohol abuse, atypical CSF
features (<10 WBCs), and a delay of >1 day in neuro-
imaging [44].

Bacterial Brain Abscess

Brain abscess is one of the most serious complications of a
head and neck infection. The incidence in non-HIV patients
was estimated at 0.3 to 1.3 cases per 100,000 people per
year [83]. In a recent retrospective analysis of 973 patients
with brain abscess in South Africa, Oto-rhino sources of
infection (38%) were the most common, followed by
traumatic (32%), pulmonary (7%), and cryptogenic (4%).
Operative drainage of abscesses >2.5 cm in diameter and
antibiotic therapy resulted in a mortality rate of 13%, a poor
outcome in 5%, and a good outcome in 81% of patients
[84]. These outcomes are similar in other retrospective
studies in Europe and Asia [6, 85, 86].

Patients with brain abscess typically present with 1 or
more symptoms including fever, headache, altered level of
consciousness, or focal neurological signs, including
seizures, poor balance, dysphagia, or focal sensorimotor
deficits [85]. The presentation varies based on the size and
location of the abscess. Identifying associated infections
such as otitis, mastoiditis, or sinusitis can provide important
clues as to where an abscess may be located and the likely
underlying causative organisms. Radiological investigation
with CT or MRI is the primary diagnostic modality, and
lumbar puncture is not recommended because it carries a
risk of brain herniation and is not diagnostic in the majority
of cases. A CT of the brain with contrast allows
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differentiation of an abscess with a hypodense center
surrounded by smooth, regular thin-walled capsules with
areas of ring enhancement [87]. MRI imaging is the
modality of choice in patients with suspected brain abscess.
MRI results are variable and change with the stage of the
abscess, which allows for better differentiation between
stages of abscess formation that are amenable to abscess
drainage, and allows for determination of associated edema,
spread of inflammation into ventricles and the subarachnoid
space, and allows early detection of satellite lesions [83,
87]. On T1-weighted nonenhanced images, the capsule of
the abscess is a thin-walled ring isointense to the brain and
hypointense on T2-weighted images [87]. With gadolinium
administration, the abscess shows ring or multi-loculated
enhancement.

The microbiology of a brain abscess is often associated
with the underlying predisposing condition. In general,
streptococci are most commonly cultured from patients
with bacterial brain abscess and are commonly associated
with mixed bacterial infections with other bacteria, includ-
ing anaerobic Gram-negative rods in as many as 60% of the
cases [88]. The Streptococcus anginosus (milleri) group
include S. anginosus, S. constellatus, and S. intermedius,
and particularly prone to produce abscesses following
oropharyngeal or sinus infection, or bacterial endocarditis
[89]. Other common organisms associated with bacterial
brain abscess include Staphylococcus aureus associated
with endocarditis or trauma and anaerobes, such as

Bacteroides species often found in a mixed culture. Gram-
negative rods, such as Proteus sp. or Pseudomonas spp. are
often associated with otitis, mastoiditis, or postoperative
neurosurgical procedures [90]. Organisms that cause bacte-
rial meningitis do not typically cause brain abscess. Brain
abscess accounts for approximately 10% of the infections in
the CNS caused by Listeria monocytogenes, and are
typically found in immunocompromised patients [91].

Management of Bacterial Brain Abscess

Appropriate management of brain abscess requires a
multidisciplinary approach between the treating physician,
neuroradiologist, neurosurgeon, and infectious disease
specialists. Following diagnosis of brain abscess by MRI
or CT scan, empiric antibiotic therapy should be initiated.
These patients often undergo evaluation for bacterial
meningitis, as well, at initial presentation, and may receive
empiric antibiotic therapy prior to neuroimaging. Initial
management of brain abscess requires empiric antibiotic
therapy based on the likely source of infection (Table 3)
and neurosurgical drainage of the abscess. Lesions greater
than 2.5 cm are stereotactically aspirated by CT guidance or
less commonly excised. All specimens should be sent for
microbiology and pathology for diagnosis. For abscess in
early cerebritis stages or when abscesses are less than 2.5 cm
in diameter, the largest lesion may be aspirated for diagnosis.

