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1 | INTRODUCTION

Meningitis is a major neurological emergency requiring rapid diagnosis
of causes that can be treated such as bacterial meningitis and drug-

| Nicolas Weiss>3 | Héléne Théophile* | Christian Funck-Brentano® |

Aims: Drug-induced aseptic meningitis (DIAM) is an adverse drug reaction of exclu-
sion; only few studies have addressed this iatrogenic disease. The aim was to charac-
terize DIAM and to identify suspected drugs.

Methods:

Database from inception (1 January 1985) to 8 March 2017. All cases were initially

Data were collected from the analysis of the French Pharmacovigilance

analysed according to the French imputability method by institutional pharmacolo-
gists (clinicians or pharmacists). Further analyses of well documented cases were then
performed.
Results: In this study, 329 cases of aseptic meningitis were retrieved from the
French Pharmacovigilance Database for a total of 429 suspected drugs. Analysis of
203 well documented cases, including 282 drugs, showed that the main reported
classes were intravenous polyvalent immunoglobulin, nonsteroidal anti-
inflammatory drugs (NSAIDs), vaccines, antimicrobials, intrathecal antimetabolites,
corticosteroids and antalgics/anaesthetics (except NSAIDs). Lymphocytic (33.0%)
and purulent (44.8%) meningitis represented the majority of cases of aseptic meningi-
tis. In other cases, the cerebrospinal fluid was mixed (45-55% of neutrophils +45-
55% of lymphocytes) or data about cerebrospinal fluid composition were lacking.
Most DIAM cases (96%) had a favourable reported outcome with full recovery or
minimal residual symptoms.

Conclusion: The most frequently involved drugs in DIAM were intravenous polyva-
lent immunoglobulin, NSAIDs, vaccines, and antimicrobials and this without being
able to differentiate them in terms of biological characteristics. Although further stud-
ies are needed to better understand the pathophysiological mechanisms of DIAM, a
continuous enrichment of pharmacovigilance databases is essential to identify new

signals and to help clinicians in the understanding of DIAM.
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induced aseptic meningitis (DIAM). An urgent management is manda-
tory especially to confirm or exclude bacterial meningitis.? Once
cerebrospinal fluid (CSF) is negative for classical microbial agents,

aseptic meningitis can be considered according to the MESH
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definition of aseptic meningitis. Their aetiologies may be classified as
follows: (i) systemic diseases with meningeal involvement, (ii) neoplas-
tic or paraneoplastic meningitis; (iii) DIAM; and (iv)—paradoxically—
infections (virus principally but also some intracellular bacteria,
Mycoplasma spp., Rickettsia spp.).%>

The diagnosis of DIAM is important to make because it clearly
modifies prognostic information that will be given to the patient or
their relatives. The diagnosis is, however, challenging. Several drugs
can induce meningeal inflammation. Drug causality may be difficult
to establish in the case of aseptic meningitis at least for 2 reasons:
DIAM is mostly an exclusion diagnosis and a protopathic bias can
be discussed in some situations when drugs are administered or
taken to treat the first symptoms of meningitis.* Mistaken diagnosis
of DIAM could lead to delayed administration of antimicrobials or
intravenous immunoglobulin (IVIG) that could be major treatment
options in the other types of aseptic meningitis. Thus, it appears of
major importance to better describe DIAM to improve its early
recognition.

The aims of this study were to characterize DIAM and to identify
the main drugs involved by means of French Pharmacovigilance Data-
base (FPDB) analysis.

2 | METHODS

2.1 | Cases identification process

All cases recorded in the FPDB from the database creation date
(1 January 1985) to 8 March 2017 (date of the query) were consid-
ered. Briefly, the FPDB gathers spontaneous reports of adverse drug
reactions from French health practitioners or patients. Each report is
validated by clinical pharmacologists in the relevant regional
pharmacovigilance centre—according to the French drug causality
method of imputability—before being recorded in the database.
Briefly, the French drug causality method consists to take into
account the following parameters: (i) intrinsic imputability—ranging
from 10 (no association between the reaction and a drug) to 16
(strong association between the events)—combining a chronological
score (temporal link) and a semiological score (etiological link), each
ranging from O to 3; and (ii) an extrinsic score based on previously
published similar cases (bibliographic documentation), which ranges
from B1 (no published case) to B4 (expected adverse event).> The
FPDB is administered by the Agence Nationale de Sécurité du Médi-
cament et des Produits de Santé (ANSM), the French Medicine
Agency. All data were registered anonymized.

