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Abstract

Objectives: We performed a cross sectional cohort study on long-term neurologic, 

cognitive, and quality of life outcome in adults surviving pneumococcal 

meningitis.

Methods: Adult survivors of community-acquired pneumococcal meningitis from a 

Dutch nationwide prospective cohort study were evaluated 1 to 5 years after acute 

illness. The control group consisted of partners or proxies of patients. Neurological 

examination was performed and cognitive domains were tested with the Vienna 

Test System Cognitive Basic Assessment Test set (VTS COGBAT). The Research 

and Development (RAND)-36 and adapted Cognitive and Emotional consequences 

of Stroke (CLCE)-24 questionnaires assessed perceived cognitive functioning and 

quality of life. Differences between group scores were tested with multivariate 

analyses of variance (MANOVA).

Results: A total of 80 pneumococcal meningitis patients and 69 controls were 

evaluated. After a median of 2 years (IQR 2-3 years) after acute illness, 27 of 79 

patients (34%) had persistent neurological sequelae, most commonly hearing loss 

(21 of 79 [27%]). On overall neuropsychological evaluation, patients performed worse 

than the controls (MANCOVA; p=0.008) with alertness (z score; -0.33, p=0.011) and 

cognitive flexibility (z score; -0.33, p=0.027) as the most affected domains. Cognitive 

impairment was present in 11 of 79 patients (14%). CLCE-24 questionnaires revealed 

cognitive impairment on all domains, most commonly for cognitive speed (53/75, 

71%), attention (45/75, 60%) and memory (46/75, 61%). Patients had lower quality of 

life scores than controls (item physical functioning, (median) patients vs controls, 

80 vs 95, p<0.001; social functioning, (median) 81 vs 100, p=0.003; perceived health, 

(mean) 59 vs 70, p=0.005), which correlated to cognitive complaints (R=0.66, 

p<0.001).

Conclusions: Adults after pneumococcal meningitis are at high risk of long-term 

neurological and neuropsychological deficits impairing daily life activities and quality 

of life.
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Introduction

Streptococcus pneumoniae is the most common cause of bacterial meningitis in 

adults, accounting for 70% of cases in developed countries, and pneumococcal 

meningitis has reported case fatality rates of 6-24%.,1-5 Among surviving patients 

after pneumococcal meningitis, sequelae have been reported to occur in 23-29%, 

most commonly focal cerebral deficits (11-36%), hearing loss (22-69%) and, seizures 

(4-31%).6-10 Previous studies, evaluating 16 to 26 patients after pneumococcal 

meningitis, showed that cognitive impairment occurs in about one-third of 

survivors.11,12 In a meta-analysis of individual patient data, most affected cognitive 

domains were memory, attention-, executive- and, psychomotor functioning.12-15

Experimental studies, randomized controlled studies and meta-analyses showed 

a strong rationale for adjunctive dexamethasone in patients with pneumococcal 

meningitis in higher-income countries.16-20 Guidelines recommend adjunctive 

dexamethasone therapy in patients with suspected or proven community-acquired 

bacterial meningitis in these settings.21,22 As a result, adjunctive dexamethasone 

therapy has been implemented in Europe and the US, which has impacted the 

outcome.1,23-25 In a Dutch observational cohort study, adjunctive dexamethasone 

therapy was given in 92% of meningitis episodes during 2006–2009.23 This study 

reported a decrease in mortality from 30% to 20% after the introduction of 

adjunctive dexamethasone therapy (absolute risk difference 10%, 95% confidence 

interval [CI] 4-17; p=0.001).26

Adjunctive dexamethasone however, has also been linked to potential increased risk 

of cognitive impairment.27 In the experimental setting, dexamethasone may cause 

ischemic injury to neurons.28 A study showed more apoptosis in the hippocampus of 

dexamethasone treated rats with pneumococcal meningitis, which was associated 

with learning deficiency.27 A human brain pathology study showed no differences 

between hippocampal apoptosis in pneumococcal meningitis patients treated with 

or without dexamethasone.29 In a follow-up study of adults included in a randomized 

controlled trial evaluating dexamethasone therapy, dexamethasone was not 

associated with cognitive impairment.13 However, the number of pneumococcal 

meningitis patients in this study was limited (22 in the dexamethasone and 16 in 

the placebo group). Moreover, it involved a selected group of patients with a broad 