Table 3 Empiric Therapy for Brain Abscess Based on Contiguous Infection*

Contiguous Infection Site of Abscess Causative Pathogens Antimicrobial Therapy

Otogenic infection Temporoparietal
lobe and
cerebellus

Strep. species, bacteroides, enterobacteriaceae,
pseudomonas

Ceftazidime or cefepime plus
metronidazole

Paranasal sinusitis Frontal lobes Streptococcus species, peptostreptococcus species,
bacteroides, fusobacterium

Third-generation cephalosporin plus
mentronidazole

Haematogenous
spread

Parietal, frontal, or
temporal lobes

Source of primary infection:

1) Endocarditis: S. viridans, S. aureus, enteroccocus Vancomycin, third-generation
cephalosporin, metronidazole

2) Intra-abdominal infection: Gram- negative bacilli,
enterococcus, anaerobes

Vancomycin, third-generation
cephalosporin, metronidazole or
vancomycin and meropenem

3) Pulmonary infection: strep species, anaerobes,
fusobacterium

Third-generation cephalosporin and
metronidazole

4) Urinary tract infection: Gram-negative bacilli Third-generation cephalosporin and
metronidazole

Penetrating trauma Staph. aureus, coagulase-negative staph., clostridium
species, aerobic gram-negative bacilli, bacteroides
species

Vancomycin, third-generation
cephalosporin and metronidazole

Postoperative Staph. aureus, coagulase-negative staph.,
enterobacteriaceae, pseudomonas species, anaerobes

Vancomycin, cefepime, and
metronidazole, or vancomycin
plus meropenem

*Adapted from Lu, et al. Strategies for the management of bacterial brain abscess. J Clin Neuroscience 2006;13:979–985
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Associated infections including endocarditis, sinusitis, or
mastoiditis should also be evaluated for surgical intervention
to remove a continued focus of seeding to the CNS. Empiric
antibiotic therapy should include ceftriaxone (2 g intrave-
nously daily) and metronidazole (500 mg intravenously every
6 h) for most cases. Changes in empiric antibiotic therapy
should be considered based on the underlying infections,
including vancomycin for the risk of methicillin-resistant
Staphylococcus aureus (MRSA) or use of carbapenems, such
as meropenem in cases of postsurgical brain abscess with an
increased risk of resistant Gram-negative rod infection.
Duration of therapy is dependent on the site of infection,
adequacy of drainage, organism involved, and the underlying
health status of the patient. In general, patients with bacterial
brain abscess require at least 4 weeks of antibiotic therapy and
may require a course as long as 8 weeks of parenteral
antibiotic therapy. Follow-up neuroimaging and close patient
follow-up to the response of therapy are critical to the
appropriate treatment of a brain abscess.

Cranial Subdural Empyema

Cranial subdural empyema (SDE) presents as a focal,
loculated suppuration between the dura mater and the
arachnoid [92]. Symptom onset is usually very rapid with
initial complaints of fever and headache that follow recent
craniofacial infection (otitis or sinusitis) or trauma [92].
Patients develop meningeal irritation, increased intracranial
pressure, focal neurological signs or symptoms, altered
consciousness, and seizures [93]. Causative organisms are
dependent on the original sight of infection. In cases of
craniofacial infection, S. anginosus group with or without
associated anaerobic organisms are common etiologic
bacteria followed by Staphylococcus sp. and Gram-
negative organisms associated with otogenic sources [92,
93]. Postsurgical SE is commonly associated with S. aureus
infection in as many as 46% of cases [92]. Other hospital
acquired Gram-negative rods, including Pseudomonas sp.
and Klebsiella pneumoniae contribute significantly, as well
to iatrogenic SE, and should be considered when empiric
therapy is initiated.

As with brain abscess, MRI is the preferred imaging
modality to diagnosis SE, and the CT scan is less sensitive,
especially in cases of posterior fossa involvement. CSF
examination is not recommended because the infection is
localized and encapsulated, such that CSF examination
often provides little useful diagnostic information and may
increase the risk of cerebral herniation.