Inclusion criteria for the final analysis were as follows: (i)
MedDRA Preferred Term aseptic meningitis; (ii) available results
of lumbar puncture; (iii) >10 cells/pL with no evidence of the pres-
ence of any microorganism (either bacterial or viral) by direct
examination, usual cultures or polymerase chain reaction (PCR) tech-
niques of CSF.

Cases with missing data were excluded.
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What is already known about this subject
e Drug causality may be difficult to establish in the case of
aseptic meningitis with mechanisms poorly understood.

e Mistaken diagnosis of drug-induced aseptic meningitis
(DIAM)

antimicrobials or intravenous polyvalent immunoglobulin

could lead to delay administration of
that could be major treatment options in the other

types of aseptic meningitis.

e This study is the first and the largest analysis of DIAM
cases from a national pharmacovigilance database.

What this study adds

e The main suspected classes were human intravenous
polyvalent immunoglobulin, nonsteroidal anti-

inflammatory drugs, vaccines, antimicrobials, analgesics,

antimetabolites and disease-modifying anti-rheumatic

drugs.

e Lymphocytic (33.0%) and purulent (44.8%) meningitis
represented the majority of cases of DIAM.

e The management of aseptic meningitis was essentially
based on the discontinuation of the suspected drug(s),
sometimes with symptomatic treatment (analgesic).

2.2 | Definitions

Meningitis was defined by the following clinical symptoms: headache,
nausea and/or vomiting, meningeal stiffness, photophobia and/or
phonophobia and/or photo-phonophobia and a fever >38.5°C.

Aseptic CSF was defined as a CSF with no evidence of the pres-
ence of any microorganism (either bacterial or viral) by direct examina-
tion, usual cultures or PCR techniques.

According to the biological characteristics of the CSF, aseptic men-

ingitis was classified as follows:

e Lymphocytic meningitis: >10 elements/uL with >60% lymphocytes.
Also included in this category were cases of lymphocytic meningitis

or where lymphocytes were predominant.

e Purulent meningitis: >10 elements/pL with >60% neutrophils. Also
included in this category were cases reported as purulent meningitis

or where neutrophils were predominant.

e Mixed meningitis: >10 elements/pL with an equitable distribution

(between 40 and 60%) of lymphocytes and neutrophils.

e Meningitis other: >10 elements/uL with a majority of

nonlymphocytic and non-neutrophilic cells (except tumoral cells).
e Meningitis NC (not communicated): when the information was not
provided.
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2.3 | Analysis

All cases were initially analysed according to the French imputability
method (intrinsic imputation > 11) and industrial cases after excluding
duplicates (overall analysis).> We then analysed only well-documented
cases including a narrative with a least a clinical symptoms description,
CSF analysis with at least 10 cells/uL and negative infectious results
(final analysis).

These cases were compared with cases published in PubMed
(search terms “Meningitis, Aseptic [Mesh]” and “Drug Induced [all
fields]” and “French” AND “English” without date restriction) and spe-

cialized books.>¢8

2.4 | Statistical description

Data are presented as total (n), mean (+ standard deviation), median
(with 1st and 3rd quartiles), percentage (%), and minimum and maxi-
mum values.

241 | Data availability policy

The use of confidential, electronically processed patient data was
approved by the French national commission for data protection and
liberties (Commission Nationale de I'Informatique et des Libertés; ref-
erence number, 1922081).

3 | RESULTS

3.1 | Overall analysis

In total, 329 cases of DIAM were included in the FPDB over 32 years.
Mean age was 40 + 21 years and sex ratio was 1.5 women for 1 man.
Those cases corresponded to 429 suspected drugs (1.3 drugs/case),
among which 132 substances with different international nonpropri-
etary names were found. The flow chart of the study is shown in
Figure 1.

