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CLINICAL SCENARIOS
Case 1

A 30-year-old man presents to the emer-
gency department with a 24-hour his-
tory of chills and a stiff neck. On clini-
cal examination, he is afebrile and has
normal mental status. He can fully flex
his neck although he complains of pain
over his cervical spine when doing
so. Kernig and Brudzinski signs are
absent.

Case 2
A previously healthy 70-year-old
woman presents to the emergency de-
partment with a 3-day history of fe-
ver, confusion, and lethargy. She is un-
able to cooperate with a full physical
examination, but she has neck stiff-
ness upon neck flexion. The findings
from a chest radiograph and urinaly-
sis are normal.

WHY IS CLINICAL
EXAMINATION IMPORTANT?
If, in a fever, the neck be turned awry on a
sudden, so that the sick can hardly swallow,
and yet no tumour appear, it is mortal.

—Aphorism XXXV of Hippocrates

As early as the 5th century BC clini-
cians recognized the seriousness of in-
fectious meningitis.1 In the 20th cen-
tury, the annual incidence of bacterial
meningitis ranges from approxi-
mately 3 per 100 000 population in the
United States,2 to 45.8 per 100 000 in
Brazil,3 to 500 per 100 000 in the “men-
ingitis belt” of Africa.4 In one county
in Minnesota, there was an incidence

rate of viral meningitis of 10.9 per
100 000 person-years from 1950 to
1981, with most cases occuring in the
summer months.5

Despite the availability of antimicro-
bial therapy, meningitis-related case
fatality rates remain high, with a 17%
all-cause mortality rate between 1980

Author Affiliations: Departments of Medicine (Drs At-
tia, Hatala, and Cook) and Clinical Epidemiology and
Biostatistics (Dr Cook), McMaster University, Hamil-
ton, Ontario; and Division of General Medical Sci-
ences, Washington University School of Medicine, St
Louis, Mo (Dr Wong). Dr Wong is now with the Yale
University School of Medicine, New Haven, Conn.
Corresponding Author: Rose Hatala, MD, MSc, 4th

Floor, McMaster Bldg, Henderson Hospital, 711 Con-
cession St, Hamilton, Ontario, Canada L8V 1C3
(e-mail: hatalar@fhs.csu.mcmaster.ca).
The Rational Clinical Examination Section Editors:
David L. Simel, MD, MHS, Durham Veterans Affairs
Medical Center and Duke University Medical Center,
Durham, NC; Drummond Rennie, MD, Deputy Edi-
tor (West), JAMA.

Context Early clinical recognition of meningitis is imperative to allow clinicians to ef-
ficiently complete further tests and initiate appropriate therapy.

Objective To review the accuracy and precision of the clinical examination in the
diagnosis of adult meningitis.

DataSources A comprehensive review of English- and French-language literature was
conducted by searching MEDLINE for 1966 to July 1997, using a structured search strat-
egy. Additional references were identified by reviewing reference lists of pertinent articles.

Study Selection The search yielded 139 potentially relevant studies, which were
reviewed by the first author. Studies were included if they described the clinical ex-
amination in the diagnosis of objectively confirmed bacterial or viral meningitis. Stud-
ies were excluded if they enrolled predominantly children or immunocompromised adults
or focused only on metastatic meningitis or meningitis of a single microbial origin. A
total of 10 studies met the criteria and were included in the analysis.

Data Extraction Validity of the studies was assessed by a critical appraisal of sev-
eral components of the study design. These components included an assessment of
the reference standard used to diagnose meningitis (lumbar puncture or autopsy), the
completeness of patient ascertainment, and whether the clinical examination was de-
scribed in sufficient detail to be reproducible.

Data Synthesis Individual items of the clinical history have low accuracy for the di-
agnosis of meningitis in adults (pooled sensitivity for headache, 50% [95% confi-
dence interval {CI}, 32%-68%]; for nausea/vomiting, 30% [95% CI, 22%-38%]).
On physical examination, the absence of fever, neck stiffness, and altered mental sta-
tus effectively eliminates meningitis (sensitivity, 99%-100% for the presence of 1 of
these findings). Of the classic signs of meningeal irritation, only 1 study has assessed
Kernig sign; no studies subsequent to the original report have evaluated Brudzinski
sign. Among patients with fever and headache, jolt accentuation of headache is a use-
ful adjunctive maneuver, with a sensitivity of 100%, specificity of 54%, positive like-
lihood ratio of 2.2, and negative likelihood ratio of 0 for the diagnosis of meningitis.

