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ABSTRACT

Aseptic meningitis is defined as meningeal inflammation - i.e. cerebrospinal fluid (CSF)
pleocytosis > 5 cells/mm?® - not related to an infectious process. Etiologies of aseptic
meningitis can be classified in three main groups: (i) systemic diseases with meningeal
involvement, which include sarcoidosis, Behget’s disease, Sjogren’s syndrome, systemic
lupus erythematosus and granulomatosis with polyangiitis; (ii) drug-induced aseptic
meningitis, mostly reported with non-steroidal anti-inflammatory drugs (NSAIDs), anti-
biotics (sulfamides, penicillins), intravenous immunoglobulin, and monoclonal antibodies;
(ili) neoplastic meningitis, either related to solid cancer metastasis (breast cancer, lung
cancer, melanoma) or malignant hemopathy (lymphoma, leukemia). Most series in the
literature included groups of meningitis that are not stricto sensu aseptic, but should rather
be included in the differential diagnosis: (i) infectious meningitis related to virus, parasites,
fungi, or fastidious bacteria that require specific diagnostic investigations; (ii) bacterial
meningitis with sterile CSF due to previous antibiotic administration, and (iii) paramenin-
geal infections associated with meningeal reaction. Despite progress in microbiological
diagnosis (including PCR, and next generation sequencing), and identification of a growing
panel of autoimmune or paraneoplastic neurological syndromes, up to two thirds of aseptic
meningitis cases are of unknown etiology, finally labeled as ‘idiopathic’. Description of new
entities, such as the syndrome of transient headache and neurologic deficits with cere-
brospinal fluid lymphocytosis (HaNDL) may decrease the proportion of idiopathic aseptic
meningitis. This state-of-the-art review summarizes the characteristics of main causes of
aseptic meningitis.
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1. Introduction

The term ‘aseptic’ usually refers to a process free from
contamination caused by harmful bacteria, viruses, fungi, or
parasites. Aseptic meningitis may thus be defined as menin-
geal inflammation - 1ie. cerebrospinal fluid (CSF)
pleocytosis > 5 cells/mm® - not related to an infectious
process. Etiologies of aseptic meningitis can be classified in
three main groups: (i) systemic diseases with meningeal
involvement; (ii) drug-induced aseptic meningitis; (iii) neo-
plastic meningitis [1]. However, many series of so-called
‘aseptic meningitis’ in the literature included groups of
meningitis that are not stricto sensu aseptic [1-6], and should
rather be included in the differential diagnosis: (i) infectious
meningitis related to virus, parasites, fungi, or fastidious
bacteria, that require specific diagnostic investigations; (ii)
bacterial meningitis with sterile CSF due to previous antibiotic
administration, and (iii) parameningeal infections associated
with meningeal reaction.

Over the last two decades, new tools have improved the
yield of microbiological diagnosis, including polymerase chain
reaction (PCR), single or multiplex, and next generation
sequencing. In parallel, dramatic progress have been achieved
in the characterization, and the diagnosis, of autoimmune or
paraneoplastic neurological syndromes. However, up to two
thirds of aseptic meningitis cases remain of unknown
etiology, even in most recent series, despite comprehensive
diagnostic work-out [4,6,7]. New entities have been recently
described, such as the syndrome of transient headache and
neurologic deficits with cerebrospinal fluid lymphocytosis
(HaNDL) [8], and the meningitis-retention syndrome [9], which
may decrease the proportion of idiopathic aseptic meningitis.
This state-of-the-art review summarizes the characteristics of
the main causes of aseptic meningitis. Encephalitis, and
autoimmune or paraneoplastic neurological syndromes will
not be detailed, as they are developed elsewhere in this issue
of Revue Neurologique.

2. Systemic diseases with meningeal
involvement

The main systemic diseases potentially associated with
aseptic meningitis include sarcoidosis [10,11], Behcet'’s disease
[12,13], Sjogren’s syndrome [14], systemic lupus erythemato-
sus [15], and granulomatosis with polyangiitis (formerly
Wegener’s granulomatosis) [16,17]. Their diagnosis is often
delayed, and usually relies on a comprehensive diagnostic
work-out, including anamnesis, physical examination, and
additional investigations (immunological tests, imaging stu-
dies, ophthalmological consultation, etc.). The litterature
review points out three major messages: (i) the context is of
paramount importance (i.e. sex, age at first symptoms,
anamnesis, family medical history, geographical origin); (ii)
extraneurological signs are major clues; (iii) cytological and
biochemical CSF findings may differ from one systemic
disease to another (Table 1). For example, sarcoidosis and
Behcet's disease are the two main systemic diseases
to consider in patients with aseptic meningitis and CSF

pleocytosis > 50 cells/mm?. Aseptic meningitis with a pre-
dominance of neutrophils in CSF is suggestive of Behcet’s
disease, or drug-induced aseptic meningitis.

