888 TABLE 164-2 Cerebrospinal Fluid (CSF) Abnormalities in Bacterial
Meningitis

Opening pressure
White blood cells
Red blood cells
Glucose
CSF/serum glucose
Protein
Gram’s stain
Culture
Latex agglutination

Limulus lysate
PCR

>180 mmH2O
10/μL to 10,000/μL; neutrophils predominate
Absent in nontraumatic tap
<2.2 mmol/L (<40 mg/dL)
<0.4
>0.45 g/L (>45 mg/dL)
Positive in >60%
Positive in >80%
May be positive in patients with meningitis due to
Streptococcus pneumoniae, Neisseria meningitidis,
Haemophilus influenzae type b, Escherichia coli, group
B streptococci
Positive in cases of gram-negative meningitis
Detects bacterial DNA

Abbreviation: PCR, polymerase chain reaction
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that may mask a relative decrease in the CSF glucose concentration.
The CSF glucose concentration is low when the CSF/serum glucose
ratio is <0.6. A CSF/serum glucose ratio <0.4 is highly suggestive of
bacterial meningitis but may also be seen in other conditions, including fungal, tuberculous, and carcinomatous meningitis. It takes from
30 min to several hours for the concentration of CSF glucose to reach
equilibrium with blood glucose levels; therefore, administration of 50
mL of 50% glucose (D50) prior to LP, as commonly occurs in emergency room settings, is unlikely to alter CSF glucose concentration significantly unless more than a few hours have elapsed between glucose
administration and LP.
A 16S rRNA conserved sequence broad-based bacterial PCR can
detect small numbers of viable and nonviable organisms in CSF and
is expected to be useful for making a diagnosis of bacterial meningitis
in patients who have been pretreated with oral or parenteral antibiotics and in whom Gram’s stain and CSF culture are negative. When
the broad-range PCR is positive, a PCR that uses specific bacterial
primers to detect the nucleic acid of S. pneumoniae, N. meningitidis,
Escherichia coli, L. monocytogenes, H. influenzae, and S. agalactiae
can be obtained based on the clinical suspicion of the meningeal
pathogen. The latex agglutination (LA) test for the detection of bacterial antigens of S. pneumoniae, N. meningitidis, H. influenzae type b,
group B Streptococcus, and E. coli K1 strains in the CSF has been useful for making a diagnosis of bacterial meningitis but is being replaced
by the CSF bacterial PCR assay. The CSF LA test has a specificity of
95–100% for S. pneumoniae and N. meningitidis, so a positive test is
virtually diagnostic of bacterial meningitis caused by these organisms.
However, the sensitivity of the CSF LA test is only 70–100% for detection of S. pneumoniae and 33–70% for detection of N. meningitidis
antigens, so a negative test does not exclude infection by these organisms. The Limulus amebocyte lysate assay is a rapid diagnostic test for
the detection of gram-negative endotoxin in CSF and thus for making
a diagnosis of gram-negative bacterial meningitis. The test has a specificity of 85–100% and a sensitivity approaching 100%. Thus, a positive
Limulus amebocyte lysate assay occurs in virtually all patients with
gram-negative bacterial meningitis, but false positives may occur.
Almost all patients with bacterial meningitis will have neuroimaging studies performed during the course of their illness. MRI is
preferred over CT because of its superiority in demonstrating areas
of cerebral edema and ischemia. In patients with bacterial meningitis,
diffuse meningeal enhancement is often seen after the administration
of gadolinium. Meningeal enhancement is not diagnostic of meningitis
but occurs in any CNS disease associated with increased blood-brain
barrier permeability.
Petechial skin lesions, if present, should be biopsied. The rash of
meningococcemia results from the dermal seeding of organisms with
vascular endothelial damage, and biopsy may reveal the organism on
Gram’s stain.
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DIFFERENTIAL DIAGNOSIS
Viral meningoencephalitis, and particularly herpes simplex virus
(HSV) encephalitis, can mimic the clinical presentation of bacterial
meningitis (see “Viral Encephalitis,” below). HSV encephalitis typically