Conclusions Among adults with a clinical presentation that is low risk for meningi-
tis, the clinical examination aids in excluding the diagnosis. However, given the seri-
ousness of this infection, clinicians frequently need to proceed directly to lumbar punc-
ture in high-risk patients. Many of the signs and symptoms of meningitis have been
inadequately studied, and further prospective research is needed.
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and 1988 reported for community-
acquired and nosocomial bacterial men-
ingitis among patients aged 16 years and
older.6 Among previously healthy pa-
tients who survive pneumococcal men-
ingitis, up to 18% may experience long-
term sequelae including dizziness,
excessive fatigue, and gait ataxia.7 Clini-
cal signs and symptoms at presenta-
tion may predict prognosis.8 Thus, early
clinical recognition of meningitis is im-
perative to allow clinicians to effi-
ciently complete further investiga-
tions and initiate appropriate therapy
with a goal of minimizing these ad-
verse outcomes.

The purpose of this systematic re-
view is to provide clinicians with an un-
derstanding of the literature from which
the current clinical approach to menin-
gitis is derived. Optimal use of the clini-
cal examination aids physicians in iden-
tifying patients at sufficient risk for
meningitis to require further definitive
diagnostic testing with a lumbar punc-
ture. Patients in whom meningitis is sus-
pected require this invasive procedure to
effectively establish or refute the diag-
nosis. In addition, evaluation of the ce-
rebrospinal fluid may help direct anti-
microbial therapy.9 To avoid unnecessary
invasive procedures, it would be useful
to identify clinical features that could dis-
tinguish patients at high and low risk of
meningitis. Clinical findings with a high
specificity will assist clinicians in the de-
cision to proceed to lumbar puncture.
Conversely, clinical findings with a high

sensitivity will aid clinicians in decid-
ing against invasive investigation, par-
ticularly for those patients for whom the
clinical suspicion of meningitis is rela-
tively low.

This systematic review will focus on
the features of history taking and physi-
cal examination that clinicians use to
identify adult, immunocompetent pa-
tients at risk for acute meningitis for
whom further diagnostic testing is in-
dicated. We use the term meningitis to
refer to acute infections of the menin-
ges of either bacterial or viral origin.

Pathophysiology of Meningitis
The brain is protected from infection by
the skull; the pia, arachnoid, and dural
meninges covering its surface; and the
blood-brain barrier. When any of these
defenses are broached by a pathogen, in-
fection of the meninges and subarach-
noid space can occur, resulting in men-
ingitis.10 Predisposing factors for the
development of community-acquired
meningitis include preexisting diabe-
tes mellitus, otitis media, pneumonia, si-
nusitis, and alcohol abuse.6

The clinical features of meningitis are
a reflection of the underlying patho-
physiologic processes (TABLE 1). Sys-
temic infection generates nonspecific
findings such as fever, myalgia, and rash.
Oncetheblood-brainbarrier isbreached,
an inflammatory response within the
cerebrospinal fluid occurs. The result-
ant meningeal inflammation and irrita-
tion elicit a protective reflex to prevent
stretching of the inflamed and hyper-
sensitive nerve roots, which is detect-
able clinically as neck stiffness or Kernig
or Brudzinski signs.11,12 The meningeal
inflammation may also cause headache
and cranial nerve palsies.13 If the inflam-
matory process progresses to cerebral
vasculitis or causes cerebral edema and
elevated intracranialpressure, thenalter-
ations in mental status, headache, vom-
iting, seizures, and cranial nerve pal-
sies may ensue.10

Examination for the Signs
and Symptoms of Meningitis
The classic clinical presentation of acute
meningitis is the triad of fever, neck

stiffness, and an altered mental state.
However, less than two thirds of pa-
tients present with all 3 clinical find-
ings.6 While taking the patient’s his-
tory, clinicians suspecting meningitis
will examine for general symptoms of
infection (such as fever, chills, and my-
algias), as well as symptoms suggest-
ing central nervous system infection
(photophobia, headache, nausea and
vomiting, focal neurologic symptoms,
or changes in mental status).

The physical examination must in-
clude checking the vital signs and a brief
mental status examination. General in-
spection may reveal a rash. In patients
with severe meningeal irritation, the pa-
tient may spontaneously assume the tri-
pod position (also called Amoss sign or
Hoyne sign) with the knees and hips
flexed, the back arched lordotically, the
neck extended, and the arms brought
back to support the thorax.14

Physical examination specifically for
meningitis includes assessing neck stiff-
ness, testing for Kernig and Brudzin-
ski signs, and assessing jolt accentua-
tion of headache. Neck stiffness is
assessed by examining the neck for ri-
gidity by gentle forward flexion with the
patient in the supine position.

