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Acute bacterial meningitis is a life-threatening infectious disease. The estimated incidence of 
bacterial meningitis is 4-6 cases per 100,000 adults per year in developed countries and the 
most common pathogens are Streptococcus pneumoniae and Neisseria meningitidis which are 
responsible for 80 percent of cases.1-4 Vaccination strategies have substantially changed the 
epidemiology of bacterial meningitis during the past two decades.5 The routine vaccination of 
children against Haemophilus influenzae type B has virtually eradicated bacterial meningitis due 
to this bacterium in the developed world.6 As a consequence, S. pneumoniae has become the 
most common pathogen beyond the neonatal period and bacterial meningitis has become a 
disease predominantly of adults rather than of infants and children.7  

Clinical recognition of a patient with pneumococcal meningitis allows early initiation 
of appropriate therapy, which is vital to successful treatment in this life-threatening disease.8 
Although the majority of patients present with classic symptoms and signs of bacterial 
meningitis (eg, headache, fever, neck stiffness and altered mental status), many patients 
present with non-specific clinical features, making the disease difficult to diagnose.4 Case 
series on adults with pneumococcal meningitis were hampered by heterogeneous cohorts 
(including both adults and children, and various causative pathogens), a relatively small 
sample size and were all retrospective.2,3,8-19 Well-designed clinical studies are needed to assess 
clinical features of pneumococcal meningitis. In addition, identification of prognostic factors 
can help clinicians to identify patients with a high risk for adverse outcome. 

The initiation of antibiotic treatment on suspicion of bacterial meningitis is 
important, but not sufficient to improve the prognosis for all patients.4,20 The recent 
European Dexamethasone Study was a randomised, placebo-controlled trial that showed that 
adjunctive dexamethasone therapy reduced the risk of an unfavourable outcome, including 
mortality, in adults with bacterial meningitis.20 Since publication of these results 
dexamethasone has become routine therapy in adults with suspected bacterial meningitis. In a 
post hoc analysis of the European Dexamethasone Study, which included only patients with 
pneumococcal meningitis who died within 14 days after admission, the mortality benefit of 
dexamethasone therapy was entirely due to reduced mortality from systemic causes such as 
septic shock, pneumonia, or acute respiratory distress syndrome.21 So, the introduction of 
routine use of dexamethasone will influence clinical course and may affect prognostic factors 
for outcome.22 Therefore, studies are needed to determine the effect of dexamethasone on 
prognostic factors in adults with bacterial meningitis.  

The benefit of adjunctive dexamethasone therapy in the European study was not 
undermined by an increase in serious side effects. However, in animal studies of bacterial 
meningitis corticosteroids aggravated hippocampal apoptosis and learning deficiencies in 
doses similar to those used in clinical practice.23 Cognitive impairment occurs frequently in 
adults surviving pneumococcal meningitis and is related to lower scores on questionnaires 
measuring the quality of life.24,25 Therefore, concerns exist about the effects of steroid therapy 
on long-term cognitive outcome.  

In chapter two of this thesis we describe clinical features, complications, and 
outcome in 352 episodes of adulthood pneumococcal meningitis. This was done within the 
context of the Dutch Bacterial Meningitis Cohort Study. This study is the first prospective 
and largest cohort study on this topic to date and included 696 episodes of community-
acquired bacterial meningitis in adults.4 In chapter three, we compare the characteristics of 
bacterial meningitis in the elderly with findings in younger adults in our prospective cohort 
study. In chapter four, we derive and validate a risk score for unfavourable outcome in adults 
with bacterial meningitis. In chapter five, we present the results of a follow-up study of the 
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European Dexamethasone Study that was designed to examine the potential harmful effect of 
adjunctive dexamethasone treatment on long-term neuropsychological outcome. Chapter six 
summarises clinical and diagnostic aspects of pneumococcal meningitis in adults, and focuses 
on current understandings of the pathophysiology and pathogenic mechanisms that are 
involved. In chapter seven we discuss the role of potential therapeutic strategies and 
adjunctive therapies in adults with bacterial meningitis. In the final chapter eight we 
summarise the findings of this thesis and discuss challenges for future research. 
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Abstract 
Background Bacterial meningitis is a grave disease of high incidence, especially in less 
developed countries. Here, we describe its clinical presentation, spectrum of complications, 
prognostic factors, and outcome in adults with pneumococcal meningitis. Methods From 
October 1998 to April 2002, we assessed 352 episodes of community-acquired pneumococcal 
meningitis, confirmed by culture of cerebrospinal fluid (CSF), which occurred in patients 
older than 16 years. Predictors for an unfavourable outcome (Glasgow Outcome Scale score 
1–4) were identified by logistic regression with multiple imputation techniques. Findings 245 
(70%) episodes of pneumococcal meningitis were associated with an underlying disorder. 
Cranial CT was done for 85 percent of episodes and revealed underlying disorders in 17 
percent (50/299) and meningitis-associated intracranial complications in 39 percent 
(117/299). Independent predictors for an unfavourable outcome were a low score on the 
Glasgow Coma Scale, cranial nerve palsies, a raised erythrocyte sedimentation rate, a CSF 
leukocyte count less than 1000 cells per mm3, and a high CSF protein concentration on 
admission. Overall in-hospital mortality was 30 percent. Prevalence of neurological and 
systemic complications did not differ between patients aged younger than 60 years and those 
aged 60 years and older; however, systemic complications were the cause of death in 59 
percent (32/54) of fatal episodes in patients aged 60 years and older, whereas neurological 
complications were the cause of death in 65 percent (20/31) of fatal episodes in younger 
patients. Interpretation Pneumococcal meningitis is associated with high mortality and 
morbidity rates in adults. Whereas neurological complications are the leading cause of death 
in younger patients, elderly patients die predominantly from systemic complications. 
 

 

Introduction 
Bacterial meningitis is a serious and life-threatening disease. The estimated incidence is 2.6–6 
per 100,000 adults per year in developed countries and is up to ten times higher in less 
developed countries.1 Streptococcus pneumoniae is the leading cause of bacterial meningitis in 
adults.1,2 Case series on adults with pneumococcal meningitis have been published previously. 
However, these studies were mainly retrospective.1,3–15 In this prospective cohort study we 
provide a detailed description of the clinical course, the spectrum of complications, prognostic 
factors, and outcome in 352 adults with community-acquired pneumococcal meningitis. 
 
 
Methods 
Patients 

In the Dutch Meningitis Cohort Study, a nationwide observational cohort study in the 
Netherlands, 696 episodes of community-acquired acute bacterial meningitis were assessed 
prospectively.2 The causative organisms were identified by culture of the cerebrospinal fluid 
(CSF), which yielded S. pneumoniae in 352 (51%) episodes, Neisseria meningitidis in 257 (37%) 
episodes, and other bacteria in 87 (13%) episodes (figure 1). Inclusion and exclusion criteria 
have been extensively described elsewhere.2 In summary, eligible patients were older than 16 
years, had bacterial meningitis confirmed by culture of CSF, and were listed in the database of 
the Netherlands Reference Laboratory for Bacterial Meningitis from October 1998 to April 
2002. This laboratory receives CSF isolates from about 85 percent of all patients with bacterial 
meningitis in the Netherlands.2,16 The laboratory provided daily updates of the names of 
hospitals where patients with bacterial meningitis had been admitted 2–6 days previously. 
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Figure 1 Patient selection 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The start of the cohort study was announced in the journal of the Dutch Neurological 
Society, with periodic reminders. Before the study started, all neurologists received by mail 
information about the study, including a case record form. The treating physician was 
contacted and informed consent was obtained from all participating patients or their legally 
authorised representatives. The Dutch Meningitis Cohort Study was approved by our ethics 
committee. 
 

Procedures 

Data registration was started at the time of inclusion. The study was undertaken in 
accordance with the Dutch privacy legislation and information was obtained with a case 
record form. Patients using immunosuppressive drugs and those with diabetes mellitus, 
alcoholism, asplenia, or HIV infection were judged to be immunocompromised. Persisting 
fever was defined as a body temperature of 38ºC or more for longer than 10 days after start 
of appropriate antibiotic treatment. Recurrent fever was defined as fever reoccurring after at 
least 1 afebrile day. A patient was regarded as septic if their systolic blood pressure was less 
than 90 mm Hg and blood cultures were positive. Hyponatraemia was defined as plasma 
sodium concentration below 135 mmol/L. Patients underwent a neurological examination at 
discharge and outcome was graded with the Glasgow Outcome Scale. This measurement 
scale is well validated with scores varying from one (indicating death) to five (good 
recovery).17 A favourable outcome was defined as a score of five, and an unfavourable 
outcome as a score of one to four. Focal neurological abnormalities were divided into focal 
cerebral deficits (aphasia, monoparesis, or hemiparesis) and cranial nerve palsies. Whenever 
audiometry was done, hearing loss was classified as normal (<30 dB), mild (30–55 dB), 
moderate (55–70 dB), severe (70–90 dB), or profound (>90 dB).18 Penicillin resistance of 
pneumococci was assessed by the reference laboratory with a 1 µg oxacillin disc. If a strain 

1108 patients with meningitis identified  
 

754 of 994 (76%) case record forms returned  
Streptococcus  pneumoniae  369 (49%)* 
Other bacteria   385 (51%) 
 

58 of 754 (8%) patients with hospital 
acquired meningitis and/or neurosurgical 
device excluded† 
S. pneumoniae 17 (29%) 
Other bacteria 41 (71%) 696 episodes of community acquired  

meningitis analyzed 
S. pneumoniae 352 (51%) 
Other bacteria 344 (49%) 
 

*No. of patients with characteristic (percentage). 
†In-hospital death occurred in 8 of 58 (14%) patients with hospital acquired meningitis and/or neurosurgical 
device; of which 3 of 17 (18%) patients with pneumococcal meningitis. 

994 case record forms sent out 
 

81 of 1108 (7%) patients were untraceable 
33 of 1108 (3%) patients were not included 
because physicians refused to participate 
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showed decreased susceptibility, the E test was used to establish the minimal inhibitory 
concentration.19  

To assess complications and mortality rates among different age groups, we 
dichotomised the cohort with respect to age (patients aged <60 vs ≥60 years). Causes of 
death were independently classified in two categories by two clinicians (MW, DvdB) on the 
basis of criteria described in previous studies.20,21 These two categories were: 1) systemic 
causes, including septic shock, respiratory failure, multiple-organ dysfunction, cardiac 
ischaemia; and 2) neurological causes, including brain herniation, cerebrovascular 
complications, intractable seizures, and withdrawal of care because of poor neurological 
prognosis. Only patients who died within 14 days after admission were classified, because 
death within this period is probably caused by direct consequences of the meningitis.20 
Differences in classification between both clinicians were resolved by discussion. Inter-rater 
agreement was assessed by calculation of the kappa coefficient. 
 

Statistical analysis 

The Mann-Whitney U test was used to identify differences between groups in continuous 
variables, and dichotomous variables were compared by the χ2 test. We used logistic 
regression analysis to calculate odds ratios and 95% confidence intervals (CI) to assess the 
strength of the association between potential prognostic factors and the probability of an 
unfavourable outcome. On the basis of previous research and pathophysiological interest, 21 
potentially relevant determinants of outcome were selected to be entered in a multivariate 
regression analysis.2 Because meningitis-associated hearing loss is probably the consequence 
of suppurative labyrinthitis, it was analysed separately from cranial palsies.22 Although the 
median percentage of missing values for individual variables was low (3%), data were 
complete for all potential predictors in only 141 (40%) patients. As this deficit presents an 
important limitation for multivariate models, we used multiple imputation techniques to 
reduce this loss of data.23 Missing values were imputed by use of multivariate normal 
distributions, and the coefficients of ten rounds of imputation were combined to obtain the 
final estimates from the multivariate model. In a comparison of multivariate models based on 
cases with complete data and imputed data, estimates were similar with smaller corresponding 
CI because of an increase in power. The overall discriminative ability of the final model was 
assessed by calculation of the concordance index (also known as C statistic or area under the 
ROC curve). This C statistic can be interpreted as the probability that a randomly chosen 
patient with an unfavourable outcome has a higher predicted probability (risk score) than a 
randomly chosen patient with a favourable outcome. All statistical tests were two-tailed, and a 
p value less than 0.05 was regarded as significant. All analyses were undertaken with SAS 
software (version 9.11). 
 
 

Results 
In total, 352 episodes of pneumococcal meningitis occurred in 343 patients; nine patients had 
a second episode during the study period. In 245 (70%) episodes, underlying disorders were 
present, such as otitis or sinusitis, pneumonia, or an immunocompromised state (table 1). 
Patients with otitis or sinusitis were significantly younger than patients with other underlying 
disorders (mean age 56 years [SD 15] vs 61 years [16]; p=0.008). A previous episode of 
pneumococcal meningitis (before or during the study) had occurred in 28 (8%) current 
episodes, and in seven (2%) episodes the patients had a recent head injury (within a month 
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before onset of meningitis). The classic triad of neck stiffness, fever, and altered mental status 
(defined as a score on the Glasgow Coma Scale <14) was associated with 59 percent of 
episodes. 

Opening pressures on lumbar puncture were recorded in 114 episodes; median 
opening pressure was 400 mm of water (range 70–700 mm), and 85 (75%) episodes had an 
opening pressure of more than 250 mm of water. Patients in whom these episodes occurred 
had a significantly lower Glasgow Coma Scale score than did those with episodes with lower 
opening pressures (median score 10 [IQR 7–11] vs 11 [8–13]; p=0.03). In 94 percent of the 
episodes, at least one individual CSF finding deemed to be predictive of bacterial meningitis 
was present (glucose concentration <1.9 mmol/L, ratio of CSF glucose to blood glucose 
<0.23, protein concentration >2.20 g/L, white-cell count >2000 cells per mm3, or CSF 
neutrophil count >1180 cells per mm3).24 Patients with a CSF leukocyte count less than 1000 
cells per mm3 were significantly older (mean age 62 years [SD 17] vs 57 years [16]; p=0.01) 
and more often had a positive blood culture (72/84 [86%] vs 138/196 [70%]; p=0.01) and an 
immunocompromised status (31/104 [30%] vs 39/215 [18%]; p=0.02) than did patients with 
a higher CSF white-cell count. 

Cranial CT was done on admission for 291 (83%) episodes. Imaging preceded the 
lumbar puncture for 202 (57%) episodes, and for only 53 (26%) of these episodes antibiotic 
treatment was started before CT. The proportions of unfavourable outcome in episodes with 
the first dose of antibiotics given to the patient before and after imaging were closely similar. 
 
Table 1 Clinical and laboratory characteristics on admission  

 
Characteristics 

Episodes  
(n = 352) 

 
Characteristics 

Episodes  
(n = 352) 

Mean age in years (± SD) 58 ± 17 Focal neurological abnormalities 141 (40) 
Male 171 (49) Aphasia 79/234 (34) 
Duration of symptoms <24 hr  164/326 (50) Hemiparesis 39/344 (11) 
Predisposing conditions 245 (70) 
Otitis/sinusitis  153 (43) 

Cranial nerve palsies (excluding  
hearing loss) 

43 (12) 

Pneumonia  62 (18) Hearing loss 23/243 (9) 
Immunocompromise* 76/351 (22) Indexes of inflammation in CSF†  
Cerebrospinal fluid leak 11/330 (3) White-cell count (per mm3) 2530 (531-6983) 
Symptoms on presentation      <100  32/320 (10) 
Seizures  24/326 (7)    100-999  72/320 (23) 
Headache  256/305 (84)    1000-10,000  167/320 (52) 
Neck stiffness  280/344 (81)    >10,000  49/320 (15) 
Heart rate >120 beats/min  84/331 (25) Protein (g/L) 4.6 (2.7-7.0) 
Body temperature ≥38 ˚C  291/345 (84) CSF:blood glucose ratio 0.06 (0.01-0.20) 
Diastolic blood pressure <60 mmHg 18/342 (5) Positive Gram’s stain 304/327 (93) 
Score on Glasgow Coma Scale  Indexes of inflammation in blood‡  
 <14, indicating altered mental status 298/351 (85) Positive blood culture 230/309 (74) 
 <8, indicating coma 68/351 (19) ESR (mm/hour) 43 (22-74) 
Papilledema 8/175 (5) C-reactive protein (mg/L) 211 (104-333) 
Triad of fever, neck stiffness, and 
change in mental status  

206 (59) Thrombocyte count  
(platelets/mm3) 

199,000  
(157,000-250,000) 

Data are number/number evaluated (%) or median (interquartile range), unless indicated otherwise. *Defined as the use of 
immunosuppressive drugs, a history of splenectomy, the presence of diabetes mellitus, alcoholism or infection with the human 
immunodeficiency virus. †The CSF protein level was determined in 316 patients and CSF:blood glucose ratio in 309 patients. 
‡ESR was determined in 281 patients, C-reactive protein level in 187, and the thrombocyte count in 326 patients. 
CSF=cerebrospinal fluid; ESR=erythrocyte sedimentation rate. 
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 Table 2 Results of cranial computed tomography  

 
CT Findings 

On admission  
(n = 291) 

Admission and clinical 
course (n = 299) 

Total number of abnormalities       129 (44) 167 (56) 
Brain infarction 25 (9) 52 (17) 
Sinusitis/otitis 47 (16) 58 (19) 
Cerebral oedema 29 (10) 37 (12) 
Hydrocephalus 10 (3) 14 (5) 
Cerebritis 11 (4) 23 (8) 
Empyema/abscess 2 (1) 7 (2) 
Intracranial haemorrhage* 1 (0) 2 (1) 
Other abnormalities† 23 (8) 23 (8) 
Data are number (%). Percentages are calculated per number of episodes with cranial CT 
performed. *Intracerebral bleeding on admission in 1, subarachnoid haemorrhage during clinical 
course in 1. †Old vascular lesions were detected in 7 episodes, skull fracture in 5, pneumocephalus 
in 4, cerebral atrophy in 3, vascular aneurysm in 1, meningioma in 1, arachnoid cyst in 1, and 
Dandy-Walker malformation in 1 episode. CT=computed tomography. 
 

Table 2 shows CT findings on admission and during hospitalisation (admission and clinical 
course). Clinical deterioration prompted another CT for 117 (33%) of 352 episodes. 
Additionally, a follow-up CT was undertaken for 2 (1%) episodes. At least one CT was done 
for 299 (85%) episodes. Abnormal findings were associated with more than half of these 
episodes: sinusitis or otitis, brain infarction, and cerebral oedema were the most common 
abnormalities, and 31 episodes were associated with more than one abnormality. Brain 
swelling (cerebral oedema or cerebritis, or both) was recorded in 59 (20%) of 299 episodes. 
For 50 (17%) episodes, CT provided information about potential underlying disorders for 
meningitis (otitis or sinusitis or post-traumatic abnormalities). Intracranial abnormalities were 
deemed to be caused by the meningitis (brain infarction, brain swelling, hydrocephalus, 
empyema, and intracranial haemorrhage) for 117 (39%) episodes. A chest radiograph was 
done for 297 (84%) episodes and showed findings indicative for pneumonia for 61 (21%). An 
additional sinus radiograph was undertaken for 75 (21%) episodes and indicated the presence 
of sinusitis in 17 (23%). 

Gram staining of CSF was done for 324 episodes and showed presence of bacteria 
in 304 (93%) episodes. Findings were indicative of S. pneumoniae in 295 (97%) of these 
episodes; however, in the remaining nine (3%) episodes, results were erroneously interpreted 
as gram-negative cocci. Patients with erroneously interpreted gram-negative cocci were more 
likely to have a rash on presentation than were patients with gram-positive cocci (two of nine 
[22%] vs one of 295 [0.3%]; p<0.0001). CSF culture yielded pneumococci in all patients. The 
distribution of serotypes was: type 3 and 14 (each 10%); type 19F, 7F, and 9V (each 8%); type 
6B and 10A (each 6%); type 8 and 4 (each 5%); type 23F (4%); type 6A, 19A, and 12F (each 
3%); type 22F and 18C (each 2%); other subtypes caused 18 percent of the episodes. The 
causative organism was one of the serotypes included in the seven-valent conjugated vaccine 
in only 149 (42%) episodes; the coverage of the 23-valent pneumococcal polysaccharide 
vaccine was 87 percent. Antibiotic susceptibility was tested for 351 episodes; 349 (99%) strains 
were sensitive to penicillin, and two strains showed intermediate resistance to penicillin. 

Antimicrobial treatment consisted of penicillin or amoxicillin for 45 percent of 
episodes, third-generation cephalosporins alone or in combination with penicillin or 
amoxicillin for 15 percent and 23 percent of episodes, respectively, and another regimen was 
used for 16 percent of episodes. Only 59 (17%) episodes were treated with adjunctive 
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steroids and, if given, steroid treatment was often started after deterioration during the 
clinical course. The mortality rate tended to be higher in these patients than in patients 
without steroid treatment (23/59 [39%] vs 84/293 [29%]; p=0.12). In 11 (19%) of 59 
episodes, dexamethasone (10 mg every 6 h for 4 days) was given to the patient before or with 
the first dose of antibiotics; in the other 48 episodes, several steroid regimens were 
administered after the start of antibiotic treatment (dexamethasone, hydrocortisone, 
prednisone, prednisolone; median dose equivalent to dexamethasone 43 mg [range 1–343 mg] 
over 1 or more days). The mortality rate was lower for episodes in patients with 
dexamethasone administered before antibiotics than for episodes in patients for whom 
corticosteroids were given after antibiotics (1/11 [9%] vs 22/48 [46%]; p=0.03).  

At least one neurological complication (impairment of consciousness, seizures, or 
focal neurological abnormalities) developed in 263 (75%) of 352 episodes. Systemic 
complications (cardiorespiratory failure or sepsis) were recorded in 134 (38%) episodes. 
Neurological and systemic complications both occurred in the same proportion of patients 
aged younger than 60 years and 60 years and older; 121 (34%) of 352 patients developed 
systemic and neurological complications. Hyponatraemia occurred in 98 (30%) of 330 
assessed episodes and had an average duration of 3 days. Treatment was given for 18 (18%) 
episodes and consisted of fluid restriction in 9 percent of these episodes. 

Persistent fever was present in 57 (18%) of 314 assessed episodes. A subsequent 
lumbar puncture was done for 16 (28%) of 57 episodes and showed persisting or increased 
pleocytosis in 87 percent of CSF examinations. Persistent fever was due to pneumonia in 21 
(37%), otitis or sinusitis in 10 (18%), drug fever in seven (12%), and other or unknown causes 
in 19 (33%) episodes. Recurrent fever occurred in 92 (30%) of 302 assessed episodes. Causes 
were pneumonia in 21 (23%), otitis or sinusitis in 12 (13%), arthritis in eight (9%), drug fever 
in seven (8%), urinary tract infection in six (7%), labial herpes simplex infection in six (7%), 
subdural effusion in three (3%), and other or unknown causes in 29 (32%) episodes. 
Recurrent fever prompted another lumbar puncture in 12 (13%) of 92 episodes and showed 
persisting or increased pleocytosis in eight (67%) of 12 episodes.  

At discharge, neurological examination was done for 243 (99%) of 245 episodes 
and revealed focal neurological abnormalities in 73 (30%). Cranial nerve palsies were 
associated with 67 (28%) of 243 assessed episodes and focal cerebral deficits with 26 
(11%); aphasia was present in eight (3%) episodes, and hemiparesis in 18 (7%). Hearing 
impairment developed in patients during hospitalisation for 96 (27%) episodes, and 
persisted until discharge of the patient in 53 (55%) of these episodes. Audiometry was 
undertaken for 40 (75%) of the 53 episodes associated with persisting impairment. The 
severity of hearing loss was graded as mild for 31 percent of the recorded episodes, 
moderate for 21 percent, severe for 17 percent, and profound in 31 percent; abnormalities 
were unilateral in 31 percent. 

A total of 107 (30%) patients in this cohort died; mortality rates were significantly 
higher in patients aged 60 years and older than in those aged younger than 60 years (68/176 
[39%] vs 39/176 [22%]; p=0.001). Of the 107 patients, 85 (79%) died within 2 weeks after 
admission, so these patients were included in the categorisation of death. Death was judged to 
be due to systemic complications in 43 (51%) of 85 patients and neurological complications in 
42 (49%) patients. The kappa coefficient for inter-rater agreement was 0.60. The most common 
causes of death were cardiorespiratory failure in 18 (21%) of 85 fatal episodes, sepsis in 16 
(19%), cerebrovascular complications in 12 (14%), brain herniation in 11 (13%), and withdrawal 
of care because of poor neurological prognosis in ten (12%) patients (figure 2). 



Chapter 2 

 22 

Figure 2 Cause of death in 85 fatal episodes of pneumococcal meningitis 
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*Other causes were pulmonary embolism (n=1), acute cardiac arrest (n=1), dissection of thoracic aorta (n=1), and 
due to multiple complications (n=5). CRF=cardiorespiratory failure; MOF=multi-organ failure. Withdrawal denotes 
withdrawal of care due to poor neurological prognosis.  
 

 
Patients aged 60 years and older were significantly more likely to die from systemic 

complications than were younger patients (32/54 [59%] vs 11/31 [35%]; p=0.04). 
Accordingly, in 20 (65%) of 31 fatal episodes among patients aged younger than 60 years 
death was attributed to neurological complications, compared with 22 (41%) of 54 episodes 
in elderly patients. Of 22 patients who died after 2 weeks, 12 (55%) died of systemic 
complications and 10 (45%) due to neurological complications. 

Table 3 shows the results of the logistic regression analysis of prognostic factors for 
an unfavourable outcome. Although several potential prognostic factors were significantly 
associated with an unfavourable outcome in the univariate analysis, most factors were not 
significant in the multivariate analysis. In the multivariate model, a low Glasgow Coma Scale 
score on admission, cranial nerve palsies on admission, a raised erythrocyte sedimentation 
rate, a CSF leukocyte count less than 1000 cells per mm3, and a high concentration of protein 
in CSF were independent predictors for an unfavourable outcome. The concordance index 
for the final multivariate model was 0.85 (95% CI 0.81-0.89). 

 
 
Discussion 

This study describes adults with pneumococcal meningitis from a large prospective 
cohort study of adults with bacterial meningitis. Our findings confirm the serious and life-
threatening status of pneumococcal meningitis; systemic and neurological complications 
occurred in a large proportion of patients and resulted in a high mortality rate (30%) and high 
rate of neurological sequelae (30%) in surviving patients, such as hearing loss and 
hemiparesis. 
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Table 3 Multivariate analysis of factors associated with an unfavourable outcome 

 
 
Characteristics 

Favourable 
Outcome  
(n = 175) 

Unfavourable 
Outcome 
(n = 177) 

 
Odds Ratio 
(95% CI)* 

 
 

p-value 
Mean age in years (± SD) 55 ± 16 61 ± 17 1.13 (0.96-1.34) 0.15† 
Duration of symptoms <24 hr  90/164 (55) 74/162 (46) 1.29 (0.73-2.27) 0.39 
Seizures  14/172 (8) 10/154 (6) 0.62 (0.22-1.78) 0.37 
Antibiotics before admission  26/172 (15) 18 (10) 0.54 (0.24-1.21) 0.13 

Otitis/sinusitis 81 (46) 72 (41) 1.22 (0.69-2.15) 0.49 
Pneumonia 25 (14) 37 (21) 1.12 (0.54-2.32) 0.76 
Immunocompromise‡ 26/174 (15) 50 (28) 1.78 (0.91-3.48) 0.09† 

Neck stiffness  150/173 (87) 130/171 (76) 0.71 (0.27-1.84) 0.48† 
Heart rate >120 beats/min  31/165 (19) 53/166 (32) 1.17 (0.51-2.67) 0.71† 
Diastolic blood pressure <60 mmHg   9/170 (5) 9/172 (5) 1.50 (0.44-5.06) 0.52 
Body temperature ≥38 ˚C  146/172 (85) 145/173 (84) 2.15 (0.78-5.89) 0.14 
Glasgow Coma Scale score¶ 10 (9-13) 10 (7-11) 0.86 (0.77-0.96) 0.006† 
Triad of fever, neck stiffness, and 
change in mental status  

108 (62) 98 (55) 0.47 (0.18-1.22) 0.12 

Focal cerebral deficits§ 41 (23) 64 (36)  1.39 (0.76-2.54) 0.28† 
Cranial nerve palsies (excl. hearing loss)       15 (9) 28 (16) 2.50 (1.09-5.73) 0.03 
Hearing loss 10/134 (8) 13/109 (12) 1.18 (0.33-4.25) 0.80 
Indexes of inflammation in CSF$     

White-cell count <1000/mm3 30/159 (19) 74/161 (46) 4.14 (2.10-8.13) <0.001† 
Protein (g/L) 3.8 (2.2-5.7) 5.5 (3.7-7.8) 1.19 (1.06-1.32) 0.002† 
CSF:blood glucose ratio 0.08 (0.02-0.31) 0.03 (0.01-0.10) 0.85 (0.61-1.20) 0.36† 

Positive blood culture  112/159 (70) 118/150 (79) 1.18 (0.62-2.26) 0.61 
ESR (mm/hour)$ 36 (15-65) 52 (32-84) 1.37 (1.11-1.69) 0.004† 
Thrombocyte count 
(platelet/mm3)$ 

219,000  
(176,000-263,000) 

181,000  
(143,000-236,000) 

0.76 (0.57-1.02) 0.07† 

Data are number/number evaluated (%) or median (interquartile range), unless indicated otherwise. *Odds ratios are calculated 
in 10-year increments for age, per increments of 0.2 g/L protein, per 20 mm per hour for ESR, and per 100,000/mm3 for 
thrombocyte count. †Significant association with unfavourable outcome in univariate analysis. ‡Defined as the use of immuno-
suppressive drugs, presence of asplenia, diabetes mellitus, alcoholism or infection with the human immunodeficiency virus. 
¶Glasgow Coma Scale score was obtained in 351 patients. §Defined as aphasia, mono- or hemiparesis. $CSF protein level was 
determined in 316 patients, CSF:blood glucose ratio in 309, ESR in 281, C-reactive protein level in 187, and the thrombocyte 
count in 326 patients.  
 