presents with headache, fever, altered consciousness, focal neurologic
deficits (e.g., dysphasia, hemiparesis), and focal or generalized seizures.
The findings on CSF studies, neuroimaging, and electroencephalogram (EEG) distinguish HSV encephalitis from bacterial meningitis.
The typical CSF profile with viral CNS infections is a lymphocytic
pleocytosis with a normal glucose concentration, in contrast to the
PMN pleocytosis and hypoglycorrhachia characteristic of bacterial
meningitis. MRI abnormalities (other than meningeal enhancement)
are not seen in uncomplicated bacterial meningitis. By contrast, in
HSV encephalitis, on T2-weighted, fluid-attenuated inversion recovery (FLAIR) and diffusion-weighted MRI images, high signal intensity
lesions are seen in the orbitofrontal, anterior, and medial temporal
lobes in the majority of patients within 48 h of symptom onset. Some
patients with HSV encephalitis have a distinctive periodic pattern on
EEG (see below).
Rickettsial disease can resemble bacterial meningitis (Chap. 211).
Rocky Mountain spotted fever (RMSF) is transmitted by a tick bite
and caused by the bacteria Rickettsia rickettsii. The disease may present acutely with high fever, prostration, myalgia, headache, nausea,
and vomiting. Most patients develop a characteristic rash within 96 h
of the onset of symptoms. The rash is initially a diffuse erythematous
maculopapular rash that may be difficult to distinguish from that of
meningococcemia. It progresses to a petechial rash, then to a purpuric
rash, and if untreated, to skin necrosis or gangrene. The color of the
lesions changes from bright red to very dark red, then yellowishgreen to black. The rash typically begins in the wrist and ankles and
then spreads distally and proximally within a matter of a few hours,
involving the palms and soles. Diagnosis is made by immunofluorescent staining of skin biopsy specimens. Ehrlichioses are also transmitted by a tick bite. These are small gram-negative coccobacilli of
which two species cause human disease. Anaplasma phagocytophilum
causes human granulocytic ehrlichiosis (anaplasmosis), and Ehrlichia
chaffeensis causes human monocytic ehrlichiosis. The clinical and
laboratory manifestations of the infections are similar. Patients present with fever, headache, confusion, nausea, and vomiting. Twenty
percent of patients have a maculopapular or petechial rash. There is
laboratory evidence of leukopenia, thrombocytopenia, and anemia,
and mild to moderate elevations in alanine aminotransferases, alkaline
phosphatase, and lactate dehydrogenase. Patients with RMSF and
those with ehrlichial infections may have an altered level of consciousness ranging from mild lethargy to coma, confusion, focal neurologic
signs, cranial nerve palsies, hyperreflexia, and seizures.
Focal suppurative CNS infections (see below), including subdural
and epidural empyema and brain abscess, should also be considered,
especially when focal neurologic findings are present. MRI should
be performed promptly in all patients with suspected meningitis
who have focal features, both to detect the intracranial infection and
to search for associated areas of infection in the sinuses or mastoid
bones.
A number of noninfectious CNS disorders can mimic bacterial
meningitis. Subarachnoid hemorrhage (SAH; Chap. 330) is generally
the major consideration. Other possibilities include chemical meningitis due to rupture of tumor contents into the CSF (e.g., from a cystic
glioma or craniopharyngioma epidermoid or dermoid cyst); druginduced hypersensitivity meningitis; carcinomatous or lymphomatous
meningitis; meningitis associated with inflammatory disorders such as
sarcoid, systemic lupus erythematosus (SLE), and Behçet’s syndrome;
pituitary apoplexy; and uveomeningitic syndromes (Vogt-KoyanagiHarada syndrome).
On occasion, subacutely evolving meningitis (Chap. 165) may be
considered in the differential diagnosis of acute meningitis. The principal
causes include Mycobacterium tuberculosis (Chap. 202), Cryptococcus
neoformans (Chap. 239), Histoplasma capsulatum (Chap. 236),
Coccidioides immitis (Chap. 237), and Treponema pallidum (Chap. 206).
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