Like neck stiffness, Kernig and Brud-
zinski signs also indicate meningeal ir-
ritation. Vladimir Kernig, a Russian phy-
sician, first published the description of
the sign that bears his name in 1884,11,15

although the sign had been previously
described by Lazarevic in 1880 and by
Forst in 1881.14 In Kernig’s original de-
scription, when patients sat on the edge
of a bed with their legs dangling, an at-
tempt to extend the knee joint more than
135°, or in severe cases more than 90°,
elicited spasm of the extremity that dis-
appeared when the patient lay supine or
stood up. Today, the maneuver is most
commonly performed with the patient
lying supine and the hip flexed at 90°.
A positive sign is present when exten-
sion of the knee from this position elic-
its resistance or pain in the lower back
or posterior thigh.

In 1909, Josef Brudzinski, a Polish
physician, described many meningeal
signs in children.11,16 His best known

Table 1. Pathophysiology of Clinical
Findings in Meningitis

Pathophysiology Clinical Features

Systemic infection Fever, myalgia, rash
Meningeal

inflammation
Neck stiffness, Kernig

sign, Brudzinski
sign, jolt
accentuation of
headache, cranial
nerve palsies

Cerebral vasculitis
secondary to
meningeal
inflammation

Focal neurologic
abnormalities,
seizures

Elevated intracranial
pressure
secondary to
meningeal
inflammation and
cerebral edema

Change in mental
status, headache,
cranial nerve
palsies, seizures
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“nape of the neck” sign (Brudzinski
sign) is present when passive neck flex-
ion in a supine patient results in flex-
ion of the knees and hips. A separate
sign, the contralateral reflex, is pres-
ent if passive flexion of one hip and
knee causes flexion of the contralat-
eral leg.

An additional maneuver in assess-
ing for meningitis is to elicit jolt accen-
tuation of the patient’s headache by
asking the patient to turn his or her
head horizontally at a frequency of
2 to 3 rotations per second. Worsen-
ing of a baseline headache represents
a positive sign.17

A complete neurologic examination
follows these more specific tests for
meningitis, including examination of
the cranial nerves, the motor and sen-
sory systems, reflexes, and testing for
Babinski reflex. A general examina-
tion follows, with an emphasis on the
ears, sinuses, and respiratory system.

METHODS
Literature Search and Selection

We searched MEDLINE for articles
from 1966 to July 1997 using a struc-
tured search strategy (available from the
authors on request) to retrieve En-
glish- and French-language articles de-
scribing the precision and accuracy of
the clinical examination in the diagno-
sis of meningitis. This search strategy
yielded 139 abstracts, which were re-
viewed by one of us (J.A.) for rel-
evance. Full-text articles were re-
trieved for abstracts that potentially met
the inclusion criteria. Additional ref-
erences were identified by searching the
reference lists of pertinent articles.

Explicit inclusion and exclusion cri-
teria were applied to the retrieved ar-
ticles. We included articles that were
original studies describing the accu-
racy or precision of the clinical exami-
nation in the diagnosis of meningitis in
which the majority of patients had ob-
jectively confirmed bacterial or viral
meningitis. We excluded studies that
enrolled only children or immunocom-
promised adults; described mixed pa-
tient populations from which adult data
could not be extracted; or focused only

on metastatic meningitis, or meningi-
tis of a single specific microbial origin
(ie, Listeria meningitidis or Mycobacte-
rium tuberculosis). Tuberculous men-
ingitis was also excluded on the grounds
that this infection is more prevalent in
patients with human immunodefi-
ciency virus infection18 and children,
neither of which represent our target
population. However, in 2 studies in
which there were insufficient data to
separate the patients with tuberculous
meningitis, we have retained them in
our analyses17,19 (TABLE 2).

Study Characteristics
This systematic review differs from pre-
vious Rational Clinical Examination ar-
ticles in that all but 117 of the 106,19-26

articles that met our inclusion criteria
were retrospective chart reviews. These
studies assessed the clinical presenta-
tion of a total of 845 patient-episodes
(824 patients), in patients aged 16 to
95 years, with meningitis confirmed by
lumbar puncture or autopsy (Table 2).