interval between illness and evaluation (median 9 years, range 2-12 years).13

The rate of neuropsychological impairment and impact on daily life among patients 

surviving pneumococcal meningitis in the time in which most patients are treated 

with dexamethasone is unknown and the impact of possible neuropsychological 

abnormalities and cognitive impairment on daily life activities has not been 
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studied thoroughly. Our main objective was to study long term neurological and 

neuropsychological outcome and quality of life in pneumococcal meningitis 

patients. Secondary objectives were to study the influence of time since meningitis, 

inflammation parameters during admission, Glasgow Coma Scale score on admission, 

treatment with dexamethasone and Glasgow Outcome Score at discharge on 

cognitive outcome.

Methods

Patient selection and enrolment

Participants in this study had been included between October 2011 and March 2015 

in a nation-wide Dutch prospective cohort study analysing genetic risk factors in 

bacterial meningitis, the MeninGene study. Inclusion and exclusion criteria, patient 

enrolment, study procedures and patient characteristics are described elsewhere.1 

In summary, patients in this study were older than 16 years of age and had a 

community-acquired acute bacterial meningitis confirmed by cerebrospinal fluid 

(CSF) cultures, or a positive polymerase chain reaction (PCR) in combination with 

typical CSF abnormalities.30 Clinical data and outcome were collected prospectively 

by the attending physicians, mostly neurologists, in an online database. Outcome 

was scored at discharge by the Glasgow Outcome Scale (GOS) score, a score ranging 

from 1 to 5, a score of 1 indicating death, 2 is persistent vegetative state, 3 is severe 

disability, 4 is moderate disability (capable of living independently but unable to 

return to work or school) and, 5 is mild or no disability (able to return to work or 

school).31 Patients were included during the acute phase of the illness and provided 

written informed consent for participation. Partners or proxies of patients were 

included in this study for DNA sampling of healthy control subjects living in the same 

dwelling as the patients. On the informed consent form the patients and controls 

were asked whether they allowed the researchers to approach them for follow-up 

studies on long-term sequelae. Patients eligible for the current follow-up study 

provided consent to be approached and had been admitted with pneumococcal 

meningitis 1 to 5 years prior the follow-up study. Exclusion criteria were insufficient 

mastery of Dutch language, not living in the Netherlands, and mental impairment 

not attributed to the meningitis.

Prior to inviting the participants, we checked Municipal Personal Records Database 

to check whether they were alive. Subsequently, we sent an invitation letter to all 

subjects informing them about the current study and called them to follow-up on 

the letter. If subjects agreed to participate in the study they visited the Amsterdam 

UMC on a scheduled date to perform the neurological and neuropsychological 

testing. These tests were guided by a health professional. Patients were asked to 
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provide written informed consent for participation in this study. The MeninGene 

study and this follow-up study were approved by the medical ethics committee of 

the Academic Medical Centre, Amsterdam.

Neurological, neuropsychological and quality of life evaluation

Patients were neurologically examined by one physician who was specifically trained 

to perform neurological examination (A.K.). Focal neurological deficits were divided 

into focal cerebral deficits (monoparesis or hemiparesis) and cranial nerve palsies. 

Cognitive functioning was tested with the Cognitive Basic Assessment Test set 

(COGBAT) of the Vienna Test System (VTS), Schuhfried, Mödling, Austria. This 

computerized test battery tested four cognitive domains with one or multiple tests 

per cognitive domain: attention, memory, executive functioning and information 

procession speed (online Supplementary appendix – Table s1). Performance on each 

test was expressed as a standardized score corrected for age (T score), based on 

VTS norm tables.

The Cognitive and Emotional consequences of Stroke (CLCE-24) questionnaire was 

used to assess patients’ and proxies’ opinions on the patients cognitive functioning 

(Cronbach’s alpha 0.81, appendix I).32 In this 13-item questionnaire the subjects 

needed to state if they experienced changes in cognitive functioning since the 

meningitis episode. We used the Research and Development (RAND-36) 36 item 

questionnaire to assess quality of life (Cronbach’s alpha 0.85).33

Controls selection and enrolment

The control group consisted of the partners or proxies of the patients and did 

participate in the MeninGene study as well. We invited the controls to participate in 

the follow up study with the same invitation letter the patients received. Besides 

the neurological examination (only for patients), the controls performed the same 

tests as the patients. Prior to testing we questioned the controls about their medical 

history and medication use. For one of the questionnaires (CLCE-24) the controls 

scored the patients from the perspective of them as proxies.

