
348 CJEM • JCMU September • septembre 2003; 5 (5)

MEDICAL MYTHOLOGY • MYTHES MÉDICAUX

Myth: Cerebrospinal fluid analysis can differentiate
bacterial meningitis from aseptic meningitis

Thomas P. Graham, MD, FACEP

Despite increasing use of the Haemophilus influenzae
and pneumococcal vaccines, acute bacterial meningi-

tis is a serious cause of mortality and morbidity world-
wide. Evaluation of patients with meningitis is compli-
cated by the fact that clinical findings do not reliably
differentiate bacterial meningitis from other illnesses such
as aseptic (viral) meningitis. This is particularly true in
young children and infants,
making diagnosis in the pe-
diatric age group especially
problematic. There is a
prevalent myth that cere-
brospinal fluid (CSF) white
cell counts and other surro-
gate markers are reliable in-
dicators of bacterial versus
viral infections. This is a dangerous misconception.

Prompt treatment of bacterial meningitis with antibiotics
administered intravenously (IV) is crucial in order to re-
duce disastrous consequences, particularly neurological
dysfunction and death. Failure to promptly diagnose and
treat bacterial meningitis is consistently listed among the
most significant medicolegal risks for physicians. In con-
trast, patients with aseptic meningitis do not require antibi-
otics and rarely require hospitalization unless comorbidity
or illness severity dictate otherwise. A reliable means of
distinguishing between bacterial and viral central nervous
system (CNS) infections would reduce the risk and ex-
pense of unnecessary antibiotic therapy and hospitalization
in aseptic meningitis patients.

The most important diagnostic study for patients with

possible meningitis is lumbar puncture with CSF analysis.
The gold standard for diagnosing bacterial meningitis is
the CSF culture, despite its limited value in patients who
have been partially treated. However, physicians must
make treatment decisions before culture results are avail-
able, and they depend on CSF findings such as cell count,
glucose, protein, and Gram’s staining to help them do so.

Traditional teaching is
that, in patients with bacter-
ial meningitis, CSF white
blood cell (WBC) counts are
at least 300–2000 cells/mm3

(often closer to 10 000) and
CSF protein levels are above
150 mg/dL (>1.5 g/L). At
the same time, CSF glucose

concentration is expected to be below 40 mg/dL (<2.5
mmol/L), with a CSF:serum ratio of <0.25. Conversely,
aseptic meningitis is reportedly characterized by CSF
WBC counts of fewer than 200 cells/mm3, normal or
slightly decreased glucose concentration, and protein lev-
els of 50–200 mg/dL (0.5–2.0 g/L).1 Gram’s stains of
spinal fluid are virtually diagnostic of bacterial meningitis
when microorganisms are seen, but negative results of ini-
tial Gram’s staining do not exclude the diagnosis.

Several authors have demonstrated, however, that the
CSF leukocyte count cannot reliably distinguish between
bacterial and aseptic meningitis.2,3 For example, Levy and
colleagues4 studied 650 children evaluated for meningitis,
of whom 50 had bacterial meningitis and 212 had aseptic
meningitis. Patients with bacterial meningitis exhibited a
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There is a prevalent myth that
cerebrospinal fluid white cell
counts and other surrogate

markers are reliable indicators of
bacterial versus viral infections.

This is a dangerous misconception.
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wide range of CSF values for WBC, glucose and protein,
and these values overlapped significantly those of the asep-
tic meningitis group, rendering a diagnosis based on any
one CSF parameter unreliable.

Traditional teaching also holds that bacterial meningitis
is associated with polymorphonuclear (PMN) leukocyte
predominance and aseptic meningitis with mononuclear
leukocyte predominance in the CSF. Negrini and col-
leagues5 reviewed 158 patients with meningitis and found
that most of those with aseptic meningitis had a PMN pre-
dominance where neutrophils and juvenile forms ac-
counted for >50% of CSF leukocytes. It is often said that
polymorphs may predominate during the first 24 hours of
aseptic meningitis, but these authors found that they pre-
dominated well beyond this period and that even higher
proportions of CSF PMNs (up to 90%) were not specific
for bacterial meningitis. PMN leukocyte predominance
therefore does not distinguish bacterial from aseptic
meningitis.

