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Abstract

Purpose: Drug‐induced aseptic meningitis (DIAM) is an inflammation of the mem-

branes of the central nervous system caused by certain medications. It is a rare clinical

entity whose risk factors are not yet fully elucidated. A local pattern of

disproportionality within a global database of suspected adverse drug reactions

(ADRs) revealed an increased reporting of aseptic meningitis and amoxicillin‐

clavulanic acid (AC) in males. The aim of this report is to explore the clinical probability

of a higher risk in males to support the use of statistical methods to identify sub-

groups at risk for adverse drug reactions.

Methods: Disproportionality analysis was performed for all drug‐adverse event (AE)

pairs in the entire database and for the subsets of males and females. AC‐aseptic

meningitis was highlighted for an increased disproportionality in the male subgroup

in the absence of an elevated disproportionality measure for the database overall. A

clinical review was undertaken.

Results: Clinical review revealed a similar statistical pattern of gender difference

observed for amoxicillin, evidence to suggest a delayed type 4 hypersensitivity reac-

tion with Th1 cells as a mechanism for amoxicillin‐aseptic meningitis, the existence

of sex differences in immune responses (Th1/Th2), and an analogous increased risk

of drug‐induced liver injury by AC in males.

Conclusions: Subgroup disproportionality analysis has revealed a larger than

expected number of reports of aseptic meningitis after amoxicillin and AC in males.

Evidence synthesis supports the statistical finding. Further exploration of spontane-

ous databases with more extensive analyses could usher in a new era of “precision

pharmacovigilance.”
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KEY POINTS

• A higher than expected number of reports of aseptic

meningitis after amoxicillin and amoxicillin‐clavulanate

have been received from males into a global database

of suspected adverse drug reactions.

• Sex differences in immune responses, such as delayed

type hypersensitivity reactions, which can be a

mechanism for drug induced aseptic meningitis, have

been described.

• More extensive analyses of databases of spontaneous

adverse drug reaction (ADR) reports could be used to

assist in the identification of potential risk factors for

ADRs.
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1 | INTRODUCTION

Drug‐induced aseptic meningitis (DIAM) is an inflammation of the

membranes of the central nervous system caused by the administra-

tion of certain medications. Clinically, patients experience symptoms

of fever, headache, and changes in mental status. Diagnostically, anal-

ysis of cerebrospinal fluid (CSF) reveals the presence of an increased

number of white blood cells, elevated protein level, but a normal glu-

cose level. All microbiological cultures are negative. The diagnosis of

DIAM is often one of exclusion of more common infectious causes

of meningitis.

Given the rarity of its occurrence, the incidence of DIAM is

unknown and risk factors for it have not been fully elucidated. How-

ever, cases of DIAM caused by amoxicillin and amoxicillin‐clavulanic

acid (AC) have been extensively reported in the literature, and a series

of reviews have summarised a number of aspects of DIAM from the

published case reports. The most commonly reported agents to cause

DIAM are non‐steroidal anti‐inflammatory agents, antimicrobials,

intravenous immunoglobulins, OKT3 antibodies, and anticonvulsants.

The time‐to‐onset report can vary between several minutes to several

months. Systemic lupus erythematous is the most common underlying

condition reported with DIAM. Additionally, recurrent episodes of

DIAM have been described in multiple case reports; such patients

are predominantly females and a large proportion have underlying

inflammatory diseases.1,2
2 | METHODS

Disproportionality analysis was performed in VigiBase, the global data-

base for individual case safety reports, for all drug‐adverse event (AE)

pairs in the entire database and for the subsets of males and females

using methodology for local pattern discovery.3 AC‐aseptic meningitis

was highlighted for an increased disproportionality in the male sub-

group in the absence of an elevated disproportionality measure for

the database overall. IC0005 is the lower endpoint of a 99.9%

credibility interval for the information component (IC), and as such

was used to support analysis of subgroup specific associations

between substances and AE. Initial manual assessment expanded the

review to include amoxicillin, which included both an increased

disproportionality in males as well as in the entire database. A thor-

ough clinical review of the drug‐ADR‐risk group triplet was under-

taken, which included further review of spontaneously reported

ADRs, the reported case series, as well as the medical literature for

evidence of biological plausibility of an increased risk in males.
3 | RESULTS

As of September 9, 2018, there was a total of 2695 individual case

safety reports in VigiBase, which included the preferred term (PT)

“meningitis aseptic”; 56.7% of the reports described females, 37.3%

males, and in 6.0% of the reports, gender was not stated. The most

common drugs reported in association with aseptic meningitis were

human immunoglobulins (35.3%) and ibuprofen (6.6%). There was a
total of 47 reports with amoxicillin (26 males, 21 females) and 24 for

AC (18 males, 6 females).