Statistical analyses

All VTS COGBAT test scores were expressed as z scores corrected for age and 

education with the control group as a reference. The value of the z score represents 

the distance between the patient T score and the mean control group T score, in 

units of the standard deviation. The z score is negative when the patient score is 

below the mean control group score and positive when above.
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The multivariate analysis of variance (MANOVA) was used to examine differences 

between the group z scores. If this MANOVA revealed significant results (one tailed 

p value, p<0.05), independent samples t-tests were used to examine differences 

between groups in case of normal distributions and the Mann-Whitney U test in 

case of skewed distributions.

Subsequently we evaluated the percentage of patients with cognitive impairment. 

An individual test score was defined as impaired if this was at least 2 SDs below the 

mean normative score of our control group (z score lower than -2.0). We considered 

cognitive impairment was present if patients had two or more impaired tests 

domains (worse than the fifth percentile of controls).

To compare differences between patients and controls in quality of life t tests or 

Mann-Whitney U were used, depending on the presence of a normal or skewed 

distribution (two-sided p value, p<0.05).

Spearman correlations were calculated to analyse if the following characteristics 

were associated with cognitive functioning: time since meningitis, GOS score at 

discharge, inflammation parameters during admission and Glasgow Coma Scale 

score on admission. Regression analyses with rank transformed RAND-36 scores 

and Spearman correlations were performed to analyse if performance on cognitive 

testing (VTS COGBAT test scores) and the perception of cognitive functioning 

(CLCE-24 scores) were correlated to quality of life (RAND-36 scores). We performed 

a logistic regression analysis to identify determinants of cognitive impairment. 

Independent variables in this analysis were clinical and demographic characteristics 

and the dependent variable was presence of cognitive impairment. 
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Results

Eighty patients and 69 controls participated in this study (Figure 1).

Figure 1. Patient selection

 

* Other reasons include migration to another country, meningitis <1 year ago or reason 
unclear.

Demographic characteristics (age and sex), and the GOS score at discharge were 

similar for eligible and participating patients (online Supplementary appendix, Table 

s2). At the episode of acute meningitis, the mean age of patients was 59 years (11 

SD) and 49% were male. Clinical characteristics during admission can be found in 

Table 1. In follow-up, median time between hospital admission and evaluation was 

2.3 years (IQR 1.8-3.4; range 1.1-4.6 years). Neurological examination was performed 

in 79 of the 80 patients (99%) during follow-up visitation and neurological sequelae 

were present in 27 patients (34%, Table 1).
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Table 1. Clinical characteristics of the 80 patients with pneumococcal meningitis in the follow 
up study

Characteristics n/N (%)

Symptoms before admission: 

Ʌ Duration of symptoms <24 hours (%) 35/79 (44%)

Predisposing conditions:

Ʌ Sinusitis / otitis media (%)

Ʌ Pneumonia (%)

Ʌ Immunocompromised state (%)

44/79 (55%)

10/78 (13%)

16/80 (20%)

Clinical characteristics on admission:

Ʌ Classic triad (%)

Ʌ Coma (%)

Ʌ Focal neurologic deficits (%)

35/76 (44%)

4/80 (5%)

18/79 (23%)

Laboratory characteristics on admission*:

Ʌ Blood leukocyte count: ×10^9cells/L

Ʌ CSF leukocyte count: ×10^6cells/L

17.5 (13.3-23.6)

3486 (1349-7709)

Clinical course/ complications:

Ʌ Seizures

Ʌ Circulatory shock

Ʌ Intensive care admission

Ʌ Cerebral infarction

12/76 (15%)

1/73 (1%)

26/77 (33%)

7/69 (9%)

Outcome at discharge:

Ʌ GOS 3 (%)

Ʌ GOS 4 (%)

Ʌ GOS 5 (%)

2/80 (3%)

17/80 (21%)

61/80 (76%)

Years from discharge to testing, median (range) 2.3 (1.1 - 4.6)