  

By undertaking a categorisation of the cause of death, we were able to estimate the 
effect of these complications on mortality and compare these findings among different age-
groups. In older patients (≥60 years), death was usually a result of systemic complications, 
which accords with findings from a previous study.12 Although a similar proportion of 
younger patients (<60 years) developed systemic complications, they were less often fatal 
than in older patients. Death in younger patients was predominantly due to neurological 
complications. Several patients developed systemic as well as neurological complications 
during the clinical course of the disease. Therefore, it was often difficult to allocate the death 
of a patient to a single mechanism or complication, which is reflected by the low kappa-value 
for inter-rater agreement on categorisation of death (0.60). Nevertheless, our findings could 
have implications for the optimisation of care for different age-groups of patients with 
bacterial meningitis. 



Chapter 2 

 24 

Because of the large sample size we were able to do a multivariate analysis to 
identify prognostic factors in a representative sample of adults with pneumococcal 
meningitis. Independent predictors for an unfavourable outcome were impairment of 
consciousness and cranial nerve palsies on admission, a raised erythrocyte sedimentation rate, 
a CSF white-cell count less than 1000 cells per mm3, and a high CSF protein concentration. 
Impairment of consciousness and a raised erythrocyte sedimentation rate have been 
associated with adverse outcome in several studies.7,10–12,15 An increased erythrocyte 
sedimentation rate probably indicates the severity of systemic disease.7,10–12,15 In the present 
study, a weak leukocyte response in the CSF was associated with advanced age and 
immunodeficiency and could therefore suggest an impaired host defence against infection. A 
low CSF leukocyte count might also indicate the presence of sepsis with early meningitis or 
fulminating meningitis with excessive bacterial growth and a lack of leukocyte response.2,12 

Cranial CT was done in most patients (85%) and revealed underlying disorders in 17 
percent of patients, and meningitis-associated intracranial complications in 39 percent of 
patients. Most common intracranial complications were brain infarction, cerebral oedema, 
and hydrocephalus. The prevalence of brain infarction and hydrocephalus in our study was 
lower than that reported in two previous studies of adults with pneumococcal meningitis.12,25 
However, these previous studies included patients from tertiary medical centres, which may 
have resulted in selected patient groups. Whereas in our study CT scans were assessed in 
clinical practice, imaging in these previous studies was assessed in the context of a study with 
a specific focus on potential complications of bacterial meningitis. This difference in 
perspective could have affected the assessment of imaging.  

Delay in the administration of antibiotics (because of imaging) was not associated 
with an increased risk for adverse clinical outcome. However, the lack of data about the exact 
time elapsed between presentation and start of antibiotic treatment is an important limitation 
of our study that precludes the interpretation of these discordant results. The association 
between delay in the administration of antibiotics and adverse outcome has been shown in 
previous studies.4,26 In a retrospective case record study of adults with acute bacterial 
meningitis, delay in antibiotic treatment (because of cranial imaging or hospital transfer) was a 
significant risk factor for mortality.26 In another retrospective cohort study of adults with 
community-acquired bacterial meningitis, patients were stratified into three stages of 
prognostic severity.4 Delay in treatment was associated with adverse outcome when the 
patient’s condition deteriorated to the highest stage of prognostic severity before the first 
dose of antibiotics was administered.4 Therefore, if cranial CT precedes lumbar puncture, we 
recommend that appropriate treatment (antibiotics with adjunctive dexamethasone) should 
be started before imaging.27 

Most patients had underlying disorders (70%). Otitis and sinusitis were the most 
common predisposing conditions in our study and were more often present in younger 
patients. The prevalence of underlying disorders reported in retrospective studies ranges from 
75 to 90 percent.1,8,11,12 Ear or sinus infections in patients with bacterial meningitis (especially 
mastoiditis) may need specialised treatment. The high rate of these associated infections 
illustrates the importance of a low threshold for consultation by an otolaryngologist, 
especially in younger patients. 

Our study has two important limitations. First, only patients who had a positive CSF 
culture were included. Negative CSF cultures occur in 11 to 30 percent of patients with 
bacterial meningitis.1,2 However, the clinical presentation in patients with positive and 
negative CSF cultures was closely similar in several studies.1,5,14 Patients with space-occupying 
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lesions on CT may not undergo lumbar puncture.28 Additionally, in patients with coagulation 
disorders or severe septic shock, lumbar puncture might be postponed, which can result in 
negative CSF cultures.27 Therefore, these patient groups were probably only partly 
represented in our study, which could have resulted in an underestimation of the rate of 
adverse outcome. Second, a substantial proportion of identified patients with bacterial 
meningitis (32%) were not included in our Dutch Meningitis Cohort,2 which might have 
resulted in a selection bias. Nevertheless, this study is the most comprehensive nationwide 
cohort study on bacterial meningitis to date. Most patients in this study did not receive 
steroid therapy. In patients who received steroid therapy, treatment was often started after 
clinical deterioration; however, the association between clinical deterioration and start of 
high-dose steroids is unclear. The European dexamethasone study showed that treatment 
with adjunctive dexamethasone, started before or with the first dose of antibiotics, reduces 
mortality in adults with bacterial meningitis.29 Dexamethasone treatment is now 
recommended in most adults with suspected bacterial meningitis,30,31 which affects risk 
stratification in these patients.11 

Finally, the rate of antibiotic resistance among pneumococcal isolates in the present 
study was very low, which has been described previously in the Netherlands.19 In many other 
countries, the rate of antimicrobial resistance of S. pneumoniae to penicillin and cephalosporins 
is much higher than reported in the Netherlands and has emerged as a problem in the 
treatment of patients with pneumococcal meningitis.30 The low rate of antibiotic resistance in 
the present study could have affected the generalisability of our results, although several 
previous studies did not show a relation between outcome and antibiotic-susceptibility in 
adults with pneumococcal meningitis.11,13 

In conclusion, our study shows that pneumococcal meningitis is a disease with high 
morbidity and mortality in adults and complications during clinical course occur frequently. 
Whereas neurological complications are the leading cause of death in younger patients, elderly 
patients die predominantly from systemic complications. 
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Abstract 
Objectives To describe clinical features of bacterial meningitis in the elderly. Design Cohort 
study. Setting Hospitals in the Netherlands. Participants From October 1998 to April 2002, we 
included 696 episodes of community-acquired bacterial meningitis, confirmed by 
cerebrospinal fluid culture, which occurred in patients aged >16 years. Measurements Data 
were collected prospectively. The cohort was dichotomized with respect to age: aged ≥60 
years vs 17-59 years. Results 257 of the 696 episodes (37%) occurred in elderly patients and 
439 (63%) in younger adults. The elderly more often presented with the triad of fever, neck 
stiffness and altered mental status than younger adults (58% vs 36%; p<0.001). Among the 
elderly, meningitis was due to Streptococcus pneumoniae in 176 episodes (68%). In younger adults, 
Neisseria meningitidis was the most common pathogen, responsible for 221 episodes (50%). 
Elderly patients more often developed complications than younger adults (72% vs 57%; 
p<0.001), which resulted in a higher mortality rate (34% vs 13%; p<0.001). The elderly 
tended to die more often due to cardiorespiratory failure (25% vs 11%; p=0.06), whereas 
younger adults more often died due to brain herniation (2% vs 23%; p=0.004). Conclusions 
Elderly patients with bacterial meningitis often present with classic symptoms of bacterial 
meningitis. Bacterial meningitis within this age group is predominantly due to S. pneumoniae 
and is associated with high morbidity and mortality rates. Whereas the elderly die frequently 
of cardiorespiratory failure, younger adults more often die of brain herniation.  
 
 
Introduction 
The epidemiology of bacterial meningitis has changed over the last two decades. Meningitis 
due to Haemophilus influenzae type b has been nearly eliminated in the Western world since 
vaccination against H. influenzae type b was initiated, and the introduction of conjugate 
vaccines against Streptococcus pneumoniae is expected to reduce the burden of childhood 
pneumococcal meningitis substantially.1,2 Although vaccination with the pneumococcal 
conjugate vaccine may produce herd immunity among adults, the age distribution of 
meningitis has shifted to the older age groups. In previous studies, the elderly with bacterial 
meningitis have been described as a distinct patient group with atypical clinical presentation, 
unusual bacterial pathogens and with a high rate of adverse outcome.3,4 However, these 
studies were retrospective and relatively small in size.3,5-11  

Recently, we described clinical features and prognostic factors in 696 episodes of 
community-acquired bacterial meningitis in adults. In this study, age was an important risk 
factor for unfavorable outcome; however, we did not distinguish between findings in younger 
and older adults. In the present analysis, we describe the characteristics of bacterial meningitis 
in elderly patients (aged ≥60 years) and delineate the differences with findings in younger 
adults (aged 17-59 years). In addition, we compare the individual prognostic value of 
potential risk factors for an unfavorable outcome in both age groups. 
 
 
Methods 
The Dutch Meningitis Cohort Study, a prospective nationwide observational cohort study in 
the Netherlands, included 696 episodes of community-acquired acute bacterial meningitis in 
adults. Inclusion and exclusion criteria are described more extensively elsewhere.12 In 
summary, eligible patients were aged >16 years who had bacterial meningitis confirmed by 
culture of cerebrospinal fluid (CSF) and were listed in the database of the Netherlands 
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Reference Laboratory for Bacterial Meningitis from October 1998 to April 2002. This 
laboratory receives CSF isolates from approximately 85 percent of all patients with bacterial 
meningitis in the Netherlands.12,13 Information was collected by means of a case record form. 
The Dutch Meningitis Cohort Study was approved by our ethics committee and the study 
was carried out in accordance with the Dutch privacy legislation.12 

Patients using immunosuppressive drugs and patients with diabetes mellitus, 
alcoholism, asplenia or infection with the human immunodeficiency virus were considered 
immunocompromised. Focal neurologic abnormalities were categorized into focal cerebral 
deficits (aphasia, mono- or hemiparesis) and cranial nerve palsies. Complications during 
clinical course were divided into systemic complications (cardiorespiratory failure and sepsis 
[defined as systolic blood pressure <90 mmHg with positive blood culture]) and neurologic 
complications (impairment of consciousness, seizures and focal neurologic abnormalities). A 
neurologist performed a neurologic examination at discharge and outcome was graded by 
means of the Glasgow Outcome Scale (GOS). This is a well validated measurement scale 
with scores varying from 1 (indicating death) to 5 (good recovery).14 A favorable outcome 
was defined as a score of 5, and an unfavorable outcome as a score 1-4.12 

In the current study, we dichotomized the cohort with respect to age: patients aged 
≥60 years were defined as the elderly and patients aged 17-59 years as younger adults. To 
estimate the impact of complications, we categorized the cause of death in patients that died 
within 14 days after admission, as death within this period is likely to be caused by direct 
consequences of the meningitis.15-17 Two experienced clinicians (MW, DvdB) independently 
classified the cause of death into systemic causes (eg, septic shock, respiratory failure, 
multiple-organ dysfunction, cardiac ischemia) or neurologic causes (eg, brain herniation, 
cerebrovascular complications, intractable seizures and withdrawal of care because of poor 
neurologic prognosis). We assessed interrater agreement by calculation of the kappa 
coefficient and differences in categorization between both clinicians were resolved by 
discussion.  

Penicillin susceptibility of meningococci and pneumococci was determined as 
described previously.18 The microbial coverage of the empirical antibiotic therapy (defined as 
the antibiotic regimen started on admission in the hospital) was categorized as adequate or 
inadequate coverage. The microbial coverage of antibiotic therapy for Neisseria meningitidis, S. 

pneumoniae and H. influenzae was based on the results of in vitro antibiotic susceptibility testing. 
Intermediate resistance for penicillin was categorized as inadequate coverage if penicillin 
monotherapy was given. For other isolates coverage was categorized by an experienced 
microbiologist (LS) and was based on the antimicrobial spectrum of the antibiotic agents.19 

The χ2 test was used to identify differences between groups in dichotomous 
variables and continuous variables were compared by the Mann-Whitney U test. We used 
logistic regression analysis to calculate odds ratios (OR) and 95% confidence intervals (95% 
CI) to assess the strength of the association between potential prognostic factors and an 
unfavorable outcome. Based on previous research and pathophysiological interest, 24 
potentially relevant determinants of outcome were selected (all variables listed in table 1 and 
2, not including CSF Gram stain results).12 Although the median percentage of missing values 
for individual variables in our study was low (2%), data were complete on all potential 
predictors in only 320 out of 696 episodes (46%). In order to maximize the benefits of our 
multivariate model, missing values were imputed by using multiple imputation techniques 
based on multivariate normal distributions.20 The prognostic factors that were entered into 
the final multivariate regression analysis were selected by performing a backward stepwise 
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variable elimination procedure. The final estimates of the multivariate model were obtained 
by combining the coefficients of ten rounds of imputations. As a next step we evaluated 
whether the prognostic value of these risk factors could be attributed to the causative 
pathogen, by adjusting our analysis with the inclusion of this variable into our prognostic 
model. Finally, we assessed the prognostic value of individual independent risk factors for an 
unfavorable outcome in both age groups. Therefore, we tested for statistical interaction 
between age group and potential prognostic factors by adding multiplicative interaction terms 
to the final model. All analyses were performed using SAS software, version 9.11 (SAS 
institute), and we considered a p value below 0.05 as statistically significant.  

 
 

Results 
Clinical features 

The study included a total of 696 episodes of bacterial meningitis occurring in 671 patients; 
257 (37%) of episodes occurred in patients aged ≥60 years and 439 episodes (63%) in patients 
aged 17-59 years. Several differences were found between the clinical features on admission 
of both age groups (table 1). A higher proportion of the elderly were treated with antibiotics 
before admission (32 of 254 [13%] vs 32 of 438 [7%]; p=0.03). The rate of predisposing 
conditions, such as distant foci of infection (otitis/sinusitis, pneumonia) or an 
immunocompromised state, was also higher in the elderly than in the younger adults (147 of 
257 [57%] vs 165 of 439 [38%]; p<0.001). Whereas younger adults who had otitis/sinusitis or 
pneumonia were more likely to receive antibiotics before admission than those without (21 of 
32 episodes [66%] vs 115 of 406 [28%]; p<0.001), the rate of patients who were treated with 
antibiotics before hospitalization among the elderly was similar in those with and without 
these distant foci of infection (14 of 32 patients with infections present [44%] vs 89 of 222 
[40%]; p=0.69).  

Classic symptoms and signs of bacterial meningitis were present in a large 
proportion of the elderly. Surprisingly, the triad of fever, neck stiffness and altered mental 
status (defined as score on Glasgow Coma Scale <14) was more often present in older than 
in younger adults (149 of 257 [58%] vs 156 of 439 [36%]; p<0.001). Although neck stiffness 
occurred less frequently in the elderly (198 of 253 [78%] vs 371 of 432 [86%]; p=0.01), a 
much larger proportion had an altered mental status (216 of 256 [84%] vs 261 of 438 [60%]; 
p<0.001). At least two of the four classic symptoms and signs of meningitis (triad plus 
headache) were present in 242 episodes in older adults (94%); only one in 14 (5%), and none 
in one episode (<1%). The elderly were more likely to present with focal neurologic 
abnormalities as well. Neurologic examination on admission showed neurologic abnormalities 
in 104 of 257 episodes in elderly patients (40%).  

 
Laboratory examinations 

Lumbar puncture was performed in all patients. CSF culture in the elderly yielded: S. 

pneumoniae in 176 episodes (68%), N. meningitidis in 36 (14%), Listeria monocytogenes in 18 (7%) 
and other bacteria in 27 episodes (11%; table 2). Meningitis in younger adults was due to N. 

meningitidis in 221 of 439 episodes (50%) and due to S. pneumoniae in 176 episodes (40%). 
Overall, meningitis was caused by L. monocytogenes in 30 patients, of whom 19 (63%) were 
immunocompromised. The relative frequency of L. monocytogenes was higher among the 
elderly (7% vs 3%); however the proportion of patients with Listeria meningitis who were 
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immunocompromised was similar in both age groups (10 of 18 episodes in older adults vs 9 
of 12 episodes in younger adults; p=0.29). 
 

Table 1 Clinical features on admission: comparison among age groups 

 
 
Characteristics 

Patients aged  
≥60 years 
(n = 257) 

Patients aged 
17-59 years 
(n = 439) 

 
 

p value* 
Age 71 ± 7.5 38 ± 14 <0.001 
Male sex 107 (42) 238 (54) 0.001 
Duration of symptoms <24 hours 117/239 (49) 200/422 (47) 0.75 
Treated with antibiotics before 
admission 

32/254 (13) 32/438 (7) 0.03 

Predisposing conditions    
Otitis/sinusitis  75 (29) 101 (23) 0.70 
Pneumonia  38 (15) 45 (10) 0.09 
Immunocompromise† 63 (25) 51 (12) <0.001 

Symptoms and signs on presentation     
Rash 28/253 (11) 148/430 (34) <0.001 
Seizures  13/239 (5) 19/427 (4) 0.57 
Headache 165/214 (77) 379/412 (92) <0.001 
Neck stiffness  198/253 (78) 371/432 (86) 0.01 
Heart rate >120 beats/min  38/248 (15) 39/404 (10) 0.03 
Body temperature ≥38 ˚C  215/256 (84) 305/422 (72) <0.001 
Diastolic blood pressure <60 mmHg 17/251 (7) 44/419 (11) 0.10 
Papilledema 5/132 (4) 8/254 (3) 0.77 
Score on Glasgow Coma Scale    
<14, indicating altered mental status  216/256 (84) 261/438 (60) <0.001 
<8, indicating coma 47/256 (18) 49/438 (11) 0.01 

Focal cerebral deficits‡ 83 (32) 74 (17) <0.001 
Cranial-nerve palsies 36 (14) 53 (12) 0.46 
Triad of fever, neck stiffness and 
change in mental status 

149/257 (58) 156/439 (36) <0.001 

Data are number/number evaluated (%) or mean ± standard deviation. *Chi-square test or Mann-Whitney U test 
as appropriate. †Defined as the use of immunosuppressive drugs, a history of splenectomy, the presence of 
diabetes mellitus, alcoholism or infection with the human immunodeficiency virus. ‡Defined as aphasia, mono- or 
hemiparesis.  
 

Most findings on CSF examination were similar in both age groups. Only a CSF leukocyte 
count below 1000 cells/mm3 occurred more often in elderly patients (84 of 237 episodes 
[35%] vs 100 of 408 episodes [25%]; p=0.003). Gram’s staining of CSF was performed in 654 
of 696 episodes (94%) and showed bacteria in 567 of these 654 episodes (87%); 210 of 239 
episodes (88%) in older adults and 357 of 415 episodes (86%) in younger adults.  
 

Radiological examinations 

Cranial computed tomography (CT) was performed on admission in 496 episodes (71%): 195 
in older adults (76%) and 301 in younger adults (69%). Cranial imaging was performed prior 
to lumbar puncture in a higher proportion of the elderly, compared with younger adults (149 
of 192 evaluated episodes [78%] vs 187 of 289 evaluated episodes [65%]; p=0.003).   
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 Table 2 Comparison of laboratory results among age groups  

 

Elderly patients who were comatose on admission were more likely to have imaging 
performed before lumbar puncture than those with a higher score on the Glasgow Coma 
Scale (36 of 40 episodes [90%] vs 112 of 151 [74%]; p=0.03). In younger adults, this relation 
between imaging and coma was not found; CT was performed prior to lumbar puncture in 30 
of 43 episodes of comatose patients (70%) vs 156 of 245 of non-comatose patients (64%; 
p=0.44). If imaging preceded lumbar puncture, parenteral antibiotics were administered 
before CT in a larger proportion of the episodes in older than in younger adults (38 of 147 
[26%] vs 32 of 188 [17%]; p=0.05). The proportion of patients with an unfavorable outcome 
was similar in patients with and without antibiotic therapy before imaging. During 
hospitalization, at least one cranial CT was performed in 201 of 257 episodes in elderly 
patients (78%) as compared with 303 of 439 episodes in younger adults (69%; p=0.01). 
Overall, imaging revealed abnormalities in 89 of 201 episodes of the elderly (44%): recent 
brain infarction in 38 episodes (19%), sinusitis/otitis in 30 (15%), cerebral edema in 10 (5%), 
hydrocephalus in 6 (3%), cerebritis in 6 (3%), abscess/empyema in 2 (1%) and other or non-
related abnormalities in 14 (7%); in 12 patients imaging detected more than one abnormality. 
Evidence of recent brain infarction on CT was more frequently present in older than in 
younger adults (38 of 201 [19%] vs 24 of 303 [8%]; p<0.001); frequencies of other 
abnormalities were distributed equally between age groups.  
 

 
 
Characteristics 

Patients aged  
≥60 years 
(n = 257) 

Patients aged  
17-59 years 
(n = 439) 

 
 

p value* 
CSF culture    

Streptococcus pneumoniae 176 (68) 176 (40) <0.001 
Neisseria meningitidis 36 (14) 221 (50) <0.001 
Listeria monocytogenes 18 (7) 12 (3) 0.008 
Other bacteria 27 (11)† 30 (7)‡ 0.09 

CSF White-cell count – per mm3    
<100 31/237 (13) 31/408  (8) 0.02 
100-1000 53/237 (22) 69/408 (17) 0.09 
1000-10.000 126/237 (53) 199/408 (49) 0.28 
>10.000 27/237 (11) 109/408 (27) <0.001 

CSF Protein  (g/L)¶ 4.4 (2.5-7.2) 4.1 (2.1-6.6) 0.10 
CSF:blood glucose ratio¶ 0.08 (0.02-0.27) 0.07 (0.01-0.29) 0.68 
Bacteria detected by Gram’s staining of 
CSF 

210/239 (88) 357/415 (86) 0.50 

Findings in blood§    
Positive blood culture 171/233 (73) 233/378 (62) 0.003 
ESR (mm/hour) 45 (27-74) 35 (14-66) <0.001 
Thrombocyte count  (platelet/mm3) 191,000  

(140,000-240,000) 
183,000  

(141,000-240,000) 
0.61 

Data are number/number evaluated (%) or median (interquartile range). *Chi-square test or Mann-Whitney U 
test as appropriate. †Beta-haemolytic streptococci in 7, alfa-haemolytic streptococci in 6, Staphylococcus aureus in 5, 
Escherichia coli in 3, Staphylococcus epidermidis in 1, Klebsiella pneumoniae in 1, Haemophilus influenzae in 1, and not viable 
in 3. ‡H. influenzae in 13, beta-haemolytic streptococci in 6, alfa-haemolytic streptococci in 4, S. aureus in 4, E. coli 
in 1, streptococci in 1, and Haemophilus parainfluenzae in 1. ¶The CSF protein level was determined in 634 patients 
and the CSF:blood glucose ratio in 617 patients. §The ESR was determined in 549 patients, and the thrombocyte 
count in 653 patients. CSF=cerebrospinal fluid; ESR=erythrocyte sedimentation rate. 
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Empirical antimicrobial treatment 

The empirical antibiotic regimen was recorded in 673 of 696 episodes (97%) and was similar 
between age groups, although vancomycin-based regimens were more frequently prescribed 
in elderly patients (8% vs 3% in younger adults; p=0.003). Antimicrobial treatment consisted 
of penicillin or amoxicillin (43% in the elderly and 46% in younger adults), monotherapy with 
a third-generation cephalosporin (14% vs 18%), the combination of third-generation 
cephalosporins with penicillin or amoxicillin (26% in both age groups), the combination of 
chloramphenicol with penicillin or amoxicillin (2% in both age groups), and other treatment 
regimens (8% vs 6%).  

As described before, antibiotic susceptibility was tested in 351 pneumococcal and 
256 meningococcal strains.12 Intermediate resistance to penicillin was shown in only two 
strains of S. pneumoniae and four strains of N. meningitidis.12 Microbial coverage of antibiotic 
therapy was categorized as inadequate in 18 of 673 evaluated episodes (3%); 11 of 245 
evaluated episodes in elderly patients (4%) as compared to 7 of 428 episodes in younger 
adults (2%; p=0.03). Nine of these 18 (50%) patients had meningitis due to L. monocytogenes; 
inappropriate antibiotic therapy consisted of a third-generation cephalosporin only in six 
patients and a cephalosporin-based regimen in three patients. The mortality rates in patients 
who received antibiotic therapy with inadequate microbial coverage (4 of 18 episodes [22%]) 
and in patients with adequate coverage (129 of 655 episodes [20%]) were similar.  
 

Adjunctive steroid treatment 

Adjunctive steroids were administered in 38 of the episodes in elderly patients (15%). In only 
4 of these episodes dexamethasone was administered before or with the first dose of 
antibiotics (doses: 10 mg every six hours for four days). In the remaining 34 episodes several 
steroid agents were administered (dexamethasone, hydrocortisone, prednisone, prednisolone; 
median dosage equivalent to dexamethasone 16 mg [range, 1 mg to 57 mg] over one or more 
days). In these patients, steroids were often initiated after clinical deterioration. None of the 
patients who were treated with early dexamethasone had an unfavorable outcome, as 
compared to 22 of the 34 patients (65%) who received corticosteroids after clinical 
deterioration (p=0.01). In younger adults receiving early dexamethasone therapy the rate of 
an unfavorable outcome was also lower than in those with steroids administered later during 
clinical course (3 of 21 [14%] vs 28 of 62 [45%]; p=0.01). In total, 121 of 696 episodes (17%) 
were treated with adjunctive steroids. In the group of patients who did not receive steroids 
the rate of an unfavorable outcome was also higher in the elderly than in younger adults (109 
of 184 [59%] vs 110 of 391 [28%]; p<0.001).  
 
Clinical course and outcome 

Complications were significant more likely to develop in the elderly as compared to younger 
patients (185 of 257 [72%] vs 252 of 439 [57%]; p<0.001; table 3). Systemic complications 
occurred in 98 episodes in older adults (38%) compared with 104 episodes in younger adults 
(24%; p<0.001).  

In total 143 patients died during hospitalization. In elderly patients, the overall (in-
hospital) mortality rate was significantly higher than in younger adults (87 of 257 [34%] vs 56 
of 439 [13%]; p<0.001). Among the elderly, the mortality rate varied with the causative 
pathogen: 68 of 176 patients (39%) with pneumococcal meningitis died, 7 of 36 patients 
(19%) with meningococcal meningitis, 4 of 18 patients with meningitis due to L. monocytogenes 
(22%), and 8 of 27 patients (30%) with other bacteria cultured from CSF. 
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Table 3 Comparison of clinical course and outcome among age groups 

 
Characteristics 

Patients aged  
≥60 years (n = 257) 

Patients aged  
17-59 years (n = 439) 

Clinical course   
Cardiorespiratory failure 97 (38) 104 (24)* 
Mechanical ventilation  67 (26) 93 (21) 

Sepsis† 36/162 (22) 53/238 (22) 
Focal neurologic abnormalities 94 (37) 134 (31) 
Seizures  60/253 (24) 47/434 (11)* 
Impairment of consciousness 125 (49) 151 (34)* 

Scores on Glasgow Outcome Scale   
1 (death) 87 (34) 56 (13)* 
2 (vegetative state) 3 (1) 0 
3 (severe disability) 13 (5) 11 (3) 
4 (moderate disability) 28 (11) 39 (9) 
5 (mild or no disability) 126 (49) 333 (76)* 

Neurologic examination at discharge‡   
Cranial-nerve palsies 35/169 (21) 71/381 (19) 
Hearing impairment  25/169 (15) 53/381 (14) 

Aphasia 7 (4) 4 (1) 
Hemiparesis 10 (6) 14 (4) 
Quadriparesis 2 (1) 4 (1) 

Data are number/number evaluated (%). *p-value<0.001 (Chi-square test, 2-tailed). †Defined as systolic blood 
pressure <90 mmHg with positive blood culture. ‡Neurologic examination at discharge was performed in 550 of 
553 surviving patients; 169 of 170 patients aged ≥60 years and 381 of 383 patients aged 17-59 years. 
 

 
Categorization of cause of death was performed in the 120 patients who died within 

two weeks after admission: 73 older adults and 47 younger adults. The kappa coefficient for 
interrater agreement was 0.60. Overall, death was attributed to systemic complications in 70 
patients (58%) and due to neurologic complications in 50 patients (42%). The proportion of 
patients who died due to systemic complications was similar between age groups (46 of 73 of 
the older adults [63%] vs 24 of 47 [51%] in younger adults; p=0.20). However, the elderly 
tended to die more often due to cardiorespiratory failure (18 of 73 [25%] vs 5 of 47 [11%]; 
p=0.06; figure). 

Only one of the older adults (2%) died due to brain herniation, whereas this was the 
cause of death in 11 of the 47 in younger patients (23%; p=0.004). Neurologic examination at 
discharge was performed in 550 of 553 episodes in surviving patients (>99%). In elderly 
patients, focal neurologic abnormalities were found in 46 of 169 evaluated episodes (27%) as 
compared to 85 of 381 evaluated episodes in younger adults (22%; p=0.21). 
 

Prognostic factors 

By the use of a variable elimination procedure 15 of 24 potential prognostic factors (63%) 
were selected for the final multivariate model (table 4). After adjustment for the causative 
pathogen, the presence of otitis/sinusitis, pneumonia and a rash were no longer significantly 
associated with an unfavorable outcome. Dichotomization of the cohort with respect to age 
resulted in similar estimates for the prognostic value of risk factors for an unfavorable 
outcome with wider corresponding confidence intervals due to a decrease in power. 
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Figure Cause of death in 120 fatal episodes  
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*Other causes were pulmonary embolism (n=1; only patient aged <60 years in this subgroup), acute cardiac arrest 
(n=1), dissection of thoracic aorta (n=1), and not otherwise specified (n=8). CRF=cardiorespiratory failure; 
MOF=multi-organ failure. Withdrawal denotes withdrawal of care due to poor neurologic prognosis.  
 