Among these 132 substances, only 16 drugs are reported at least 4
times over the period that represents 64% of the total of suspected
drugs. IVIG, anti-inflammatory drugs (NSAIDs), antimicrobials, vaccines

and antimetabolites together accounted for >69% of suspected drugs.

3.2 | Final analysis of well documented cases

Well-documented data were available in 203 of 329 cases (63.4%). The
main meningitis symptoms (headache, neck stiffness, nausea/vomiting,
photophobia-phonophobia, fever >38.5°C) and the patient's character-
istics are summarized in Tables 1 and 2, respectively.

Other reported symptoms were: altered consciousness going from
delirium to coma; meningeal syndrome without details; sensitivo-
motor impairment (motor weakness encompassing facial palsy, tris-
mus, cervicalgia, back pain, myalgia); dermatological manifestations

(rash, purpura); gastrointestinal symptoms (diarrhoea).

Overall analysis

329 registered cases in
FPDB (excluding duplicates)

Secondary exclusion Corresponding to 429 drugs

126 cases excluded :

- LPnot realised

- LP not described or <10
cells/uL

- Insufficient informations

N

Final analysis W

Corresponding to 147 drugs

203 cases

Corresponding to 282 drugs

FIGURE 1 Flow chart of the study. FPDB: French Pharmacovigilance
Database; LP: lumbar puncture

TABLE 1 Description of the main meningitis symptoms (final
analysis)

Present Absent NC

No. % No. % No. %
Headache 145 714 5 25 53 261
Neck stiffness 64 315 26 128 113 557
Nausea/vomiting 80 394 6 3 117  57.6

Phono-photosensitivity 43 21.2 12 5.9 148 72.9
Fever 84 414 32 15.8 87 429

NC: not communicated.

TABLE 2 Population characteristics (sex and age)

Total Female Male
203 122 81
No. (%) (100%) (58.4%) (41.6%)
Age (y) Mean 422 40.0 45.6
Standard deviation 21.0 19.6 22.8
Median 40 (28-58) 38 (26-54) 47 (29-65)
(1%t-3" quartile)
Minimum 0.6 3 0.6
Maximum 86 85 86

In the cases with detailed information, 282 suspected drugs were
retrieved. The main drugs involved were IVIG (30%), NSAIDs (14%),
antimicrobials (11% with amoxicillin representing 5% of the total of
suspected drugs) and sulfamethoxazole/trimethoprim (2% of the total
of suspected drugs), some monoclonal antibodies (8%, including anti-
neoplastic and immunomodulating agents) and various vaccines (7%)
detailed in Table 3 and Figure 2.

When information was available, lymphocytic (33.0%) and purulent
(44.8%) meningitis represented the majority of cases of aseptic
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TABLE 3 Description of the main involved drugs in aseptic meningitis