Focal neurological deficits tested at study enrolment

Ʌ Focal cerebral deficits (%)

Ʌ Cranial nerve palsies

• Hearing loss (%)

• Other (%)

26/79 (33%)

4/79 (5%) †

23/79 (29%)

21/79 (27%)‡

6/79 (8%)
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Table 1. Clinical characteristics of the 80 patients with pneumococcal meningitis in the follow 
up study (continued)

Characteristics n/N (%)

Epilepsy since meningitis 1/79 (1%)

GOS score at study enrolment

Ʌ GOS 4 (%)

Ʌ GOS 5 (%)

11/77 (14%) §

66/77 (86%)

* median (interquartile range [IQR] 25-75)
† 4 patients with a slight hemiparesis or monoparesis
‡ The majority of patients with hearing loss experienced no interference in daily life  
(19 of 21, 90%).
§ 2 patients were excluded because of pre-existent moderate disabilities due to co-
morbidities, 3 patients had no neurological sequelae but were moderately disabled  
due to other physical complaints, like balance disturbances, headache, fatigue or  
increased need for sleep.

Demographical characteristics and educational level of patients and controls were 

similar (Table 2).

Table 2. Baseline characteristics of patients and controls

Patients (n=80) Controls (n=69) p-value*

Male (%) 39 (49%) 35 (51%) 0.810

Age, median (IQR) 63 (56-69) 65 (54-68) 0.658

Educational level (%)†

Ʌ Primary education

Ʌ lower secondary education

Ʌ Upper secondary education

Ʌ  First stage of tertiary education

Ʌ  Second stage of tertiary 

education

5 (6%)

25 (31%)

24 (30%)

23 (29%)

3 (4%)

2 (3%)

21 (32%)

21 (32%)

14 (22%)

7 (11%) 0.391

Neurological co-morbidity ǂ 3 (4%) 2 (3%) 0.773

* Sex, educational level: chi square test; age: Mann Whitney U test
†  International Standard Classification of Education (ISCED) score, UNESCO; 1997
ǂ  In patients not directly related to pneumococcal meningitis, examples: cerebral infarction, 

cerebral haemorrhage, brain tumor
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Multivariate analysis of covariance showed significant differences in overall 

neuropsychological test scores between patients and controls (MANOVA; p=0.008, 

Table 3).

Cognitive impairment was present in 11 of 79 patients (14%) versus 1 of 63 controls 

(2%, p=0.05). Patients with a GOS score at discharge of 3 or 4 performed worse on 

cognitive testing than the patients with a GOS score of 5 at discharge (MANOVA; 

p=0.004). Neuropsychological test scores were not correlated to timing between 

acute illness and evaluation (p=0.317), inflammatory markers during admission 

(C-reactive protein (p=0.344), CSF leukocytes (p=0.882)) or Glasgow Coma Scale 

score on admission (p=0.835). Patients treated with adjunctive dexamethasone 

therapy were less likely to have cognitive impairment as compared to those not 

treated with dexamethasone (7 of 68 [10%] versus 4 of 11 [36%], p=0.042). Clinical 

characteristics during acute illness for those treated with or without dexamethasone 

were similar (online Supplementary appendix, Table s3). 

Table 3. z scores corrected for age and educational level of 79 pneumococcal meningitis 
patients of all subdomains and overall test score of the VTS COGBAT*

Patients (n=79)† p-value‡

Attention:

Ʌ Alertness -0.33 (0.9) 0.011

Memory:

Ʌ Working-

Ʌ Learning-

Ʌ Short term-

Ʌ Long term-

Ʌ Recognition

-0.22 (1.1)

-0.01 (1.1)

-0.18 (1.3)

-0.18 (1.4)

0.26 (1.2)

0.106

0.430

0.188

0.155

0.080

Executive functioning:

Ʌ Cognitive flexibility

Ʌ Planning

Ʌ Response inhibition

-0.33 (1.0)

0.22 (1.1)

0.14 (1.3)

0.027

0.096

0.208

Information processing speed -0.21 (1.0) 0.074

Overall test score 0.008

* One patient was excluded in the final analysis due to inadequate cooperation and incomplete 
testing.
† scores are mean z scores (SD), the z score represents the distance between the patient T 
score and the mean control group T score, in units of the standard deviation
‡ Control group (n=63) as a norm group. Tested with MANOVA, 1-tailed p values
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The CLCE-24 questionnaire, evaluating cognitive and emotional consequences 

of the illness episode, was filled in by 75 of patients (94%) and 65 controls (94%). 