Investigations of higher yield for the diagnosis of systemic
diseases with meningeal involvement include chest X-ray,
proteinuria and urine cytology, and a panel of auto-antibodies:
anti-nuclear, anti-SSA, anti-SSB, and anti-neutrophil cyto-
plasmic antibody (ANCA). A comprehensive ophthalmological
examination including slit-lamp, fundoscopy, and Schirmer
test should be performed. Accessory salivary glands biopsy
may be diagnostic for sarcoidosis, and Sjogren’s syndrome.
Consultation with an internal medicine specialist, and/or
multidisciplinary concertation, may be of high value for these
complex diseases. Most systemic diseases with CNS lesions
will require high-dose corticosteroids initially (e.g. oral
prednisolone, 1 mg/kg/day, or pulse intravenous methylpred-
nisolone, 1 g or 15 mg/kg/day for 3 days). Different immuno-
suppressant regimens are proposed in case of cortico-
resistance, or to prevent relapses, while allowing corticoste-
roid tapering, to avoid tolerability issues related to prolonged
high-doses corticosteroids.

2.1. Neurosarcoidosis

Approximately 10% of patients with sarcoidosis will develop
neurosarcoidosis, mostly as cranial nerve(s) palsy (50-75% of
neurosarcoidosis), sub-acute or chronic meningitis, seizures,
myelopathy, peripheral neuropathy, or neuropsychiatric symp-
toms [10]. When patients previously diagnosed with sarcoidosis
develop neurological symptoms, the diagnosis is usually
straightforward. However, in 50-70% of cases, neurosarcoidosis
is part of the initial presentation of sarcoidosis [11]. In that
situation, the diagnosis mostly relies on the combination of
neurological, and extraneurological manifestations, including
intrathoracic/lungs (88-94%), eyes (37-55%) and skin (30%).

The investigations with higher yield for the diagnosis of
neurosarcoidosis include (i) demonstration of a granulomatous
inflammation on tissue biopsy; (ii) documentation of leptome-
ningeal involvement, seen in the form of gadolinium-enhanced
nodules or plaques on brain magnetic resonance imaging (MRI).
Leptomeningeal involvement most frequently affects the
suprasellar and frontal basal meninges. Other suggestive
lesions on brain MRI include enhancement of cranial nerves,
and non-enhancinglesions in the periventricular white matter;
(iii) whole-body gallium (Ga)-67, or F-18 fluorodeoxyglucose
positron emission tomography (PET) scanning are usually
abnormal and document multisystem disease, but are not
specific for sarcoidosis. These investigations may identify
potential sites more accessible for biopsy than the CNS. The
usefulness of CSF angiotensin converting enzyme (ACE) levels
for the diagnosis of neurosarcoidosis is controversial, with low
sensitivity (24-55%), but high specificity (95%): although it
cannot replace a tissue biopsy for the diagnosis of neurosar-
coidosis, its positive predictive value is high [11].

2.2. Neuro-Behget
Behcet’'s disease mostly affects young adults, with first

manifestations usually occurring between the ages of 20
and 35 years. Patients are almost always diagnosed before 50
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Table 1 - Main systemic diseases associated with aseptic meningitis.

Etiology Context Clincial and paraclinical features Cerebrospinal fluid (CSF)
Sarcoidosis Female predominance Neurological Lymphocytic meningitis,
Disease onset in young Often early in the disease course: sometimes > 100 cells/mm?®
adults (20-40-year-old) (i) Cranial nerve(s) palsy Hyperproteinorachia
Higher prevalence in people (i) Chronic meningitis Normoglycorachia (useful for
originating from sub-Saharan Extraneurological differential diagnosis with
Africa and Caribbean islands Chest X-ray (enlarged mediastinal lymph tuberculosis)
nodes, nodules, infiltrates)
Parotiditis, eye disorders (uveitis), skin
lesions (erythema nodosum), arthritis
Major diagnostic clue = Granuloma, on
accessory salivary gland biopsy, or any other
affected tissue (skin, etc.)
Behget’s Male predominance (80%) Neurological Neutrophilic meningitis (90% of
disease Disease onset in young Usually after years of Behget’s disease: cases)
adults (20-35-year-old), meningoencephalitis (thombencephalitis Usually > 50 cells/mm?
always before 50 common), cerebral vasculitis
Higher prevalence in people Extraneurological
originating from Bipolar aphtosis (genital and oral ulcers), skin
Mediterranean countries, lesions (erythema nodosum, folliculitis),
Middle East, Japan thrombosis
Eye disorders
Sjogren’s Female predominance (90%) Neurological Lymphocytic meningitis,
syndrome Disease onset typically after Combination of peripheral (polyneuropathy, sometimes with plasma cells