Because no quality grading system for
chart reviews has been widely estab-
lished, we assessed the validity of these
studies by critically appraising several
components of the study design (Table
2). These components included an as-
sessment of the reference standard used
to diagnose meningitis (lumbar punc-
ture or autopsy), the completeness of
patient ascertainment, and whether the
clinical examination was described in
sufficient detail to be reproducible. The
major limitation common to all these
studies was the lack of a control popu-
lation, which means that only sensi-
tivities were available for most of the
clinical findings. In addition, the re-
ported sensitivities may overestimate
the true sensitivities (as could be es-
tablished in a prospective study) be-
cause the clinical examinations re-
corded in the charts could have been
performed with knowledge of the lum-
bar puncture results.

The single prospective study in-
cluded 54 inpatients and outpatients
presenting with fever and headache to
a Japanese center (Table 2).17 A stan-
dardized clinical examination was per-

formed by an examiner before lumbar
puncture was undertaken and clinical
findings were compared with those of
cerebrospinal fluid pleocytosis.

Data Analysis
Clinical examination findings that dif-
fer between viral and bacterial causes
are explicitly indicated. Sensitivities for
the various signs and symptoms of men-
ingitis were calculated from the data in
each study. Pooled sensitivities were
calculated for each feature of the clini-
cal examination, using a random ef-
fects model.27 Clinical features are in-
cluded in the tables and text of the
“Results” section.

Because control groups of patients
without meningitis were not included
in the 9 retrospective studies, specifici-
ties for many features of the clinical ex-
amination were unavailable. For the
findings assessed in the prospective
study, specificities and likelihood ra-
tios were calculated and included.17

RESULTS
Precision of Symptoms
and Signs of Meningitis

Data on the precision of the clinical ex-
amination for meningitis were not avail-
able from the retrospective studies. In
the prospective study, a single clini-
cian completed all clinical examina-
tions.17

Accuracy of the Clinical History
in the Diagnosis of Meningitis
The individual components of the clini-
cal history have low sensitivity for the
diagnosis of meningitis, as indicated in
TABLE 3. In addition to symptoms of
headache and nausea and vomiting,
neck pain was reported to have a sen-
sitivity of 28% among patients with
meningitis.22 Data from the prospec-
tive trial suggest that the clinical his-
tory also lacks specificity for the diag-
nosis of meningitis, with reported
specificities of 15% for a nonpulsatile
headache, 50% for a generalized head-
ache, and 60% for nausea and vomit-
ing.17 Thus, clinical history alone is not
useful in establishing a diagnosis of
meningitis. The inaccuracy of the clini-
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cal history may relate to the frequently
impaired mental status of patients with
meningitis (pooled sensitivity, 67%;
95% confidence interval [CI], 52%-
82%; TABLE 4), who are relatively inca-
pable of providing an accurate clinical
history.23,24

Accuracy of the Physical
Examination in the Diagnosis
of Meningitis
In contrast to the clinical history, ele-
ments of the physical examination have
sensitivities that are clinically useful.
The frequency with which patients pre-

sented with the classic clinical triad of
fever, neck stiffness, and a change in
mental status (or headache26) was as-
sessed in 3 studies. Although the pooled
sensitivity for the presence of all 3
symptoms was low (Table 4), 95% of
patients had 2 or more symptoms,26 and
2 studies reported between 99% and
100% of patients had at least 1 of these
clinical findings.6,20 Thus, the diagno-
sis of meningitis may be effectively
eliminated in adult patients present-
ing without any of the symptoms of fe-
ver, neck stiffness, or a change in men-
tal status.

As indicated in Table 4, documenta-
tion of fever has a pooled sensitivity of
85% (95% CI, 78%-91%) for the diag-
nosis of meningitis. As would be ex-
pected of a single physical finding com-
mon to many disorders, fever has a low
specificity of 45%.17 Normal body tem-
perature may significantly lower the
likelihood that a patient has meningi-
tis, although the presence of a fever does
not definitively establish the disease.
The relationship between body tem-
perature and meningitis may be
U-shaped because hypothermic pa-
tients with sepsis are more likely to

Table 2. Studies Assessing Clinical Presentation of Patients

Source, y
Clinical Setting,

Years
No. of

Patients
Age, Mean
(Range), y

Type of
Meningitis*

Patient
Identification

Clinical
Findings
Defined

Sigurdardottir
et al,20 1997

All hospitals in Iceland,
1975-1994

119 44% .45 (16-?) Bacterial All patients with bacterial
isolates from cerebrospinal
fluid or meningococcemia,
processed at national central
laboratory, complete hospital
records for 119 of 132
patient-episodes