Patients experienced substantial cognitive impairment on all domains, with highest 

proportion reporting difficulties in the cognitive domains speed (71%), attention 

(60%) and memory (61%, Figure 2). Sixty-eight (91%) of patients reported at least 

one cognitive complaint. CLCE-24 total scores were correlated with the overall 

neuropsychological test scores (R-0.26, p=0.025).

RAND-36 quality of life questionnaires were evaluated in all 80 patients and 68 

control subjects and showed lower quality of life scores in patients compared to 

controls (Table 4). Correlation analysis between cognitive testing and subscales 

of the RAND-36 questionnaire within meningitis patients showed no significant 

correlations. The CLCE-24 scores of patients were strongly correlated with 

the RAND-36 scores on all sub-items and total scores (R=0.66, p<0.001, online 

Supplementary appendix – Figure s1).

Figure 2. Results CLCE-24 questionnaire on cognitive functioning of 75 patients and  
65 controls

0 20 40 60 80 100

Divided attention

Attention

Speed

Short term memory

Long term memory

Taking initiative

Planning

Daily activities

Time awareness

Situational awareness

Understanding of language

Speech and writing

Neglect environment/part of the body Patients
Proxies of patients, assessing the patients

% of subjects that noticed problems
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Table 4. Quality of life scores on the RAND-36 questionnaire of patients and controls

Items of questionnaire Score  

patients*  

(n=80)

Score 

controls*

(n=68)

p-value†

Functioning:

Ʌ Physical functioning; median (IQR)

Ʌ Social functioning; median (IQR)

Ʌ  Role limitations due to physical 

problems; median (IQR)

Ʌ  Role limitations due to emotional 

problems; median (IQR)

80 (65-95)

81.25 (62.5-100)

100 (25-100)

100 (66.7-100)

95 (85-100)

100 (81.3-100)

100 (100-100)

100 (100-100)

<0.001

0.003

0.001

0.02

Well-being:

Ʌ Mental health; median (IQR)

Ʌ Vitality; mean (SD)

Ʌ Pain; median (IQR)

84 (72-88)

64.9 (20.3)

90 (67.5-100)

84 (72-88)

69.8 (18.2)

95 (72.5-100)

0.977

0.131

0.403

Experienced general health; mean (SD) 59.2 (24.4) 69.7 (19.4) 0.005

Expected health change; median (IQR) 50 (50-75) 50 (50-50) 0.02

Total score‡, median (IQR) 78 (62-89) 87 (81-93) 0.003

* The score on each sub-item could range from 0% to 100%, a higher score indicates a better 
performance (less complaints) on this sub-item.
† Statistics: Normal distributed = T-test, skewed distribution = Mann Whitney U test
‡ 73 patients vs 58 controls
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Discussion

Adults after pneumococcal meningitis remain at high risk of long-term neurological 

and neuropsychological sequelae impairing daily life activities and quality of life. At 

discharge, one-third of surviving patients had neurological sequelae which persisted 

over the follow-up period up to five years. Patients appeared to have significant 

neuropsychological impairments. Almost all patients reported at least one cognitive 

complaint since meningitis on long-term follow-up. Their cognitive complaints were 

strongly related to lower scores on quality of life questionnaires.

In an explorative analysis we found differences in cognitive impairment between 

patients treated and not treated with dexamethasone, although patient numbers 

in these subgroups were limited. Patients who were treated with adjunctive 

dexamethasone were less likely to develop long-term cognitive impairments 

as compared to those without dexamethasone therapy (10% vs. 36%; p=0.042). 

This is in line with a previous follow-up study of a randomized controlled trial 

evaluating dexamethasone therapy.13 Overall the rate of cognitive impairment after 

pneumococcal meningitis in our study was substantially lower (14%), compared to 

studies performed prior to the introduction of dexamethasone, describing rates of 

37% (29 of 79 patients of which 30% was treated with dexamethasone).12 However 

the differences between those cohorts could also be explained by other factors like 

use of different neuropsychological tests, improvement of patient management, 

or other pneumococcal serotypes after introduction of pneumococcal vaccines. 