IVIG (n = 84, 29.8%) n Antalgic/anaesthetic (n = 23, 8.2%) n SAID (n = 11, 3.9%) n
Privigen 31 Paracetamol 5 Hydrocortisone (IT and 1V) 3
Tegeline 21 Sufentanil 4 Methylprednisolone (IT) 3
Clairyg 15 Bupivacaine (IR and NC) 4 Prednisone (PO) 3
Octagam 7 Morphine 2 Betamethasone (PO) 1
Sandoglobulin 5 Articaine (DEN) 1 Prednisolone (ID) 1
Gammagard 2 Codeine 1 Sexual hormone (n = 4, 1.4%) N
Kiovig 2 Dextropropoxyphene 1 Estradiol 1
Vivaglobin 1 Paracetamol/ascorbic acid/pheniramine 1 Follitropin 1
NSAID (n = 39, 13.8%) n Oxycodone 1 Oxytocin 1
Ibuprofen 17 Ibuprofen/pseudoephedrine 1 Progesterone 1
Sulfasalazine 6 Ropivacaine (IS) 1 Other antineoplastic drugs (n = 3, 1.1%) n
Ketoprofen 5 Tramadol 1 Carmustine 1
Naproxen 3 Vaccine (n = 21, 7.4%) n Cisplatin 1
Tiaprofenic acid 2 Yellow fever vaccine 5 Cyclophosphamide 1
Celecoxib 2 DTCP vaccine 3 Immunosuppressive drugs (n = 2, 0.7%) n
Diclofenac 2 Typhoid fever vaccine 2 Azathioprine 1
Aspirin 1 Influenza vaccine 2 Sirolimus 1
Rofecoxib 1 Meningococcal A C W Y vaccine 2 Antiemetic drugs (n = 1, 0.4%) n
Antimicrobials (n = 31, 11.0%) n HVA vaccine 2 Ondansetron 1
Amoxicillin (x clavulanic acid) 14 Influenza vaccine 1 Antihistaminic drugs (n = 1, 0.4%) n
Sulfamethoxazole/trimethoprim 5 H1N1 vaccine 1 Dexchlorpheniramine 1
Aciclovir 1 Meningococcal A B vaccine 1 Contrast agents (n = 1, 0.4%) n
Amikacin 1 Meningococcal B vaccine 1 lopamidol 1
Aztreonam 1 HVB vaccine 1 DMARD (n = 1, 0.4%) n
Bismuth/metronidazole/tetracycline 1 Neuro- and psychotropic drugs (n = 16, 5.7%) n Leflunomide 1
Cefazolin 1 Lamotrigine 4 Human fibrinogen (n = 1, 0.4%) n
Ceftazidime 1 Zolpidem 2 Human fibrinogen 1
Ceftriaxone 1 Alprazolam 1 Alpha 1 adrenergic drugs (n = 1, 0.4%) n
Fumagillin 1 Amitryptiline 1 Phenylephrine 1
Linezolide 1 Carbamazepine 1 PPI (n = 1, 0.4%) n
Norfloxacin 1 Citalopram 1 Esomeprazole 1
Tetracycline 1 Clozapine 1 Sympathomimetic drugs (n = 1, 0.4%) n
Valaciclovir 1 Diazepam 1 Adrenalin 1
Monoclonal antibodies (n = 23, 8.2%) n Lithium 1 Other (n = 3, 1.1%) n
Adalimumab 5 Lormetazepam 1 Allopurinol 1
Cetuximab 4 Tetrazepam 1 Mizolastine 1
Infliximab 4 Venlafaxine 1 Folic acid 1
Efalizumab 3 Antimetabolite (nh = 14, 5.0%) n

Rituximab 3 Methotrexate (IT, IV, PO, NC)

Golimumab 1 Cytarabine (IT and IV) 5

Ipilimumab 1

Nivolumab 1

Tocilizumab 1

DEN, loco-regional anaesthesia in dental procedures; DMARD, disease-modifying antirheumatic drug; HVA, hepatitis virus A; HVB, hepatitis virus B;
ID, intradural; IS, intraspinal; IT, intrathecal; IVIG, intravenous immunoglobulins; 1V, intravenous; NSAID, nonsteroidal anti-inflammatory; NC, not
communicated; PO, per os; PPI, proton pump inhibitors; SAID, steroidal anti-inflammatory.
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FIGURE 2 Main classes of involved drugs in aseptic meningitis.
Among 282 suspect drugs, the main drugs involved were
intravenous immunoglobulin (IVIG: 30%), nonsteroidal anti-
inflammatory drugs (NSAIDs: 14%), antimicrobials (11% with
amoxicillin representing 5% of the total of suspected drugs) and
sulfamethoxazole/trimethoprim (2% of the total of suspected drugs),
some monoclonal antibodies (8%, including antineoplasic and
immunomodulating agents) and various vaccines (7%)

meningitis (158 cases, 77.8%; Table 4). In other cases, the CSF was
mixed (45-55% of neutrophils +45-55% of lymphocytes) or data
about CSF composition were lacking (45 cases, 22.2%). The biochem-
ical profiles of CSF were similar between the different classes of drugs
with a moderate hyperproteinorachia and a glycorachia that can be
considered as normal under the assumption of normal blood glucose
(data generally not communicated).