Treatment of SE is a medical emergency and requires a
combined surgical and medical approach. The optimum
therapy for SE involves surgical drainage and antibiotic
therapy based on Gram stain and cultures obtained at the time

of the drainage procedure. Empiric antibiotic therapy should
be initiated based on suspected organisms and the underlying
risk factor for development of SE. The goals of surgical
therapy for cranial SE is to decompress the brain and evacuate
the empyema. A recent study showed improved outcomes in
patients with craniotomy [94], but the specific approach (burr
hole vs craniotomy) to achieve decompression and evacua-
tion is controversial [92]. Once diagnostic material is
obtained for cultures, empiric antibiotic therapy should be
initiated based on the Gram stain and the underlying risk for
infection. Vancomycin is often included in empiric therapy
as S. aureus is a common pathogen. If S. aureus is found to
be methacillin-sensitive, then nafcillin is the treatment of
choice in a nonpenicillin allergic patient. Metronidazole
therapy is also recommended as empiric therapy if anaerobic
organisms are suspected. For infections likely caused by
aerobic Gram-negative bacilli, empiric therapy with cefe-
pime or meropenem is indicated pending finalized culture
and sensitivity results. With appropriate management, mor-
tality rates are 10% in patients with good mental status at
presentation, but mortality increases to 50% in patients that
present later in infection with significant changes in mental
status or semi-comatose state [95, 96]. Thus, early and
emergent intervention is vital to improve outcomes in
patients with subdural empyema.

Acknowledgements This work is supported by the National
Institute of Allergy and Infectious Diseases (NIAID) (grant no.
K08AI076518 to J.D.B.) and the NIAID supported Rocky Mountain
Regional Center of Excellence for Biodefense and Emerging Infec-
tious Diseases Research (grant no. U54AI065357). This work is also
supported by a VA Merit award and National Institutes of Health
National Institute (NIH) of Neurological Disorders and Stroke
(NINDS) (grant no. R01NS076512 to K.L.T.).

Required Author Forms Disclosure forms provided by the authors
are available with the online version of this article.

References

1. Conen A, Walti LN, Merlo A, Fluckiger U, Battegay M, Trampuz
A. Characteristics and treatment outcome of cerebrospinal fluid
shunt-associated infections in adults: a retrospective analysis over
an 11-year period. Clin Infect Dis 2008;47:73–82.

2. Lietard C, Thebaud V, Besson G, Lejeune B. Risk factors for
neurosurgical site infections: an 18-month prospective survey. J
Neurosurg 2008;109:729–734.

3. Beer R, Pfausler B, Schmutzhard E. Management of nosocomial
external ventricular drain-related ventriculomeningitis. Neurocrit
Care 2009;10:363–367.

4. Khetsuriani N, Holman RC, Anderson LJ. Burden of encephalitis-
associated hospitalizations in the United States, 1988–1997. Clin
Infect Dis 2002;35:175–182.

5. Thigpen MC, Whitney CG, Messonnier NE, et al. Bacterial
meningitis in the United States, 1998–2007. N Engl J Med
2011;364:2016–2025.

Management of Acute CNS Infections 135



6. Tsou TP, Lee PI, Lu CY, et al. Microbiology and epidemiol-
ogy of brain abscess and subdural empyema in a medical
center: a 10-year experience. J Microbiol Immunol Infect
2009;42:405–412.

7. Aronin SI, Peduzzi P, Quagliarello VJ. Community-acquired
bacterial meningitis: risk stratification for adverse clinical out-
come and effect of antibiotic timing. Ann Intern Med
1998;129:862–869.

8. Lu CH, Huang CR, Chang WN, et al. Community-acquired
bacterial meningitis in adults: the epidemiology, timing of
appropriate antimicrobial therapy, and prognostic factors. Clin
Neurol Neurosurg 2002;104:352–358.

9. Miner JR, Heegaard W, Mapes A, Biros M. Presentation, time
to antibiotics, and mortality of patients with bacterial
meningitis at an urban county medical center. J Emerg Med
2001;21:387–392.

10. Whitley RJ, Gnann JW Jr. Acyclovir: a decade later. N Engl J
Med 1992;327:782–789.

11. Raschilas F, Wolff M, Delatour F, et al. Outcome of and
prognostic factors for herpes simplex encephalitis in adult
patients: results of a multicenter study. Clin Infect Dis
2002;35:254–260.

12. Whitley RJ, Alford CA, Hirsch MS, et al. Vidarabine versus
acyclovir therapy in herpes simplex encephalitis. N Engl J Med
1986;314:144–149.

13. Nigrovic LE, Malley R, Macias CG, et al. Effect of antibiotic
pretreatment on cerebrospinal fluid profiles of children with
bacterial meningitis. Pediatrics 2008;122:726–730.

14. Wang X, Cohn A, Comanducci M, et al. Prevalence and genetic
diversity of candidate vaccine antigens among invasive Neisseria
meningitidis isolates in the United States. Vaccine 2011;29:4739–
4744.

