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CHAPTER1

Bacterial meningitis is a devastating disease in which bacteria invade the central
nervous system infecting the subarachnoid space and meninges. Affected persons
suffer from a substantial morbidity and mortality reflected by an estimated 379,200
deaths in 2015 and 11 million disability adjusted life years in 2017 attributed to
bacterial meningitis worldwide.? The incidence of adult community-acquired
bacterial meningitis has been rapidly declining over the last decades since
introduction of Haemophilus influenzae, Neisseria meningitidis and Streptococcus
pneumoniae vaccines in national childhood immunization programmes.* In poor
resource countries, especially in sub-Saharan Africa, incidence rates vary between
10 and 40 per 100,000 inhabitants, whereas in the United States and Europe,
incidence rates declined to 0.7 per 100,000.4® Nowadays, outside the neonatal
age the most common pathogen in high income countries is the Streptococcus
pneumoniae (~60%) and on the second place Neisseria meningitidis (~10%).?

Bacteria are transmitted from person to person through droplets of respiratory
or throat secretions. After transmission bacteria can be present as commensals
in the nasopharynx and are mostly cleared by the host or competitive pathogens,
rather than causing invasive disease.’ In adults pneumococcal carrier rates of 26%
and meningococcal carrier rates of 10-35% are described and it is likely that, at one
time or another, during life most individuals are colonized with these pathogens.’™
How colonization in the host progresses to disease is not fully understood and this
is possibly due to an interaction between environmental, bacterial virulence and
host susceptibility factors.

Risk factors increasing host susceptibility to bacterial meningitis are an
immunocompromised state due to alcoholism, human immunodeficiency virus (HIV)
infection, diabetes mellitus, the use of immunosuppressive drugs, asplenia, and
cancer.*In the past decades extreme phenotype studies in patients with recurrent
or familial disease have identified genetic defects in the immune system to increase
susceptibility to meningococcal and pneumococcal meningitis.? Subsequently case-
control and cohort studies described genetic variation to increase susceptibility to
bacterial meningitis.”

Adults with bacterial meningitis usually present with headache, nausea, vomiting
and photophobia and about half of the patients present with the triad of fever,
altered mental status and neck stiffness.” Early recognition of the disease is
important to accelerate adequate treatment. If bacterial meningitis is suspected
clinically, a lumbar puncture should be performed to enable examination of the
cerebrospinal fluid (CSF). Definitive diagnosis of bacterial meningitis is made if the
CSF shows typical abnormalities in combination with a positive CSF culture.™



Introduction

Despite timely diagnosis and adequate treatment with antibiotics and
dexamethasone the mortality of bacterial meningitis is still high, and can be up
to 51% depending on the causative pathogen and country income status.*™ Up
to half of the survivors of bacterial meningitis suffer from neurological and
neuropsychological sequelae, like hearing loss (22-69%). epilepsy (4-31%), focal
neurological deficits (11-36%) or cognitive impairments (32%).5' Even patients with
a good recovery of bacterial meningitis experience a lower quality of life, especially
in the subgroup of pneumococcal meningitis patients.”

Several host factors are identified that predict unfavourable outcome of bacterial
meningitis, such as a low coma score on admission, a low CSF white blood cell
count, and elevated serum inflammation markers.”® These predictors explain
part of the inter-individual differences in outcome but leave a substantial part
unclarified. Besides immune deficiencies leading to uncontrolled infection, the
immune response itself can controversially lead to brain damage and adverse
disease outcome.” Experimental models of bacterial meningitis have shown anti-
inflammatory treatment can reduce the severity of brain and CSF inflammation and
lower the risk for adverse outcome and neurological sequelae.”