Systemic lupus

the age of 40

Female predominance

cranial nerve palsy), and central nervous
system lesions

Extraneurological

Sicca syndrome

Antibodies anti-SSA (Ro), anti-SSB (La),
characteristic features on accessory salivary
gland biopsy

Neuropsychiatric

Rheumatologic (80%), kidney (80%), and skin

Upper and lower respiratory tract symptoms

erythematosus Disease onset before (i) depression, psychosis
the age of 40 (ii) convulsions
Individual or family history Extraneurological
of autoimmune disorders
lesions (70%)
Anti-nuclear antibodies
Granulomatosis Sex ratio 1/1 Neurological
with Disease onset after (i) cerebral vasculitis
polyangiitis the age of 50 (ii) Pseudotumor cerebri
(formerly Extraneurological
Wegener’s
granulomatosis)

(epistaxis, pneumonia), Glomerulonephritis
Anti-neutrophil cytoplasmic antibodies (c-
ANCA), anti-PR3

Usually <50 cells/mm?

Meningitis unusual (20-50% of
neuro-lupus), low level pleocytosis
(<50 cells/mm?), always
lymphocytic

Meningitis a rare event

years old. Males are at higher risk of Behcet’s disease, and,
among patients with Behcet's disease, at higher risk of
neurological manifestations, representing 60-80% of neuro-
Behcet’s cases in most series [12,13]. The disease is much more
common in countries which formed the ancient Silk Route,
with a mean prevalence of 300/100,000 in Mediterranean
countries (Turkey, Maghreb, Italy, Greece, Egypt), Middle East
(Israel, Iran, Iraqg), or Japan, as compared to 1/100,000 in
Western Europe. There is a clear association with HLA-B51 in
high-prevalence countries, but not in Europe [18].
Extraneurological manifestations include recurrent, multi-
ple, painful oral aphthosis (> 95% of patients, the signature of
the disease), and genital ulcers (60-90%), but may also affect
the skin (pseudofolliculitis/erythema nodosum, 40-90%), the

eyes (uveitis/retinal vasculitis, 45-90%), the gastrointestinal
tract (diarrhea/hemorrhage/perforation/pain, 4-38%), with
characteristic vascular tropism (venous/arterial thrombosis,
aneurysm, 2.2-50%). As for neurosarcoidosis, the diagnosis of
neuro-Behcet is much more complicated when neurological
manifestations develop while patients have not yet been
diagnosed with Behcet’s disease, which occurs in approxi-
mately one-third of cases. Overall, 5-30% of patients with
Behcet’s disease will develop neuro-Behcet, categorized as
either parenchymal (meningoencephalitis), or vascular (cere-
bral venous thrombosis, stroke, aneurysms) [12,13]. In patients
with aseptic meningoencephalitis, the predominance of
neutrophils, and the frequent involvement of brain stem
(thombencephalitis), are major clues (Fig. 1).
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Fig. 1 - Rhombencephalitis in a 35-year-old man with
neuro-Behget (A&B).

2.3.  Other systemic diseases associated with aseptic
meningitis

Apart from neurosarcoidosis, and neuro-Behcet’s, by far the
two leaders [6,7], other systemic diseases may very rarely be
associated with aseptic meningitis: The main characteristics
and clues for the diagnosis of aseptic meningitis related to
Sjogren syndrome [14], systemic lupus erythematosus [15],
and granulomatosis with polyangeitis, are summarized in
Table 1. Vogt-Koyanagi-Harada disease [19], cryoglobulinemia
[20], still disease [21], Kikuchi disease [22], Hashimoto
encephalopathy [23], are even more seldomly reported in
case series of aseptic meningitis.

3. Drug-induced aseptic meningitis

The diagnosis of drug-induced aseptic meningitis or menin-
goencephalitis is often puzzling, as may be inferred from the
long diagnostic delay in many cases reported thus far (Table 2).
Indeed, a significant proportion of cases are diagnosed only
after several episodes of acute, self-resolving, undocumented
meningitis have occurred [24]. The time elapsed between drug
intake, and onset of neurological symptoms, may vary from a
few minutes, to several months. Most common manifesta-
tions include fever (86%), headache (79%), meningeal signs
(70%), and altered consciousness (50%). Localization signs
(18%), and seizures (10%) are less common. Myalgia (54%) may
be a clue [25].

CSF analysis usually reveals frank meningitis (median cell
count, 300/mm?), with a predominance of neutrophils (60-80%
of cases), so that the main differential diagnosis is bacterial
meningitis. However, biochemical abnormalities are usually
limited, with normal glucose level and moderately elevetad
protein level in CSF (1-1.5 g/I). Brain imaging is unremarkable
in 95% of cases [26,27].