No

Durand et al,6 1993 University hospital,
1962-1988

259 56%.50 (16-88)† Bacterial Hospital diagnosis of acute
bacterial meningitis, including
transferred patients

No

Uchihara and
Tsukagoshi,17

1991‡

General hospital, dates
not specified

34 38.6 (15-71) Aseptic (n = 28),
bacterial/
tuberculous
(n = 1), other§

Patients presenting to
outpatient or emergency
department with headache
and fever

Yes

Genton and
Berger,21 1988

University hospital,
1977-1982

112 Women: 41, men:
40 (16-89)

Bacterial Patients admitted and
discharged with a diagnosis
of meningitis

No

Gorse et al,22 1984§ University and Veterans
Affairs hospitals,
1970-1982

54 64 (50-95) Bacterial Patients with a discharge
diagnosis of meningitis

No

Gorse et al,22 1984\ University hospital,
1970-1982

32 (15-49)¶ Bacterial Patients with a discharge
diagnosis of meningitis

No

Massanari,23 1977 University hospital,
1965-1975

17 .65# Bacterial Patients with a chart diagnosis
of meningitis

No

Magnussen,24 1980 Community hospital,
1969-1978

59 39** Aseptic (n = 34),
bacterial

Patients with a discharge
diagnosis of acute meningitis

No

Domingo et al,25

1990
Hospital, 1974-1988 59 71 (65-87) Bacterial Not indicated No

Behrman et al,26

1989
University hospital,

1970-1985
31 72 (65-89) Aseptic (n = 4),

bacterial
Patients with a discharge

diagnosis of meningitis,
subdural empyema, brain
abscess, or epidural abscess

Yes

Rasmussen et al,19

1992
Community hospitals,

1976-1988
48 69¶ (60-88)†† Tuberculous (n = 6),

bacterial
Computer search of hospital

records for patients with a
diagnosis of acute bacterial
meningitis

No

*Infections included in calculations of sensitivities for clinical findings.
†Community-acquired meningitis.
‡Prospective study design, assessing clinical findings compared with cerebrospinal fluid pleocytosis in patients presenting with headache and fever.
§Predominantly aseptic meningitis (28/54 patients). Other includes subarachnoid hemorrhage (n = 2), acute monocytic leukemia (n = 1), Sjögren syndrome (n = 1), upper respira-

tory tract infection (n = 11), infectious diarrhea (n = 3), edentulous (n = 2), glaucoma (n = 1), and not specified (n = 3).
\Two patient groups were included in this study: 54 patients older than age 50 years and 32 patients between 15 and 49 years. Each age group is reported separately.
¶Mean age not reported.
#Mean age and range not reported.
**Mean age calculated from data in study, range not reported.
††Median age.
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be severely ill than normothermic pa-
tients.28

Neck stiffness is also a relatively use-
ful clinical finding, with a pooled sen-
sitivity of 70% (95% CI, 58%-82%, Table
4). Other signs of meningeal irritation,
namely Kernig and Brudzinski signs,
have not been well studied, although in
Brudzinski’s original description of 42
cases of meningitis (including 21 cases
of tuberculous meningitis), Kernig sign
had a sensitivity of 57%, while Brudz-
inski nape of the neck sign had a sensi-
tivity of 97% and the contralateral re-

flex sign had a sensitivity of 66%.11

Brudzinski himself claimed to confirm
the specificity of his nape of the neck sign
by attempting (and failing) to elicit it in
children with other neurological con-
ditions.11 Uchihara and Tsukagoshi’s
prospective study17 of younger adult pa-
tients (mean age, 39 years) reported a
sensitivity of 9% and a specificity of
100% for the Kernig sign, while neck
stiffness had a sensitivity of 15% and a
specificity of 100%. Because this study
enrolled patients presenting with fever
and headache, and excluded those with

mental status abnormalities or focal
neurologic findings, the low reported
sensitivities may result from excluding
those patients with the highest likeli-
hood of having meningeal signs.

Considering that these signs of men-
ingeal irritation have been in use for
almost a century, assessment of their
accuracy has been limited. Indirect evi-
dence of poor specificity comes from a
case series of29 74 acute-care and 287
geriatric patients (hospitalized pa-
tients in the acute-care or rehabilita-
tion geriatric wards) aged 17 to 92 years.