However, in humans, many questions remain unanswered about the host
inflammatory response in respect to disease susceptibility and outcome. In the past
twenty years, host genetic variation is studied in several cohort studies for their
contribution to outcome of disease and these have identified risk genes contributing
to unfavourable outcome.?°-22, The last years, high-throughput genotyping methods
resulted in a shift away from the candidate SNP approach to genome-wide
association studies (GWAS).?* These new methods have found even more disease
loci, but understanding of how these variants predispose individuals to disease or
unfavourable outcome remains limited. Functional understanding of these variants
is needed for better insight in pathogenesis of disease and drug discovery.?*

Aim and outline of this thesis:

The first aim of this thesis is to study the epidemiology, clinical characteristics,
outcome and long-term neurological sequelae of bacterial meningitis after the
introduction of adjunctive dexamethasone therapy and nationwide implementation
of childhood vaccines. Besides useful information for clinicians this will help
researches to point out suitable outcome measures for future therapeutic studies.
This is addressed in chapter 2, 3, and 4 by evaluating clinical data of a nationwide
prospective cohort study and a follow up study including adults with community-
acquired bacterial meningitis. The second aim of this thesis is to gain more insight
in bacterial meningitis pathogenesis to develop new preventive strategies and to
find targets for adjuvant treatment. In chapter 5 this aim is addressed by a protein
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expression analysis to gain more insight in the expression of inflammatory proteins
in the acute phase of disease and related to outcome of disease. Finally, chapter 6,
7. and 8 describe genetic association studies focussing both on susceptibility and
outcome of bacterial meningitis and invasive pneumococcal disease.

In chapter 2 a nationwide prospective cohort study is presented describing the
epidemiology, clinical characteristics and outcome of 1,412 adults with community-
acquired bacterial meningitis. These patients were identified between January
2006 and July 2013 by the National Reference Laboratory for Bacterial Meningitis
or individual physicians after which clinicians prospectively evaluated included
patients by filling in an online database.

Chapter 3 presents the results of a cross sectional cohort study on long-term
neurologic, cognitive, and quality of life outcome in adults surviving pneumococcal
meningitis. In this study 80 adult survivors of community-acquired pneumococcal
meningitis from a Dutch nationwide prospective cohort study underwent
neuropsychological tests 1to 5 years after acute illness. The control group consisted
of 69 partners or proxies of patients.

The results of a study assessing the prevalence of sleep impairment in adult
survivors of pneumococcal meningitis and its effect on quality of life are presented
in chapter 4. In this study the same patients and controls as discussed in chapter
three were asked to fill in questionnaires about their mental state, quality of sleep
and quality of life.

In chapter 5 two studies are introduced studying the pathogenesis of pneumococcal
meningitis by cytokine expression analyses. The role of macrophage migration
inhibitory factor (MIF) is studied, which is an inflammatory cytokine and has been
shown in an earlier genetic association study to be related with the morbidity and
mortality of pneumococcal meningitis. The first study describes MIF measurements
in blood samples of 54 bacterial meningitis patients during the acute phase of
disease. In a follow up study 80 patients with pneumococcal meningitis were
recalled for whole blood and peripheral blood mononuclear cell (PBMC) stimulation
to study MIF expression and the relation with cognitive impairment.

In chapter 6 the results are shown of a genetic association study in 469 community-
acquired pneumococcal meningitis cases and 2072 population-based controls
from the Utrecht Health Project in order to find genetic variants associated with
pneumococcal meningitis susceptibility. In this study a human Exome BeadChip was
used to genotype 102,097 single nucleotide polymorphisms (SNPs) in the collected
DNA material of the patients and controls.
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The next study presented in chapter 7 aims to investigate whether genetic
variation in coagulation and fibrinolysis genes contributes to cerebrovascular
complications in bacterial meningitis. In this genetic association study the exons
and flanking regions of 16 candidate genes involved in coagulation and fibrinolysis
pathways of 622 adult with community-acquired bacterial meningitis patients were
sequenced. Next it was analysed if genetic variation in these genes resulted in a
higher risk of cerebrovascular complications, unfavorable outcome and differences
in thrombocyte count on admission.

Chapter 8 shows the results of a systemic overview of genetic variants associated
with susceptibility, phenotype and outcome of community acquired pneumococcal
pneumonia (CAP) and invasive pneumococcal disease (IPD). The PubMed search
focussed on studies between Jan 1, 1983 and Jul 4, 2018 yielded 1219 studies of
which 60 studies involving 15,358 patients were included in the review and meta-
analysis.

The results of the presented studies are summarized in chapter 9. Furthermore,

in this chapter the implications of the studies are discussed and suggestions for
future research are proposed.
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