According to the French drug imputability method used in the
FPDB, the majority of suspect drugs involved in aseptic meningitis
are considered chronologically (74.8%) and semiologically (58.9%)
plausible or probable. Thirty-three drugs (among 282 reported suspect
drugs, 11.7%) were re-introduced with recurrence of symptoms.

Reported time from drug initiation to onset of symptoms was
highly variable (mean of 62 days, standard deviation of 268 days,
coefficient of variation of 434%, range from 0.125 to 2555 days)
depending on several criteria such as route of drug administration,
administration plan, drug type.

Most reported suspect drugs had been administered intravenously
(41.3%) or orally (35.0%) followed by the subcutaneous or intramuscu-
lar route for 11.0%. Direct administrations in the central nervous sys-
tem (intrathecal, subarachnoidal, intradural) represented 9.2% of the

routes of administration.

TABLE 4 Description of the biochemical profiles of cerebrospinal fluid

Elements (/pL) Neutrophils (%)

Lymphocytes (%)

Most DIAM cases (96%) had a favourable outcome with full or
progressing recovery with residual symptoms. Excluding 2 unrelated
deaths (one cardiorespiratory arrest with a postmortem diagnosis of
aseptic meningitis and 1 death in a context of non-Hodgkin's B
lymphoma relapse), no case of aseptic meningitis had a direct fatal
outcome.

The management of aseptic meningitis was essentially based on
the discontinuation of the suspected drug(s), sometimes with symp-
tomatic treatment (analgesic).

4 | DISCUSSION

This study is the first analysis of DIAM cases from a national
pharmacovigilance database of quality. It is the world's largest series
over >30 years with a classification of reported suspect drug and with
a clinical and biological description of the DIAM.

Results of the overall and final analysis were similar for population
characteristics (sex and age) and for type of suspected drugs. As
shown in Table 3, although many drug classes were involved, the main
suspected classes were human IVIG, NSAIDs, vaccines, antimicrobials,
analgesics, antimetabolites and disease-modifying antirheumatic drug
(DMARD). Data from the literature also mainly report cases of aseptic
meningitis with NSAIDs, antimicrobials, certain monoclonal antibodies
(such as adalimumab, cetuximab, infliximab and efalizumab), IVIG and
some antiepileptics.® In contrast, vaccines, other monoclonal anti-
bodies (such as rituximab, golimumab, nivolumab, ipilimumab and toci-
lizumab), antimetabolites, analgesics and DMARDs are more sparsely
reported—or even absent—in the literature. Although no clear proto-
pathic bias could be identified in our series, such bias remains possible
for certain drug classes such as antimicrobials, NSAIDs and some anal-
gesics. Also, some reported DIAM—principally the oldest ones—would
possibly be classified as viral with modern techniques of PCR.X° The
recent increase in the diagnosis of either paraneoplastic or autoim-
mune encephalitis by specific autoantibody detection constitutes
another possible source of misdiagnosis.

As defined by the World Health Organization, meningitis is an
absolute emergency and CSF analysis is fundamental to make the
diagnosis of meningeal inflammation.!?

In this study, among the 329 cases registered in the FPDB, 203
(63.4%) were reported clinically well documented and provided results

of a lumbar puncture. The CSF results allowed the characterisation of

Red cells (/pL) Protein (g/L) Glucose (mmol/L)

n 171 104 74 44 136 77

Mean 921.8 71.0 55.1 152.4 1.3 2.7
Standard deviation 1710.8 27.2 35.9 294.1 1.7 1.1

Median (15'-3™ quartile) 260.0 (63-995)  80.0 (63.75-92)  63.5 (16.5-89.75) 42.0 (7.75-132.5) 0.8 (0.6-1.3) 2.8(2.2-34)
Minimum 10.0 20 1.0 1.0 0.2 0.2
Maximum 11 500.0 100.0 100.0 1200.0 14.6 5.6
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aseptic meningitis in 84% of these well documented cases. Unfortu-
nately, even among the cases with CSF analysis, it is difficult to iden-
tify a specific profile for DIAM. Indeed, lymphocytic meningitis is
almost as common as purulent meningitis, and both together account
for more than 68% of explored meningitis. No particular profile in
terms of cellularity or biochemistry of CSF seems to be associated
with DIAM due to a particular drug class and/or route of administra-
tion. The heterogeneity of the data precluded statistical comparisons
to be made between drugs classes and between types of meningitis.