15. Weisfelt M, de Gans J, van der Ende A, van de Beek D.
Community-acquired bacterial meningitis in alcoholic patients.
PLoS One 2010;5:e9102.

16. Kaplan SL. Clinical presentations, diagnosis, and prognostic
factors of bacterial meningitis. Infect Dis Clin North Am
1999;13:579–594.

17. Saez-Llorens X, McCracken GH, Jr. Bacterial meningitis in
children. Lancet 2003;361:2139–2148.

18. van Crevel H, Hijdra A, de Gans J. Lumbar puncture and the risk
of herniation: when should we first perform CT? J Neurol
2002;249:129–137.

19. Hasbun R, Abrahams J, Jekel J, Quagliarello VJ. Computed
tomography of the head before lumbar puncture in adults with
suspected meningitis. N Engl J Med 2001;345:1727–1733.

20. Durand ML, Calderwood SB, Weber DJ et al. Acute bacterial
meningitis in adults. A review of 493 episodes. N Engl J Med
1993;328:21–28.

21. van de Beek D, de Gans J, Tunkel AR, Wijdicks EF. Community-
acquired bacterial meningitis in adults. N Engl J Med 2006;354:44–
53.

22. Proulx N, Frechette D, Toye B, Chan J, Kravcik S. Delays in the
administration of antibiotics are associated with mortality from
adult acute bacterial meningitis. QJM 2005;98:291–298.

23. van de Beek D, de Gans J, Spanjaard L, Weisfelt M, Reitsma JB,
Vermeulen M. Clinical features and prognostic factors in adults
with bacterial meningitis. N Engl J Med 2004;351:1849–1859.

24. Hussein AS, Shafran SD. Acute bacterial meningitis in adults. A
12-year review. Medicine (Baltimore) 2000;79:360–368.

25. Sigurdardottir B, Bjornsson OM, Jonsdottir KE, Erlendsdottir H,
Gudmundsson S. Acute bacterial meningitis in adults. A 20-year
overview. Arch Intern Med 1997;157:425–430.

26. Bodnadio WA. The cerebrospinal fluid: physiologic aspects and
alterations associated with bacterial meningitis. Pediatr Infect Dis
J 1992;11:423–431.

27. Saravolatz LD, Manzor O, VanderVelde N, Pawlak J, Belian B.
Broad-range bacterial polymerase chain reaction for early detec-
tion of bacterial meningitis. Clin Infect Dis 2003;36:40–45.

28. Tzanakaki G, Tsopanomichalou M, Kesanopoulos K, et al.
Simultaneous single-tube PCR assay for the detection of Neisseria
meningitidis, Haemophilus influenzae type b and Streptococcus
pneumoniae. Clin Microbiol Infect 2005;11:386–390.

29. Tunkel AR, Hartman BJ, Kaplan SL et al. Practice guidelines for
the management of bacterial meningitis. Clin Infect Dis
2004;39:1267–1284.

30. Lorber B. Listeriosis. Clin Infect Dis 1997;24:1–11.
31. McIntyre PB, Berkey CS, King SM, et al. Dexamethasone as

adjunctive therapy in bacterial meningitis. A meta-analysis of
randomized clinical trials since 1988. JAMA 1997;278:925–931.

32. de Gans J, van de Beek D. Dexamethasone in adults with bacterial
meningitis. N Engl J Med 2002;347:1549–1556.

33. Nguyen TH, Tran TH, Thwaites G, et al. Dexamethasone in
Vietnamese adolescents and adults with bacterial meningitis. N
Engl J Med 2007;357:2431–2440.

34. Scarborough M, Gordon SB, Whitty CJ, et al. Corticosteroids for
bacterial meningitis in adults in sub-Saharan Africa. N Engl J Med
2007;357:2441–2450.

35. van de Beek D, Farrar JJ, de Gans J et al. Adjunctive
dexamethasone in bacterial meningitis: a meta-analysis of
individual patient data. Lancet Neurol 2010;9:254–263.

36. Brouwer MC, McIntyre P, de Gans J, Prasad K, van de Beek D.
Corticosteroids for acute bacterial meningitis. Cochrane Database
Syst Rev 2010;(9)CD004405.