The four main categories of drugs that have been
associated with aseptic meningitis are: (i) non-steroidal
anti-inflammatory drugs (NSAIDs), especially ibuprofene,
with an increased risk in patients with systemic lupus
erythematosus; (ii) antibiotics (especially sulfamides, penicil-
lins [24]); (iii) intravenous immunoglobulin (especially if
infusion was administered over a too short time); and (iv)
monoclonal antibodies. The prognosis of drug-induced aseptic
meningitis is excellent, and most patients fully recover once
the culprit drug is discontinued [28].

4. Neoplastic meningitis

Neoplastic meningitis complicate 3-8% of all neoplasia, and
their incidence is increasing, due to the increased life
expectancy of many cancers with medical progress
(Table 3). More precisely, 4-15% of patients with solid cancer
(carcinomatous meningitis) [29,30], and 5-15% of patients with
hematological malignancy, will develop aseptic meningitis,
either by the time of neoplasia diagnosis, or later during their
disease progression. The three major solid cancers associated
with neoplastic meningitis are breast cancers, lung cancers,

Table 2 - Drug-induced aseptic meningitis.

Etiology Context

Clinical features

Cerebrospinal fluid (CSF) analysis

Non-steroidal anti-inflammatory
drugs (NSAIDs)

Antibiotics (sulfamides,

penicillins)

Intravenous immunoglobulin

Monoclonal antibodies

Miscellaneous (antiepileptic drugs)

NSAID-induced aseptic
meningitis more common in
young women, with systemic
lupus erythematosus

Time elapsed between drug
intake, and meningitis, highly
variable (from minutes to
months)

Neurological signs
headache (79%)

meningeal signs (70%)
altered consciousness (50%)
Extraneurological signs
fever (86%)

myalgia (54%)

Neutrophilic meningitis (60-80%), with
frank meningitis (median cells count,
300/mm?)

Moderate biochemical abnormalities:

normal glucose level, protein

level <2 g/l
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Table 3 - Neoplastic meningitis.

Etiology Context Clinical features Cerebrospinal fluid (CSF)
analysis
Solid cancer: carcinomatous Primary neoplasia already Rapidly progressive Rapid transportation of an
meningitis (breast cancer, diagnosed, with treatment Multifocal neurological lesions adequate volume (ideally, 10 ml)
lung cancer, melanoma) failure (70%) Various motor and sensory deficit, Experimented cytologist
Hematologic malignancies Primary neoplasia already including cranial nerves palsies Repeated tests may increase the
(leukemia, lymphoma) diagnosed, considered on Cognitive impairment sensitivity, from 45% with a single
remission (meningitis reveals Central and peripheral nervous analysis, to 80% if repeated on a
failure, 20%) sytem manifestations second sample

Inaugural neoplastic meningitis
(neoplasia previously unsuspected,
5-10%)

and melanoma. Neoplastic meningitis is usually diagnosed in
a patient already followed-up for the primary neoplasia, and
considered as treatment failure (70% of cases), but sometimes
considered as well-controlled before the diagnosis of neo-
plastic meningitis (20% of cases). Rarely, neoplastic meningitis
is already present by the time neoplasia is diagnosed (5-10% of
all neoplastic meningitis) [29,30].

Neoplastic meningitis is characterized by rapidly progres-
sive, multifocal neurological lesions, various motor and
sensory deficits, including cranial nerve palsies, cognitive
impairment, with a combination of central and peripheral
nervous sytem manifestations [31]. The diagnosis of neo-
plastic meningitis relies on the accuracy of CSF cytological
analysis, which requires rapid transportation of an adequate
volume of CSF (ideally, 10 ml) to an experimented cytologist.
Repeated tests may increase the diagnostic yield, with a
sensitivity increasing from 45% with a single CSF analysis, to
80% if the test is repeated on a second sample [31]. The
prognosis used to be dismal, but improved with the advent of
new treatments (check-point inhibitors, monoclonal anti-
bodies, etc.).

5. Conclusion

Aseptic meningitis encompasses a broad range of systemic
inflammatory, drug-induced, and neoplastic diseases. More
than half of cases will be finally labeled as ‘undocumented’,
which probably reflects both the sub-optimal diagnostic tools
currently available for CNS diseases, and the remaining gaps
in modern medicine, despite dramatic progress over the last
two decades in microbiological diagnostic tools, and the
discovery of a large panel of autoimmune and paraneoplastic
neurological diseases. The final diagnosis may be obtained
through rigorous diagnostic work-up, from careful collection
of anamnesis and physical examination, to well-informed
investigations, including, but not necessarily restricted to,
CNS investigations (i.e. brain imaging and CSF analysis).
Multidisciplinary concertation is a key component for timely
and accurate diagnosis.
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