 

Whereas tachycardia and cranial nerve palsies on admission failed to achieve statistical 
significance in the elderly, the prognostic value of advanced age and the presence of the triad 
of fever, neck stiffness and altered mental status was no longer significant in younger adults. 
Although a low thrombocyte count tended to have a larger impact in older than in younger 
adults (OR per increase of 100,000/mm3 0.47 in older adults vs 0.73 in younger adults; p-
interaction=0.08), the interaction between age group and potential prognostic factors did not 
achieve statistical significance for any of these risk factors.  
 
 
Discussion 
Our study shows that bacterial meningitis in the elderly has high mortality and morbidity rates. 
The most common causative pathogen among the elderly was S. pneumonia (68%). Infection 
with S. pneumoniae has been identified as an important risk factor for unfavorable outcome in 
many previous studies.4,12 So in part, these high rates of adverse outcome are explained by the 
high rate of infection by S. pneumoniae. However, in our analysis the predictive effect of age 
remained significant after inclusion of the causative pathogen in the multivariate analysis. 
Therefore, older age remains an independent risk factor for adverse outcome, even after 
adjustment for the causative pathogen. The severity of bacterial meningitis in elderly patients 
was also reflected by the high complication rate. The majority of the deceased among the 
elderly died due to sepsis or cardiorespiratory failure (55%). This finding implies that optimal 
supportive care may be crucial in the treatment of elderly patients with bacterial meningitis. 
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Table 4 Multivariate analysis of factors associated with an unfavorable outcome  

 Odds Ratio (95% CI)* 
 
Characteristics 

 
All patients 

Adjusted for  
bacterial cause 

Age group 
17-59 years  

Age group 
≥60 years 

Age (years) 1.27 (1.14-1.43) 1.22 (1.09-1.38) 1.09 (0.87-1.36) 1.54 (1.01-2.35) 
Duration of symptoms <24 hours 1.42 (0.94-2.14) 1.45 (0.95-2.20) 1.47 (0.83-2.59) 1.43 (0.77-2.65) 
Predisposing conditions     
Otitis/sinusitis  1.65 (1.06-2.59) 1.11 (0.69-1.79) 1.44 (0.77-2.69) 0.81 (0.41-1.58) 
Pneumonia  1.85 (1.03-3.31) 1.50 (0.83-2.72) 1.65 (0.75-3.64) 1.40 (0.58-3.38) 
Immunocompromise† 1.60 (0.95-2.68) 1.45 (0.85-2.45) 1.55 (0.72-3.34) 1.30 (0.64-2.63) 

Clinical characteristics on admission     
Rash 0.53 (0.30-0.95) 1.49 (0.67-3.31) 1.19 (0.49-2.88) 2.09 (0.66-6.60) 
Heart rate >120 beats/min  2.53 (1.31-4.88) 2.33 (1.19-4.59) 3.05 (1.09-8.52) 1.85 (0.79-4.31) 
Diastolic blood pressure <60 mmHg 1.76 (0.89-3.47) 1.89 (0.94-3.80) 2.09 (0.89-4.89) 1.32 (0.40-4.28) 
Score on Glasgow Coma Scale 0.82 (0.76-0.88) 0.83 (0.77-0.89) 0.82 (0.75-0.90) 0.85 (0.76-0.94) 
Triad of fever, neck stiffness and change in 
mental status 

0.60 (0.39-0.93) 0.55 (0.35-0.86) 0.59 (0.32-1.07) 0.48 (0.26-0.90) 

Cranial-nerve palsy 3.07 (1.76-5.37) 2.81 (1.59-4.96) 3.56 (1.73-7.34) 1.85 (0.75-4.54) 
Laboratory features     
CSF White-cell count <1000/mm3 3.33 (2.14-5.19) 3.08 (1.96-4.85) 3.39 (1.82-6.31) 2.79 (1.43-5.44) 
Positive blood culture 2.36 (1.43-3.92) 2.09 (1.25-3.49) 2.06 (1.05-4.01) 2.17 (1.05-4.47) 
ESR (mm/hour) 1.20 (1.07-1.35) 1.22 (1.08-1.38) 1.20 (1.04-1.39) 1.30 (1.06-1.59) 
Thrombocyte count (platelet/mm3) 0.67 (0.53-0.84) 0.63 (0.50-0.81) 0.47 (0.32-0.71) 0.73 (0.55-0.99) 
CSF culture     

S. pneumoniae - 5.61 (2.48-12.70) 7.30 (2.96-17.95) 3.44 (1.12-10.55) 
N. meningitidis - 1.00‡ 1.00‡ 1.00‡ 
Other bacteria - 2.54 (1.03-6.23) 2.43 (0.77-7.63) 1.98 (0.56-6.98) 

*Odds ratios are calculated in 10 year increments for age, per 20 mm per hour for ESR, per 100,000/mm3 for thrombocyte count, and per 1 point decrease 
on the GCS. †Defined as the use of immunosuppressive drugs, presence of asplenia, diabetes mellitus, alcoholism or infection with the human 
immunodeficiency virus. ‡This group served as a reference category.  CSF=cerebrospinal fluid; ESR=erythrocyte sedimentation rate; CI=confidence 
interval. 
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The prevalence of the triad of fever, neck stiffness and altered mental status was 
relative high among the elderly (58%). This prevalence was significantly higher than in 
younger adults with bacterial meningitis (36%). Although the elderly were less likely to have 
neck stiffness than younger adults, a much larger proportion had impairment of 
consciousness. This finding is in agreement with two previous studies on bacterial meningitis 
in which elderly patients more often presented with a change in mental status than with neck 
stiffness.7,8 In previous (retrospective) studies, the proportion of the elderly with classic 
findings on initial presentation reported in previous studies varies considerably.3,5-11 In these 
studies, the rates of neck stiffness range from 57 to 92 percent, and definition on impairment 
of consciousness differed substantially.3 In one retrospective case series from the United 
States, which included 54 elderly patients (aged ≥50 years) with bacterial meningitis, an 
altered mental status (only defined as confusion) was present in 92 percent of the patients 
with pneumococcal meningitis. This study included an considerable number of patients with 
gram-negative bacillary meningitis (11%), which suggests inclusion of a selected patient 
group.8 The present study was prospective and nationwide and therefore included a 
representative sample of elderly patients with community-acquired bacterial meningitis.  

Results of this study show that the elderly with bacterial meningitis are a distinct 
category of patients with specific complications. Several patients developed systemic as well 
as neurologic complications during clinical course. Therefore, it was often difficult to allocate 
the death of a patient to a single mechanism, as is reflected by the relatively low interrater-
agreement for the categorization of cause of death (kappa 0.60). Whereas death in older 
adults was often attributed to cardiorespiratory failure, younger adults more often died due to 
brain herniation. This observation may be explained by age-related cerebral atrophy which 
allows elderly patients to tolerate brain swelling.21 Nevertheless, the prognostic value of 
individual risk factors for an unfavorable outcome was similar for both age groups after 
adjustment for the causative pathogen. This might be explained by the sole inclusion of 
characteristics at presentation, while the age-specific complications develop during clinical 
course. Our finding that complications in bacterial meningitis are age-specific might influence 
the potential benefit of adjunctive interventional strategies, such as treatment for increased 
intracranial pressure or supportive care. Clinical trials studying different treatment modalities 
among specific age groups should be an objective of future research.   

A higher proportion of the older adults underwent cranial CT before lumbar 
puncture as compared to younger adults. Contraindications for immediate lumbar puncture 
on admission (eg, focal cerebral deficits or score on Glasgow Coma Scale <8) were more 
common in older than in younger adults. In addition, older adults were more likely to receive 
the first dose of antibiotics before CT than younger patients in cases with imaging preceding 
lumbar puncture. The higher disease severity in older adults may have prompted physicians 
to initiate early antibiotic therapy; however, we did not explicitly record the rationale on this 
subject. Although a delay in antibiotic therapy due to cranial imaging was not associated with 
adverse outcome in the current study, this association has been found in previous studies.22,23 
Therefore, if CT precedes lumbar puncture, the initiation of antibiotic therapy before imaging 
is recommended in all patients with bacterial meningitis.23,24 These recommendations should 
be followed in all patients with suspected bacterial meningitis; also in those who are in good 
clinical condition at presentation, as it is not possible to predict who will remain stable and 
who will deteriorate in suspected bacterial meningitis.  



Chapter 3 

 40 

The elderly were more likely to receive antibiotics prior to admission than younger 
adults. This finding is probably related to the higher rate of patients with predisposing 
infections within the older age group. The empirical antimicrobial regimens after 
hospitalization in both age groups were similar. Because elderly patients with bacterial 
meningitis have a propensity for unusual pathogens, antibiotic guidelines differ for each age 
group.24,25 Empirical treatment should be based on the most common bacterial species that 
cause the disease in the different age groups or clinical setting, and on local antibiotic 
susceptibility patterns of the predominant pathogens.24,25 The most common causative 
species among the elderly were S. pneumoniae, N. meningitidis, and L. monocytogenes. In the 
Netherlands, the antibiotic susceptibility patterns of these predominant pathogens are 
reported annually, and the rate of penicillin-resistance is low (<1%).13 In the Dutch national 
guidelines for bacterial meningitis, a combination of penicillin or amoxicillin with a third-
generation cephalosporin is recommended as empirical antibiotic therapy in patients aged 
over sixty.25 In the present study only 26 percent of the physicians adhered to the 
recommendation contained within the guidelines for empirical antimicrobial therapy for the 
elderly. Such low compliance rates have been reported before.18 In our study, the coverage of 
the empirical antibiotic regimen in elderly patients was considered to be inadequate in 4 
percent of the episodes. The majority of the cases with microbiological inappropriate therapy 
received monotherapy with a third-generation cephalosporin and had meningitis due to L. 

monocytogenes, which disposes a natural resistance to cephalosporins.26 The lack of an 
association between inadequate empirical antimicrobial treatment and adverse outcome in the 
present study may be due to the low number of patients who received inadequate empirical 
antibiotic therapy.  

In the present study only patients who had a positive CSF culture were included. 
Negative CSF cultures are estimated to occur in 11 to 30 percent of patients with bacterial 
meningitis, and this percentage is expected to be higher in adults who have received 
antibiotics before lumbar puncture.12,27 However, as the clinical presentation in patients with 
positive and negative CSF cultures was similar in several studies this is unlikely to have 
significantly biased our results.4,27,28 All patients in this study underwent lumbar puncture. In 
patients with septic shock or space-occupying lesions on CT lumbar puncture is generally not 
performed or postponed.12,29 Therefore, these groups of patients were probably only partly 
included in our study. This may have resulted in selection bias and underestimation of the 
mortality rate. In addition, most patients in this cohort did not receive routine therapy with 
adjunctive dexamethasone. In a recent placebo-controlled trial for adjunctive dexamethasone 
therapy in adults with bacterial meningitis, treatment with dexamethasone was associated with 
a reduction in the risk of an unfavorable outcome (relative risk, 0.6; 95% CI, 0.3-0.9; p=0.03) 
and mortality (relative risk of death, 0.48; 95% CI, 0.2-0.96; p=0.04).30 The beneficial effect 
was most striking in adults with pneumococcal meningitis, in whom mortality was reduced 
from 34 to 14 percent.30 A subsequent meta-analysis showed that adjunctive steroid therapy 
also reduced neurologic sequelae among surviving patients.29 As adjunctive dexamethasone 
has become routine therapy in most adults with bacterial meningitis,24,28,30 this may affect the 
generalizability of our results.  

In conclusion, our study shows that bacterial meningitis in the elderly is a disease 
with high incidence of complications, which results in high morbidity and mortality rates. 
Older adults often die due to cardiorespiratory failure, whereas younger adults more often die 
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due to brain herniation. These differences may influence the potential benefit of adjunctive 
interventional strategies for different age groups.   
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Abstract 
Background Clinical deterioration in bacterial meningitis can occur rapidly and is often difficult 
to predict. A simple bedside risk score for adverse outcome could be helpful in identifying 
high-risk patients. Methods We derived a score for the risk of an unfavourable outcome by 
performing a multivariate logistic regression analysis of data from a prospective nationwide 
cohort study (Dutch Meningitis Cohort, DMC; n=696). A key set of independent prognostic 
variables was selected from a starting set of 22 potential predictors by backward elimination 
procedure using bootstrap techniques to avoid the inclusion of spurious variables. A 
nomogram based on these key variables was constructed to facilitate the use in clinical 
practice. For validation, we used data from a randomised controlled trial of adjunctive 
dexamethasone therapy for adults with bacterial meningitis (European Dexamethasone Study, 
EDS; n=301). Results Of the 696 episodes in the DMC, 237 (34%) had an unfavourable 
outcome, including 143 patients (21%) who died. The risk score was based on 6 routinely 
available variables: age, heart rate, score on the Glasgow Coma Scale, cranial nerve palsies, 
cerebrospinal fluid leukocyte count, and gram positive cocci in cerebrospinal fluid Gram’s 
stain. The concordance index for the final risk score in the EDS was 0.73 (95% CI 0.65-0.80). 
Conclusions This bedside risk score can be used to reliably predict the individual risk for 
unfavourable outcome in adults with community-acquired bacterial meningitis.  
 
 
Introduction 
Bacterial meningitis is a life-threatening disease. In bacterial meningitis clinical deterioration 
can occur rapidly and is often difficult to predict.1-3 A simple bedside risk score for 
unfavourable outcome would be helpful in decision-making regarding the management of 
individual patients. Recently, we described clinical features and prognostic factors in 696 
episodes of community-acquired bacterial meningitis in adults.4,5 In this prospective cohort 
study, risk factors for an unfavourable outcome were those indicative of systemic 
compromise, a low cerebrospinal fluid (CSF) leukocyte count, impaired consciousness, and 
infection with Streptococcus pneumoniae.4,5 The aim of the present study was to derive and 
validate a simple risk score to predict the risk for unfavourable outcome in individual adults 
with community-acquired bacterial meningitis. To enhance the clinical applicability of this 
model we included only data available within hours after presentation.  
 
 
Methods 
Derivation cohort 

The Dutch Meningitis Cohort (DMC), a prospective nationwide observational cohort study 
in the Netherlands, included 696 episodes of community-acquired bacterial meningitis in 
adults. Inclusion and exclusion criteria, treatment and outcome measures are described 
elsewhere more extensively.4 In summary, patients were older than 16 years, had bacterial 
meningitis microbiologically confirmed by CSF culture and were listed in the database of the 
Netherlands Reference Laboratory for Bacterial Meningitis from October 1998 to April 2002. 
This laboratory receives CSF isolates from approximately 85 percent of all patients with 
bacterial meningitis in the Netherlands.4 The laboratory provided daily updates of the names 
of hospitals in which patients with bacterial meningitis had been admitted two to six days 
earlier. The start of the cohort study was announced in the journal of the Dutch Neurological 
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Society, with periodic reminders. Prior to the study all neurologists received by mail 
information about the study, including a case record form. The treating physician was 
contacted and informed consent was obtained from all participating patients or their legally 
authorized representatives. The study was carried out in accordance with the Dutch privacy 
legislation. Focal neurological abnormalities were divided in focal cerebral deficits (aphasia, 
mono- or hemiparesis) and cranial nerve palsies.  
 

Outcome 

At discharge patients underwent a neurological examination and outcome was graded by 
means of the Glasgow Outcome Scale (GOS). This is a well validated measurement scale 
with scores varying from 1 (indicating death) to 5 (good recovery).6 A favourable outcome 
was defined as a score of 5, and an unfavourable outcome as a score of 1 to 4.4,5,7 
 

Validation cohort 

The European Dexamethasone Study (EDS) was a double blind, placebo-controlled trial of 
adjunctive dexamethasone therapy for adults with bacterial meningitis. Inclusion and 
exclusion criteria are described more extensively elsewhere.7 In summary, eligible patients 
were older than 16 years and had suspected meningitis in combination with cloudy CSF, 
bacteria in CSF on Gram’s staining or a CSF leukocyte count of more than 1000 cells per 
mm3.7 Patients were enrolled between June 1993 and December 2001. A total of 301 patients 
were randomly assigned to receive dexamethasone sodium phosphate, at a dose of 10 mg 
given every six hours intravenously for four days, or placebo. The study medication was given 
15 to 20 minutes before or with the first dose of antibiotics. The primary outcome measure 
was the GOS score eight weeks after randomisation, as assessed by the patients’ physician. A 
total of 36 of 301 patients (12%) in the EDS were also included in the DMC (21 in the 
dexamethasone group and 15 in the placebo group). The results of the validation after 
exclusion of these patients will be shown separately. 
 
Statistical analysis 

The Mann-Whitney U test was used to identify differences between groups in continuous 
variables, and dichotomous variables were compared by the χ2 test. Predictors for an 
unfavourable outcome in the DMC were examined by logistic regression analysis. On the 
basis of previous research and pathophysiological interest, 22 potentially relevant 
determinants of outcome were entered in a multivariate regression analysis.4 As a next step 
we performed a backward variable elimination procedure (significance level to stay in the 
model p≤0.05) to identify a key set of independent prognostic variables. We used n=600 
bootstrap samples in which we repeated the backward elimination procedure to improve the 
stability of the process and to increase the likelihood of selecting variables that are genuinely 
related to the outcome. Variables that remained in the model in more than half of the 
bootstrap samples were included in the final risk model. We used odds ratios and 95% 
confidence intervals (CI) to show the strength of the association between potential 
prognostic factors and the probability of an unfavourable outcome.  

Although the median percentage of missing values for individual variables in our 
study was low (2%), data were complete on all potential predictors in only 355 out of 696 
episodes (51%). In order to maximize the benefits of our multivariate model, missing values 
were imputed by using multiple imputation techniques based on multivariate normal 
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distributions.8 The final estimates of the multivariate model were obtained by combining the 
coefficients of five rounds of imputations. All analyses were undertaken with SAS software 
(version 9.11). The overall discriminative ability of the final model was assessed by calculation 
of the concordance index (also known as C statistic or area under the ROC curve). The 
concordance index can be interpreted as the probability that a randomly chosen patient with 
an unfavourable outcome has a higher predicted probability (risk score) than a randomly 
chosen patient with a favourable outcome. A nomogram was developed to visualize the 
prognostic strength of each risk factor and to read off the predicted probability of a poor 
outcome within a single figure. The number of points for each predictor was based on the 
original coefficient from the logistic regression model by multiplying it by ten and rounding it 
to the lowest whole number. The total number of points derived by specifying values for all 
predictors was used to calculate the expected probability of a poor outcome based on the 
logistic regression model. 
 
Table 1 Baseline characteristics of patients in derivation and validation cohort  

 
Characteristics 

Derivation cohort  
(n=696)* 

Validation cohort  
(n=301)† 

Mean age, years 50±20 45±19‡ 
Duration of symptoms <24 h  317/661 (48) 121/299 (40) 
Seizures  32/666 (5) 22 (7) 
Antibiotics before admission  64/692 (9) 5 (2)‡ 
Predisposing factors¶ 312 (45) Not recorded 
Neck stiffness  569/685 (83) 267/285 (94)‡ 
Heart rate >120 beats/min  77/652 (12) 20/299 (7) 
Diastolic blood pressure <60 mmHg  61/670 (9) 22/298 (7) 
Body temperature ≥38˚C  522/678 (77) 245/300 (82) 
Rash  176/683 (26) Not recorded 
Score on Glasgow Coma Scale 11±3 12±3‡ 
Triad of fever, neck stiffness, and change in mental 
status 

305 (44) 144/291 (49) 

Focal cerebral deficits§ 157 (23) 59 (20) 
Cranial nerve palsies 89 (13) 32 (11) 
Indexes of inflammation in CSF   

White-cell count <1000/mm3 184/645 (29) 21/296 (7)‡ 
Protein (g/liter) 4.9±4.5 4.5±3.1 
CSF:blood glucose ratio 0.2±0.2 0.2±0.2 

ESR (mm/h) 46±37 Not recorded 
Thrombocyte count  (platelets/mm3) 198,000±100,000 222,000±95,000‡ 
Gram stain   

Gram positive cocci 320/654 (49) 108/290 (37)‡ 
Gram negative cocci 225/654 (34) 104/290 (36) 
Other bacteria 22/654 (3) 5/290 (2) 
Negative  87/654 (13) 73/290 (25)‡ 

Data are number/number assessed (%) or means±SD. *The Glasgow Coma Scale score was obtained in 694 
episodes, CSF protein level was determined in 634 episodes, CSF:blood glucose ratio in 617 episodes, ESR in 549 
episodes, and thrombocyte count in 653 episodes. †CSF protein level was determined in 292 patients, CSF:blood 
glucose ratio in 288 patients, and thrombocyte count in 294 patients. ‡Significant difference between derivation 
cohort and validation cohort. ¶Defined as the presence of otitis/sinusitis, pneumonia or immunocompromise. 
§Defined as aphasia, mono- or hemiparesis. CSF=cerebrospinal fluid, ESR=erythrocyte sedimentation rate. 
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Results 
Characteristics of the DMC (derivation) and the EDS (validation) are stated in table 1. In the 
DMC, a total of 696 episodes of bacterial meningitis occurred in 671 patients; 25 patients had 
a second episode during the study period. CSF culture yielded S. pneumoniae in 352 episodes 
(51%), Neisseria meningitidis in 257 episodes (37%) and other bacteria in 87 episodes (13%). A 
detailed description of presenting features, clinical course and outcome has been published 
previously.4 Outcome was graded as unfavourable in 237 of 696 episodes (34%), including 
143 (21%) patients who died.  

 
 

Table 2 Multivariate analysis of factors associated with unfavourable outcome in derivation cohort  

 
 
Characteristics 

Favourable 
Outcome 
(n=459) 

Unfavourable 
Outcome 
(n=237) 

 
Odds Ratio 
(95% CI)* 

Mean age, years 45±20 60±18 1.23 (1.09-1.38)‡ 
Duration of symptoms <24 h 222/440 (50) 95/221 (43) 1.58 (1.02-2.43) 
Seizures  19/453 (4) 13/213 (6) 0.61 (0.24-1.57) 
Antibiotics before admission  41/455 (9) 23/237 (10) 0.57 (0.29-1.13) 
Otitis/sinusitis 100 (22) 76 (32) 1.22 (0.75-2.00) 
Pneumonia 37 (8) 46 (19) 1.77 (0.97-3.24)‡ 
Immunocompromise† 51 (11) 63 (27) 1.39 (0.80-2.39)‡ 
Neck stiffness  397/455 (87) 172/230 (75) 0.85 (0.44-1.65)‡ 
Heart rate >120 beats/min   28/430 (7) 49/222 (22) 2.55 (1.36-4.78)‡ 
Diastolic blood pressure <60 mmHg  39/443 (9) 22/227 (10) 1.87 (0.90-3.88) 
Body temperature ≥38˚C  333/448 (74) 187/230 (81) 1.31 (0.69-2.48)‡ 
Rash  146/451 (32) 30/232 (13) 1.47 (0.64-3.36)‡ 
Score on Glasgow Coma Scale¶ 12±3 10±3 0.85 (0.79-0.92)‡ 
Triad of fever, neck stiffness, and change 
in mental status  

186 (41) 119 (50) 0.61 (0.32-1.17)‡ 

Focal cerebral deficits§ 78 (17) 79 (33) 1.64 (1.01-2.64)‡ 
Cranial nerve palsies  42 (9) 47 (20) 2.68 (1.49-4.81)‡ 
Indexes of inflammation in CSF║    

White-cell count <1000/mm3 79/428 (18) 105/217 (48) 3.25 (1.88-5.61)‡ 
Protein (g/L) 4.8±4.7 5.4 ± 3.9 1.03 (0.98-1.08) 
CSF:blood glucose ratio 0.18±0.2 0.15 ± 0.2 1.04 (0.76-1.42) 

ESR (mm/h)║ 42±37 56 ± 37 1.18 (1.03-1.34)‡ 
Thrombocyte count (platelets/mm3)║ 208,000±100,000 180,000 ± 97,000 0.64 (0.49-0.84)‡ 
Gram stain     

Gram positive cocci 152/432 (35) 168/222 (76) 5.75 (2.62-12.61)‡ 
Gram negative cocci 195/432 (45) 30/222 (14) 1.00 (reference)‡ 
Other bacteria 16/432 (4) 6/222 (3) 1.62 (0.43-6.03) 
Negative  69/432 (16) 18/222 (8) 1.52 (0.62-3.68)‡ 

Data are number/number assessed (%) or means±SD. *Odds ratios are calculated in 10-year increments for age, 
per increments of 0.2 g/L protein, per 20 mm per hour for ESR, and per 100,000/mm3 for thrombocyte count. 
†Defined as the use of immuno-suppressive drugs, presence of asplenia, diabetes mellitus, alcoholism or infection 
with the human immunodeficiency virus. ‡Significant association with unfavourable outcome in univariate 
analysis. ¶The Glasgow Coma Scale score was obtained in 694 episodes. §Defined as aphasia, mono- or 
hemiparesis.║CSF protein level was determined in 634 episodes, CSF:blood glucose ratio in 617, ESR in 549, and 
thrombocyte count in 653 episodes. CSF=cerebrospinal fluid, ESR=erythrocyte sedimentation rate. 
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In the EDS, a total of 301 patients were included. CSF culture was performed in 299 
patients (99%) and yielded S. pneumoniae in 108 patients (36%), N. meningitidis in 97 patients 
(32%) and other bacterial species in 29 patients (10%); in 65 patients (22%) CSF cultures 
were negative. Characteristics of the study population are described more extensively 
elsewhere.7 Outcome was unfavourable in 59 patients (20%), including 32 patients (11%) 
who died. 

Due to in- and exclusion criteria of the EDS (see above), the proportion of patients 
who were pretreated with antibiotics, had a CSF leukocyte count of less than 1000 cells per 
mm3, or a positive CSF Gram’s staining was smaller in the EDS than in DMC. In addition, 
patients included in the EDS were younger than patients in the DMC, had a higher rate of 
neck stiffness, a lower score on the Glasgow Coma Scale (GCS), and a higher thrombocyte 
count. Naturally, patients in the EDS were more likely to receive treatment with adjunctive 
steroids than patients in the DMC (157 of 301 patients [52%] vs 121 of 696 episodes [17%]; 
p<0.0001). Although several potential prognostic factors in the DMC were significantly 
associated with an unfavourable outcome in the univariate analysis, most factors were no 
longer significant in the multivariate analysis (table 2). In the multivariate model, advanced 
age, duration of symptoms less than 24 hours, tachycardia (heart rate more than 120 beats per 
minute), a low GCS score on admission, focal cerebral deficits, cranial nerve palsies, a CSF 
leukocyte count of less than 1000 cells per mm3, a high erythrocyte sedimentation rate, a low 
thrombocyte count and the presence of gram positive cocci in CSF Gram’s stain were 
significantly associated with an unfavourable outcome. In the backward variable elimination 
procedure (including bootstrapping) advanced age, tachycardia, a low GCS score, cranial 
nerve palsies, a CSF leukocyte count of less than 1000 cells per mm3, and gram positive cocci 
in CSF Gram’s stain were identified as consistent independent prognostic factors.  

The resulting nomogram of these variables is shown in figure 1. The scores for 
individual patients ranged from 0 to 72 points and the associated risk estimates for an 
unfavourable outcome varied between 3.2 and 96 percent. In the DMC, data were complete 
for all predictors included in the risk score in 574 of 696 episodes (82%); the concordance 
index for the final reduced model was 0.73 (95% CI 0.69-0.78).  

To illustrate the use of the nomogram, a patient aged 60 years (8 points), with a 
GCS score of 7 (10 points), a heart rate of 130 beats per minute (10 points), without cranial 
nerve palsies (0 points), a CSF leukocyte count of 400 cells per mm3 (13 points), and gram 
positive cocci in CSF Gram’s stain (12 points) has a total of 53 points, which is associated 
with an estimated  
risk for an unfavourable outcome of approximately 85 percent. In contrast, a 20-year old 
patient (0 points), with a GCS score of 14 (1 point), without tachycardia (0 points), a CSF 
leukocyte count of 2700 cells per mm3 (0 points), and gram-negative diplococci in CSF 
Gram’s stain (0 points) has a total of 1 point, which is associated with approximately 3 
percent risk for an unfavourable outcome.  

The distribution of the risk scores in the EDS is shown in table 3. Data in this 
cohort were complete for all predictors included in the risk score in 282 of 301 patients 
(94%). The estimated risk for an unfavourable outcome in all patients was 17.9 percent (95% 
CI 4.5-49.3). In 187 of 282 patients (66%) the risk score was between 11 to 30 points, 
associated with an estimated risk for an unfavourable outcome between 8 to 40 percent. The 
concordance index for the final risk score in the EDS was 0.73 (95% CI 0.65-0.80); 0.75 
(0.66-0.84) in the placebo group vs 0.69 (0.56-0.83) in the dexamethasone group. Exclusion of 
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the 36 patients that were included in both the EDS and the DMC gave a concordance index 
in the EDS of 0.72 (95% CI 0.63-0.80). 

 
Figure 1 Prediction rule for risk of unfavourable outcome in adults with bacterial meningitis 

 
Tachycardia was defined as a heart rate >120 beats/minute; Low CSF leukocyte count was defined as <1000 
cells/mm3; Result of CSF Gram’s stain, G-=Gram negative cocci, No=no bacteria, Other=other bacterial 
species, G+=Gram positive cocci. CSF=cerebrospinal fluid.  
 
Instruction:  Locate the age of the patient on the top axis and determine how many points the patient receives. 
Repeat this for the remaining 5 axes. Sum the points for all six predictors and locate the total sum on the total 
point axis. Draw a line straight down to the axis labelled “% unfavourable outcome” to find the estimated 
probability of a poor outcome for this patient. 
 

Discussion 
We derived and validated the first bedside risk score based on routinely collected data to 
predict risk for adverse outcome in individual adults with community-acquired bacterial 
meningitis. Several prognostic models in bacterial meningitis have been published 
previously;3-5,9-25 however, few or none reached clinical practice. Our model is based on the 
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largest prospective cohort study to date, is easy to use, and includes data that will be available 
within one hour after presentation. The score helps to identify high-risk individuals and 
provides important information for patients and their relatives.  
 