37. Brouwer MC, Heckenberg SG, de Gans J, Spanjaard L, Reitsma
JB, van de Beek D. Nationwide implementation of adjunctive
dexamethasone therapy for pneumococcal meningitis. Neurology
2010;75:1533–1539.

38. Tunkel AR, Glaser CA, Bloch KC, et al. The management of
encephalitis: clinical practice guidelines by the Infectious Diseases
Society of America. Clin Infect Dis 2008;47:303–327.

39. Vincent A, Bien CG, Irani SR, Waters P. Autoantibodies
associated with diseases of the CNS: new developments and
future challenges. Lancet Neurol 2011;10:759–772.

40. Tenembaum S, Chitnis T, Ness J, Hahn JS. Acute disseminated
encephalomyelitis. Neurology 2007;68(16 Suppl 2):S23-S36.

41. Huynh W, Cordato DJ, Kehdi E, Masters LT, Dedousis C. Post-
vaccination encephalomyelitis: literature review and illustrative
case. J Clin Neurosci 2008;15:1315–1322.

42. Noorbakhsh F, Johnson RT, Emery D, Power C. Acute dissem-
inated encephalomyelitis: clinical and pathogenesis features.
Neurol Clin 2008;26:759–780.

43. de Seze J, Debouverie M, Zephir H et al. Acute fulminant
demyelinating disease: a descriptive study of 60 patients. Arch
Neurol 2007;64:1426–1432.

44. Poissy J, Wolff M, Dewilde A, et al. Factors associated with delay
to acyclovir administration in 184 patients with herpes simplex
virus encephalitis. Clin Microbiol Infect 2009;15:560–564.

45. Hatipoglu HG, Sakman B, Yuksel E. Magnetic resonance and
diffusion-weighted imaging findings of herpes simplex encepha-
litis. Herpes 2008;15:13–17.

46. Kastrup O, Wanke I, Maschke M. Neuroimaging of infections of
the central nervous system. Semin Neurol 2008;28:511–522.

47. Kiroglu Y, Calli C, Yunten N, et al. Diffusion-weighted MR
imaging of viral encephalitis. Neuroradiology 2006;48:875–
880.

48. Maschke M, Kastrup O, Forsting M, Diener HC. Update on
neuroimaging in infectious central nervous system disease. Curr
Opin Neurol 2004;17:475–480.

49. McCabe K, Tyler K, Tanabe J. Diffusion-weighted MRI abnor-
malities as a clue to the diagnosis of herpes simplex encephalitis.
Neurology 2003;61:1015–1016.

136 Beckham and Tyler



50. Tyler KL, Pape J, Goody RJ, Corkill M, Kleinschmidt-DeMasters
BK. CSF findings in 250 patients with serologically confirmed
West Nile virus meningitis and encephalitis. Neurology
2006;66:361–365.

51. Jeren T, Vince A. Cytologic and immunoenzymatic findings in
CSF from patients with tick-borne encephalitis. Acta Cytol
1998;42:330–334.

52. Deresiewicz RL, Thaler SJ, Hsu L, Zamani AA. Clinical and
neuroradiographic manifestations of eastern equine encephalitis. N
Engl J Med 1997;336:1867–1874.

53. Chaudhuri A, Kennedy PG. Diagnosis and treatment of viral
encephalitis. Postgrad Med J 2002;78:575–583.

54. Gilden DH, Mahalingam R, Cohrs RJ, Tyler KL. Herpesvirus
infections of the nervous system. Nat Clin Pract Neurol
2007;3:82–94.

55. Domingues RB, Tsanaclis AM, Pannuti CS, Mayo MS, Lakeman
FD. Evaluation of the range of clinical presentations of herpes
simplex encephalitis by using polymerase chain reaction assay of
cerebrospinal fluid samples. Clin Infect Dis 1997;25:86–91.

56. Domingues RB, Fink MC, Tsanaclis AM, et al. Diagnosis of
herpes simplex encephalitis by magnetic resonance imaging and
polymerase chain reaction assay of cerebrospinal fluid. J Neurol
Sci 1998;157:148–153.

57. Tyler KL. Herpes simplex virus infections of the central nervous
system: encephalitis and meningitis, including Mollaret's. Herpes
2004;(11 Suppl 2):57A-64A.

58. Ali M, Safriel Y, Sohi J, Llave A, Weathers S. West Nile virus
infection: MR imaging findings in the nervous system. AJNR Am
J Neuroradiol 2005;26:289–297.