A clear meningeal syndrome—involving headache, neck stiffness
and nausea/vomiting—is reported in only 15.5% of cases in this
DIAM series. Among symptoms typically found in the meningeal
triad, only headache is present in >2/3 of DIAM cases. All other
symptoms are reported in only 20-40% of cases. However, as in
all pharmacovigilance databases, an unknown number of symptoms
may not have been reported of recorded.

Indeed, current postmarketing pharmacovigilance is strongly based
on spontaneous notification and presents well-known bias. Among
these, the main bias concerns the information of cases, the notorious
of adverse effects or drugs, the protopathic bias and the under
notification.

Moreover, the coding habits of the pharmacovigilance centres hav-
ing recorded the cases may also have had an impact on our results.
Indeed, the calculated time to onset depends on the date of initiation

of treatment.'?

This date is sometimes difficult to interpret in the
database. For example, during repeated IVIG treatments, the date of
treatment initiation in the database may be that of the last administra-
tion or of the first administration even if the effects started during a
subsequent cure.

It must be emphasized that outcome of aseptic meningitis is gener-
ally favourable with spontaneous recovery, without sequelae, after
stopping the suspect drugs. Mortality appears exceptional. Among
these cases, no death was reported.

Unfortunately, the FPDB does not allow a reliable analysis of the
possible role of associated diseases preceding the occurrence of these
meningitis.

According to our literature research made in PubMed, >100 cases
of DIAM were found, for which more than 130 drugs were cited as
suspect drugs. The main drug classes reported in the literature—by
decreasing frequency—are NSAIDs (ibuprofen, naproxen), antimicro-
bials (mainly sulfamethoxazole/trimethoprim), monoclonal antibodies
(adalimumab, cetuximab, infliximab, tocilizumab), antiepileptic drugs
(lamotrigine and carbamazepine) and IVIG.7*324

Analysis of the summaries of product characteristics (SPC) of the
first 16 drugs among the 416 suspect drugs in the FPDB shows that
the term aseptic meningitis appears as a potential adverse effect in
most of these SPC. Nevertheless, on June 2019, this effect is not men-
tioned in the SPC of amoxicillin, Sandoglobuline (no longer available),
and bupivacaine (epidural route). It is interesting to note that the
SPC of adalimumab reports the occurrence of viral meningitis but
not aseptic meningitis per se.

Unfortunately, the mechanisms of DIAM are poorly understood

and have precluded the identification of any biomarker. Two
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categories of mechanisms can be proposed: (i) hypersensitivity reac-

tions; and (ii) direct inflammation of the meninges.*>2°

5 | CONCLUSION

This retrospective study is the first analysis of DIAM from a national
pharmacovigilance database. The main classes of drugs involved in this
type of adverse effect are IVIG, NSAIDs, vaccines and antimicrobials.

Another message about this study is that, before aseptic meningi-
tis, it is important to always think of a drug aetiology whatever the
nature of the CSF (lymphocytic, purulent, mixed or other). This is
why detailed analysis of the drug history is essential.

Continuous enrichment of pharmacovigilance databases through
the recording of well-documented suspected adverse reactions
allowing good-quality analysis is essential for the emergence of rele-
vant signals, to improve knowledge about suspected adverse drug
reactions and analyse their causes and the relationship with some fac-
tors (predisposing or confounding).

Further studies are required to examine the pathophysiology of
DIAM.

Aseptic meningitis should be added in the sections adverse reac-
tions and warnings and precautions of the SPC of drugs for which the
risk of aseptic meningitis has been established, according to our

results and to the literature (i.e. amoxicillin, adalimumab).
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