Table 3 Distribution of risk scores and risk estimates in the validation cohort 

 
Risk score 

Patients in category  
(n=284) 

Patients with unfavourable 
outcome 

Estimated risk  
(IQR)  

≤ 10 74 (26) 8/74 (11) 5.9 (4.8-7.1) 
11-20 127 (45) 17/127 (13) 13.4 (10.4-16.6) 
21-30 62 (22) 20/62 (32) 28.3 (24.5-31.0) 
31-40 16 (6) 9/16 (56) 50.1 (44.7-54.0) 
> 40 5 (2) 3/5 (60) 78.7 (68.9-86.6) 
Total 284 (100) 57/284 (20) 17.9 (8.2-24.0) 
Data are number (%), unless otherwise stated. Table includes 284 patients in which data were complete for all 6 
prognostic factors included in the risk score. IQR=interquartile range. 
 

High-risk and low-risk patients can be identified by single-variable subgroup 
analyses or by more detailed prognostic models.26 There are many potential pitfalls in the 
development and validation of prognostic models, such as overfitting and unspecified coding 
or selection of variables in the model.27,28 Properly developed models will enable clinicians to 
reliably weight and combine several baseline characteristics to obtain the best estimate for an 
individual patient. Stratification of cohort studies or clinical trials by an independently derived 
prognostic model is based on the a priori hypothesis that the risk of adverse outcome or the 
effect of therapeutic interventions is likely to vary in different patient groups.26 Therefore, the 
use of our prognostic model can facilitate the interpretation of future clinical studies in adults 
with bacterial meningitis. 

Our results stress the importance of CSF Gram’s stain in the acute phase of 
bacterial meningitis. Knowledge of the causative organism of meningitis is important in 
predicting the risk of an unfavourable outcome. Gram's staining of CSF permits rapid and 
accurate identification of the causative bacteria and should therefore be routine in patients 
with suspected bacterial meningitis.1,2,4  

Most patients in the DMC did not receive steroid therapy, which is a limitation of 
our study. The EDS showed that treatment with adjunctive dexamethasone, started before or 
with the first dose of antibiotics, reduced the risk of unfavourable outcome, including 
mortality, from 25 to 15 percent.7 A subsequent meta-analysis showed also a beneficial effect 
of dexamethasone on neurological sequelae.29 After publication of these results, 
dexamethasone is recommended in most adults with suspected bacterial meningitis, which 
will affect prognosis and risk stratification in these patients.30 The consistency of 
discriminative power in patients treated with dexamethasone and in patients treated with 
placebo in our validation cohort indicates that our risk score is likely to have good external 
validity, also in patients treated with adjunctive dexamethasone therapy.  

A second limitation is that the derivation cohort only included patients who had a 
positive CSF culture. Negative CSF cultures are estimated to occur in 11 to 30 percent of 
patients with bacterial meningitis.4,9 However, as the clinical presentation in patients with 
positive and negative CSF cultures was similar in several studies, this is unlikely to have 
significantly biased our results.9,10 All patients in our derivation and validation cohort 
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underwent lumbar puncture. In patients with septic shock or space-occupying lesions on CT 
lumbar puncture is generally not performed or postponed.1 Therefore, these patient groups 
were probably only partly represented in both cohorts, which may have resulted in an 
underestimation of the rate of adverse outcome. The low rate of patients with sepsis in the 
DMC may also explain why hypotension was not identified as an independent prognostic 
factor in our multivariate model, although tachycardia and a low CSF leukocyte count can be 
regarded as predictors for sepsis.4 
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Abstract 
Objective This follow-up study of the European Dexamethasone Study was designed to 
examine the potential harmful effect of adjunctive dexamethasone treatment on long-term 
neuropsychological outcome in adults with bacterial meningitis. Methods Neurologic, 
audiological and neuropsychological examinations were performed in adults who survived 
pneumococcal (PM) or meningococcal meningitis (MM). Results 87 of 99 (88%) eligible 
patients were included in the follow-up study; 46 (53%) were treated with dexamethasone and 
41 (47%) with placebo; median time between meningitis and testing was 99 months. 
Neuropsychological evaluation revealed no significant differences between patients treated 
with dexamethasone and placebo. The proportions of patients with persisting neurologic 
sequelae or hearing loss were similar in the dexamethasone and placebo groups. The overall 
rate of cognitive dysfunction did not differ significantly between patients and controls; 
however, patients after PM had a higher rate of cognitive dysfunction (21% vs 6%; p=0.05) 
and experienced more impairment of everyday functioning due to physical problems (p=0.05) 
than those after MM. Interpretation Treatment with adjunctive dexamethasone is not associated 
with an increased risk for long-term cognitive impairment. Adults surviving pneumococcal 
meningitis are at significant risk for long-term neuropsychological abnormalities.  
 

Introduction 
The estimated incidence of bacterial meningitis is 2–5 per 100.000 adults per year.1-3 The 
predominant causative pathogens in adults are Streptococcus pneumoniae and Neisseria meningitis, 
causing 80 to 85 percent of all cases.1,4 Reported mortality rates are high (20-30%) and 
neurologic sequelae occur in a high proportion of surviving patients (15-40%).1,4 Cognitive 
impairment occurs frequently after bacterial meningitis.2 In one prospective study, cognitive 
impairment was detected in 27 percent of adults who had a good recovery from 
pneumococcal meningitis.5 In this study, cognitive impairment consisted mainly of cognitive 
slowness, which was related to lower scores on questionnaires measuring the quality of life. 
Patients after meningococcal meningitis were not significantly different from control subjects.5  
 A European randomized, placebo-controlled trial involving 301 adults with 
suspected meningitis showed that adjunctive treatment with dexamethasone before or with 
the first dose of antimicrobial therapy reduced the risk of an unfavorable outcome from 25 to 
15 percent.6 Mortality was reduced from 15 to 7 percent. In a recent quantitative review of 
this topic treatment with corticosteroids was associated with a significant reduction in 
mortality and neurologic sequelae.7 Since publications of these results adjunctive 
dexamethasone has become routine therapy in adults with suspected bacterial meningitis.2,6,8 
 Corticosteroids may potentiate ischemic and apoptotic injury to neurons.9 In a 
model of pneumococcal meningitis in infant rats, adjunctive dexamethasone aggravated 
neuronal apoptosis in the hippocampal dentate as compared to antibiotic therapy alone.10 
Increased hippocampal cell injury caused by dexamethasone was related to a reduced learning 
capacity in this model.10 The effect of adjunctive dexamethasone therapy on cognitive 
outcome in humans after bacterial meningitis is unknown.2,7,11-14 
 The present study was designed to examine the potential harmful effect of 
adjunctive dexamethasone treatment on long-term cognitive outcome in patients with 
bacterial meningitis. Therefore, neurologic, audiological and neuropsychological examinations 
were performed in adults after pneumococcal or meningococcal meningitis included in the 
European Dexamethasone Study.  
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Methods 
Initial study  

The European Dexamethasone Study was a double blind, placebo-controlled trial of 
adjunctive dexamethasone therapy for adults with bacterial meningitis. Eligible patients were 
aged >17 years and had suspected meningitis in combination with cloudy cerebrospinal fluid 
(CSF), bacteria in CSF on Gram’s staining or a CSF leukocyte count>1000/mm3.6 Patients 
were enrolled between June 1993 and December 2001. A total of 301 patients were randomly 
assigned to receive dexamethasone sodium phosphate, at a dose of 10 mg given every six 
hours intravenously for four days, or placebo. The study medication was given 15 to 20 
minutes before or with the first dose of antibiotics.  
 The primary outcome measure was the score on the Glasgow Outcome Scale 
(GOS) eight weeks after randomization, as assessed by the patients’ physician. This is a well-
validated measurement scale with a score range from 1 to 5: a score of 1 indicates death; 2, 
persistent vegetative state; 3, severe disability; 4, moderate disability (disabled but 
independent); 5, good recovery (mild or no disability).15 A favorable outcome was defined as 
a score of 5, and an unfavorable outcome as a score of 1 to 4. CSF culture yielded S. 

pneumoniae in 108 patients (36%), N. meningitidis in 97 patients (32%), and other bacteria in 31 
patients (10%); CSF cultures remained negative in 65 patients (22%). Treatment with 
dexamethasone was associated with a reduction in the risk of an unfavorable outcome 
(relative risk, 0.6; 95 percent confidence interval, 0.3-0.9; p=0.03) and mortality (relative risk, 
0.48; 95 percent confidence interval, 0.2-0.96; p=0.04).6  
 
  
Follow-up study 

Patients eligible for this follow-up study were patients aged >17 years living in the 
Netherlands who survived pneumococcal or meningococcal meningitis, confirmed by CSF 
culture. Exclusion criteria were serious illnesses other than meningitis interfering with 
cognitive testing, pre-existing psychiatric disorders, evidence for alcoholism or other 
substance abuse, use of sedatives or neuroleptic medication, and insufficient mastery of 
Dutch language. Patients were recruited by contacting treating physicians, general 
practitioners or through municipality databases. The study was approved by our ethics 
committee.  

For each of the participating patients, 1 control subject was recruited from partners, 
siblings, and close friends until a control group of 50 subjects was completed. All participants 
gave written informed consent. Patients and controls underwent a tone and speech 
audiogram and a neuropsychological evaluation by a psychologist (MH) who was blinded 
with respect to the former treatment group (dexamethasone or placebo). Whenever 
audiometry was performed hearing loss was expressed as the average degree of pure-tone 
hearing loss of high frequencies (1, 2, and 4 kHz) on the most severely affected side. Hearing 
loss was classified as follows: normal (<30dB); mild (30-55dB); moderate (55-70dB); severe 
(70-90dB); or profound (>90dB).16  

Two experienced physicians (MW and DvdB) performed a neurologic examination 
in patients. Focal neurologic deficits were divided in focal cerebral deficits (aphasia, mono- or 
hemiparesis) and cranial nerve palsies. Participants unable or unwilling to travel to our 
hospital underwent a neuropsychological evaluation by our psychologist in a hospital nearby 
the patient’s residence. 
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Neuropsychological evaluation 

Six cognitive domains were tested by the following test battery: 1) Intelligence Current 
intelligence was tested by the Groningen Intelligence Tests (GIT)-abbreviated version, 
consisting of subtests for verbal and visuospatial reasoning and numerical ability;17 premorbid 
intelligence was tested by the Dutch Adult Reading Test.18 2) Memory The Rey’s Auditory 
Verbal Learning Test (AVLT) and the subtest Story Recall from the Rivermead Behavioural 
Memory Test (RBMT) were used to test verbal memory,19,20 visual memory was tested by the 
subtest Visual Reproduction from the Wechsler Memory Scale Revised (WMS-R),19 and digit 
span was assessed by the Wechsler Adult Intelligence Scale-Revised (WAIS-R) Digit Span 
Test.21 3) Language A short form of the Boston Naming Test (BNT) was used to examine 
language function; the score was extrapolated to the full-length score.22 4) Attention was 
assessed by the Trailmaking Test part B, Stroop Color Word Test part C (interference 
condition), and the WAIS-R Digit Span Test.19,21 5) Executive functioning Category and Letter 
fluency, and the Wisconsin Card Sorting Test (WCST).17,19 6) Psychomotor function Trailmaking 
Test part A, Stroop Color Word Test part A (word reading) and part B (color naming), 
Simple and 2-choice reaction tasks.19 General health and quality of life were evaluated by 
means of the RAND-36 questionnaire,23,24 the Profile of Mood States (POMS) determined 
depressive mood disorders.19 To explore whether measurement of cognitive speed was biased 
by physical impairments, fine motor skills were tested by the Grooved Pegboard.25 Tests are 
described in the appendix. Test results were expressed as standard T-scores corrected for age 
and education with use of the control group to form normative scores for the 
neuropsychological measures (mean score in controls 50 and SD 10; a higher score indicates 
better performance).26  
 
Data analysis 

To examine relative differences between groups we performed multivariate analyses of 
variance (MANOVAs) within each neuropsychological domain separately using T-scores 
corrected for age and education. If multivariate comparisons revealed significant results 
(Pillais’ Trace 2-tailed p<0.05), t-tests with Bonferroni correction for the number of 
comparisons were performed to evaluate single neuropsychological measures.  
 As a next step, we tested for statistical interaction between treatment group 
(dexamethasone vs placebo) and the causative pathogen (S. pneumoniae vs N. meningitidis) by 
adding multiplicative interaction terms to the multivariate comparisons. Statistical significant 
interactions within a cognitive domain were analyzed by linear regression with the individual 
neuropsychological measure as the dependent variable and the interaction term as the 
independent variable. The strength of the associations between treatment and test results 
within each patient group were expressed as regression coefficients (a positive regression 
coefficient indicates a higher score in the subgroup treated with adjunctive dexamethasone 
than in those receiving placebo). A test score was categorized as impaired if at least two 
standard deviations below the mean score of the control group, after correction for age and 
education. Cognitive dysfunction was considered to be present if performance, reflected by 
the number of impaired test results, was worse than the fifth centile of the control group. To 
compare cognitive speed between groups, we formed a speed composite score for each 
participant by calculation of a mean T-score of tests in which cognitive speed is important as 
described previously.5,2 
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Figure Patient selection in study of long-term outcome after bacterial meningitis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

*systemic neoplasm (n=4), psychiatric disorders (n=4), severe bilateral deafness (n=4), congenital deaf mutism (n=1), mental retardation (n=1), brain tumor (n=1),  
rheumatoid arthritis (n=1), bullet in the head (n=1). † One patient had insufficient mastery of Dutch language and one patient was aged <16 years. CSF=cerebrospinal fluid. 
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Cognitive slowness was defined as a speed composite score worse than the fifth centile of the 
control group, after correction for age and education. 
 We hypothesized the existence of clinically significant cognitive impairment for 
patients who recovered from bacterial meningitis, with higher rates of cognitive impairment 
in patients receiving adjunctive dexamethasone than in those treated with placebo.2,10 In 
addition, we hypothesized higher rates of cognitive impairment in survivors of pneumococcal 
meningitis as compared to those after meningococcal meningitis.5 For nonparametric testing, 
Mann-Whitney U, χ2- or Fisher’s exact statistics were used. Data collected at time of the 
original and follow-up study were compared by the Wilcoxon signed rank test. To detect 
clinically relevant differences (effect size of 0.8 [defined as mean difference/standard 
deviation]) a sample of size of 25 patients in each group is necessary; univariate power of 0.80 
and α=0.05. For all comparisons 2-tailed p values were used and we considered a p value 
below 0.05 as statistically significant.  
 
 
Results 
In the European study, 32 of 301 patients (11%) died within eight weeks after admission. Of 
269 surviving patients, 177 (66%) had bacterial meningitis due to S. pneumoniae (n=83) or N. 

meningitidis (n=94), as proven by CSF culture (figure); 26 patients (15%) could not be reached. 
In addition, exclusion criteria were met in 52 patients: death (n=19), residence outside the 
Netherlands (n=11), somatic or psychiatric illnesses non-related to meningitis impairing 
cognitive testing (n=17), history of alcoholism (n=2) or other substance abuse (n=1), 
insufficient mastery of Dutch Language (n=1) or were aged <16 years (n=1; protocol 
violation European study). 
 In total, 99 patients were eligible for follow-up; 12 patients (12%) refused to 
participate (all had a GOS score of 5, assessed by telephonic interview). So, 87 of 99 patients 
(88%) were included in this follow-up study. Demographic characteristics (age and sex), 
causative pathogens and score on the GOS (eight weeks after randomization) were similar for 
eligible and participating patients. A total of 50 control subjects were recruited. Gender 
distribution (17 of 50 [34%] male in controls vs 43 of 87 [49%] male in patients), age 
distribution (mean age 49±15 years vs 47±16 years) and level of education (13.2±1.6 years vs 
12.9±2.3 years) were similar in patients and controls. 
 Clinical characteristics at time of admission were similar in the dexamethasone and 
placebo groups (table 1). Focal neurologic deficits were present in 23 of 87 patients (26%), 
and 10 patients (12%) were comatose on admission. CSF revealed S. pneumoniae in 38 patients 
(44%) and N. meningitidis in 49 (56%); 46 (53%) received adjunctive dexamethasone and 41 
(47%) placebo. Eight weeks after randomization, focal neurologic deficits were present in 12 
of 87 patients (14%). Outcome was graded as favorable in 80 of 87 patients (92%); 6 (7%) 
had a GOS score of 4 and one patient (1%) had a score of 3.  
 Neurologic examination was performed in all patients in this follow-up study. The 
median time between discharge and neurologic examination was 99 months (range, 30-146 
months) and was similar in both treatment groups. Neurologic deficits were present in 17 of 
87 patients (20%); there were no differences between treatment groups (table 2). Eighty 
patients (92%) had a GOS score of 5 and 7 (8%) had a GOS score of 4. All patients with a 
GOS score of 4 had neurologic sequelae; 2 had focal cerebral deficits, the additional 5 
patients had cranial nerve palsies. 
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 Table 1 Characteristics of patients in study of long-term outcome after bacterial meningitis 

 
Variable  

Dexamethasone group 
(n = 46) 

Placebo group  
(n = 41) 

Characteristics on admission in initial study   
Age at time of meningitis (yr) 42 ± 16 38 ± 18 
Alcoholism or substance abuse 0  0 
Sex, m/f 19/27 24/17 
Glasgow Coma Scale score  11 ± 3 11 ± 3 
Coma 6 (13) 4 (10) 

Focal neurologic abnormalities 12 (26) 11 (27) 
Focal cerebral deficits* 10 (22) 8 (20) 
Cranial nerve palsies 4 (9) 5 (12) 

Laboratory results   
Streptococcus pneumoniae in CSF culture 22 (48) 16 (39) 
Neisseria meningitidis in CSF culture 24 (52) 25 (61) 
CSF leukocyte count (x 103 cells/mm3) 23 ± 26 24 ± 26 
CSF Protein level (g/liter) 4.6 ± 3.3 5.2 ± 3.3 
CSF Glucose level (mg/dl) 1.3 ± 1.7 1.1 ± 1.2 
Positive blood culture 26/38 (68) 22/38 (58) 

Neurologic findings at discharge in initial study   
GOS score 3 1 (2) 0 
GOS score 4 2 (4) 4 (10) 
GOS score 5 43 (94) 37 (90) 

Focal neurologic abnormalities 6 (13) 6 (15) 
Focal cerebral deficits* 1 (2) 1 (2) 
Cranial nerve palsies 5 (11) 6 (15) 

Data are number (%) or mean ± SD, unless indicated otherwise. *Defined as aphasia, mono- or hemiparesis. 
CSF=cerebrospinal fluid; GOS=Glasgow Outcome Scale. 

 
 

Table 2 Neurologic findings in follow-up study on long-term outcome after bacterial meningitis 

 
Variable 

Dexamethasone 
group (n = 46) 

Placebo group  
(n = 41) 

Pneumococcal 
patients (n = 38) 

Meningococcal 
patients (n = 49) 

Focal neurologic 
deficits 

10 (22) 7 (17) 13 (34) 4 (8)† 

Focal cerebral 
deficits* 

       1 (2) 1 (2) 2 (5) 0 

Cranial nerve palsies 10 (22) 7 (17) 13 (34) 4 (8)† 
GOS score, 5 : 4 43 : 3 37 : 4 32 : 6 48 : 1‡ 
Data are number (%), unless indicated otherwise. *Slight hemiparesis in combination with hearing loss in both 
cases. Comparison of pneumococcal vs meningococcal patients: †χ2-test 2-tailed p=0.002; ‡Fisher’s exact test 2-
tailed p=0.04. GOS=Glasgow Outcome Scale. 
 
 
Ten patients (11%) had only slight hearing impairment without significant interference in 
daily life: these patients also received a GOS score of 5. Most patients had similar scores on 
the GOS as compared with the evaluation eight week after randomization (p=0.76). Patients 
after pneumococcal meningitis had a higher rate of focal neurologic deficits and were more 
likely to have a GOS score of 4 than those after meningococcal meningitis. 
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Table 3 Results of audiological examinations  

 
Variable 

Control 
subjects  
(n = 35) 

Dexamethasone 
group  
(n = 24) 

Placebo 
group 
(n = 27) 

Pneumococcal 
patients  
(n = 25) 

Meningococcal 
patients  
(n = 26) 

Pure-tone hearing loss      
<30 dB 32 (91) 18 (75) 20 (74) 16 (64) 22 (85) 
30-55 dB 3 (9) 4 (17) 5 (19) 6 (24) 3 (12) 
55-70 dB 0 1 (4) 1 (4) 1 (4) 1 (4) 
70-90 dB 0 1 (4) 1 (4) 2 (8) 0  
      
Speech recognition 
threshold (dB) 

65 (50-90) 70 (50-120) 65 (50-120) 70 (50-120) 65 (50-110) 

Data are number (%) or median (range). dB=decibel. 
   
 Audiological examination was performed in all participants who were able/willing 
to travel to our hospital: 51 of 87 patients (59%) and 35 of 50 controls (70%; table 3). The 
degree of hearing loss in survivors of bacterial meningitis was similar to that in controls 
(median 13 dB [range, 0-87 dB] vs 10 dB [range, 2-35 dB]; p=0.41). The degree of hearing loss 
was similar in patients treated with dexamethasone and placebo (median 13 dB [range, 0-72 
dB] vs 13 dB [range, 0-87 dB]; p=0.76). The median degree of hearing loss was higher in 
adults surviving pneumococcal meningitis than in those after meningococcal meningitis 
(median 18 dB [range, 2-87 dB] vs 8 dB [range, 0-62 dB]; p=0.01).  
 Neuropsychological examination was performed in all patients and controls. 
Demographic characteristics and interval between meningitis and testing for patients treated 
with dexamethasone and placebo were similar (table 4). MANOVAs within 
neuropsychological domains showed no significant overall group differences between both 
treatment groups for ‘intelligence’ (p=0.06), ‘memory’ (p=0.15), ‘executive functioning’ 
(p=0.08), ‘attention’ (p=0.68), and ‘psychomotor speed’ (p=0.72). Both treatment groups 
also had similar scores on questionnaires for general health and quality of life (RAND-36). 
Patients who received adjunctive dexamethasone had higher scores on the item “depression” 
than those with placebo (p=0.04); results of the multivariate analyses for the cognitive 
domains remained similar after correction for depression scores.  
 The number of impaired test results for both treatment groups was similar as well 
(table 5). Based on performance in the control group, a patient was considered to have 
cognitive dysfunction if he/she had ≥3 impaired test results. According to these criteria 
cognitive dysfunction was present in 4 of the 46 (9%) patients treated with dexamethasone as 
compared to 7 of 41 patients in the placebo group (17 %; p=0.24). Both treatment groups 
had similar results on the speed composite score (p=0.14). Performance on the speed 
composite score showed no significant correlations with performance on the Grooved 
Pegboard and scores on the item “depression” of the POMS.  
 In patients with pneumococcal meningitis, demographic characteristics were similar 
in both treatment groups, although the interval between meningitis and testing was longer in 
those treated with dexamethasone (p=0.04; table 6). MANOVAs within neuropsychological 
domains showed significant overall group differences between both treatment groups for 
‘memory’ (p=0.004) and ‘executive functioning’ (p=0.01), but not for ‘intelligence’ (p=0.52), 
‘attention’ (p=0.68), and ‘psychomotor speed’ (p=0.86).  
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Table 4 Neuropsychological test results in adults treated with adjunctive dexamethasone or placebo 

 
Variable, domain 

Dexamethasone 
group (n = 46) 

Placebo group 
(n = 41) 

 

p value* 
Demographic characteristics    
    Age at time of testing (years) 49,7 (15,9) 44,7 (16,7) 0,16 
    Education (years) 13,0 (2,1) 12,9 (2,6) 0,81 
    Months meningitis to testing: median (range) 100,0 (39-146) 98,0 (30-140) 0,37† 
    Premorbid Intelligence (IQ) 102,1 (18,2) 96,5 (14,5) 0,12 
Intelligence (GIT)     
    Intelligence (IQ) 108,2 (15,8) 107,8 (14,8) 0,93 
    Verbal reasoning  50,6 (8,7) 51,8 (12,2) 0,60 
    Visuospatial reasoning  48,1 (10,3) 52,8 (14,0) 0,09 
    Numerical Speed  47,0 (11,0) 50,5 (10,0) 0,14 
Memory    
    Rey AVLT immediate  45,4 (9,5) 46,5 (8,7) 0,59 
    Rey AVLT delayed  47,2 (8,2) 46,4 (9,6) 0,65 
    Rey AVLT recognition  48,0 (10,8) 43,6 (14,0) 0,10 
    WMS-R immediate  50,9 (7,9) 51,3 (6,3) 0,82 
    WMS-R delayed  50,3 (8,6) 50,3 (9,9) 0,99 
    RBMT immediate  50,4 (8,8) 50,9 (11,3) 0,80 
    RBMT delayed  50,5 (10,1) 49,1 (11,7) 0,56 
    WAIS-R Digit Symbol Test 47,6 (9,8) 50,4 (9,2) 0,20 
Language: Boston Naming Test 50,8 (14,2) 47,6 (17,0) 0,35 
Attention     
    Trailmaking Test Part B  44,3 (12,9) 46,7 (12,7) 0,39 
    SCWT Part C (interference condition)  47,8 (13,1) 48,1 (15,4) 0,94 
WAIS-R Digit Span Test 47,6 (9,8) 50,4 (9,2) 0,35 

Executive functioning    
    Category fluency  52,7 (11,9) 51,3 (10,9) 0,57 
    Letter fluency  48,5 (9,3) 48,5 (9,1) 0,97 
    No. WCST categories  50,6 (9,8) 48,9 (9,3) 0,45 
    No. WCST total errors  53,1 (9,2) 47,4 (11,6) 0,02 
    No. WCST perseverative errors 49,5 (8,9) 45,1 (12,1) 0,07 
Psychomotor speed    
    Trailmaking A  47,6 (11,0) 46,6 (11,9) 0,69 
SCWT Test Part A (word reading) 47,6 (11,3) 48,4 (10,3) 0,74 
SCWT Part B (color naming) 46,6 (12,7) 46,7 (10,1) 0,39 

    Visual reaction task, dominant hand  47,1 (10,2) 48,5 (10,2) 0,54 
    Visual reaction task, non-dominant hand  47,2 (11,9) 50,0 (8,5) 0,23 
    Binary choice reaction task 50,5 (12,1) 48,5 (12,4) 0,47 
Data are mean (SD), unless indicated otherwise; scores are expressed as T-scores corrected for age and education. *2-
tailed p-values (t-test). †2-tailed p-value of U-test. GIT=Groningen Intelligence Tests; AVLT=Auditory Verbal 
Learning Test; WMS-R=Wechsler Memory Scale-Revised; RBMT=Rivermead Behavioural Memory Test; WAIS-
R=Wechsler Adult Intelligence Scale-Revised; SCWT=Stroop Color Word Test; WCST=Wisconsin Card Sorting Test.  
 
Results of the multivariate analyses for the cognitive domains remained similar after 
correction for the interval between meningitis and testing. Pneumococcal patients who were 
treated with dexamethasone performed significantly better on the AVLT-recognition than 
those treated with placebo (Bonferroni corrected p=0.004). Performance on the other 
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neuropsychological tests within the domain of ‘memory’ and ‘executive functioning’ was 
similar in both treatment groups. 
 
 
Table 5 Number of impaired tests  

No. of tests 
impaired 

Control subjects  
(n = 50) 

Dexamethasone group (n 
= 46) 

Placebo group 
(n = 41) 

0 32 (64) 21 (46) 21 (51) 
1 11 (22) 12 (26) 9 (22) 
2 5 (10) 9 (20) 4 (10) 
3 1 (2) 3 (7) 2 (5) 
≥4 1 (2) 1 (2) 5 (12) 
Data are number (%). 
 