59. Petropoulou KA, Gordon SM, Prayson RA, Ruggierri PM. West
Nile virus meningoencephalitis: MR imaging findings. AJNR Am
J Neuroradiol 2005;26:1986–1995.

60. Kalita J, Misra UK. Comparison of CT scan and MRI findings
in the diagnosis of Japanese encephalitis. J Neurol Sci
2000;174:3–8.

61. Handique SK, Das RR, Barman K et al. Temporal lobe
involvement in Japanese encephalitis: problems in differential
diagnosis. AJNR Am J Neuroradiol 2006;27:1027–1031.

62. Kalita J, Misra UK, Pandey S, Dhole TN. A comparison of
clinical and radiological findings in adults and children with
Japanese encephalitis. Arch Neurol 2003;60:1760–1764.

63. O'Sullivan CE, Aksamit AJ, Harrington JR, Harmsen WS,
Mitchell PS, Patel R. Clinical spectrum and laboratory character-
istics associated with detection of herpes simplex virus DNA in
cerebrospinal fluid. Mayo Clin Proc 2003;78:1347–1352.

64. Simko JP, Caliendo AM, Hogle K, Versalovic J. Differences in
laboratory findings for cerebrospinal fluid specimens obtained
from patients with meningitis or encephalitis due to herpes
simplex virus (HSV) documented by detection of HSV DNA.
Clin Infect Dis, 2002;35:414–419.

65. Whitley RJ, Soong SJ, Linneman C Jr, Liu C, Pazin G, Alford
CA. Herpes simplex encephalitis. Clinical Assessment. JAMA
1982;247:317–320.

66. Lakeman FD, Whitley RJ. Diagnosis of herpes simplex enceph-
alitis: application of polymerase chain reaction to cerebrospinal
fluid from brain-biopsied patients and correlation with disease.
National Institute of Allergy and Infectious Diseases Collaborative
Antiviral Study Group. J Infect Dis 1995;171:857–863.

67. Weil AA, Glaser CA, Amad Z, Forghani B. Patients with
suspected herpes simplex encephalitis: rethinking an initial
negative polymerase chain reaction result. Clin Infect Dis
2002;34:1154–1157.

68. Kamei S, Takasu T, Morishima T, Mizutani T. Serial changes of
intrathecal viral loads evaluated by chemiluminescence assay and
nested PCR with aciclovir treatment in herpes simplex virus
encephalitis. Intern Med 2004;43:796–801.

69. Nagel MA, Forghani B, Mahalingam R, et al. The value of
detecting anti-VZV IgG antibody in CSF to diagnose VZV
vasculopathy. Neurology 2007;68:1069–1073.

70. Weinberg A, Li S, Palmer M, Tyler KL. Quantitative CSF PCR in
Epstein-Barr virus infections of the central nervous system. Ann
Neurol 2002;52:543–548.

71. Bossolasco S, Calori G, Moretti F, et al. Prognostic significance of
JC virus DNA levels in cerebrospinal fluid of patients with HIV-
associated progressive multifocal leukoencephalopathy. Clin In-
fect Dis 2005;40:738–744.

72. Weber T. Progressive multifocal leukoencephalopathy. Neurol
Clin 2008;26:833–854.

73. Solomon T, Ooi MH, Beasley DW, Mallewa M. West Nile
encephalitis. BMJ 2003;326:85–869.

74. Brenner W, Storch G, Buller R, Vij R, Devine S, DiPersio J. West
Nile Virus encephalopathy in an allogeneic stem cell transplant
recipient: use of quantitative PCR for diagnosis and assessment of
viral clearance. Bone Marrow Transplant 2005;36:369–370.

75. Hiatt B, DesJardin L, Carter T, Gingrich R, Thompson C, de
Magalhaes-Silverman M. A fatal case of West Nile virus infection
in a bone marrow transplant recipient. Clin Infect Dis 2003;37:
e129-e131.

76. Tardei G, Ruta S, Chitu V, Rossi C, Tsai TF, Cernescu C.
Evaluation of immunoglobulin M (IgM) and IgG enzyme
immunoassays in serologic diagnosis of West Nile Virus infection.
J Clin Microbiol 2000;38:2232–2239.