Table 3. Sensitivity of Clinical History in the Diagnosis of Meningitis

Source, y No. of Patient Episodes Headache, % Nausea and Vomiting, %* Neck Pain, %

Uchihara and Tsukagoshi,17 1991† 34 27 32 NA

Gorse et al,22 1984‡ 54 43 30 28

Massanari,23 1977 17 41 NA NA

Magnussen,24 1980 59 78 NA NA

Domingo et al,25 1990 59 81 NA NA

Behrman et al,26 1989 32§ 31 NA NA

Rasmussen et al,19 1992 48 46 29 NA

Pooled sensitivity (95% confidence interval) 50 (32-68) [n = 303]\ 30 (22-38) [n = 136]\ NA

*NA indicates the clinical finding was not assessed.
†Only study patients with pleocytosis were included in the calculation of sensitivity.
‡Data reported only for patients older than 50 years.
§Thirty-one patients with 32 patient-episodes.
\Number in brackets is patients included in calculation of sensitivity.

Table 4. Sensitivity of the Physical Examination in the Diagnosis of Meningitisa

Source, y
No. of Patient

Episodes Fever
Neck

Stiffness

Altered
Mental
Status

Fever, Neck
Stiffness,

and Altered
Mental Status

Focal
Neurologic
Findingsb Rash

Kernig
Sign

Jolt
Accentuation
of Headache

Sigurdardottir et al,20 1997 119 97 82 66 51 10 52 NA NA

Durand et al,6 1993 279c 95 88 78 66 29 11 NA NA

Uchihara and
Tsukagoshi,17 1991d

34 71 15 NA NA NA NA 9e 97f

Genton and Berger,21 1988 112 NA NA 32 NA 10 NA NA NA

Gorse et al,22 1984g 54 91 81 89 NA 39 NA NA NA

Gorse et al,22 1984g 32 75 66 53 NA 22 NA NA NA

Massanari,23 1977 17 88 76 88 NA NA NA NA NA

Magnussen,24 1980 59 42 81 20h NA 10 NA NA NA

Domingo et al,25 1990 59 95 92i 88 NA 37 NA NA NA

Behrman et al,26 1989 32j 94 59 88 18k 38 NA NA NA

Rasmussen et al,19 1992 48 79 54 69 NA 21 4 NA NA

Pooled sensitivity
(95% confidence interval)

85 (78-91)
(n = 733)

70 (58-82)
(n = 733)

67 (52-82)
(n = 811)

46 (22-69)
(n = 426)

23 (15-31)
(n = 794)

22 (1-43)
(n = 446)

aAll data are presented as percentage unless otherwise noted. NA indicates finding was not assessed.
bFocal neurologic findings include bilateral Babinski reflexes, pupillary abnormalities, hemiparesis, cranial nerve abnormalities, nystagmus, convulsion and/or seizure, and tremor.
cThere were 279 patient-episodes in 259 patients.
dOnly study patients with pleocytosis were included in the calculation of sensitivity.
eSpecificity of 100%; Brudzinski sign was not assessed.
fSpecificity of 60%.
gTwo patient groups were included in this study: 54 patients older than 50 years and 32 patients between 15 and 49 years. Sensitivities were calculated separately for each age group.
hModerate or severe alteration in mental status.
iAuthors refer to this clinical finding as “meningeal signs.”
jThirty-two patient-episodes in 31 patients.
kFor this triad, assessed only in patients (n = 28) with bacterial meningitis. The authors of this study described the triad of symptoms as fever, neck stiffness, and headache.
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Puxty et al29 found that 13% of the
acute-care patients and 35% of the ge-
riatric patients had nuchal rigidity de-
spite the absence of meningitis. Kernig
sign was present in 1.5% of the acute-
care and 12% of the geriatric popula-
tions. The low specificity of the men-
ingeal signs may be due to the frequent
presence of cervical arthritis and spon-
dylosis among older patients. Clearly,
a well-designed prospective study in
which patients suspected of having
meningitis are observed prospectively
is necessary to definitively establish the
accuracy of meningeal signs.