Interestingly, parameters of disease severity during the acute illness, previously 

identified as predictor of unfavourable outcome, were not associated with cognitive 

impairment.1,11,34 Furthermore, unlike an earlier follow up study on long term cognitive 

outcome of bacterial meningitis we could not find a correlation between time since 

acute illness and testing and improvement of cognitive impairments (p=0.317).35 

Most affected cognitive domains in our patients were alertness and cognitive 

flexibility. Previous studies on cognitive functioning after bacterial meningitis 

showed heterogeneous results concerning the affected cognitive domains.13-15,36 In 

the current study we used a supervised computerized psychological assessment 

ensuring uniform test performance and included the largest cohort on long-term 

cognitive outcome to date.37

Pneumococcal meningitis is a disease with major cognitive and emotional 

consequences for patients and their relatives. Patients in our study perceive 

substantial cognitive impairment with highest proportion reporting difficulties in 

the cognitive domains speed, attention, and memory. Stroke studies have found 

similar findings when assessing cognitive consequences of disease.32,38 We found 

pneumococcal meningitis patients have a decreased quality of life and cognitive 

3
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test scores and cognitive complaints are strongly related to quality of life. An earlier 

study with pneumococcal and meningococcal meningitis patients reported similar 

findings, showing a significant correlation between a cognitive speed composite 

score and multiple subscales of the RAND-36.15 However our study is the first study 

assessing the perception of cognitive functioning and thereby we were able to show 

the high impact of these cognitive complaints.

An important limitation of our study is selection bias. First, our patients all survived 

pneumococcal meningitis and could participate in this follow up study, which 

implicate a selected group of patients with relatively good condition after disease. 

Second, all patients underwent lumbar puncture and had a positive cerebrospinal 

fluid culture. Lumbar puncture might be postponed in the most severe patients and 

these might be underrepresented in our cohort. Third, patients who could not be 

reliably assessed with the neuropsychological test battery due to mental or physical 

limitations were excluded. Patients could refuse participation because of comorbidity 

or difficulties with travelling to Amsterdam. This will all lead to an underestimation of 

disease impact with respect to neurological and neuropsychological sequelae and 

their impact on quality of life. We did not found differences in clinical characteristics 

between dexamethasone and not dexamethasone treated patients. Naturally, our 

study is not a randomized controlled trial and could be biased by patient selection, 

precluding firm conclusions on the effect of adjuvant dexamethasone therapy on 

cognitive outcome.

Our study shows long-term neurological and cognitive sequelae of pneumococcal 

meningitis are an important problem and considerably affect the patient’s quality 

of life. Physicians should be aware of these sequelae to address them in their 

consulting room. New treatment strategies are needed to lower this high burden and 

future studies should also be focused on outcome measures like cognitive sequelae 

and quality of life.
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Supplementary appendix

Supplementary table s1. Test sets of the VTS COGBAT

Cognitive domain Description of test set

Attention

Perception and attention 
(WAFA) - Alertness

WAFA measures reaction time in response to simple visual 
stimulus.

Memory

N-back verbal test (NBV) - 
Working memory

Respondents are presented with a succession of 100 
consonants with an inter-stimulus interval of 1.5 seconds. 
The respondent must press the green button on the response 
panel if the consonant currently displayed is identical to the 
consonant that appeared two places back.

Figural Memory Test (FGT) - 
Learning ability

The first part of FGT comprises five learning and reproduction 
runs in which 9 figures are presented repeatedly. Immediately 
after presentation each figure must be reproduced by means 
of simple mouse clicks on the screen.

Figural Memory Test (FGT) 
-Short term

After a break FGT is followed by a second part, which requires 
free reproduction of the figures without a second viewing.

Figural Memory Test (FGT) - 
Long term and recognition

The third part of FGT involves free reproduction after an 
extended delay, together with a forced choice recognition task.

Executive Functioning

Trail making test (TMT)-L 
part B- Cognitive flexibility

In TMT part B the numbers 1 to 13 and the letters A to L 
are arranged pseudo-randomly on the screen. They must 
be clicked alternately and in ascending order as quickly as 
possible, using the computer mouse. The score is time to 
completion in seconds.

Response Inhibition test 
(INHIB)

The test uses a go/no-go paradigm. Error types and reaction 
times are measured.