Other CSF studies have been advocated as a means of
distinguishing bacterial from aseptic meningitis. These in-
clude CSF leukocyte aggregation,6 CSF lactate7 and CSF
cytokine levels, among others. Many authors have studied
these tests, but have not conclusively demonstrated their
utility. Bacterial antigen studies, more widely used, also
have limited utility during the initial patient encounter.

Because no single laboratory value differentiates bacter-
ial and aseptic meningitis, several authors have proposed
multivariable approaches. These combine CSF analysis
with parameters such as serum laboratory values, patient
age and month of presentation. Jaeger and colleagues8 de-
veloped a model with high (97.1%) negative predictive
value for bacterial meningitis in children under 3 years old,
but caution that the model should be used as only one
piece of diagnostic information and not as the sole basis
for diagnosis. To complicate matters, most cases of bacter-
ial meningitis in this and other previous studies were
caused by H. influenzae, now rare in areas with wide-
spread H. influenzae vaccination. To date, no single diag-
nostic model has been validated in an adequate sample of
patients as anything more than an adjunct to physician
judgement.

Enteroviruses are reported to be the most common cause
of aseptic meningitis in North America. Viral CSF cultures
can reliably diagnose these infections, but are subject to
the same prolonged turnaround times as bacterial cultures.
Tests that more rapidly detect CSF enteroviral infection

could confirm aseptic meningitis and prevent unnecessary
investigations and hospitalization. Ramers and colleagues9

suggest that an enterovirus-specific reverse transcriptase
polymerase chain reaction (PCR) assay may provide the
answer. In hospitalized patients this test had a sensitivity
and specificity approaching 100% — sufficient to guide
decision-making and improve diagnostic and therapeutic
choices. Although it is not yet widely available, nor rapid
enough to drive immediate decisions in the emergency de-
partment, PCR testing may become an important diagnos-
tic tool in the future.

Acute bacterial meningitis causes devastating morbidity
and mortality if not treated rapidly and appropriately.
There is considerable overlap in CSF diagnostic parame-
ters for bacterial and aseptic meningitis, and even multi-
variable diagnostic models are not foolproof. Physicians
must proceed with caution when using CSF analysis to dif-
ferentiate the two illnesses.

References
1. Behrman R, Kliegman R, Jenson H, editors. Nelson Textbook of

Pediatrics, 16th ed. Philadelphia: W.B. Saunders Company;
2000.

2. Spanos A, Harrell FE Jr, Durack DT. Differential diagnosis of
acute meningitis: an analysis of the predictive value of initial ob-
servations. JAMA 1989;262:2700-7.

3. Baker RC, Lenane AM. The predictive value of cerebrospinal
fluid differential cytology in meningitis. Pediatr Infect Dis J
1989;8:329-30.

4. Levy ML, Wong E, Fried D. Analysis of 650 lumbar punctures.
Clin Pediatr 1990;29:254-61.

5. Negrini B, Kelleher KJ, Wald ER. Cerebrospinal fluid findings in
aseptic versus bacterial meningitis. Pediatrics 2000;105:316-9.

6. Michelow IC, Nicol M, Tiemessen C, Chezzi C, Pettifor JM.
Value of cerebrospinal fluid leukocyte aggregation in distin-
guishing the causes of meningitis in children. Pediatr Infect
Dis J 2000;19:66-72.

7. Ponka A, Ojala K, Teppo AM, Weber TH. Differential diagno-
sis of bacterial and aseptic meningitis using cerebrospinal fluid
laboratory tests. Infection 1983;11:129-31.

8. Jaeger F, Leroy J, Duchene F, Baty V, Baillet S, Estavoyer JM,
et al. Validation of a diagnosis model for differentiating bacter-
ial from viral meningitis in infants and children under 3.5 years
of age. Eur J Clin Microbiol Infect Dis 2000;19:418-21.

9. Ramers C, Billman G, Hartin M, Ho S, Sawyer MH. Impact of a
diagnostic cerebrospinal fluid enterovirus polymerase chain re-
action test on patient management. JAMA 2000;283:2680-5.

Competing interests: None declared.

Correspondence to: Dr. Thomas Graham, Emergency Medicine Center,
924 Westwood Blvd., Ste. 300, Los Angeles CA 90024 USA; 310 825-
1952, fax 818 776-1872, tpython@aol.com