Alterations in mental status, ranging
from confusion to coma, have a pooled
sensitivity of 67% (95% CI, 52%-82%,
Table 4), indicating that normal mental
status may be helpful in ruling out men-
ingitis in low-risk patients. One study di-
rectly comparing aseptic with bacterial
meningitis reported that moderate to se-
vere mental status abnormalities were
more common in patients with bacte-
rial meningitis than with aseptic men-
ingitis (44% vs 3%, respectively).24 Simi-
larly, a second study reported that all
patients with bacterial meningitis had a
change in mental status, while none of
the aseptic meningitis patients did.26

One of the most sensitive maneu-
vers in the diagnosis of meningitis is jolt
accentuation of headache as described
by Uchihara and Tsukagoshi.17 Of 34 pa-
tients with pleocytosis in this study, 30
had meningitis and 4 had other condi-
tions. Jolt accentuation of headache was
present in 33 of these patients com-
pared with 8 of 20 patients without pleo-
cytosis, yielding a sensitivity of 97% and
a specificity of 60%. The associated posi-
tive likelihood ratio was 2.4, and the
negative likelihood ratio was 0.05. If we
calculate the likelihood ratios specifi-
cally for those patients with meningi-
tis, we obtain a sensitivity of 100%, a
specificity of 54%, a positive likeli-
hood ratio of 2.2, and a negative like-
lihood ratio of 0. In patients present-
ing with fever and headache, a lack of
jolt accentuation of headache on physi-
cal examination may essentially ex-
clude meningitis. The main limitation
to widespread application of these

results is the small sample of patients
assessed in this study.

Rashes occurred most frequently in
the presentation of meningitis due to
Neisseria meningitidis, with preva-
lences of 63%6 and 80%.19 A petechial
rash occurred in 73% of patients with
meningococcemia, whereas purpura
was described in only 20% of these pa-
tients.6 Petechial, purpuric, and ecchy-
motic rashes also occurred, with lower
frequency, in infections caused by Hae-
mophilus influenzae, Streptococcus pneu-
moniae, and Listeria monocytogenes.
Since the overall incidence of N men-
ingitidis among patients with commu-
nity-acquired bacterial meningitis was
low (14% in 1 series6), the pooled sen-
sitivity of a rash for the diagnosis of
meningitis was poor (Table 4).

One or more focal neurologic abnor-
malities were described in many of the
case series, including bilateral Babin-
ski reflexes, pupillary abnormalities,
hemiparesis, cranial nerve abnormali-
ties, nystagmus, convulsion or sei-
zure, and tremor. As summarized in
Table 4, the pooled sensitivity for these
signs is low, and they are not clini-
cally useful in ruling out meningitis.

SCENARIO RESOLUTION
The first scenario described a 30-year-
old man with chills, who complained
of a stiff neck but had no fever or men-
ingeal signs on examination. We would
ask the patient about a headache, and,
if present, assess for jolt accentuation.
His lack of fever, normal mental sta-
tus, and lack of jolt accentuation would
be sufficient to assure us that this pa-
tient does not have meningitis.

In the second scenario, a 70-year-
old woman presented with fever, con-
fusion, and neck stiffness. Although we
do not know the specificity of these
findings, their presence causes us to sus-
pect that she may have meningitis. To
establish or refute the diagnosis in this
scenario, we would proceed to defini-
tive testing by lumbar puncture.

THE BOTTOM LINE
Assessment of the accuracy of the clini-
cal examination in the diagnosis of

meningitis is severely limited by the
paucity of prospective data on this topic.
Despite classic descriptions of menin-
geal signs and sweeping statements about
clinical presentations in generations of
textbooks, the signs and symptoms of
meningitis have been inadequately stud-
ied and the conclusions of this system-
atic review are that more prospective re-
search is required. Based on the limited
studies included in this systematic re-
view, we suggest the following to make
optimal use of the clinical examination.

1. The absence of all 3 signs of the
classic triad of fever, neck stiffness, and
an altered mental status virtually elimi-
nates a diagnosis of meningitis.

2. Fever is the most sensitive of the
classic triad of signs of meningitis and oc-
curs in a majority of patients, with neck
stiffness the next most sensitive sign. Al-
terations in mental status also have a rela-
tivelyhighsensitivity, indicating thatnor-
mal mental status helps to exclude
meningitis in low-risk patients. Changes
in mental status are more common in
bacterial than viral meningitis.

3. Among the signs of meningeal ir-
ritation, Kernig and Brudzinski signs
appear to have low sensitivity but high
specificity.

4. Jolt accentuation of headache may
be a useful adjunctive maneuver for pa-
tients with fever and headache. In pa-
tients at sufficient risk of meningitis, a
positive test result may aid in the de-
cision to proceed to lumbar puncture,
whereas a negative test result essen-
tially excludes meningitis.