 In patients with meningococcal meningitis, demographic characteristics in patients 
treated with dexamethasone and placebo were similar (table 7). MANOVAs within 
neuropsychological domains showed no significant overall group differences between both 
treatment groups for ‘intelligence’ (p=0.23), ‘memory’ (p=0.23), ‘executive functioning’ 
(p=0.50), ‘attention’ (p=0.99), and ‘psychomotor speed’ (p=0.32).  
 The interaction between the causative pathogen and treatment group was significant 
for the multivariate comparison of test results within the domain of memory (p=0.007), but 
not within any of the other cognitive domains (p>0.55 for all). In a linear regression analysis, 
this interaction was significant for performance on two subtests of the AVLT. 
Dexamethasone therapy was associated with higher scores on the AVLT-immediate recall in 
patients after pneumococcal meningitis and with lower scores on the same test in survivors of 
meningococcal meningitis; regression coefficient in subgroup of pneumococcal patients 0.23 
as compared to -0.25 within meningococcal patients (p-interaction=0.03). Similar associations 
were found for performance on the AVLT-recognition (regression coefficient 0.46 in 
pneumococcal patients vs -0.05 in meningococcal patients; p-interaction=0.01).  
 Controls and patients had similar scores on premorbid intelligence (99.6±18 in 
controls vs 99.5±17 in patients; p=0.96). MANOVAs showed no significant differences 
between patients and controls for ‘intelligence’ (p=0.37), ‘memory’ (p=0.31), ‘executive 
functioning’ (p=0.06), ‘attention’ (p=0.15), and ‘psychomotor speed’ (p=0.38). Both groups 
had similar scores on the RAND-36, the POMS and the grooved Pegboard.   
 Patients after pneumococcal meningitis were older (p<0.0001) and had a lower level 
of education (p=0.01) than those after meningococcal meningitis (table 8). Gender 
distribution in both groups was similar. MANOVAs showed significant overall group 
differences between survivors of pneumococcal meningitis and meningococcal meningitis for 
‘memory’ (p=0.01), but not for ‘intelligence’ (p=0.12), ‘executive functioning’ (p=0.08), 
‘attention’ (p=0.12), and ‘psychomotor speed’ (p=0.22). Patients after pneumococcal 
meningitis performed worse than those after meningococcal meningitis on all tasks of the 
AVLT and the WMS-R. These differences remained similar after correction for score on the 
speed composite measure, but were no longer significant after Bonferroni correction for the 
number of comparisons. Patients who had pneumococcal meningitis experienced more 
impairment of everyday functioning due to physical problems (RAND-36; p=0.05). 
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Table 6 Comparison of neuropsychological test results in adults after pneumococcal meningitis  

 
Variable, domain 

Dexamethasone 
group (n = 22) 

Placebo group 
(n = 16) 

 

p value* 
Demographic characteristics    
    Age at time of testing (years) 56,5 (13,5) 53,9 (15,7) 0,59 
    Education (years) 12,3 (2,3) 12,0 (3,2) 0,72 
    Months from meningitis to testing: 
median (range) 104 (40-141) 71,0 (36-140) 0,04† 
    Premorbid Intelligence (IQ) 101,0 (17,4) 99,2 (17,9) 0,75 
Intelligence (GIT)     
    Intelligence (IQ) 106,7 (15,5) 105,6 (15,8) 0,84 
    Verbal reasoning  48,8 (8,6) 51,8 (12,3) 0,39 
    Visuospatial reasoning  48,7 (11,9) 54,5 (13,9) 0,20 
    Numerical Speed  44,5 (10,7) 46,4 (9,8) 0,59 
Memory    
    Rey AVLT immediate  45,2 (8,9) 41,1 (8,6) 0,16 
    Rey AVLT delayed  46,7 (7,1) 42,0 (9,0) 0,08 
    Rey AVLT recognition  49,4 (11,6) 36,6 (13,6) 0,0004 
    WMS-R immediate  49,4 (9,0) 50,5 (6,8) 0,71 
    WMS-R delayed  47,8 (10,0) 48,8 (14,0) 0,82 
    RBMT immediate  50,5 (6,6) 51,2 (11,3) 0,82 
    RBMT delayed  51,0 (7,3) 52,0 (13,7) 0,79 
    WAIS-R Digit Span Test 48,1 (9,7) 53,3 (11,4) 0,16 
Language: Boston Naming Test 51,6 (12,7) 43,9 (19,9) 0,16 
Attention     
    Trailmaking Test Part B  40,6 (12,6) 43,9 (17,8) 0,50 
    SCWT Part C (interference condition)  47,3 (13,1) 46,4 (20,4) 0,87 
WAIS-R Digit Span Test 48,1 (9,7) 53,3 (11,4) 0,16 

Executive functioning    
    Category fluency  55,8 (10,3) 50,3 (10,4) 0,11 
    Letter fluency  48,6 (10,9) 46,5 (10,9) 0,59 
    No. WCST categories  52,8 (12,1) 51,1 (11,5) 0,67 
    No. WCST total errors  54,1 (11,4) 46,7 (14,0) 0,09 
    No. WCST perseverative errors 49,1 (11,7) 44,2 (14,7) 0,28 
Psychomotor speed    
    Trailmaking A  44,3 (12,5) 43,1 (14,8) 0,79 
SCWT Test Part A (word reading) 47,9 (13,7) 48,4 (9,8) 0,91 
SCWT Part B (color naming) 46,4 (14,3) 47,9 (6,9) 0,72 

    Visual reaction task, dominant hand  44,5 (12,9) 47,8 (12,7) 0,46 
    Visual reaction task, non-dominant hand  45,9 (15,1) 49,0 (11,9) 0,52 
    Binary choice reaction task 49,9 (13,1) 45,6 (17,8) 0,40 
Data are mean (SD), unless indicated otherwise; scores are expressed as T-scores corrected for age and education. 
*2-tailed p-values (t-test). †2-tailed p-value of U-test. For abbreviations see table 4. 

 

Both groups had similar scores on the grooved Pegboard and the item “depression” of the 
POMS. The proportion of cognitive dysfunction was higher in patients after pneumococcal 
meningitis (8 of 38 [21%] vs 3 of 49 [6%]; p=0.05). Survivors of pneumococcal and 
meningococcal meningitis had similar results on the speed composite score (p=0.09). 
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Table 7 Comparison of neuropsychological test results in adults after meningococcal meningitis  

 
Variable, domain 

Dexamethasone 
group (n = 24) 

Placebo group 
(n =25 ) 

 

p value* 
Demographic characteristics    
    Age at time of testing (years) 43,5 (15,6) 38,8 (14,8) 0,29 
    Education (years) 13,6 (1,8) 13,4 (1,9) 0,73 
    Months from meningitis to testing: 
median (range) 100,0 (39-146) 114.0 (10-140) 0,52† 
    Premorbid Intelligence (IQ) 103,1 (19,3) 94,8 (12,1) 0,08 
Intelligence (GIT)     
    Intelligence (IQ) 109,5 (16,2) 109,1 (14,4) 0,94 
    Verbal reasoning  52,3 (8,6) 51,8 (12,3) 0,87 
    Visuospatial reasoning  47,5 (8,8) 51,8 (14,2) 0,23 
    Numerical Speed  49,4 (11,0) 53,3 (9,3) 0,21 
Memory    
    Rey AVLT immediate  45,6 (10,2) 50,0 (7,0) 0,09 
    Rey AVLT delayed  47,7 (9,3) 49,2 (9,0) 0,58 
    Rey AVLT recognition  46,8 (10,1) 47,8 (12,7) 0,75 
    WMS-R immediate  52,6 (6,4) 51,7 (6,1) 0,66 
    WMS-R delayed  52,9 (6,1) 51,0 (7,3) 0,36 
    RBMT immediate  50,2 (10,5) 50,7 (11,4) 0,45 
    RBMT delayed  50,0 (12,3) 47,5 (10,4) 0,87 
    WAIS-R Digit Span Test 47,2 (10,1) 48,7 (7,3) 0,57 
Language: Boston Naming Test 50,1 (15,6) 50,1 (14,5) 0,99 
Attention     
    Trailmaking Test Part B  47,8 (12,5) 48,5 (7,9) 0,83 
    SCWT Part C (interference condition)  48,3 (13,3) 49,1 (11,8) 0,84 
WAIS-R Digit Span Test 47,2 (10,1) 48,7 (7,3) 0,57 

Executive functioning    
    Category fluency  49,8 (12,8) 51,8 (11,4) 0,55 
    Letter fluency  48,5 (7,9) 49,7 (7,7) 0,61 
    No. WCST categories  48,4 (6,4) 47,6 (7,5) 0,71 
    No. WCST total errors  52,0 (6,5) 47,8 (10,2) 0,12 
    No. WCST perseverative errors 49,8 (5,0) 45,7 (10,5) 0,11 
Psychomotor speed    
    Trailmaking A  50,7 (8,4) 48,9 (9,4) 0,47 
SCWT Test Part A (word reading) 47,3 (8,4) 48,4 (10,9) 0,70 
SCWT Part B (color naming) 46,7 (11,1) 46,0 (11,7) 0,85 

    Visual reaction task, dominant hand  49,4 (6,3) 48,9 (8,5) 0,83 
    Visual reaction task, non-dominant hand  48,3 (8,2) 50,7 (5,5) 0,26 
    Binary choice reaction task 51,0 (11,3) 50,5 (6,9) 0,85 
Data are mean (SD), unless indicated otherwise; scores are expressed as T-scores corrected for age and education. 
*2-tailed p-values (t-test). †2-tailed p-value of U-test. For abbreviations see table 4. 

   
Performance on the speed composite score was significantly associated with current 
intelligence in a linear regression analysis (IQ; 2-tailed p<0.0001), but not with the causative 
pathogen (p=0.10), time since meningitis (p=0.67), dexamethasone therapy (p=0.44), and 
GOS score (p=0.86). 
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Table 8 Neuropsychological test results in 87 adults after recovery from bacterial meningitis 

 
Variable, domain 

Meningococcal 
patients (n = 49) 

Pneumococcal 
patients (n = 38) 

 

p value* 
Demographic characteristics    
    Age at time of testing (years) 41,1 (15,2) 55,4 (14,3) <0,0001 
    Education (years) 13,5 (1,8) 12,2 (2,7) 0,01 
    Months from meningitis to testing: median 
(range) 

110 (30-146) 88,5 (36-141) 0,20† 

    Premorbid Intelligence (IQ) 98,8 (16,3) 100,3 (17,4) 0,68 
Intelligence (GIT)     
    Intelligence (IQ) 109,3 (15,1) 106,3 (15,4) 0,38 
    Verbal reasoning  52,1 (10,6) 50,0 (10,1) 0,36 
    Visuospatial reasoning  49,8 (12,0) 51,1 (12,9) 0,64 
    Numerical Speed  51,5 (10,2) 45,3 (10,2) 0,01 
Memory    
    Rey AVLT immediate  47,8 (8,9) 43,5 (8,9) 0,03 
    Rey AVLT delayed  48,5 (9,1) 44,7 (8,2) 0,05 
    Rey AVLT recognition  47,3 (11,4) 44,2 (13,9) 0,26 
    WMS-R immediate  52,1 (6,2) 49,8 (8,1) 0,15 
    WMS-R delayed  51,8 (6,8) 48,1 (11,4) 0,08 
    RBMT immediate  50,5 (10,9) 50,8 (8,6) 0,91 
    RBMT delayed  48,7 (11,3) 51,4 (10,1) 0,26 
    WAIS-R Digit Symbol Test 47,9 (8,7) 50,2 (10,6) 0,29 
Language: Boston Naming Test 50,1 (14,9) 48,2 (16,4) 0,59 
Attention     
    Trailmaking Test Part B  48,2 (10,3) 42,0 (14,9) 0,03 
    SCWT Part C (interference condition)  48,7 (12,4) 47,0 (16,2) 0,57 
WAIS-R Digit Span Test 47,9 (8,7) 50,2 (10,6) 0,29 

Executive functioning    
    Category fluency  50,8 (12,0) 53,5 (10,5) 0,28 
    Letter fluency  49,1 (7,8) 47,7 (10,8) 0,50 
    No. WCST categories  48,0 (6,9) 52,1 (11,7) 0,06 
    No. WCST total errors  49,9 (8,7) 51,2 (12,8) 0,61 
    No. WCST perseverative errors 47,7 (8,4) 47,1 (13,0) 0,82 
Psychomotor speed    
    Trailmaking A  49,8 (8,9) 43,8 (13,3) 0,01 
SCWT Test Part A (word reading) 47,8 (9,7) 48,1 (12,1) 0,93 
SCWT Part B (color naming) 46,3 (11,3) 47,0 (11,8) 0,79 

    Visual reaction task, dominant hand  49,2 (7,4) 45,9 (12,8) 0,15 
    Visual reaction task, non-dominant hand  49,5 (7,0) 47,2 (13,7) 0,33 
    Binary choice reaction task 50,7 (9,3) 48,1 (15,1) 0,34 
Data are mean (SD), unless indicated otherwise; scores are expressed as T-scores corrected for age and education.  
*2-tailed p-values (t-test). †2-tailed p-value of U-test. For abbreviations see table 4. 

 
Quality of life questionnaires revealed that patients who were defined as cognitively impaired 
had higher scores on the item “depression” of the POMS (p=0.003) and had lower scores on 
the RAND-36 on the subscales of social functioning (p=0.04), mental health (p=0.004), and 
general health (p=0.05). 
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Discussion 
Our results show that treatment with adjunctive dexamethasone is not associated with an 
increased risk for long-term cognitive impairment in adults with bacterial meningitis. As 
adjunctive dexamethasone has become routine therapy in adults with suspected bacterial 
meningitis, this is important information for patients and their treating physicians. Our 
prospective study comprises the largest number of patients with long-term neurologic and 
neuropsychological evaluation after bacterial meningitis to date and has enough power to 
detect relevant differences between the dexamethasone and placebo group.  
 Treatment with adjunctive dexamethasone is associated with a reduced risk for an 
unfavorable outcome, including mortality, in adults with bacterial meningitis.6,7 Although 
treatment with adjunctive dexamethasone was not associated with apparent side effects in the 
European study, concerns existed about the effects on long-term cognitive outcome.13 In 
vitro studies have shown that corticosteroids are toxic to cultured hippocampal and cortical 
neurons.28 Animal studies demonstrated that striatal and hippocampal neurons are 
particularly vulnerable to dexamethasone.29,30 In addition, dexamethasone therapy increased 
hippocampal apoptosis and learning deficiencies in experimental bacterial meningitis.10,31 The 
dosage of dexamethasone used in these experimental studies and the European study were 
similar (0.7 mg/kg per day).10 Corticosteroid-induced damage of hippocampal neurons may 
account for some of the cognitive deficits that have been noted in healthy volunteers.29,30 In a 
study on long-term effects of early postnatal dexamethasone therapy for lung disease of 
prematurity, steroids were associated with impairments in neuromotor and cognitive function 
at school age.32 Our analyses showed no significant group differences between patients 
treated with adjunctive dexamethasone and placebo within any of the cognitive domains. 
Therefore, treatment with adjunctive dexamethasone does not worsen long-term cognitive 
outcome in adults after bacterial meningitis.   
 We found that 13 percent of the patients surviving bacterial meningitis had 
cognitive impairment. These results are identical to those of our previous study in which 
neuropsychological testing was performed in 51 adults with good recovery after bacterial 
meningitis.5 A recent German study evaluating cognitive outcome 1-12 years after bacterial 
meningitis found a much higher rate of cognitive impairment (37%).33 These differences are 
explained by different criteria for cognitive dysfunction. The German study used less strict 
criteria resulting in impaired cognitive functioning of the controls ranging from 7 to 27 
percent per domain. If our criteria for cognitive dysfunction (score worse than the fifth 
centile of control group) were applied to the German study, 10 percent of the patients in 
their study would have been rated as cognitively impaired.33  
 Patients after pneumococcal meningitis are at high risk for cognitive impairment. 
Cognitive impairment was found in 21 percent of the patients surviving pneumococcal 
meningitis. Patients after meningococcal meningitis had similar scores as controls. These 
findings agree with our previous study that found cognitive impairment in 27 percent of the 
adults who made a good recovery after pneumococcal meningitis.5 The recent German study 
found no differences in cognitive outcome between survivors of pneumococcal and 
meningococcal meningitis;33 however, these discordant findings may be well be explained by 
the limited number of patients in the latter study.11 
 The main cognitive impairment in patients after pneumococcal meningitis consisted 
of memory deficits. Previous studies on cognitive outcome in adults surviving bacterial 
meningitis described cognitive slowness, impairment of psychomotor and visuoconstructive 
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performance and higher scores on depression scales.5,27,33-35 Our findings agree with previous 
observations.5,27,33 Hippocampal damage has been related to learning- and memory-deficits in 
humans and animal models.10 This suggests that neuronal apoptosis in the hippocampal 
dentate gyrus represents the major neuropathological process responsible for cognitive 
impairment in survivors of bacterial meningitis.  
 Cognitive speed was not related to time since meningitis. This is in contrast with our 
previous study, which suggested that loss of cognitive speed might be partially reversible in 
time.27 This might well be explained by the longer time interval between meningitis and 
neuropsychological evaluation in the present study as compared to these previous studies 
(median 8 years in the present study [range, 30 months to 12 years] vs 14 months [range, 7 to 
25 months]5 and 17 months [range 6 months to 4 years]27, respectively). Our findings imply 
that neuropsychological impairment improves in the first years after bacterial meningitis and 
becomes relatively stable with time.  
 The association of adjunctive dexamethasone therapy with test results within the 
domain of memory differed between patients after pneumococcal and meningococcal 
meningitis. Whereas patients after pneumococcal meningitis that received steroid therapy 
performed slightly better on several memory-dependent tasks than those in the placebo 
group, our analyses showed a reverse association in the subgroup of meningococcal patients. 
Although these findings may have been due to chance, they are in line with the conflicting 
results of steroids on neuronal injury in experimental meningitis studies.10,12,36 Animal models 
of bacterial meningitis showed that a more severe inflammatory response within the 
subarachnoid space is associated with an increased risk for adverse outcome and neurologic 
sequelae.37 Although anti-inflammatory treatment with corticosteroids can reduce the severity 
of CSF inflammation, dexamethasone increased hippocampal apoptosis in infant rats with 
pneumococcal meningitis.10 In contrast to these findings, adjunctive dexamethasone reduced 
acute brain injury and attenuated meningitis-induced memory deficits in mature rats after 
recovery from meningitis with group B Streptococcus.36 As the inflammatory response and 
apoptotic pathways are both related to meningitis-induced brain damage,38 the lack of a 
negative effect of steroid therapy on cognitive outcome in present study might reflect 
potential steroid-induced brain injury being offset by the beneficial effects on inflammation, 
or other not-yet-identified beneficial effects. Therefore, the effect of adjunctive 
dexamethasone on neuronal injury and cognitive outcome in bacterial meningitis may (in 
part) depend on the causative pathogen, age and the severity of infection.  
  The most important limitation of our study is selection bias. As our study evaluated 
patients who were previously included in a randomized controlled trial, all patients met 
specific inclusion criteria. Baseline characteristics of patients in the European Dexamethasone 
Study were similar to those included in our nation wide cohort of adults with culture-proven 
bacterial meningitis. Therefore, patients included in the European study are likely to be a 
representative sample of adults with bacterial meningitis.6,12 Of the potentially eligible patients 
in this study, 15 percent could not be contacted for participation in the present study. This 
relatively high rate is probably due to the long time interval to the start of this follow-up 
study (11 years) and the anonymous inclusion of patients in the initial study. Although 
demographic characteristics and the score on the Glasgow Outcome Scale eight weeks after 
randomization in these lost-to-follow-up-patients were similar to the others, this might have 
confounded our results.  



Chapter 5 

 72 

 In conclusion, we found that treatment with adjunctive dexamethasone is not 
associated with an increased risk for long-term cognitive impairment. In addition, our results 
show that adults surviving pneumococcal meningitis are at significant risk for long-term 
cognitive sequelae. Neuropsychological assessment can be useful as an additional outcome 
measure in studies on neurologic infectious diseases. 
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Appendix: Neuropsychological Tests and Questionnaires 

 
Boston Naming Test (short version): The short version of this test consists of a visual picture naming task in 
which 30 drawings are shown. These pictures are presented in order of difficulty. Score is number of 
correctly named pictures.  
 
Dutch Adult Reading Test (DART): Fifty words with irregular spelling have to be read aloud. The number 
of correctly read words is transformed into an estimate of verbal intelligence. The DART is the Dutch 
counterpart of the National Adult Reading Test (NART). This test gives an estimate of premorbid 
verbal intelligence, because it correlates highly with other tests of verbal intelligence although it is 
relatively insensitive to cognitive deterioration due to neurologic disorders. Scores are intelligence 
quotients (population mean, 100; SD, 15).  
 
Groningen Intelligence Test (GIT), subtest Verbal Reasoning: The subject has to choose 1 word from 5 
possibilities that correctly completes a 3 × 2 matrix of logical semantic relations (eg, black-white, high-
low, hot-?).  

 
GIT, subtest Visuospatial Reasoning: The subject has to decide which of several smaller geometric shapes 
are needed to fill a larger geometric figure (in a way similar to the oriental game of Tangram, but 
without actually manipulating the shapes).  
 
GIT, subtest Numerical Speed: The subject completes as many written additions as possible in 1 min.  
 
Rey's Auditory Verbal Learning Test (AVLT): The subject has to memorize a series of 15 words in 5 
learning trials. The test consists of an immediate recall task, a delayed recall task and a recognition task.  
 

Subtest Visual Reproduction of the Wechsler Memory Scale Revised (WMS-R): Four geometric figures of 
increasing complexity are shown to the subject for 10 s each. Immediately after presentation of each 
figure and after a 30-min delay, the subject is asked to draw the figures from memory. The quality of the 
drawings is scored by use of 41 criteria, resulting in a raw score range of 0 to 41. 
 
Stroop Color Word Test (SCWT): This test measures perceptual interference, response inhibition, and 
selective attention by having the subject: read the names of 100 colors printed on a card (card 1), name 
the color of ink of colored squares (card 2) and name the color of ink of 100 non-matching color words 
(card 3). Score is time to completion in seconds.   
 
Subtest Story recall of the Rivermead Behavioural Memory Test (RMBT): Two 21-item news messages are read to 
the subject, who repeats as many items as he can remember. After a 15-minute interval, the subject is 
asked to recall the message again.  
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Trailmaking Test: The task is to connect consecutive numbers (part A) or numbers alternating with letters 
(part B) on a sheet of paper. This is a test of visual scanning, visuomotor and conceptual tracking, 
mental flexibility, and motor speed.  
 
Wisconsin Card Sorting Test (WCST): This test uses a deck of cards on which different numbers of 
different forms in different colors are shown. The task is to sort the cards according to 1 of 3 possible 
sorting rules (color, number, or form). These rules are not told but must be determined by the subject. 
After each sort, feedback is given on whether or not it was correct. Once a sorting rule has been found 
(10 correct sorts on a row), the subject has to change to a different rule. Of particular interest are 
perseverative errors of the kind where the subject keeps sorting according to a previously correct rule or 
to a rule that was wrong in the immediately preceding sort. The WCST is a test of concept formation 
and set shifting. Scores used in this study are the raw numbers of errors and perseverations.  
 

GIT, Category fluency: For 1 min, the subject has to say as many words that belong to a particular semantic 
category. Two trials were done (animals and occupations).  

 
Letterfluency (Controlled Oral Word Association Test, COWAT): For 1 min, the subject has to say as many 
words that begin with a given letter. Three trials with different letters were done.   
 
Simple reaction speed: Simple reaction speed was tested for the dominant and nondominant hands 
separately with use of visual stimuli. Scores are median reaction times in milliseconds.  
 
Two-choice reaction speed: Two-choice reaction speed was tested with use of both hands and visual stimuli. 
Scores are median reaction times in milliseconds.  
 
Grooved Pegboard: fine motor skills and visual motor coordination were tested for the dominant and 
nondominant hands separately with use of a board with 25 holes with randomly positioned slots in 
which cones has to be inserted. Score is time to completion in seconds. 
 
Subtest Digit Span of WAIS-R: Subjects have to listen to increasingly longer lists of digits and to produce 
immediate recall in the actual and in reverse order from initial presentation. This test is a measure of 
attention as well as working memory.  
 
RAND-36: The RAND-36 is a questionnaire of general health and quality of life. It has been 
standardized for the Netherlands on a sample of subjects (n = 1063) that is roughly comparable to the 
present groups with respect to age and education.  
 
Profile of Mood States (POMS): During the test session, an abbreviated version of the POMS was filled out 
by the patient. This is a list of 32 adjectives clustered in 5 subscales (depression, anger, fatigue, vigor, 
and tension) by which subjects describe their mood during the week preceding. 
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Abstract 
Since the virtual eradication of meningitis due to Haemophilus influenzae type B by vaccination 
in the developed world, pneumococcal meningitis has become the leading cause of bacterial 
meningitis beyond the neonatal period. Clinical and experimental research has increased our 
knowledge about the pathophysiology and pathogenesis of the disease over the past decades. 
Despite the availability of effective antibiotics, supportive care facilities, and recent advances 
in adjunctive strategies—ie, adjunctive dexamethasone—mortality and morbidity rates 
associated with pneumococcal meningitis remain unacceptably high. Although preliminary 
results after the introduction of the pneumococcal conjugate vaccine are promising, the 
incidence of multidrug-resistant pneumococcal strains is rising worldwide. Here we discuss 
clinical aspects of pneumococcal meningitis in adults, with focus on pathophysiology, and 
stress the urgent need for adequate preventive measures and new effective treatments. 
 

 

Introduction 
Acute bacterial meningitis is a life-threatening infectious disease. The annual incidence is 
estimated at 2.6–6 cases per 100,000 population and could be ten times higher than this in 
less developed countries.1,2 Vaccination strategies have substantially changed the 
epidemiology of bacterial meningitis during the past two decades.3 Routine vaccination of 
children against Haemophilus influenzae type B has virtually eradicated bacterial meningitis due 
to this bacterium in the developed world.1,4 As a consequence, Streptococcus pneumoniae has 
become the most common pathogen—ie, cause of bacterial meningitis—beyond the neonatal 
period.5 Today, despite advances in medical care, mortality from pneumococcal meningitis 
ranges from 16 to 37 percent and neurological sequelae are estimated to occur in 30 to 52 
percent of surviving adults.6–8 Previously we described clinical characteristics and prognostic 
factors in adults with pneumococcal meningitis in a large prospective cohort study.6 In the 
current review we summarise clinical and diagnostic aspects of the disease in adults, and 
focus on current understandings of the pathophysiology and pathogenic mechanisms 
associated with pneumococcal meningitis. Finally, we discuss advances in current and future 
therapeutic strategies, and challenges for future research. 
 
 

Clinical aspects 
Clinical features 

Several retrospective studies have assessed the clinical characteristics of pneumococcal 
meningitis in adults. Many studies included both children and adults with various causative 
pathogens.7–15 In 2004, results were presented from the Dutch Meningitis Cohort Study, a 
prospective nationwide observational cohort study in the Netherlands.16 We provided a 
detailed description of the clinical course, spectrum of complications, prognostic factors, and 
outcome in 352 adults with community-acquired pneumococcal meningitis who were 
included in this cohort.6 

Most patients with pneumococcal meningitis have predisposing disorders—eg, 
distant foci of infection or immunocompromise (table 1).6–16 Reported rates of predisposing 
conditions in patients with  pneumococcal meningitis range from 68 to 92%.6–16 In a Danish 
cohort study on 187 cases of pneumococcal meningitis, an otogenic focus was present in 57 
(30%) patients, sinusitis in 15 (8%), and pneumonia in 33 (18%).8  
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Table 1 Clinical and laboratory features on admission in adults with pneumococcal meningitis 

Patients characteristics (proportion of patients affected)  

Years of age – mean (range) 53 (17-92) 
Male : female 1.3 : 1 
Underlying conditions† 68-92% 
Symptoms and signs on presentation (proportion of patients affected)  

Headache 62-84% 
Fever 62-84% 
Neck stiffness 71-81% 
Altered mental status 85-91% 
Coma 11-19% 
Seizures 7-21% 
Focal neurological deficits‡ 29-42% 
Aphasia 34% 
Hemiparesis 11-20% 

Cranial nerve palsies 17-21% 
Hearing loss 9% 

CSF findings (proportion or range)  
Positive culture 76-88% 
Positive Grams staining 81-93% 
White-cell count – mean (range) 4800 (3–33,334) x106/L 
Protein level – mean (range) 4.4 (0.13–26.3) g/L 
Glucose level – mean (range) 1.26 (0–12.3) mmol/L 
Data are based on recent studies that specifically evaluated adults with pneumococcal meningitis.6-14 †Dural fistulae, 
immunocompromise, asplenia, pneumoniae, otitis/mastoiditis or sinusitis. ‡Aphasia, ataxia, mono- or hemiparesis. 
CSF=cerebrospinal fluid. 
 
 
Classic symptoms and signs of bacterial meningitis (headache, fever, nuchal rigidity, and altered 
mental status) are present in most patients with pneumococcal meningitis.6–16 

In a review on the accuracy and precision of the clinical examination in the diagnosis 
of bacterial meningitis, individual items of the clinical history had a low accuracy for the 
diagnosis of bacterial meningitis; the pooled sensitivity of ten studies of patients with bacterial 
meningitis for headache was 50 percent.17 However, the diagnosis of bacterial meningitis was 
effectively eliminated by the absence of the classic triad of meningitis (fever, nuchal rigidity, and 
altered mental status; sensitivity 99–100% for the presence of one of these findings).17 In this 
study no subanalyses were presented for the two most common causative agents of bacterial 
meningitis S. pneumoniae and Neisseria meningitidis. In the Dutch cohort, the classic triad of 
bacterial meningitis was significantly more likely to be present in adults with pneumococcal 
meningitis than in those with meningococcal meningitis (58% vs 27%).16 

The severity of pneumococcal meningitis is also indicated by the high rates of patients 
who are comatose on admission (11–19%) and the high rates of focal neurological deficits (29–
42%) and seizures (7–21%).6–16 In our cohort, focal neurological deficits were present on 
admission in 40 percent of patients; aphasia in 34 percent, hemiparesis in 11 percent, and cranial 
nerve palsies (including hearing loss) in 17 percent.6 Systemic compromise—eg, hypotension 
and tachycardia—occurs frequently and is an important predictor of an unfavourable 
outcome.6,7 In patients with pneumococcal meningitis, deterioration can occur rapidly and is 
difficult to predict.6 
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Figure 1 Cerebrovascular complications in an adult with pneumococcal meningitis  

Panel A     Panel B 

       

Panel C     Panel D 

   
MRA of cerebral arteries shows dilatation of the basilar artery (panel A); T2 weighted MRI scan in the same patient 
provides a transversal view of a hyperintense signal of the thalami (panel B) and left hemisphere (panel C) indicating 
brain infarction; Postmortem view of the brain of the same patient showing cortical brain infarction (panel D). 
 

CSF findings and radiological examinations 

Lumbar puncture is essential in the diagnosis of pneumococcal meningitis. Because the 
presenting clinical features of this disease can be non-specific, the threshold for undertaking a 
lumbar puncture should be low.2,16 However, lumbar puncture should not be done or should 
be postponed in a selected group of patients. In patients with septic shock (diastolic blood 

       



New approaches to management and prevention 

 81 

pressure <60 mm Hg) or coagulopathy (eg, anticoagulant use or clinical signs of disseminated 
intravascular coagulation), stabilisation of vital functions and correction of the coagulopathy 
should be done first.18,19 Additionally, to identify patients at risk for post-puncture brain 
herniation, imaging should be undertaken before lumbar puncture in patients with signs of 
brain shift (papilloedema or focal neurological deficits other than cranial nerve palsy) or those 
presenting with a Glasgow Coma Scale score of less than 10.18,19 In the Dutch Meningitis 
Cohort, one or more contraindications for immediate lumbar puncture were present in 204 of 
352 episodes of pneumococcal meningitis (58%);6 however, patients in this study all had 
positive cerebrospinal fluid (CSF) cultures. 