Tower of London-Freiburg 
version (TOL-F) – Planning 
ability

Two pictures of three colored balls on sticks are shown to 
the respondent, one picture of a ‘goal state’ and one of the 
‘start state’. The task is to get the ‘goal state’ correctly within 
a time limit of one minute in the least possible mouse clicks. 
Information on error types and on planning and execution 
times are reported.

Information processing speed

Trail making test (TMT)-L 
part A

In TMT part A the numbers 1 to 25 are arranged pseudo-
randomly on the screen; the task is to click on the numbers 
in sequential order as quickly as possible. The score is time to 
completion in seconds.
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Supplementary table s2. 125 eligible patients but not participating, compared with 80 
participating patients in follow-up study

Patients 
participating in 
follow-up study 

(n=80)

Patients 
eligible but not 

participating
(n=125)

P- 
value

Male (%) 39 (49%) 61 (49%) 0.994

Age; mean (SD) 59 (11) 59 (15) 0.730

Immunocompromised 16/80 (20%) 26/124 (21%) 0.858

Clinical characteristics on admission

Ʌ Classic triad (%) 35/76 (44%) 59/117 (50%) 0.456

Ʌ Coma (%) 4/80 (5%) 20/123 (16%) 0.024

Ʌ Focal neurologic deficits (%) 18/79 (23%) 28/122 (23%) 1.00

CSF leukocyte count; median (x10^6 
cells/L)

3486 1596 0.028

GOS at discharge of 5 (%) 61 (76%) 103 (82%) 0.289

Supplementary Figure s1. Scatter plot of total CLCE-24 questionnaire score on perceived 

cognitive functioning and total RAND-36 questionnaire score on quality of life

R=0.66. Lower RAND-36 total scores imply a lower quality of life and higher CLCE-24 total 
scores imply more cognitive complaints.
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Supplementary Table s3. Clinical characteristics at admission of the 68 patients treated 
with dexamethasone and 11 patients not treated with dexamethasone

Characteristics Dexamethasone 
treated (n=68)

n/N (%)

Non 
dexamethasone 

treated (n=11)
n/N (%)

P- 
value*

Age at admission, mean (SD) 59 (12) 59 (11) 0.878

Male 30/68 (44%) 8/11 (73%) 0.107

Symptoms before admission

Ʌ Duration of symptoms <24 hours 31/68 (46%) 4/10 (40%) 1.00

Predisposing conditions

Ʌ Sinusitis / otitis media 29/68 (43%) 6/11 (55%) 0.524

Ʌ Pneumonia 8/66 (12%) 2/11 (18%) 0.629

Ʌ Immunocompromised state 13/68 (19%) 3/11 (27%) 0.686

Clinical characteristics on admission

Ʌ Classic triad (%) 35/76 (44%) 59/117 (50%) 0.456

Ʌ Coma (%) 4/80 (5%) 20/123 (16%) 0.024

Ʌ Focal neurologic deficits (%) 18/79 (23%) 28/122 (23%) 1.00

Laboratory characteristics on 
admission†

Ʌ Blood CRP (mmol/L) 160 (72-254) 164 (82-284) 0.495

Ʌ  CSF leukocyte count (×10^6 cells/L) 2427 (615-4756) 3486 (1349-7709) 0.282

* calculated with Chi-square test, T-test, and Mann Whitney U test. † median (IQR)
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Appendix I  
Adapted version of CLCE-24 questionnaire for MeninGene Recall study
Instructions: Please state about the 13 items below if you experienced difficulties 

with that item since the meningitis episode. If present, indicate if the issue is 

troublesome or not. Fill in ‘unsure’ if you have some doubt about that item.

Issues Do you experience difficulties since the meningitis?

Since the meningitis you  
experience difficulties with:

Yes, very 
troublesome

Yes, but 
not that 
troublesome

No Unsure

1. Doing two things at once

2. Attending to things

3. Keeping up (has become slower)

4. Remembering new information

5. Remembering old information

6. Taking initiative

7. Planning and organising things

8.  Performing daily activities (not  
due to physical limitations)

9. Perceiving time

10. Orientating to places or persons

11. Social aspects of language

12. Speaking or writing

13.  Attending to a part of the body  
or space
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