Acknowledgment: We thank Lauren Griffith, MSc, for
assistance with the statistical analysis. We also thank
Vance Fowler, MD, and Peter Margolis, MD, for their
helpful comments on an earlier version of the manu-
script.

REFERENCES

1. Sprengell C. The Aphorisms of Hippocrates, and
the Sentences of Celsus. 2nd ed. London, England:
R Wilkin; 1735.
2. Tunkel AR, Scheld WM. Pathogenesis and patho-
physiology of bacterial meningitis. Clin Microbiol Rev.
1993;6:118-136.
3. Bryan JP, de Silva HR, Tavares A, Rocha H, Scheld
WM. Etiology and mortality of bacterial meningitis in
northeastern Brazil. Rev Infect Dis. 1990;12:128-135.
4. Scheld WM. Meningococcal diseases. In: Warren
KS, Mahmoud AAF, eds. Tropical and Geographical
Medicine. 2nd ed. New York, NY: McGraw-Hill; 1990:
798-814.
5. Nicolosi A, Hauser WA, Beghi E, Kurland LT. Epi-

ACUTE MENINGITIS

180 JAMA, July 14, 1999—Vol 281, No. 2 ©1999 American Medical Association. All rights reserved.

 at University of Florida, on August 11, 2005 www.jama.comDownloaded from 

http://www.jama.com


demiology of central nervous system infections in Olm-
sted County, Minnesota, 1950-1981. J Infect Dis.
1986;154:399-408.
6. Durand ML, Calderwood SB, Weber DJ, et al. Acute
bacterial meningitis in adults: a review of 493 epi-
sodes. N Engl J Med. 1993;328:21-28.
7. Bohr V, Paulson OB, Rasmussen N. Pneumococ-
cal meningitis: late neurologic sequelae and features
of prognostic impact. Arch Neurol. 1984;41:1045-
1049.
8. Aronin SI, Peduzzi P, Quagliarello VJ. Community-
acquired bacterial meningitis: risk stratification for ad-
verse clinical outcome and effect of antibiotic timing.
Ann Intern Med. 1998;129:862-869.
9. Spanos A, Harrell FE, Durack DT. Differential di-
agnosis of acute meningitis: an analysis of the predic-
tive value of initial observations. JAMA. 1989;262:
2700-2707.
10. Lindsay KW, Bone I, Callander R. Neurology and
Neurosurgery Illustrated. New York, NY: Churchill Liv-
ingstone; 1991.
11. Brody IA, Wilkins RH. The signs of Kernig and
Brudzinski. Arch Neurol. 1969;21:215-218.
12. O’Connell JEA. The clinical signs of meningeal ir-
ritation. Brain. 1946;69:9-21.
13. Harvey AM, Johns RJ, McKusick VA, Owens AH,

Ross RS, eds. The Principles and Practice of Medi-
cine. Norwalk, Conn: Appleton & Lange; 1988.
14. Sapira JD. The Art and Science of Bedside Diag-
nosis. Baltimore, Md: Urban & Schwarzenberg Inc;
1990.
15. Kernig W. Ueber ein Wenig bemerktes Meningitis-
Symptom. Berl Klin Wochenschr. 1884;21:829-832.
16. Brudzinski J. Un signe nouveau sur les membres
inferieurs dans les meningites chez les enfants
(signe de la nuque). Arch Med Enfants. 1909;12:745-
752.
17. Uchihara T, Tsukagoshi H. Jolt accentuation of
headache: the most sensitive sign of CSF pleocytosis.
Headache. 1991;31:167-171.
18. Berger JR. Tuberculous meningitis. Curr Opin Neu-
rol. 1994;7:191-200.
19. Rasmussen HH, Sorensen HT, Moller-Petersen J,
Mortensen FV, Nielsen B. Bacterial meningitis in el-
derly patients: clinical picture and course. Age Age-
ing. 1992;21:216-220.
20. Sigurdardottir B, Bjornsson OM, Jonsdottir KE, Er-
lendsdottir H, Gudmundsson S. Acute bacterial men-
ingitis in adults: a 20-year overview. Arch Intern Med.
1997;157:425-430.
21. Genton B, Berger JP. Les méningites de l’adulte
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Times change and forms and their meanings alter. Thus
new poems are necessary. Their forms must be dis-
covered in the spoken, the living language of their day,
or old forms, embodying exploded concepts, will tyr-
annize over the imagination, depriving us of its great-
est benefits. In the forms of new poems will lie em-
bedded the essences of future enlightenment.

—William Carlos Williams (1883-1963)
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