77. Solomon T, Hart IJ, Beeching NJ. Viral encephalitis: a clinician's
guide. Pract Neurol 2007;7:288–305.

78. Domingues RB, Lakeman FD, Pannuti CS, Fink MC, Tsanaclis
AM. Advantage of polymerase chain reaction in the diagnosis of
herpes simplex encephalitis: presentation of 5 atypical cases.
Scand J Infect Dis 1997;29:229–231.

79. Gandelman-Marton R, Kimiagar I, Itzhaki A, Klein C, Theitler J,
Rabey JM. Electroencephalography findings in adult patients with
West Nile virus-associated meningitis and meningoencephalitis.
Clin Infect Dis 2003;37:1573–1578.

80. Rodriguez AJ, Westmoreland BF. Electroencephalographic char-
acteristics of patients infected with west nile virus. J Clin
Neurophysiol 2007;24:386–389.

81. Kamei S, Sekizawa T, Shiota H, et al. Evaluation of combination
therapy using aciclovir and corticosteroid in adult patients with
herpes simplex virus encephalitis. J Neurol Neurosurg Psychiatry
2005;76:1544–1549.

82. Openshaw H, Cantin EM. Corticosteroids in herpes simplex virus
encephalitis. J Neurol Neurosurg Psychiatry 2005;76:1469.

83. Tunkel AR. Brain Abscess. Mandell GL, Bennett JE, Dolin R
(Eds). Principles and Practice of Infectious Diseases. 7th edition.
Churchill-Livingstone. Philidelphia, 2010. 1265–1278.

84. Nathoo N, Nadvi SS, Narotam PK, van Dellen JR. Brain abscess:
management and outcome analysis of a computed tomography era
experience with 973 patients. World Neurosurg 2011;75:716–726.

85. Carpenter J, Stapleton S, Holliman R. Retrospective analysis of 49
cases of brain abscess and review of the literature. Eur J Clin
Microbiol Infect Dis 2007;26:1–11.

86. Tseng JH, Tseng MY. Brain abscess in 142 patients: factors
influencing outcome and mortality. Surg Neurol 2006;65:557–562.

87. Lu CH, Chang WN, Lui CC. Strategies for the management of
bacterial brain abscess. J Clin Neurosci 2006;13:979–985.

88. Prasad KN, Mishra AM, Gupta D, Husain N, Husain M, Gupta
RK. Analysis of microbial etiology and mortality in patients with
brain abscess. J Infect 2006;53:221–227.

89. Su TM, Lin YC, Lu CH, et al. Streptococcal brain abscess: analysis
of clinical features in 20 patients. Surg Neurol 2001;56:189–194.

90. de Louvois J, Gortavai P, Hurley R. Bacteriology of abscesses of
the central nervous system: a multicentre prospective study. Br
Med J 1977;2:981–984.

Management of Acute CNS Infections 137



91. Eckburg PB, Montoya JG, Vosti KL. Brain abscess due to Listeria
monocytogenes: five cases and a review of the literature.
Medicine (Baltimore) 2001;80:223–235.

92. De Bonis P, Anile C, Pompucci A, Labonia M, Lucantoni C,
Mangiola A. Cranial and spinal subdural empyema. Br J Neuro-
surg 2009;23:335–340.

93. Nathoo N, Nadvi SS, van Dellen JR. Cranial extradural empyema
in the era of computed tomography: a review of 82 cases.
Neurosurgery 1999;44:748–753.

94. Mat Nayan SA, Mohd Haspani MS, Abd Latiff AZ, Abdullah JM,
Abdullah S. Two surgical methods used in 90 patients with
intracranial subdural empyema. J Clin Neurosci 2009;16:1567–
1571.

95. Nathoo N, Nadvi SS, van Dellen JR, Gouws E. Intracranial
subdural empyemas in the era of computed tomography: a review
of 699 cases. Neurosurgery 1999;44:529–535.

96. Bockova J, Rigamonti D. Intracranial empyema. Pediatr Infect Dis
J 2000;19:735–737.

138 Beckham and Tyler


	Neuro-Intensive Care of Patients with Acute CNS Infections
	Abstract
	Introduction
	Initial Clinical Presentation
	Bacterial Meningitis
	Diagnosis
	Management
	Viral Encephalitis
	Clinical Features
	Diagnostic Tests
	Neuroimaging
	CSF Profile
	CSF PCR and Antibody Studies
	EEG

	Management
	Bacterial Brain Abscess
	Management of Bacterial Brain Abscess
	Cranial Subdural Empyema
	References