Opening pressures on lumbar puncture are high in almost all patients with 
pneumococcal meningitis (ranging from 70 mm to 700 mm of water).6 Characteristic CSF 
findings are present in nearly all patients with the disease (table 1), although normal CSF 
parameters can occur.6 In a retrospective study that included 422 patients with acute bacterial 
or viral meningitis, individual predictors for the presence of bacterial meningitis were a 
glucose concentration less than 1.9 mmol/L, a ratio of CSF glucose to blood glucose less 
than 0.23, a protein concentration more than 2.20 g/L, a white-cell count greater than 
2000x106/L, or a CSF neutrophil count more than 1180x106/L.20 In our cohort, at least one 
of these CSF findings was present in 94 percent of the episodes of pneumococcal 
meningitis.6 

Gram staining and culture of CSF can identify the causative pathogen in 81–93% 
and 76–88% of patients with pneumococcal meningitis, respectively.6–16 The sensitivity of 
bacterial antigen tests is limited; however, these tests may be helpful in patients with 
suspected bacterial meningitis and negative gram staining and culture of CSF.2,19 A promising 
diagnostic tool in cases of suspected bacterial meningitis and negative CSF cultures is the 
amplification of bacterial DNA by PCR.19 Although high diagnostic sensitivity and specificity 
have been reported,21 further refinements and particularly a reduction of the false-positive 
rates are needed before PCR can be routinely recommended in the diagnosis of bacterial 
meningitis.2,19 

Cranial imaging can be used to reveal underlying conditions and meningitis-
associated intracranial complications. In most patients imaging will include cranial CT or 
MRI; in some patients angiography and 
transcranial Doppler ultrasound can be used to distinguish acute from pre-existing ischaemia 
or to identify intracranial complications (figure 1).7 Most common findings on cranial imaging 
in adults with pneumococcal meningitis are hypodense lesions that are suspect for brain 
infarction (17–30%), brain swelling (20–29%), and hydrocephalus (5–16%).6,22,23 In a 
previous study on complications in adults with pneumococcal meningitis, angiography and 
magnetic resonance angiography detected cortical vein or sinus thrombosis in nine of 87 
(10%) patients.7 In the Dutch cohort, cranial CT revealed underlying conditions in 17 percent 
and meningitis-associated intracranial complications in 39% of adults with pneumococcal 
meningitis.6 
 

Antimicrobial treatment 

A delay in antimicrobial treatment—eg, because of imaging, transfer to another hospital, or 
stabilisation of vital signs—has been associated with an increased risk for adverse clinical 
outcome in adults with bacterial meningitis.24,25 Therefore, if imaging precedes lumbar 
puncture, blood cultures should be taken and antimicrobial therapy with adjunctive 
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dexamethasone started before imaging is undertaken.19 The choice of the empirical 
antimicrobial therapy should be based on the predominant causative bacterial pathogens and 
their antimicrobial susceptibility patterns (tables 2).19 Empirical antimicrobial treatment can 
be modified once culture results and in-vitro susceptibility testing of the isolated micro-
organisms become available.19 
 
Adjunctive dexamethasone treatment 

Dexamethasone is the only currently accepted adjunctive therapy in the treatment of patients 
with bacterial meningitis.19,26 Although the use of adjunctive dexamethasone in bacterial 
meningitis has been extensively studied, its value has been debated for a long time.26,27 In a 
clinical trial, the use of adjunctive dexamethasone with or before the first dose of antibiotics 
reduced mortality in adults with bacterial meningitis. This beneficial effect was most apparent 
in patients with pneumococcal meningitis, in whom mortality was decreased from 34 to 14 
percent.28 A subsequent meta-analysis showed that adjunctive dexamethasone also reduces 
neurological sequelae.27 These results have changed guidelines for treatment of bacterial 
meningitis and adjunctive dexamethasone has become routine treatment in adults with 
suspected bacterial meningitis.28,29  

Despite these encouraging results, the use of adjunctive dexamethasone in bacterial 
meningitis is controversial in certain subgroups of patients. First, high-dose steroids can have 
detrimental effects in patients with both meningitis and septic shock.30 Second, by reducing 
the permeability of the blood–brain barrier, steroids can impede penetration of antibiotics 
into the CSF, as was shown for vancomycin in animal studies,31 which can lead to treatment 
failures, especially in patients with meningitis due to drug-resistant pneumococci in whom 
antibiotic regimens often include  vancomycin.27,29 Therefore, patients with bacterial 
meningitis due to non-susceptible strains, treated with adjunctive dexamethasone, should be 
carefully monitored throughout treatment.29 

The effect of dexamethasone on cognitive outcome in patients with bacterial 
meningitis is unclear. Adjunctive dexamethasone aggravated hippocampal apoptosis and was 
associated with learning deficiencies in infant rats recovering from pneumococcal 
meningitis.32 By contrast with these findings, adjunctive dexamethasone attenuated 
meningitis-induced memory deficits in mature rats after experimental meningitis due to group 
B streptococcus.33 Cognitive impairment, especially loss of cognitive speed, occurs frequently in 
patients surviving pneumococcal meningitis.34 Future clinical studies will need to ascertain 
whether adjunctive dexamethasone worsens cognitive outcome in patients after recovery 
from pneumococcal meningitis. 
 
Clinical course and outcome 

Complications occur in most patients with pneumococcal meningitis. Intracranial 
complications have been reported in 64 to 75 percent of patients (table 3); most important 
are seizures, brain infarction, brain swelling, hydrocephalus, and cranial nerve palsies.6–16 
During the clinical course of the disease, 38 to 45 percent of patients develop systemic 
complications—eg, septic shock, cardiorespiratory failure, or disseminated intravascular 
coagulation.6,7,9 In a retrospective cohort study of 87 adults with pneumococcal meningitis 
who were admitted to the intensive care unit, 65 (75%) patients had meningitis-associated 
intracranial complications: seizures occurred in 24 (28%) patients, diffuse brain swelling in 25 
(29%), and cerebrovascular complications in 26 (30%).7 A cohort study reported a need for 
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mechanical ventilation in 86 of 128 (67%) adults with pneumococcal meningitis.8 These high 
rates of neurological and systemic complications result in a high mortality rate (16–37%).6–16  
 
Table 2 Recommendations for antibiotic therapy 

 

EMPIRICAL ANTIBIOTIC THERAPY IN ADULTS WITH SUSPECTED COMMUNITY-ACQUIRED 

BACTERIAL MENINGITIS 

Predisposing factor Common bacterial pathogens Initial management 

Age   
16-60 years Neisseria meningitidis, Streptococcus 

pneumoniae 

Vancomycin plus 
cefotaxime/ceftriaxone† 

> 60 years N. meningitidis, S. pneumoniae, 

Listeria monocytogenes, aerobic gram-

negative bacilli 

Vancomycin plus 
cefotaxime/ceftriaxone plus 
ampicillin‡ 

With risk factor present¶ S. pneumoniae, L. monocytogenes, 

Haemophilus influenzae 

Vancomycin plus 
cefotaxime/ceftriaxone plus 
ampicillin‡ 

 

SPECIFIC ANTIBIOTIC THERAPY IN ADULTS WITH PNEUMCOCCAL MENINGITIS 
Susceptibility Standard therapy Alternative therapies 
Penicillin MIC   
<0.1 mg/L Penicillin G or ampicillin Cefotaxime/ceftriaxone or 

chloramphenicol 
0.1-1.0 mg/L Cefotaxime/ceftriaxone Cefepime, meropenem 
≥2.0 mg/L Vancomycin plus 

cefotaxime/ceftriaxone 
Gatifloxacin or 
moxifloxacin§ 

Cefotaxime/ceftriaxone MIC   
≥1.0 mg/L Vancomycin plus 

cefotaxim/ceftriaxone 
Gatifloxacin or 
moxifloxacin§ 

Adapted from van de Beek et al.19 †In areas with very low penicillin-resistance rates monotherapy penicillin may 
be considered. ‡In areas with very low penicillin-resistance and cephalosporin-resistance rates combination 
therapy of amoxicillin and third-generation cephalosporin may be considered. ¶Alcoholism, altered immune 
status. §No data based on clinical studies in meningitis available. MIC=minimal inhibitory concentration.  

 

 
A retrospective study involving 294 adults showed that death within 14 days after 

admission is probably caused by direct consequences of the meningitis.35 Patients included in 
this study had clinical features suggestive of meningitis and microbiological proof of bacterial 
meningitis by fulfilling one or more of the following criteria: positive gram staining or culture 
of CSF; positive results of bacterial antigen or Quellung test of CSF specimens; or a CSF 
leukocyte count of 0.01x106/L or more with a positive blood culture.35 In the Dutch cohort 
we used this 14-day survival endpoint to do a categorisation of the cause of death to estimate 
the effect of complications on mortality, and compared the findings among different age 
groups. Whereas systemic complications were the cause of death in 32 (59%) of 54 fatal 
episodes in patients aged 60 years and older, mortality in younger adults was due to 
neurological complications in 20 (65%) of 31 fatal episodes.6 These findings suggest that 
supportive treatments that aim to reduce intracranial pressure could be most beneficial in 
younger adults with pneumococcal meningitis.6 
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Studies report high rates of neurological sequelae in survivors of pneumococcal 
meningitis (29–72%).6–16 In the Dutch cohort, neurological examination at discharge was 
undertaken in 243 adults surviving pneumococcal meningitis, and revealed hearing loss in 53 
(22%), oculomotor palsy in six (2%), and other cranial nerve palsies in ten (4%) patients. 
Focal cerebral deficits (aphasia, ataxia, monoparesis, or hemiparesis) were present in 26 (11%) 
of 243 surviving patients.6,16 
 

Table 3 Complications during clinical course and outcome in adults with pneumococcal meningitis  
Complications during clinical course (proportion of patients affected)  

Systemic complications 38-45% 
Septic shock 19-31% 
Cardiorespiratory failure 38% 
Mechanical ventilation 31-69% 
Disseminated intravascular coagulation 23% 

Neurological complications 64-75% 
Seizures 24-28% 
Brain infarction 17-30% 
Cerebral oedema 12-29% 
Hydrocephalus 5-16% 
Empyema/Abscess formation 2% 
Intracranial haemorrhage 1-9% 

Mortality rate and cause of death (proportion of patients affected)  
Death during hospitalization  16-37% 
Neurological causes†  39-75% 
Brain herniation 13-75% 
Cerebrovascular complications 14% 

Systemic causes‡ 24-51% 
Cardiorespiratory failure 21-25% 
Sepsis 19% 

Combination of systemic and neurological causes 29-43% 
Neurological findings at discharge (proportion of patients affected)  
Any sequelae in surviving patients  29-72% 
Cranial nerve palsies  16-28% 
Hearing loss 14-30% 

Focal cerebral deficits¶ 22-44% 
Aphasia 3% 
Hemiparesis 4-10% 

Data are based on recent studies that specifically evaluated adults with pneumococcal meningitis.6-14 †Brain 
herniation, cerebrovascular complications, intractable seizures and withdrawal of care because of poor neurological 
prognosis. ‡Cardiorespiratory failure or septic shock, multi-organ dysfunction, disseminated intravascular 
coagulation, and cardiac ischemia. ¶Aphasia, ataxia, mono- or hemiparesis. 
 

In this study, risk factors for an unfavourable outcome (mortality and morbidity) 
were a low score on the Glasgow Coma Scale and cranial nerve palsies (other than hearing 
loss) on admission, a high erythrocyte sedimentation rate, a CSF leukocyte count less than 
1000x106/L, and a high CSF protein concentration.6 Other independent prognostic factors 
associated with adverse outcome that are reported in the published work are advanced age, 
seizures, a low thrombocyte count and CSF glucose concentration, pneumonia as an 
underlying condition, the absence of an otogenic focus and adjunctive steroid therapy, and 
need for mechanical ventilation.8,9,11,28 
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Figure 2 Pathogenic steps in pneumococcal meningitis  

 
(A) Neuraminidase (NanA) decreases viscosity of the mucus and exposes N-acetyl-glucosamine (GlcNAc)-
receptors on epithelial cells, which interact with pneumococcal surface-associated proteins (such as PsaA). IgA1 
proteases cleave opsonising host IgA. Cytokines stimulate cell-surface expression of platelet-activating-factor 
receptors (PAFr). Binding to PAFr via cell-wall phosphocholine (ChoP) induces internalisation and migration 
(transcytosis) of pneumococci through the epithelial barrier, which is facilitated by binding of Choline-binding 
protein A (CbpA) to the polymeric Ig-receptor (pIgR). After penetrating the mucosal epithelium, hyaluronate 
lyase facilitates bacterial spreading by degrading hyaluronan, an important component of the interstitial matrix. 
(B) Once in the bloodstream the polysaccharide capsule and Cbp’s enhance intravascular survival by interfering 
with activation of the complement-cascades and phagocytosis. Pneumolysin reduces serum opsonic activity by 
binding to IgG. By changing the composition of surface components (phase variation) pneumococci adapt to 
the host environmental conditions and migration through the blood brain barrier. Attachment to endothelial 
cells occurs to several glycoconjugates. Activated endothelial cells upregulate PAFr and thereby enable 
pneumococci (mainly transparent phase variants) to invade the subarachnoid space via transcytosis. (C) The 
poor local host defence in the subarachnoid space facilitate multiplication of bacteria, which undergo autolysis 
(mediated by autolysins or antibiotics) and release bacterial compounds.  
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Pathogenesis of pneumococcal meningitis 
Understanding the interactions between bacteria and host is essential in the development of 
new therapeutic strategies for pneumococcal meningitis.2 During the past decades research 
has focused on the pathogenesis of the disease. The CNS is protected against microbial entry 
from the bloodstream by the blood–brain barrier and by an external barrier that is formed by 
the leptomeninges and skull.36 As a consequence, either the pathogen enters the CNS via the 
bloodstream or by direct invasion through the external barrier—eg, dural leak, and ear or 
sinus infections.36 The invasion of bacteria within the subarachnoid space triggers the 
inflammatory cascade, which results in severe inflammation. The host inflammatory response, 
the invading bacteria, and their immunostimulatory products all contribute to neuronal injury 
during bacterial meningitis.37 A schematic overview of the pathogenic steps in pneumococcal 
meningitis is shown in figure 2 and is further described below. 
 

Nasopharyngeal mucosa  
Nasopharyngeal colonisation is a dynamic process. The resident flora, transient invaders, and 
various pathogenic species show a competitive relationship and interfere with the 
composition of the nasopharyngeal flora.38 Additionally, the nasopharyngeal balance is 
affected by the local host immune response and environmental factors, such as crowding, 
smoking, socioeconomic status, genetic background, and recent antibiotic use.39 Although 
colonisation generally leads to asymptomatic carriage, in some cases pneumococci migrate 
through the respiratory epithelium and vascular endothelium, resulting in invasive disease.40,41 
 

Bloodstream invasion 

Once in the bloodstream the pneumococcus must overcome several host defence 
mechanisms to survive. The polysaccharide capsule is the most important virulence factor of 
pneumococci and interferes with activation of complement cascades and 
opsonophagocytosis.2,36,42 To survive the various host environmental conditions they 
encounter during infection, pneumococci undergo spontaneous and reversible phase 
variation, which involves changes in the amount of important surface components.43 
Pneumolysin is a cytoplasmic membrane pore-forming toxin and is regarded as a multi-
effective factor for pneumococcal virulence. In a murine model of pneumococcal infection, 
pneumolysin was needed for the development of severe pneumonia and intravascular survival 
of bacteria.44 However, pneumococci strains deficient for pneumolysin induced a similar 
inflammatory response in experimental meningitis as wild-type strains,45 suggesting that 
pneumolysin is not obligatory in the pathogenesis of inflammation.36 
 

Subarachnoid space 

The blood–brain barrier is formed by cerebromicrovascular endothelial cells, which restrict 
blood-borne pathogen invasion. Cerebral capillaries, as opposed to other systemic capillaries, 
have adjacent endothelial cells fused together by tight junctions that prevent intercellular 
transport, virtual absence of pinocytotic vesicles, and a large quantity of mitochondria.36,37 
Activated endothelial cells upregulate platelet-activating factor receptor (PAFr), and 
pneumococci are thought to invade the subarachnoid space via transcytosis.36 Physiologically, 
concentrations of leukocytes, antibodies, and complement components in the subarachnoid 
space are low,46 which facilitates multiplication of bacteria. These bacteria undergo autolysis 
(ie, self digestion) under conditions such as growth to stationary phase or exposure to 
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antibiotics.36 Pneumococcal cell-wall products, pneumolysin, and bacterial DNA induce a 
severe inflammatory response via binding to Toll-like receptor-2 (TLR).47 TLRs play a key 
part in innate immunity by their capacity to recognise conserved molecular patterns shared by 
several micro-organisms. Once engaged, these signalling receptors transmit the activating 
signal into the cell, which initiates the induction of genes, such as costimulatory molecules 
and inflammatory cytokines.48  

The subarachnoid inflammatory response is accompanied by production of multiple 
mediators in the CNS.36 These mediators play an important part in the initiation, 
maintenance, and termination of inflammatory reactions.36 Tumour necrosis factor α (TNFα), 
interleukin 1β, and interleukin 6 are regarded as the major early response cytokines that 
trigger the inflammatory cascade, which induces various pathophysiological alterations 
implicated in pneumococcal meningitis (figure 3).36 TNFα and interleukin 1β stimulate the 
expression of chemokines and adhesion molecules, which play an important part in the influx 
of leukocytes from the circulation to the CSF. Adhesion of leukocytes to endothelial cells is 
mediated by integrins and adhesion molecules of the selectin family, such as intercellular 
adhesion molecule-1.36 After firm adhesion to endothelial cells, migration of leukocytes 
occurs along a chemotactic gradient, mainly dependent on chemokines.49 Upon stimulation 
with bacterial components, macrophages and granulocytes release a broad range of 
potentially tissue-destructive agents, which contribute to vasospasm and vasculitis, including 
oxidants (eg, peroxynitrite) and proteolytic enzymes such as matrix metalloproteinases 
(MMP).37 

 
 

Figure 3 Pathophysiological alterations during bacterial meningitis 

 
CSF=cerebrospinal fluid, TLR=Toll-like receptor, BBBP=blood-brain barrier permeability. 
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Table 4 Effects of adjuvant therapies in experimental pneumococcal meningitis* 

Mechanism of action Molecular Targets Outcome References 

Inhibition of leukocyte migration CD18 
Selectin 

Decreased BBBP; Reduced mortality and hippocampal injury† 
Decreased CSF protein 

49,66,69 
67 

Inhibition of proinflammatory 
cytokines 

TNF-α and IL-1β  
TNF-α 

Decreased hippocampal injury‡ 
Decreased CSF protein 

68 
66 

Inhibition of MMPs MMPs Decreased cortical injury; Decreased BBBP¶ 51,52 

Inhibition of MMPs and TACE MMPs and TACE Decreased cortical and hippocampal injury 50 

Inhibition cerebral vasoconstriction Endothelin Decreased cortical injury and restored cerebral blood flow 68 

Radical scavenging ROS and RNIs Decreased cortical injury and ICP; Inconsistent results on 
hippocampal injury 

55,56,58 

 PARP Decreased meningitis-associated hearing loss and BBBP;  
Improved clinical status 

61,62 

Inhibition of NF- kB Transcription factor of NF-kB Improved clinical score decreased ICP and BBBP  
Impaired bacterial clearing and increased mortality in knock out mice 

71,72 

Inhibition of Caspases Caspases Decreased cortical and hippocampal injury; Decreased ICP and BBBP 63-65,74 

Inhibition of calcium influx  Intracellular calcium 
Reduced mortality of neuronal cells following challenge with 
pneumolysin 

73 

*Data were obtained in experimental S. pneumoniae meningitis by specific inhibitors of molecular target, unless indicated otherwise. †Experiment in knock out mice. ‡Experimental 
meningitis with group B streptococcus, ¶Experimental meningitis with Neisseria meningitidis. BBBP=blood-brain barrier permeability, CSF=cerebrospinal fluid, TNF-α=Tumour 
necrosis factor-α, IL-1β= Interleukin-1β, MMPs=matrix metalloproteinases, TACE=TNF-α converting enzyme, ROS=reactive oxygen species, RNI=reactive nitrogen 
intermediates, ICP=intracranial pressure, PARP=poly(ADP-ribose) polymerase, NF-κB=nuclear factor-κB. 
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Potential future adjuvant therapeutic strategies 
Several mediators contribute to the migration of leukocytes across the blood–brain barrier 
(pleocytosis) and increased permeability of the blood–brain barrier during bacterial 
meningitis. Down-regulation of these mediators and targeting of pathways involved in the 
induction of neuronal injury are promising adjuvant therapeutic strategies for bacterial 
meningitis.42 Table 4 summarises potential treatment strategies that are currently being 
explored in studies with specific inhibitors and genetically modified animals. 
 
Inhibitors of MMP and TNFα converting enzyme 

MMP are a family of zinc-dependent matrix-degrading enzymes that can disrupt the blood–
brain barrier and thereby facilitate leukocyte extravasation and brain oedema.50 MMP 
inhibition reduced subarachnoid inflammation, brain oedema, and permeability of the blood–
brain barrier in a rat model of meningitis.46,51 MMP and TNFα both contribute to the 
development of meningitis-associated brain injury.52 BB-1101, TNF484, and GM6001—all 
inhibitors of MMP and TNFα converting enzyme, which activates TNFα—reduced the 
extent of cortical damage in experimental meningitis.50,53 Only BB-1101 also reduced 
hippocampal injury and learning impairment in animals that recovered from pneumococcal 
meningitis.50 
 

Antioxidants and poly-ADP-ribose inhibitors 

Reactive oxygen species, such as superoxide, and reactive nitrogen intermediates, such as 
nitric oxide and peroxynitrite, are associated with several aspects of the host response to 
bacterial infections. Reactive oxygen species are associated with the development of 
intracranial complications and brain damage in experimental meningitis, and reactive nitrogen 
species are important mediators of meningitis-associated pathophysiological changes.36 
Oxidant and antioxidant activities are enhanced in the CSF of children with bacterial 
meningitis, and clinical improvement seems to be associated with a decrease in oxidant 
activity.54 Results of inhibition of reactive oxygen species and nitric oxide in animal models 
have been inconsistent. Whereas N-acetylcysteine (NAC) and α-phenyl-tert-butyl nitrone 
(PBN) reduced cortical injury in experimental meningitis due to S. pneumoniae and group B 
Streptococcus,55–57 another study indicated that PBN increased hippocampal injury and learning 
deficits in experimental pneumococcal meningitis.58 These findings indicate that the role of 
reactive oxygen species and nitric oxide in mediating neuronal injury in pneumococcal 
meningitis might vary between different bacterial pathogens and the stage of infection.42  

So far, three different isoforms of nitric oxide synthases (NOS) have been identified: 
endothelial NOS (eNOS), neuronal NOS (nNOS), and inducible NOS (iNOS).59 Whereas 
iNOS-deficient mice had increased pleocytosis and decreased permeability of the blood–brain 
barrier in experimental pneumococcal meningitis,59 eNOS deficient mice had increased 
permeability.60 These findings suggest that selective inhibition of different isoforms of NOS 
might result in divergent, or opposite, pathophysiological effects—eg, NOS inhibitors can be 
protective or harmful.42,59 Simultaneous production of oxygen-centred and nitrogen-centred 
free radicals favours the production of a toxic reaction product—an oxidant called 
peroxynitrite,42,61 which induces cytotoxicity and thereby initiates lipid peroxidation and 
induction of DNA single-strand breakage. Damaged DNA activates poly (ADP-ribose) 
polymerase (PARP), which induces an energy-consuming cycle that can result in cellular 
energy depletion and necrotic cell death.42,61 In one study, adjuvant antioxidant therapy with 
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peroxynitrite scavengers (NAC, Mn(III)tetrakis(4-benzoid acid)-porphyrin, and 3-
aminobenzamide) improved clinical outcome and attenuated the morphological correlates of 
meningitis-associated hearing loss in a rat model of pneumococcal meningitis.61,62  
 
Caspase inhibitors 

Caspases are a family of proteases that are associated with inflammation, upstream signalling, 
and most forms of apoptosis.63 Pharmacological blockade of caspase-1 with N-
benzyloxycarbonyl-Val-Ala-Asp-fluoromethylketone (z-VAD-fmk) attenuated the 
inflammatory host response and was associated with a substantial reduction of meningitis-
induced intracranial complications in experimental pneumococcal meningitis.64 In infant rats, 
intracisternal administration of the caspase-3-specific inhibitor Ac-DEVD-CHO significantly 
reduced apoptosis in the hippocampal dentate gyrus. These findings suggest that caspase-3 is 
a key effector of neuronal apoptosis in pneumococcal meningitis.65 
 

Other potential therapeutic strategies 

Intracisternal administration of antibodies against TNFα and IL-1β reduced permeability of 
the bood–brain barrier in experimental meningitis induced by intracisternal inoculation of S. 

pneumoniae.66,67 In experimental meningitis due to group B Streptococcus, antibodies against 
TNFα reduced hippocampal injury.68 Inhibition of cell-adhesion molecules has given 
inconsistent results in animal models of meningitis.36 Although intravenous administration of 
anti-CD18 monoclonal antibodies against β2-integrins was beneficial in reducing permeability 
of the blood–brain barrier after intracisternal inoculation of S. pneumoniae, intercellular 
adhesion molecule-1 deficiency had a detrimental effect in murine haematogenous 
meningitis.42,69  

Another potential therapeutic strategy is modulation of vasoactive factors that might 
be involved in meningitis-associated cerebral hypoperfusion. Endothelins are potent 
vasoconstrictors of cerebral arteries and are increased in the CSF during experimental 
meningitis. Intraperitoneal administration of bosentan, an endothelin antagonist, restored 
cerebral blood flow and reduced neuronal injury in an infant rat model of pneumococcal 
meningitis.70 

Nuclear factor-kappaB (NF-κB) is a transcription factor thought to act as an 
activator of several genes implicated in the pathogenesis of pneumococcal meningitis.71 The 
typical form of NF-κB is the heterodimer of p65 and p50 subunits.36 Mice deficient for the 
p50 subunit of NF-κB had impaired bacterial clearing, an enhanced inflammatory host 
response, and increased mortality during pneumococcal meningitis. Additionally, an increased 
amount of active p65 subunit of NF-κB was recorded in the brains of mice with 
pneumococcal meningitis.71 These findings suggest that NF-κB (p50) exerts anti-
inflammatory effects in pneumococcal meningitis and inhibition of NF-κB (p65) could be an 
effective adjunctive strategy in bacterial meningitis.72 

Other potential future strategies for adjuvant therapy are TLR antagonists or 
antibodies, which may reduce neurotoxicity of pneumolysin by binding intracellular calcium, 
and drugs binding immunostimulatory bacterial products.42,53,73 Simultaneous interventions at 
several levels of the inflammatory cascade could enhance therapeutic efficacy. Brain-derived 
neurotrophic factor (BDNF) blocks activation of caspase-3, reduces translocation of 
apoptosis-inducing factor, attenuates excitotoxicity of glutamate, and increases antioxidant 
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enzyme activities. Intracisternal administration of BDNF reduced caspase-3-dependent cell 
death in an infant rat model of pneumococcal meningitis.74  

Although most adjunctive strategies aim to attenuate the severity of CSF 
inflammation, findings in clinical and experimental studies of bacterial meningitis suggest that 
the inflammatory response might also have protective effects. A low CSF leukocyte count has 
been associated with an increased risk for adverse outcome in adults with pneumococcal 
meningitis.6,7 Additionally, inhibition of different mediators implicated in the inflammatory 
response has lead to aggravation of the disease and its complications in experimental 
pneumococcal meningitis. Although mice deficient for myeloid differentiation primary-
response protein 88 (MyD88; a key adapter protein in TLR-mediated signalling pathways) 
showed diminished CSF inflammation, MyD88-deficiency was associated with poor outcome 
because of severe pneumococcal bacteraemia.36,48 Furthermore, treatment with the leukocyte 
blocker fucoidin attenuated CSF pleocytosis but was associated with an increased bacterial 
load in the blood and mortality in experimental pneumococcal meningitis.75 These findings 
show the complexity of the mechanisms implicated in neurological injury in bacterial 
meningitis. Therefore, future therapeutic strategies should preferably interfere early in the 
inflammatory process and further research will need to ascertain whether some of these 
agents deserve to be assessed in clinical studies.37 
 
Antibiotic resistance 

The increase of drug-resistant pneumococci has become an emerging problem 
worldwide.19,76,77 Depending on geographic region, the prevalence of antibiotic-resistant 
strains in the USA is as high as 35 percent.76 Penicillin resistance in pneumococci often 
coincides with decreased susceptibility to other antimicrobial agents, and treatment failures in 
meningitis as a result of multidrug-resistant bacteria have been reported.77 Although 
management of drug-resistant infections is one of the most controversial  aspects of the 
disease, no clinical trials have been done on the optimum therapy of penicillin-resistant or 
cephalosporin-resistant strains. The role of newer β-lactam antibiotics (cefepime, 
meropenem, ertapenem), recently developed quinolones (garenoxacin, gemifloxacin, 
gatifloxacin, moxifloxacin), and a lipopeptide antibiotic (daptomycin) are being explored in 
experimental meningitis studies, with a special emphasis on treatment of highly resistant 
strains.78 Efficacy of antibiotics could be enhanced by combining synergistically acting 
antibiotics (eg, cephalosporins, vancomycin, and rifampicin),19,79 or by decreasing the 
antibiotic-induced release of immunostimulatory cell-wall components.78 This process could 
affect the efficacy of adjunctive treatments that aim to attenuate the host inflammatory 
response to immunostimulatory bacterial products.80 

Several epidemiological studies have shown an association between antibiotic 
resistance and the use of antimicrobial agents.76,81 Therefore, reduction of unnecessary use of 
antibiotics is a crucial step in reversing antibiotic resistance in S. pneumoniae.76 Additionally, 
future vaccination strategies might have a beneficial effect by inducing strain replacement 
with serotypes that are not, or less frequently, associated with antibiotic resistance.81 
 

Vaccination 

Current pneumococcal vaccines elicit immune responses to cell-wall polysaccharides of 
pneumococci. The current 23-valent pneumococcal polysaccharide vaccine contains capsular  
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polysaccharides of 23 serotypes responsible for about 90 percent of invasive pneumococcal 
infections.82 In the USA, the vaccine is recommended for all people aged 65 years and older 
and for those aged between 2 years and 64 years who are at increased risk for invasive 
pneumococcal disease because of underlying illnesses, such as asplenia, immunodeficiency 
(eg, infection with HIV or use of immunosuppressive drugs), or renal failure.76  However, the 
vaccine is poorly immunogenic in certain groups who are at high risk for invasive 
pneumococcal infection, especially children younger than 2 years old (with relatively 
immature B cells), elderly people, and immunocompromised patients. The immune response 
in infants and young children can be improved by conjugation of pneumococcal 
polysaccharides to carrier proteins that enable activation of T cells, thereby enhancing 
antibody production and immunological memory.81,82 

The seven-valent pneumococcal conjugate vaccine (PCV7) consists of seven 
capsular polysaccharides that are among the most prevalent in children aged 6 months to 2 
years, include most antibiotic-resistant types, and are highly represented in 
immunocompromised and elderly patients.77,81 In the USA, the use of four doses of PCV7 is 
recommended for all children aged 23 months and younger and those aged 24–59 months 
with chronic illnesses, including sickle-cell disease, immunocompromising conditions, and  
cochlear implants.82 In Europe, the integration of PCV7 into vaccination programmes was 
delayed and guidelines that recommend pneumococcal vaccination in children vary 
substantially between European countries. On the basis of current recommendations, 
approximately 40 percent of the birth cohort in Spain could be vaccinated, whereas this 
proportion in France is estimated to be 80–90%.83 The introduction of PCV7 in the USA has 
reduced the burden of invasive pneumococcal disease in children as well as in older age 
groups through herd immunity.84 As a consequence, bacterial meningitis has become a 
disease predominantly of adults rather than of infants and children. 