For the combination of amoxicillin and the MedDRA PT, meningi-

tis aseptic, 26 cases were observed compared with seven expected in

males (IC0005 0.80), and 21 cases were observed and nine expected in

females (IC0005–0.14). Further investigation revealed a similar pattern

of gender difference for AC; 18 cases were observed compared with

seven cases expected in males (IC0005 0.04); six cases were observed

and nine expected in females (IC0005–3.14).

After removing suspected duplicate reports, there were a total of

36 unique cases reported in males (Table 1). Ages ranged from

1 month to 86 years. Reports were received from many countries,

including the United States, France, Germany, Belgium, Switzerland,

Czech Republic, Italy, Spain, Portugal, Japan, and New Zealand. The

case series is remarkable for the large proportion of reports that offer

information on indication, time‐to‐onset, dechallenge/rechallenge, as

well as narrative information on clinical course. The reported indica-

tions for use of amoxicillin and/or AC were varied and according to

licensed indication/treatment guidelines; there was no suggestion of

a difference in use of the antibiotics between reports from males

and females.

DIAM has long been considered to be caused by one of two

mechanisms: (a) direct chemical irritation of the meninges by drugs

directly administered into the CSF, or (b) immunological hypersensitiv-

ity reactions. All types of immunological hypersensitivity reactions

(types 1‐4) have been implicated in various case reports of DIAM, sug-

gesting that mechanisms may be different for the various types of

drugs.4

In the case of amoxicillin and AC, there is growing evidence that it

is a delayed type 4 hypersensitivity or T‐cell mediated hypersensitivity

that underlies its associated cases of aseptic meningitis. Kastenbauer

et al described a case of a 62‐year‐old man with aseptic meningitis

after AC, in which additional investigation did not reveal evidence of

an underlying type 1 or type 3 hypersensitivity mechanism.5 More

recently, Castagna et al reported in vitro enzyme‐linked immunosor-

bent (ELISPOT) assay results in two women with amoxicillin DIAM,

demonstrating drug‐specific cells producing high quantities of Inter-

feron gamma (IFN)–gamma and gamma‐ray bursts (GrB). IFN‐gamma
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is a key Th1‐type cytokine released from activated T cells in drug‐

induced hypersensitivity.9

There is growing recognition of the existence of sex differences in

immune responses. Contributing factors to the differential develop-

ment and function of the immune system between males and females

include sex chromosome genes and sex hormones as well as nutri-

tional status and composition of the microbiome in the gastrointesti-

nal tract. The results of these differences in immune responses is

evidence of the differential susceptibility of males and females to

autoimmune diseases, malignancies and infectious diseases, and of

responses to vaccination. More specifically, there is evidence that

females have higher CD4+ T cells and greater T cell activation and

proliferation while males have higher CD8+ T cell frequencies.

Females tend to be polarised towards Th2‐type responses, while

males are more Th1‐biased and have more regulatory T cells.10 With

the previously presented evidence for Th1‐type response central to

the type 4 hypersensitivity of amoxicillin DIAM, it therefore follows

that men may be at greater risk than females, as suggested by the

disproportionality statistics.

An analogy can be found with drug‐induced liver injury (AC‐DILI)

and AC. deLemos et al examined a large cohort of AC‐DILI cases pro-

spectively enrolled from the United States DILI Network. A total of

117 cases of AC‐DILI were identified and compared with the remain-

ing 921 cases in the registry. 62% of DILI cases ascribed to AC

occurred in males, compared with 39% of DILI ascribed to all other

antimicrobials. Of 31 liver specimens available for pathologic examina-

tion, almost all revealed immune‐allergic features (21) with eosino-

phils, 28 with granulomas, thought to be caused by infiltration of

portal triads within the liver by cytotoxic CD8+ cells.11 Review of

the SmPC for AC reveals information regarding this risk group:

“Hepatic events have been reported predominantly in males and

elderly patients and may be associated with prolonged treatment”

(Section 4.4 Special warnings and precautions for use).12
4 | DISCUSSION

Disproportionality analyses within spontaneous reporting systems are

typically employed to identify potential causal relationships between

drugs and adverse drug reactions. Previous work has shown that

disproportionality analyses within subsets may reveal local patterns

not detected in routine statistical screening of large databases. Such

an analysis within a global database of suspected adverse drug reac-

tions has revealed a larger than expected number of reports of aseptic

meningitis after AC and amoxicillin in males. Biological plausibility for

the statistically detected signal is supported by data suggesting aT‐cell

mediated mechanism for amoxicillin‐induced aseptic meningitis as well

as evidence of sex differences in immune responses, specifically

increased frequencies in males of type 4 hypersensitivity reactions

of a Th1‐type and/or involving a predominance of CD8+ cells. Further

elucidation of the interindividual variation in immune responses may

lead to better understanding of drug hypersensitivity reactions.

Risk characterisation is typically performed at the time of clinical

signal assessment, looking for any obvious patterns between the

patients described within the case series. This exercise has revealed
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the potential for risk identification at the level of statistical screening

within large databases. Further exploration of spontaneous databases

with more extensive analyses could usher in a new era of “precision

pharmacovigilance.”
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