Although effects on nasopharyngeal colonisation are counterbalanced by strain 
replacement with non-vaccine strains, these vaccination guidelines are expected to reduce the 
prevalence of antibiotic-resistant strains.77 Although no large increase in invasive 
pneumococcal disease by non-vaccine serotypes has been described, this potential side-effect 
is an extra reason to continue active surveillance of this disease.82 
 
Novel vaccine strategies 

Despite their successes, the use of pneumococcal polysaccharide vaccines is controversial. 
The efficacy of the 23-valent pneumococcal polysaccharide vaccine has been extensively 
studied and, in a meta-analysis, its efficacy was estimated to be only 38–53% for the 
prevention of invasive pneumococcal disease in adults.85 Although PCV7 is highly effective in 
children, the high costs of this vaccine limit its implementation in health care in less 
developed countries.86 Additionally, duration of protection and the minimum number of 
doses needed for protection in conjugate vaccines are uncertain.87 A possible alternative or 
complementary approach is to develop vaccines directed against non-capsular antigens 
common to all pneumococcal species. Potential targets for future pneumococcal protein 
vaccines are neuraminidase, autolysin, pneumolysin, pneumococcal surface protein, and 
pneumococcal surface adhesion A. Currently the latter three targets seem to be the most 
promising candidates.87 Protein-based vaccines have the potential advantage of being 
antigenically conserved across capsular types and can be immunogenic in infants and 
immunocompromised patients by inducing a T-cell dependent response with immunological 
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memory.86,87 In a longitudinal study in healthy adults, nasopharyngeal carriage of S. pneumoniae 

induced an anticapsular and weak antiprotein antibody response to pneumococcal surface 
adhesion A and pneumolysin, but not to pneumococcal surface protein.88 In murine models 
of pneumococcal infections, both proteins elicited protection against nasopharyngeal carriage 
and pneumococcal surface protein, and pneumolysin elicited protection against bacteraemia 
and sepsis.89–91 

Another potential advantage of these new-generation pneumococcal vaccines is the 
possibility of including multiple proteins. Several experimental studies showed that the 
efficacy of protection can be enhanced by immunisation with a combination of several 
antigens.90 Delivery of novel pneumococcal antigens via the mucosal route could be highly 
effective. In murine models of pneumococcal infection, mucosal immunisation produced 
protective concentrations of serum antibodies,89 which suggests that delivery of 
pneumococcal antigens via the mucosal route might be effective in eliciting protection against 
carriage as well as invasive pneumococcal disease. Active intranasal and systemic 
immunisation to pneumococcal surface protein protected splenectomised mice against death 
after infection with live pneumococci.92 Another promising approach that is currently being 
explored is the development of genome-based vaccines, directed against antigenic peptides 
and proteins in the bacterial genome sequences.93 Despite their promising effect, no large 
clinical trials with any of these new-generation vaccines have yet been undertaken. Therefore, 
future research will need to identify the optimum antigen and mode of delivery in new 
pneumococcal vaccines. 
 

Future research 

S. pneumoniae meningitis is a disease with many challenges for future research. What will be 
the effect of the increasing emergence and spread of multi-drugresistant strains on future 
antibiotic efficacy? Could vaccination strategies be beneficial in reversing antibiotic resistance 
in S. pneumoniae and what will be the effect of new-generation pneumococcal vaccines? What 
is the effect of routine use of adjunctive dexamethasone therapy in patients with bacterial 
meningitis and do steroids affect cognitive outcome after recovery from pneumococcal 
meningitis? Which adjuvant strategies will prove their efficacy in clinical practice? Is lowering 
of increased intracranial pressure beneficial in a younger group of adults with pneumococcal 
meningitis? The high mortality rate from pneumococcal meningitis and the emergence of 
drug-resistant strains increases the urgency of effective vaccination strategies and the 
development of novel therapeutic agents. 
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Abstract 
Despite the availability of effective antibiotics, mortality and morbidity rates associated with 
bacterial meningitis are high. Studies in animals have shown that bacterial lysis, induced by 
treatment with antibiotics, leads to inflammation in the subarachnoid space, which might 
contribute to an unfavorable outcome. The management of adults with bacterial meningitis 
can be complex, and common complications include meningoencephalitis, systemic 
compromise, stroke and raised intracranial pressure. Various adjunctive therapies have been 
described to improve outcome in such patients, including anti-inflammatory agents, 
anticoagulant therapies, and strategies to reduce intracranial pressure. Few randomized 
clinical studies are available for other adjunctive therapies in adults with bacterial meningitis, 
although a recent randomized trial provided evidence in favor of dexamethasone treatment. 
This review briefly summarizes the pathogenesis and pathophysiology of bacterial meningitis, 
and focuses on the evidence for and against use of the available adjunctive therapies in 
clinical practice. 
 

 

Review criteria 
PubMed was searched using Entrez for articles published up to 30 March 2006, including 
electronic early release publications, using the search terms “central nervous system bacterial 
infections”, “sepsis” and “therapy”. We did the search without language limitations. In 
addition, we identified relevant publications by a search of references listed in those 
published studies, hand searching abstracts of congresses, and personal communication with 
researchers and experts in the field. 
 
 
Introduction 
The estimated incidence of bacterial meningitis is 4–6 cases per 100,000 adults per year in 
developed countries, and the pathogens Streptococcus pneumoniae and Neisseria meningitidis are 
responsible for 80 percent of cases.1 The mortality rate among adults with bacterial 
meningitis and the frequency of neurological sequelae among patients who survive are high, 
especially in the case of pneumococcal meningitis.1 Recently, a Dutch prospective study 
showed a mortality rate of 21 percent in patients with bacterial meningitis, with as many as 
half of surviving patients having neurological sequelae, including cognitive impairment (table 
1).2-4 The strongest individual risk factors associated with an unfavorable outcome were those 
that were indicative of systemic compromise, a low level of consciousness, and infection with 
S. pneumoniae.2,3 

Inflammation within the CNS is poorly tolerated, and has been demonstrated to 
lead to secondary damage (figure 1).5,6 Experimental research, focusing mainly on 
pneumococcal meningitis, has increased our knowledge about the pathogenesis and 
pathophysiology of bacterial meningitis and the mechanisms involved in neuronal injury.5,7-9 
Various adjunctive therapies have been reported to improve outcome in patients with 
bacterial meningitis; however, few randomized clinical studies are available, with the 
exception of trials involving the use of adjunctive dexamethasone.1,6,10 In this review, we 
summarize the evidence for and against the use of available adjunctive therapies in adults 
with bacterial meningitis. 
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Table 1 Complications and outcome in adults with pneumococcal and meningococcal meningitis 

Data from van de Beek, et al.2 *Coma is defined as a score on the Glasgow Coma Scale below 8. Frequencies are 
for patients who are not routinely treated with early dexamethasone therapy. 

 
 

 
Pathogenesis and pathophysiology 
The CNS is normally protected against microbial entry from the bloodstream by the blood–
brain barrier (BBB), and by an external barrier that is formed by the leptomeninges and skull.5 
Pathogens can enter the CNS via the bloodstream and BBB, or by direct invasion through 
the external barrier (eg, dural leakage, ear or sinus infection).5 Nasopharyngeal colonization 
by bacteria generally leads to asymptomatic carriage.7 In response to the local generation of 
inflammatory factors, however, as seen in the presence of viral infections, the composition of 
surface components on target epithelial and endothelial cells changes.7 Binding of bacteria to 
upregulated receptors (eg, platelet-activating-factor receptors) promotes migration through 
the respiratory epithelium and vascular endothelium, resulting in invasive disease.5 Once the 
bacterium invades the bloodstream, the host can react with massive activation of 
inflammatory cascades.6,8 

The main cascade pathways that are involved are the complement system, the 
inflammatory response, and the coagulation and fibrinolysis pathways,7 all of which are able 
to interact with one another. Genetic polymorphisms among components of these pathways 
(eg, complement deficiencies and defects in sensing or opsonophagocytic pathways) are 
involved in determining the susceptibility to infection, as well as the severity of disease and 
the outcome.7 Cytokines coordinate a wide variety of inflammatory reactions, and they have 
important roles in the initiation, maintenance and termination of these reactions.11 Prominent 
pro-inflammatory cytokines include tumor necrosis factor (TNF), interleukin (IL)-1 and IL-
6.11 Essential parts of the inflammatory response include activation of coagulation and fibrin 
deposition (figure 2), which shift the hemostatic balance towards thrombosis.12 

Characteristic Pneumococcal 
Meningitis 

Frequency (%) 

Meningococcal 
Meningitis 

Frequency (%) 
Complications   
 Coma on admission* 19 7 
 Focal neurologic deficits 65 33 
 Seizures 24 5 
 Cardiorespiratory failure 38 18 
Score on Glasgow Outcome Scale  
 1 (death) 30 19 
 2 (vegetative state) 1 0 
 3 (severe disability) 5 2 
 4 (moderate disability) 14 3 
 5 (mild of no disability) 50 88 
Neurological sequelae  

 Hearing loss 22 8 
 Hemiparesis 7 1 
 Cognitive impairment 25 - 
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Figure 1 Multiple complications in a patient with pneumococcal meningitis 

 

 
 
(A) T2-proton-densityweighted MRI of the brain shows a transverse view of a hyperintense signal (arrows) in the 
basal ganglia that indicates bilateral edema. (B) A postmortem view of the brain of the same patient shows yellowish 
colored meninges as a result of extensive inflammation. (C) Confirmation of the bilateral infarction of the basal 
ganglia (arrows). The microscopic substrate in the same patient shows a meningeal artery with lymphocytic 
infiltration in and around the vessel wall (D), extensive subpial necrotizing cortical inflammation (E), and edema in 
the white matter (F). 
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Figure 2 Simplified diagram of pathophysiology in bacterial meningitis 
 

 
 
CSF=cerebrospinal fluid, TNF-a=Tumour necrosis factor-α, IL-1b=Interleukin-1β, BBB=blood-brain barrier. 

 
The BBB is formed by cerebral microvascular endothelial cells, which restrict 

invasion of the CNS by blood-borne pathogens.5,8 Cytokines released during the 
inflammatory response stimulate cellsurface expression of receptors, thereby allowing binding 
of bacteria to activated endothelial cells and invasion into the subarachnoid space.8 
Physiologically, concentrations of leukocytes, antibodies and complement components in the 
subarachnoid space are low.8 This condition facilitates multiplication of bacteria, which 
undergo autolysis under conditions such as growth to stationary phase or exposure to 
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antibiotics.8 Lysis of bacteria leads to the release of immunostimulatory and toxic bacterial 
products.6,8 Bacterial cell-wall products (eg, lipopolysaccharide and lipoteichoic acid), bacterial 
toxins (eg, pneumolysin) and bacterial DNA induce a severe inflammatory response through 
binding to Toll-like receptors (TLRs).8 TLRs play a key role in innate immunity by their 
capacity to recognize conserved molecular patterns shared by several micro-organisms.8 Once 
engaged with their ligands, TLRs transmit the activating signal into the cell, and thereby 
induce the expression of genes that code for factors such as co-stimulatory molecules and 
inflammatory cytokines.8 So far, 11 members of the TLR family have been identified in 
mammals.5,8 TLR2 is considered to be the key receptor for pneumococci and other 
grampositive bacteria, whereas TLR4 seems to play an important role in meningococcal and 
other gramnegative bacterial infections.9 The TLR-mediated signaling pathways are now 
being elucidated, and studies in experimental pneumococcal meningitis have demonstrated 
that the key pathway is dependent on myeloid differentiation factor 88 (MyD88), which 
induces early-phase activation of nuclear factor-ĸB (NF-ĸB).13 The inflammatory cascade 
induces various pathophysiological alterations, such as migration of leukocytes across the 
BBB (leading to cerebrospinal fluid pleocytosis) and increased BBB permeability.9 

TNF and IL-1ß stimulate the expression of chemokines and adhesion molecules, 
which play an important role in the influx of leukocytes from the circulation to the 
cerebrospinal fluid (CSF).5 Although Fas (CD95) and Fas ligand (FasL or CD95L) have been 
implicated in the acute inflammatory response by attracting neutrophils and regulating their 
survival, animal studies in pneumococcal meningitis have shown they are not essential in the 
regulation of the acute inflammatory response during this disease.14 On stimulation with 
bacterial components, leukocytes release a broad range of potentially tissue-destructive agents 
that contribute to vasospasm and vasculitis, including oxidants (eg, peroxynitrite) and 
proteolytic enzymes such as matrix metalloproteinases (MMPs).5,8 Evidence from animal 
studies of meningitis indicates that multiple types of programmed cell death play a central 
role in the complex balance among invading bacteria, the immune system and host cells that 
leads to inflammation and tissue damage in infections.15,16 In addition, animal studies 
demonstrated that loss of ependymal cells and ciliary function exposes the underlying 
neuronal milieu to host and bacterial cytotoxins, which is likely to contribute to the 
neuropathology commonly observed in pneumococcal meningitis.17 

 
 

Anti-inflammatory agents  
Dexamethasone 

Experimental animal studies in bacterial meningitis showed that the inflammatory response in 
the subarachnoid space, resulting from antimicrobial-induced bacteriolysis, was associated 
with an unfavorable outcome.18,19 In these experiments, steroids—and in particular 
dexamethasone—were able to attenuate the severity of the host inflammatory response in the 
subarachnoid space, and to reduce intracranial pressure (ICP).18,19 The benefits of adjunctive 
dexamethasone were also demonstrated in a randomized, double-blind, multicenter trial 
involving 301 adults with bacterial meningitis. In this trial, dexamethasone (10 mg) or placebo 
was administered before or with the first dose of antibiotic, and was given every 6 hours for 4 
days.20 The primary outcome measure was the score on the Glasgow Outcome Scale 8 weeks 
after admission (a score of 5 indicating favorable outcome, and a score of 1–4 indicating an 
unfavorable outcome). Treatment with dexamethasone was associated with a reduction in the 
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risk of an unfavorable outcome from 25 to 15 percent (relative risk [RR] 0.59, 95% CI 0.37–
0.94), and with a reduction in mortality from 15 to 7 percent (RR 0.48, 95% CI 0.24–0.96). In 
the subgroup of patients with pneumococcal meningitis, an unfavorable outcome was 
observed in 26 percent of patients treated with dexamethasone, as compared with 52 percent 
in the placebo group (RR 0.50, 95% CI 0.30–0.83). The benefit of adjunctive dexamethasone 
therapy was not undermined by an increase of neurological disability in patients who 
survived, or by any steroidinduced complication. 

A post hoc analysis of the data from this study showed that the beneficial effect of 
dexamethasone on mortality in pneumococcal meningitis was attributable to a reduction in 
systemic complications, rather than a reduction in neurological complications.21 Of the 
patients with pneumococcal meningitis who died within 14 days after admission, the 
percentage who died due to neurological causes was similar between groups, whereas the 
percentage of patients who died due to a systemic cause was significantly smaller in the 
dexamethasone group than in the placebo group (2% vs 16%, RR 0.11, CI 0.04–0.25). An 
additional analysis including all patients with pneumococcal meningitis showed that treatment 
with dexamethasone reduced both systemic and neurological complications.22  

In a quantitative review on this topic that included five clinical trials, treatment with 
steroids was associated with a significant reduction in mortality and in neurological sequelae.23 
In patients with pneumococcal meningitis, there was a reduction in case fatality from 42 to 21 
percent (p=0.001). In patients with meningococcal meningitis, mortality and neurological 
sequelae were both reduced (RR 0.9, 95% CI 0.3–2.1 and RR 0.5, 95% CI 0.1–1.7, 
respectively), although the benefits were not statistically significant. 

Despite these encouraging results, the use of adjunctive dexamethasone in bacterial 
meningitis remains controversial in certain subgroups of patients.1,6 Current evidence 
provides no support for the use of high-dose dexamethasone in patients with sepsis or septic 
shock, and suggests that their use might even be harmful.24 Patients with septic shock and 
adrenal insufficiency benefit from steroid therapy in physiological doses and with longer 
duration.25 There are no controlled studies of the effects of steroid therapy in a substantial 
number of patients with both meningitis and septic shock, so steroid therapy in that group 
cannot be unequivocally recommended, although the use of lower doses as employed by 
Annane et al. seems reasonable at present.1,6,25 

By reducing BBB permeability, steroids can impede penetration of antibiotics into the 
CSF, as was shown for vancomycin. This can lead to treatment failures, especially in patients 
with meningitis due to drug-resistant pneumococci, in whom antibiotic regimens often include 
vancomycin.1,6 Therefore, patients with bacterial meningitis due to non-susceptible strains 
should be carefully monitored throughout treatment with adjunctive dexamethasone. 

In animal studies of bacterial meningitis, corticosteroids aggravated hippocampal 
apoptosis and learning deficiencies.26 Neuropsychological outcome was recently evaluated in 
patients included in the European study who survived pneumococcal or meningococcal 
meningitis (M Weisfelt et al., unpublished data). In 87 of 99 eligible patients, 46 (53%) of 
whom were treated with dexamethasone and 41 (47%) of whom received placebo, no 
significant differences in outcome were found between patients in the dexamethasone and 
placebo groups (median time between meningitis and testing was 99 months). On the basis of 
the available evidence, adjunctive dexamethasone therapy should be initiated before or with 
the first dose of antibiotics, and continued for 4 days in all adults with suspected or proven 
bacterial meningitis, regardless of bacterial etiology. 
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Immunoglobulins 

Bloodstream activation of inflammatory cascades is an important disease mechanism in 
patients with bacterial meningitis.1,2,5,8,11 In patients with sepsis, counter-regulatory pathways, 
including anti-inflammatory cytokine release, become activated shortly after systemic release 
of early response cytokines.11 This is accompanied by immunodepression, which is, in part, 
responsible for secondary infections and late mortality.11 Intravenous immunoglobulins can 
be regarded as a treatment that attempts to improve host defense, especially during the later 
phase of infection. A Cochrane review showed that administration of polyclonal 
immunoglobulins significantly reduced mortality in patients with sepsis, although the trials 
were small and the evidence was insufficient to support a robust conclusion of benefit.27 In 
an experimental rabbit model, intravenous administration of a bactericidal monoclonal 
antibody against the polyribosylribitol phosphate of Haemophilus influenzae type b produced 
high serum antibody concentrations, although BBB penetration was poor (≤5.5%) even in 
the presence of meningeal inflammation, suggesting that intravenous administration of type-
specific antibodies alone is likely to produce suboptimal results in the therapy of bacterial 
meningitis.28 Some clinical studies have demonstrated rapid reductions of CSF cell count in 
patients with bacterial meningitis treated with immunoglobulins;29,30 however, these results 
have no direct clinical implications. In another randomized, unblinded trial that evaluated 
immunoglobulins in adults with bacterial meningitis,31 all 15 patients in the treatment group 
survived, compared with 12 of 14 (86%) patients in the control group (p=0.5). Further 
studies will be needed to fully evaluate the role of immunoglobulin therapy in patients with 
bacterial meningitis. 
 

Anticoagulant therapies 
Cerebrovascular complications occur in 15 to 20 percent of adults with bacterial 
meningitis.1,2,32 In patients with pneumococcal meningitis, brain infarction is the cause of 
death in 14 percent of fatal episodes (figure 1).3 Available anticoagulant therapies that might 
be beneficial in patients with bacterial meningitis are activated protein C (APC) and heparin.  
 
Activated protein C 

APC is an endogenous protein that promotes fibrinolysis and inhibits thrombosis and 
inflammation.33 A large multicenter, placebo-controlled trial reported the efficacy of APC in 
1,690 patients with severe sepsis and organ failure.33 Patients were eligible if they had a 
known or suspected infection, three of more signs of systemic inflammation, and sepsis-
induced dysfunction of at least one organ or system that lasted no longer than 24 hours; the 
number of patients with both meningitis and sepsis that were included was unknown. 
Patients who were at increased risk of bleeding were excluded. The mortality rate was 31 
percent in the placebo group and 25 percent in the treatment group (p=0.003). Another large 
clinical trial showed that APC cannot be recommended in patients with sepsis who are at low 
risk for death, such as those with single organ failure.34 On the basis of these trials, patients 
with severe sepsis and organ failure who meet the inclusion criteria and who fail to meet the 
exclusion criteria, including increased risk of bleeding, should be considered for treatment 
with APC. 

Although life-threatening bleeds and intracranial hemorrhage appeared to be 
uncommon in APC treated patients in controlled and open-label trials (0.4–0.5%), there is 
still concern about intracranial hemorrhage in patients with meningitis. A recent retrospective 
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analysis of placebo-controlled, open-label and compassionate-use trials of APC showed a 
high rate of intracranial hemorrhage in adults with meningitis.35 Of the 4,096 adults included 
in this study, 128 patients with meningitis were identified. Of these patients, 111 (87%) had a 
CSF culture result available, with N. meningitidis being identified in 46 percent of patients, and 
S. pneumoniae being identified in 33 percent of patients. Twenty-one patients received placebo 
and one patient was lost to follow-up. Intracranial hemorrhage occurred in 6 of 106 patients 
(6%). This is substantially higher than the reported rate of intracranial hemorrhage in patients 
with bacterial meningitis not treated with APC (<1%). On the basis of these findings, APC 
should not be administered to patients with bacterial meningitis. 

 
Heparin 

Anecdotal observations have indicated an improved clinical outcome in heparin-treated 
patients with bacterial meningitis.36,37 One clinical trial has evaluated the use of heparin as 
adjunctive treatment in adults with pneumococcal meningitis.38 In this trial, 15 patients were 
randomly assigned to a heparin or control group; four out of seven patients (57%) in the 
heparin group died, compared with two out of eight patients (25%) in the control group 
(fisher exact test, P=0.64). The authors discouraged use of heparin as routine treatment in 
meningitis because of the risk of intracranial hemorrhage, although the diagnosis of 
intracranial hemorrhage could not be confirmed in their patients, as cranial CT was not yet 
available. 

In addition to its well-characterized effect on blood coagulation, heparin has been 
found to modulate the inflammatory process. In an experimental model of pneumococcal 
meningitis, heparin interfered with leukocyte–endothelium interaction, resulting in lower CSF 
white cell counts.39  

The possibility of thrombosis of the cerebral veins and sinuses should be considered 
in bacterial meningitis patients with deterioration of consciousness, seizures, fluctuating focal 
neurological abnormalities, and stroke with nonarterial distribution.1,40 A meta-analysis of 
three small randomized clinical trials, evaluating anticoagulant treatment in patients with 
cerebral venous thrombosis (without meningitis), showed a nonsignificant reduction in the 
pooled relative risk of death or dependency of 0.46 (95% CI 0.16–1.31).41 As patients with 
bacterial meningitis who are treated with anticoagulant therapy are likely to have a higher risk 
of intracranial haemorrhage,35,38 we do not recommend the routine use of anticoagulant 
treatment in patients with bacterial meningitis and thrombosis of the cerebral veins and 
sinuses. 

 
Fibrinolysis and nimodipine 

In patients with bacterial meningitis, tissue-type plasminogen activator (PA) and PA 
inhibitor-1 (PAI-1) concentrations in the CSF and serum are increased, indicating a decrease 
in fibrinolysis.42 In one case series of 12 patients with bacterial meningitis, elevated serum 
urokinase PA protein concentrations correlated with adverse outcome.42 In children with 
meningococcal sepsis, a genetic predisposition to produce high serum concentrations of PAI-
1 was also associated with poor outcome.43 In patients with aneurysmal subarachnoid 
hemorrhage, treatment with nimodipine decreased serum PAI-1 levels, indicating that 
nimodipine induces an increase in fibrinolytic activity.44 Although speculative, these findings 
indicate that impaired fibrinolysis might be an important factor in patients with bacterial 
meningitis, and that nimodipine might be useful as an adjunctive therapy.44 
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Figure 3 Causes of raised intracranial pressure in a patient with bacterial meningitis 

 
(A) Diffuse swelling of the brain. (B) Hydrocephalus results from basal obstruction of the cerebrospinal fluid.  
(C) Infarcts are caused by inflammatory occlusion of arteries. (D) Thrombosis of the cerebral veins and sinuses.  
 

Nimodipine has been tested for its potential role as a neuroprotective agent, and as a possible 
agent for reducing vasoconstriction and vasospasm.45,46 Two experimental studies investigated 
the efficacy of nimodipine in animals with pneumococcal meningitis.45,46 The first study found 
lower scores on illness severity, vasculopathy and neurological injury in animals treated with 
nimodipine.45 The second study showed that nimodipine decreased ICP and CSF white cell 
counts.46 Neither study, however, evaluated the effects of nimodipine on fibrinolysis, and 
additional experimental studies of nimodipine in bacterial meningitis are needed. 
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Reduction of intracranial pressure 
The inflammatory response in the CNS results in BBB permeability, cerebral edema, and 
increased ICP (figure 2). The two main types of brain edema are vasogenic edema due to 
BBB disruption resulting in extracellular water accumulation, and cytotoxic or cellular edema 
due to sustained intracellular water collection.47 A third type, osmotic brain edema, is caused 
by osmotic imbalances between blood and tissue.47 On neuroimaging, early signs of brain 
edema are disappearance of sylvian fissures and narrowing of ventricular size. In patients at 
an advanced stage of brain edema and raised ICP, basal cisterns and sulci may become 
obliterated. Several other causes of raised ICP have been described (figures 1 and 3), and a 
number of supportive therapies have been described in such patients (see below). 

The Dutch Cohort Study evaluated the effects of complications on mortality in 
patients with pneumococcal meningitis and compared these findings among different age 
groups.2,3 In older patients (≥60 years), death was usually a result of systemic complications, 
whereas death in younger patients (<60 years) was predominantly due to neurological 
complications such as brain herniation.3 This observation may be explained by age-related 
cerebral atrophy, which allows older patients to tolerate brain swelling.48 These findings 
indicate that supportive treatments that aim to reduce ICP could be most beneficial in 
younger adults with pneumococcal meningitis.5 Methods available to reduce ICP range from 
simple approaches, such as elevation of the head of the bed to 30°, to aggressive strategies, 
such as the ‘Lund concept’, (see below), although there is no evidence that ICP monitoring 
and treatment of increased ICP is beneficial in patients with bacterial meningitis. 
 

Hyperventilation 

The rationale for hyperventilation in patients with bacterial meningitis is the relationship 
between cerebral arteriolar dilation, increased cerebral blood flow (CBF) and a subsequent 
rise in ICP. Hyperventilation induced hypocapnia causes cerebral vasoconstriction and a 
reduction in CBF, resulting in a lowering of ICP. This approach has also been used in 
patients with traumatic brain injury; however, the enthusiasm for hyperventilation was greatly 
tempered after a study on prophylactic hyperventilation in patients with severe brain injury 
showed that this intervention adversely affected the clinical outcome.49 In bacterial 
meningitis, patients are often hypocapneic at the time of admission, indicating that there is 
spontaneous hyperventilation.50 A Danish study in adults with bacterial meningitis found a 
decline in CBF with hyperventilation in the absence of a change in regional CBF pattern.51 
Therefore, experts recommend that the PaCO2 be maintained slightly below ‘normal’ 
(recommended range 4.0–4.5 kPa) during the first 24 hours in patients with bacterial 
meningitis. It should be stressed, however, that there are no published controlled trials on the 
effect of hyperventilation in bacterial meningitis, so recommendations in this area are based 
solely on expert opinion. 
 
Osmotic agents 

In patients with traumatic brain injury, studies have shown that mannitol decreases blood 
viscosity and reduces the diameter of pial arterioles in a manner similar to the 
vascoconstriction produced by hyperventilation.52 Although osmotic tissue dehydration might 
still play some role, mannitol works primarily through its immediate rheological effect, by 
diluting the blood and increasing the deformability of erythrocytes, thereby decreasing blood 
viscosity and increasing CBF.53 This sudden increase in CBF causes autoregulatory 
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vasoconstriction of cerebral arterioles, thereby decreasing the intracerebral blood volume and 
lowering ICP.54 

In bacterial meningitis, because BBB permeability has been increased, the effect of 
mannitol is uncertain. There is little information from clinical and experimental studies 
concerning the use of mannitol in bacterial meningitis, although a single dose was shown to 
reduce ICP for approximately 3 hours in an animal model of meningitis.55 Continuous 
intravenous infusion of mannitol attenuated the increases in regional CBF, brain water 
content and ICP in a pneumococcal meningitis model.56 

Other hyperosmolar agents include glycerol and hypertonic saline. One study 
assessed the value of adjunctive intravenous dexamethasone and oral glycerol for the 
treatment of bacterial meningitis in 122 infants and children.57 In this unblinded study, 4 (7%) 
of the glycerol-treated patients, compared with 11 (19%) of those not given glycerol, 
developed audiological or neurological sequelae (p=0.052). No experimental studies have 
been performed on the use of glycerol in bacterial meningitis, and clinical data in adults are 
lacking. Nevertheless, the preliminary data on glycerol are quite promising, and results of 
clinical studies are eagerly awaited. The effects of hypertonic (7%) saline in bacterial 
meningitis have been tested in one experimental study, and decreased ICP and lower CSF 
white cell counts were reported after treatment.58 
 

Lund concept 

Findings were recently reported on the use of continuous ICP and cerebral perfusion 
pressure measurements in patients with severe bacterial meningitis.59 In one study from 
Sweden, ICP was successfully lowered in most meningitis patients by a broad range of 
measures and using unconventional volume-targeted (‘Lund concept’) ICP management, 
which consists of sedation, steroids, normal fluid and electrolyte homeostasis, blood 
transfusion, albumin infusion, decrease of mean arterial pressure, treatment with a 
prostacyclin analogue, and, eventually, thiopental, ventriculostomy and dihydroergotamine. In 
nonsurvivors, mean ICP was significantly higher and cerebral perfusion pressure was 
markedly lower than in survivors despite treatment; however, this was not a comparative 
study and the results should be interpreted with caution.59 
 

Cerebrospinal fluid shunting 

In patients with bacterial meningitis and acute hydrocephalus, it is important to distinguish 
between communicating and obstructive hydrocephalus. Communicating hydrocephalus in 
bacterial meningitis reflects failure of CSF circulation in the basal cisterns and failure of CSF 
resorption through arachnoid granulations.60 The CT appearance of communicating 
hydrocephalus is an enlargement of the entire ventricular system, including the fourth 
ventricle.60 In communicating hydrocephalus, a lumbar puncture allows measurement of CSF 
pressure.1 Repeated lumbar puncture or the placement of a temporary lumbar drain might 
reduce intracranial pressure effectively.1 

In the case of obstructive hydrocephalus secondary to blockage of CSF by exudate 
at the foramina of Magendie and Luschka, lumbar puncture or lumbar drainage should not be 
performed. The CT appearance of obstructive hydrocephalus is an enlargement of the lateral 
and third ventricles, with nonvisualization of the fourth ventricle.60 A retrospective study 
from Taiwan involving 136 adults with community-acquired bacterial meningitis evaluated 
the occurrence of hydrocephalus in bacterial meningitis.61 All patients included in this study 
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had culture-proven bacterial meningitis and the most common causative bacteria were gram-
negative bacilli. Twenty-eight patients had hydrocephalus secondary to bacterial meningitis, 
accounting for 21 percent (28/136) of the episodes; all cases had communicating 
hydrocephalus. Acute obstructive hydrocephalus is thought to be very rare in bacterial 
meningitis, and in these rare cases it usually occurs in younger children.60,62 

In patients with mild enlargement of the ventricular system with no clinical 
deterioration, a spontaneous resolution might occur, and invasive procedures are, therefore, 
not recommended. 
 

Cooling 

Moderate hypothermia has been successfully used in patients with post-anoxic 
encephalopathy,63–65 and has potential benefits in traumatic brain injury and stroke.66,67 
Hypothe                                                                                        rmia is classified as mild 
(33–36°C), moderate (28–32°C), and deep (<28°C).68 In experimentally induced meningitis in 
animals, moderate hypothermia has favorable effects on ICP by reducing brain water content, 
modulating nuclear factor-ĸB activation and decreasing markers of neurological injury.69,70 
Hypothermia also has neuroprotective effects by preventing apoptosis, which plays an 
important role in bacterial meningitis.5,68 No data are currently available on hypothermia in 
patients with bacterial meningitis. Therapeutic hypothermia is feasible in acute bacterial 
meningitis, but, owing to serious side effects, such as hypotension, cardiac arrhythmia and 
pneumonia, it is an experimental procedure.63–68 A clinical trial is needed to determine the 
effect of moderate hypothermia in patients with severe bacterial meningitis. 
 
Supportive therapy and fluid management 

Bacterial meningitis is often associated with septic shock, which is an important predictor of 
outcome,1,2 and optimal supportive care might be particularly crucial in the treatment of older 
patients with bacterial meningitis.3,5 Patients with meningitis and septic shock may require 
insertion of a Swan–Ganz catheter to measure cardiac output, cardiac index, systemic 
vascular resistance and pulmonary wedge pressures, in order to assess intravascular volume 
and cardiac function.1 If necessary, inotropic agents should be initiated to maintain a mean 
arterial blood pressure between 70 and 100 mm Hg.1 

Care should be taken to estimate and replace insensible fluid loss through the skin 
and lungs in patients with bacterial meningitis who are febrile.2 These patients are at risk of 
acute hyponatremia, although most cases are mild.1,2 Hyponatremia can result from cerebral 
salt wasting or the syndrome of inappropriate antidiuretic hormone secretion, and can be 
exacerbated by aggressive fluid resuscitation.1 It is important that the degree of hydration is 
carefully assessed in order to correctly manage the fluid balance. Patients with inappropriate 
antidiuretic hormone secretion have excess total and extracellular water, whereas those with 
cerebral salt wasting have a shortage.71 In a recent Cochrane review, there was some evidence 
to support the use of intravenous maintenance fluids in the first 48 hours in patients with 
bacterial meningitis, but the main conclusion was that there is insufficient evidence to guide 
practice.72 In rabbits with experimental Escherichia coli meningitis, brain edema was not 
aggravated by administration of large amounts of fluid.73 Current guidelines recommend that 
adult patients with meningitis should be treated with the goal of attaining a normovolemic 
state.1,74 
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Intensive insulin therapy 

Hyperglycemia and insulin resistance are almost universal findings in patients with sepsis,75 
although data in bacterial meningitis are lacking. In the Dutch Cohort Study, serum glucose 
was measured on admission in 682 of 696 adults with acute community-acquired bacterial 
meningitis; 415 patients (61%) had serum glucose concentrations of 150 mg/dl or higher (D 
van de Beek, unpublished data).2 High serum glucose concentrations were related to lower 
scores on the Glasgow Coma Scale on admission (p=0.0001), and to unfavorable outcome 
(unfavorable versus favorable outcome, median glucose levels 9.4 mmol/l vs 8.7 mmol/l; 
p=0.01). Intensive insulin therapy lowers serum glucose and exerts a powerful anti-
inflammatory effect.76 A recent study involving 1200 patients with meningitis who stayed in 
the intensive care unit (ICU) showed that intensive insulin therapy significantly reduced 
morbidity.77 Among 767 patients who stayed in the ICU for 3 or more days, in-hospital 
mortality in the 386 who received intensive insulin therapy was reduced from 53 to 43 
percent (p=0.009), and morbidity was also reduced. Randomized controlled studies should be 
performed on intensive insulin therapy in adults with bacterial meningitis. Meanwhile, it 
seems prudent to maintain a normoglycemic state (serum glucose level 70–150 mg/dl). 
 
 
Future adjunctive strategies 
Experimental research has increased our knowledge about the pathophysiology of bacterial 
meningitis and the mechanisms involved in neuronal injury.9,14 Recent animal studies in 
experimental lipopolysaccharide induced meningitis demonstrated that europium is a useful 
marker for quantifying BBB permeability.78 Understanding and quantifying the mechanisms 
by which the BBB is altered is paramount to identifying new treatment strategies. In addition, 
animal studies can be used to study the effects of potential adjunctive therapies and the 
possible roles of neuroprotective substances.79-81 A number of adjunctive strategies for 
treatment have been considered, as described below, but so far all of these therapies have 
been tested only in experimental bacterial meningitis models (figure 4). 
Administration of antibodies to pro-inflammatory cytokines TNF and IL-1ß decreased 
pleocytosis and reduced BBB permeability in experimental bacterial meningitis.5,8 
Pharmacological interference with activation of nuclear factor-kappa B (NF-ĸB), a 
transcription factor involved in the activation of many genes during bacterial meningitis,5 has 
been shown to reduce meningitis-induced CNS inflammation.8,82 MMPs are a family of zinc-
dependent matrix-degrading enzymes that can disrupt the BBB and thereby facilitate 
leukocyte extravasation and brain edema;9 inhibition of MMPs reduced BBB permeability and 
the extent of cortical damage in experimental meningitis.83  

Reactive oxygen species and reactive nitrogen intermediates are involved in several 
aspects of the host response to bacterial infections.8 Antioxidants attenuate early events 
associated with neurological injury in bacterial meningitis and are a promising strategy in the 
treatment of bacterial meningitis;5,9 among these therapies, the antioxidant N-acetylcysteine 
seems to be closest to a clinical application.84 N-acetylcysteine reduced meningeal 
inflammation, oxidative brain damage, cortical neuronal injury, brain edema, intracranial 
pressure, cochlear injury, and hearing loss in animal models of pneumococcal meningitis.85 
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Figure 4 Targets for therapeutic intervention in the immune response to bacterial meningitis  
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Simultaneous production of oxygen-centered and nitrogen-centered free radicals 
favors the production of a toxic reaction product, an oxidant called peroxynitrite.9 
Peroxynitrite induces cytotoxicity and thereby initiates lipid peroxidation and induction of 
DNA single-strand breakage.8 Damaged DNA activates poly(ADP-ribose) polymerase 
(PARP), thereby inducing an energy-consuming cycle that can result in cellular energy 
depletion and necrotic cell death.86 Treatment with peroxynitrite scavengers and PARP-
inhibitors are other potential effective strategies in bacterial meningitis.5,9 

Caspases are a family of proteases that are involved in inflammation, upstream 
signalling and most forms of apoptosis.87 Apoptosis can be blocked pharmacologically by 
blocking caspase-1, leading to reduced meningitis-associated intracranial complications.88 
Potentially, the efficacy of therapeutic interventions might be enhanced by simultaneous 
intervention at several levels of the inflammatory cascade.5,9 Despite the benefits of all of 
these strategies in experimental models, clinical trials are needed to assess their efficacy in 
patients with bacterial meningitis. 

 

 

Key points 

 

• Common complications of bacterial meningitis include meningoencephalitis, 
systemic compromise, stroke and raised intracranial pressure. 

• Potential adjunctive therapies to manage these complications include anti-
inflammatory agents, anticoagulant therapies, and strategies to reduce intracranial 
pressure. 

• Dexamethasone is the only currently accepted adjunctive therapy for the treatment 
of patients with bacterial meningitis; no other adjunctive therapy has proven clinical 
efficacy. 

• For the future, drugs that increase fibrinolysis, such as nimodipine, should be 
explored in experimental meningitis models, and clinical trials should be performed 
to evaluate moderate hypothermia, intensive insulin therapy and glycerol in patients 
with bacterial meningitis. 

• Advances in experimental meningitis are promising, and, among the new therapies 
arising from these studies, N-acetylcysteine seems to be closest to a clinical 
application. 
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Introduction 
The first objective of this thesis was to examine clinical features in adults with bacterial 
meningitis, with an emphasis on pneumococcal meningitis. This was done within the context 
of the Dutch Bacterial Meningitis Cohort Study.1 This prospective cohort study included 696 
episodes of community-acquired bacterial meningitis, confirmed by culture of cerebrospinal 
fluid (CSF), which occurred in patients aged >16 years. The second objective of this thesis 
was to study the effect of treatment with adjunctive dexamethasone on long-term outcome in 
adults with bacterial meningitis. This was done within the context of the European 
Dexamethasone Study. This study was a randomised, placebo-controlled trial that showed 
that adjunctive dexamethasone therapy reduced the risk of an unfavourable outcome, 
including mortality, in adults with bacterial meningitis.2 Since publication of these results 
dexamethasone has become routine therapy in adults with suspected bacterial meningitis.2-4 
In animal studies of bacterial meningitis corticosteroids aggravated hippocampal neuronal 
apoptosis and learning deficiencies.5,6 Therefore, concerns existed about the effects of steroid 
therapy on long-term cognitive outcome. To examine the potential harmful effect of 
treatment with adjunctive dexamethasone on long-term neuropsychological outcome in 
adults with bacterial meningitis we performed a follow-up study of the European 
Dexamethasone Study.  

In this chapter, we will briefly summarise the main findings of this thesis and aim to 
place them in a broader perspective. We will discuss methodological issues that are related to 
our study designs and provide recommendations for future research regarding therapeutic 
and preventive strategies.  
 
Main findings and implications 
Clinical features  
The prevalence of predisposing conditions in patients with pneumococcal meningitis (eg, 
dural immunocompromise, pneumonia, otitis or sinusitis) was 70 percent. Ear or sinus 
infections in these patients (especially mastoiditis) may require specialised treatment. 
Therefore, the high rate of these associated infections stresses the importance of consultation 
by an otolaryngologist, especially in younger patients. The majority of patients presented with 
the classic symptoms and signs (headache, fever, neck stiffness and altered mental status). 
Neurological examination on admission revealed focal neurological deficits (eg, aphasia, 
mono- or hemiparesis, cranial nerve palsies) in 40 percent of the patients. Systemic 
compromise (eg, tachycardia or hypotension) occurred frequently as well and was present in 
29 percent of the patients.  

We found that elderly patients with bacterial meningitis often presented with classic 
symptoms of bacterial meningitis. Bacterial meningitis within this age group is predominantly 
due to Streptococcus pneumoniae and is associated with high morbidity and mortality rates.  
 
Cerebrospinal fluid findings and radiological examinations 
All patients included in the cohort underwent lumbar puncture. On presentation, one or 
more contraindications for immediate lumbar puncture (eg, septic shock, signs of brain shift)7 
were present in 58 percent of the patients with pneumococcal meningitis. At least one 
individual CSF finding considered to be predictive of bacterial meningitis was present in 94 
percent of the patients.8 
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Cranial CT was performed in most patients (85%). Most common findings on 
cranial CT in adults with pneumococcal meningitis were sinusitits/otitis, hypodens lesions 
suspect for brain infarction, brain swelling, and hydrocephalus. Imaging provided 
information about potential underlying disorders for meningitis in 17 percent and meningitis-
associated intracranial complications in 39 percent of the patients.  
 
Microbiology 
The Netherlands Reference Laboratory for Bacterial Meningitis determined the serotypes of 
the causative pathogens in all episodes.9 The causative bacteria in patients with pneumococcal 
meningitis were one of the serotypes included in the 7-valent conjugated vaccine in 42 
percent of the episodes; the coverage of the 23-valent pneumococcal polysaccharide vaccine 
was 87 percent.  

Antibiotic susceptibility was tested in 351 episodes; 349 strains (99%) were sensitive 
to penicillin and 2 strains showed intermediate resistance to penicillin. Although this low rate 
of resistance of S. pneumoniae to penicillin is in line with previous studies in the Netherlands,10 
antimicrobial resistance has emerged as a problem in the treatment of patients with 
pneumococcal meningitis worldwide.4 The choice of the initial antimicrobial therapy in a 
patient with suspected bacterial meningitis is based on the most common bacteria causing the 
disease according to the patient’s age and the clinical setting, and on patterns of antimicrobial 
susceptibility.7 With the worldwide increase in the prevalence of multidrug-resistant 
pneumococci, combination therapy with vancomycin plus a thirdgeneration cephalosporin 
has become the standard approach to empirical antimicrobial therapy.4,10 Only in regions with 
very low rates of penicillin resistance, such as found in our study, monotherapy with 
penicillin may be considered.7 Therefore, these findings are of great importance in the light of 
the recommended empirical antimicrobial therapy for patients with suspected bacterial 
meningitis in the Netherlands. 
 
Clinical course and outcome 
Our findings confirm the serious and life-threatening status of pneumococcal meningitis; 
systemic and neurological complications occurred in a large proportion of patients and 
resulted in a high mortality rate (30%) and high rate of neurological sequelae (30%) in 
surviving patients, such as hearing loss and hemiparesis. The most important neurological 
complications were seizures, impairment of consciousness, and focal neurological 
abnormalities. During clinical course, 38 percent of the patients developed systemic 
complications (eg, septic shock, cardiorespiratory failure, disseminated intravascular 
coagulation).  

In a profound multivariate analysis we found that a low Glasgow Coma Scale score 
on admission, cranial nerve palsies, a high erythrocyte sedimentation rate, a CSF leukocyte 
count less than 1000 cells per mm3, and a high concentration of protein in CSF were 
independent predictors for an unfavourable outcome in adults with pneumococcal 
meningitis. Although a delay in the administration of antibiotics (because of imaging) was not 
associated with an increased risk for adverse outcome in our study, this association has been 
found in previous studies.11,12 The lack of data about the exact time elapsed between 
presentation and initiation of antibiotic therapy is an important limitation of our study that 
precludes the interpretation of these discordant results. Therefore, if cranial CT precedes 
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lumbar puncture, appropriate therapy (antibiotics with adjunctive dexamethasone) should be 
initiated before imaging.7  

Whereas systemic complications were the cause of death in 59 percent of the fatal 
episodes in patients aged ≥60 years, mortality in younger adults was due to neurological 
complications, such as brain herniation, in 65 percent of the fatal episodes. These findings 
may have implications for optimising care in patients with pneumococcal meningitis. As age-
related cerebral atrophy may allow elderly patients to tolerate brain swelling,13 strategies 
aiming to lower intracranial pressure may be most beneficial in younger adults. On the other 
hand, the high case fatality associated with systemic complications in older adults underlines 
the importance of supportive care strategies for patients within this age group.  

 
Risk stratification 
In bacterial meningitis clinical deterioration can occur rapidly and is often difficult to 
predict.1,7 A simple bedside risk score for unfavourable outcome would be helpful in 
decision-making regarding the management of individual patients. We found that the 
individual risk for an unfavourable outcome in adults with community-acquired bacterial 
meningitis can reliably be predicted by the use of a risk score, which is based on 6 routinely 
available variables: age, heart rate, score on the Glasgow Coma Scale, cranial nerve palsies, 
CSF leukocyte count, and gram positive cocci in CSF Gram’s stain. This score helps to 
identify high-risk individuals and provides important information for patients and their 
relatives.  
 
Adjunctive dexamethasone and long-term outcome 
Cognitive impairment occurs frequently in adults surviving pneumococcal meningitis and is 
related to lower scores on questionnaires measuring the quality of life.14,15 In our follow-up 
study from the European Dexamethasone study, neuropsychological evaluation revealed no 
significant differences between patients treated with dexamethasone and placebo. The overall 
rate of cognitive dysfunction did not differ significantly between patients and controls; 
however, patients after pneumococcal meningitis had a higher rate of cognitive dysfunction 
(21% vs 6%) than those after meningococcal meningitis. In addition, adults surviving 
pneumococcal meningitis are at significant risk for long-term neuropsychological 
abnormalities. As adjunctive dexamethasone has become routine therapy in adults with 
suspected bacterial meningitis it is reassuring to know dexamethasone does not worsen 
cognitive outcome in these patients.   
 
 

Methodological issues 
Previous case series on adults with pneumococcal meningitis were hampered by 
heterogeneous cohorts (including both adults and children, and various causative pathogens), 
a relatively small sample size and were all retrospective.11,16-27 We described clinical features, 
complications and outcome in 352 episodes of pneumococcal meningitis, included in the 
Dutch Meningitis Cohort Study.1,28 The Dutch cohort study was the first prospective and 
largest cohort study on this topic to date and included 696 episodes of bacterial meningitis in 
adults, confirmed by culture of CSF. Nevertheless, our study has two important 
limitations.1,28 First, only patients who had a positive CSF culture were included. Negative 
CSF cultures occur in 11 to 30 percent of patients with bacterial meningitis.1,17 The clinical 
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presentation in patients with positive and negative CSF cultures was closely similar in several 
studies; therefore, this is unlikely to have affected our results.17,26,29 However, patients with 
space-occupying lesion on CT may not undergo lumbar puncture.30 In addition, in patients 
with coagulation disorders or severe septic shock lumbar puncture may be postponed, which 
may result in negative CSF cultures.7 Therefore, these patient groups were probably only 
partially included in our study, which may have resulted in an underestimation of the rate of 
adverse outcome. Second, most patients in this study did not receive steroid therapy. On the 
basis of available evidence, guidelines for treatment of bacterial meningitis have been changed 
and adjunctive dexamethasone therapy is now recommended in all adults with suspected 
bacterial meningitis.2-4 This affects the generalisability of our results.  

The possibility of selection bias was a matter of concern in the European 
Dexamethasone Study. To control for selection bias we compared baseline characteristics of 
patients enrolled in the European Dexamethasone Study with those included in our nationwide 
cohort.1 There were no significant differences between the two groups with respect to the score 
on the Glasgow Coma Scale on admission.2 Furthermore mortality rates among patients in the 
placebo group and the nationwide cohort were similar.2 Therefore, patients included in the 
European study are likely to be a representative sample of adults with bacterial meningitis.  
 The placebo-controlled design of the European Dexamethasone Study presented a 
unique opportunity to evaluate the long-term effects of steroid therapy in patients with bacterial 
meningitis. Our prospective follow-up study comprises the largest number of patients with 
long-term neurological and neuropsychological evaluation after bacterial meningitis to date and 
has enough power to detect relevant differences between the dexamethasone and placebo 
group. However, 15 percent of the potentially eligible patients in the European study could not 
be contacted for participation in our follow-up study. This relatively high rate is probably due to 
the long time interval to the start of this follow-up study (11 years) and the anonymous 
inclusion of patients in the initial study. Although demographic characteristics and the score on 
the Glasgow Outcome Scale eight weeks after randomization in these lost-to-follow-up-patients 
were similar to the others, this might have confounded our results.  

 
 

Recommendations for future research 
Despite the availability of effective antibiotics, supportive care facilities, and recent advances in 
adjunctive strategies, mortality and morbidity rates associated with bacterial meningitis remain 
unacceptably high, especially in patients with pneumococcal meningitis. The routine use of 
adjunctive dexamethasone in adults with bacterial meningitis affects clinical course, outcome 
and prognostic factors. Therefore, a new prospective cohort study including adults with 
bacterial meningitis should be performed. Vaccination strategies are expected to reduce the 
burden of invasive pneumococcal infections as well as the prevalence of antibiotic-resistant 
strains. However, the benefits of pneumococcal vaccination programs may be reduced by strain 
replacement. Although no large increase in invasive pneumococcal disease by non-vaccine 
serotypes has been described thus far, this is an extra reason to continue active surveillance of 
this disease.  

Dexamethasone is the only currently accepted adjunctive therapy in the treatment of 
patients with bacterial meningitis; no other adjunctive therapy has proven clinical efficacy. Due 
to the complexity of the mechanisms implicated in neurological injury in bacterial meningitis 
future therapeutic strategies should preferably interfere early in the inflammatory process. 
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Further research will need to ascertain whether some of the potential treatment strategies that 
are currently being explored in experimental studies deserve to be assessed in clinical studies. 
For the future, drugs that increase fibrinolysis, such as nimodipine, should be explored in 
experimental meningitis models. Advances in experimental meningitis are promising and, 
among these ‘new’ therapies, N-acetylcysteine seems to be closest to a clinical application. 
Management of intracranial pressure is not routine in bacterial meningitis, and randomised 
comparative studies of various treatment regimens should be performed. Furthermore, clinical 
trials should be performed evaluating hypothermia, intensive insulin therapy and glycerol in 
patients with bacterial meningitis.  
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Bacterial meningitis is a life-threatening infectious disease. The estimated incidence is 2.6 to 6 
per 100,000 adults per year in developed countries and may be ten times higher in developing 
countries. As a consequence of vaccination of children against Haemophilus influenzae type b, 
the age distribution of bacterial meningitis has shifted to older age groups and Streptococcus 

pneumoniae (pneumococcus) has become the most common pathogen beyond the neonatal 
period. Today, despite advances in medical care, mortality from pneumococcal meningitis in 
adults ranges from 16 to 37 percent, higher than for any other bacterial pathogen.  

In this thesis we describe clinical features and pathophysiological aspects of adults 
with bacterial meningitis, with an emphasis on pneumococcal meningitis. Furthermore, we 
investigate the long-term effect of treatment with dexamethasone (an immunosuppressive 
drug) in adults with bacterial meningitis.  

After the introduction (chapter 1), chapter 2 describes the clinical features, 
complications, and outcome in adults with pneumococcal meningitis. This was investigated 
within the context of our Dutch Bacterial Meningitis Study. This cohort is a large, 
prospective and nationwide series of adults with bacterial meningitis. In the majority of these 
patients, the classic symptoms and signs of fever, neck stiffness, and altered consciousness 
were present. Complications occurred in a large proportion of patients and resulted in a 
mortality rate as high as 30 percent. 

In chapter 3, we describe the characteristics of bacterial meningitis in elderly patients 
(aged ≥60 years) and delineate the differences with findings in younger adults (aged 17-59 
years). Whereas S. pneumoniae was the most common pathogen in the elderly, meningitis in 
younger adults was more often due to Neisseria meningitidis (meningococcus). Elderly patients 
more often developed complications than younger adults, which resulted in a higher mortality 
rate.  

In chapter 4 we describe a risk score to identify patients with a high risk for adverse 
outcome. This risk score can be helpful in decision-making regarding the management of 
individual patients (such as admission on the intensive care unit). 

Dexamethasone aggravated learning deficiencies in animal studies of bacterial 
meningitis in doses similar to those used in clinical practice. To examine the potential harmful 
effect of treatment with dexamethasone on long-term neuropsychological outcome we 
performed a follow-up study from the European Dexamethasone Study. We found that 
treatment with dexamethasone was not associated with an increased risk for long-term 
cognitive impairment (chapter 5). In addition, adults surviving pneumococcal meningitis were 
at risk for long-term neuropsychological abnormalities.  

In chapter 6, we summarise clinical and diagnostic aspects of pneumococcal 
meningitis in adults, and focus on current understandings of the pathophysiology and 
pathogenic mechanisms that are involved. In addition, we discuss the role of potential 
therapeutic strategies in adults with bacterial meningitis (chapter 7).  

Finally, in chapter 8 we summarise the findings of this thesis and discuss challenges 
for future research.  
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Bacteriële meningitis (hersenvliesontsteking, nekkramp) is een levensbedreigende 
infectieziekte. De incidentie is 2.6 tot 6 per 100.000 volwassenen per jaar in de westerse 
landen en wordt tot tien keer zo hoog geschat in ontwikkelingslanden. Door het vaccineren 
van kinderen tegen Haemophilus influenzae type b komt bacteriële meningitis nu vooral bij 
volwassenen voor en is Streptococcus pneumoniae (pneumokok) de meest voorkomende 
verwekker na de neonatale periode geworden. Ondanks de vooruitgang van de medische zorg 
overlijdt 16-37% van de volwassenen met pneumokokken meningitis, beduidend meer dan bij 
andere verwekkers.  

In dit proefschrift beschrijven we zowel klinische als pathofysiologische aspecten 
van bacteriële meningitis bij volwassenen, met de nadruk op pneumokokken meningitis. Ook 
onderzoeken we de lange termijn effecten van behandeling met dexamethason (een 
ontstekingsremmer) bij volwassenen met bacteriële meningitis. 

Na de introductie (hoofdstuk 1) beschrijven we in hoofdstuk 2 de klinische 
kenmerken, complicaties en de uitkomst bij volwassenen met pneumokokken meningitis. 
Deze gegevens werden verzameld door middel van onze Nederlandse cohort studie. Dit is 
een grote, prospectief verzamelde serie van patiënten met een bacteriële meningitis. De 
meeste patiënten presenteerden zich met de klassieke symptomen zoals koorts, nekstijfheid 
en een verlaagd bewustzijn. Complicaties kwamen voor bij een groot deel van de patiënten 
waardoor 30% aan de ziekte overleed.  

In hoofdstuk 3 worden de kenmerken van bacteriële meningitis bij oudere patiënten 
(≥60 jaar) vergeleken met die bij jongere volwassenen (17-59 jaar). S. pneumoniae was de meest 
voorkomende verwekker bij ouderen, terwijl meningitis bij jongere patiënten meestal werd 
veroorzaakt door Neisseria meningitidis (meningokok). Ouderen ontwikkelden vaker 
complicaties en overleden vaker dan jongere patiënten.  

In hoofdstuk 4 beschrijven we een predictiemodel waarmee het risico op een 
ongunstige uitkomst bij volwassenen met een bacteriële meningitis kan worden geschat. Dit 
kan de behandelaar helpen om te bepalen welke patiënten een hoog risico op een slechte 
uitkomst hebben. Dit kan eventueel leiden tot het nemen van aanvullende maatregelen, zoals 
opname op een Intensive Care afdeling. 

Behandeling met dexamethason verergerde geheugenstoornissen bij dierproeven 
met meningitis in doseringen die vergelijkbaar zijn met die in de dagelijkse praktijk. Om het 
mogelijke nadelige effect van dexamethason op het cognitief functioneren op de lange 
termijn te onderzoeken hebben we een vervolgonderzoek van de Europese meningitis studie 
verricht (hoofdstuk 5). Hierbij vonden we dat behandeling met dexamethason de kans op 
cognitieve restverschijnselen niet vergroot. Wel vonden we dat patiënten na pneumokokken 
meningitis een verhoogde kans op cognitieve restverschijnselen hebben. 

In hoofdstuk 6 vatten we klinische en diagnostische aspecten van pneumokokken 
meningitis bij volwassenen samen en we beschrijven de pathofysiologie van deze ziekte. 
Daarnaast bediscussiëren we de rol van mogelijke behandelstrategieën (hoofdstuk 7). 

In hoofdstuk 8 vatten we de belangrijkste bevindingen van dit proefschrift samen en 
doen we suggesties voor eventueel toekomstig onderzoek. 
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