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Bacterial meningitis is an acute infection of the meninges – the protective membranes 

covering the brain and spinal cord. In order to cause meningitis, bacteria colonize the 

human nasopharynx, cross the epithelial layer and enter the bloodstream. Next, bacteria 

enter the subarachnoidal space and the brain parenchyma.1 Meningitis can also be caused 

by direct invasion through the external barriers, such as the inner ear and paranasal sinuses. 

After invasion of the subarachnoidal space, bacteria trigger the immune system, which 

induces a cascade of inflammatory reactions, resulting in severe inflammation of the 

meninges. The host inflammatory response is held responsible for additional damage to the 

central nervous system during bacterial meningitis making it a life threatening disease.2 

Until the introduction of antibiotics in the 1930s and 1940s, acute bacterial meningitis was 

almost uniformly fatal. Thereafter, although it should have become a curable disease it has 

retained substantial mortality and morbidity rates.3 

Patients suffering from bacterial meningitis typically present with headache, neck stiffness, 

fever, and a change in mental status. Although only 41 percent of patients present with the 

classic triad of fever, neck stiffness, and a change in mental status, at least two of four signs 

(the classic triad plus headache) are present in 95% of patients.4, 5 Bacterial meningitis in 

The Netherlands is most commonly caused by Streptococcus pneumoniae and Neisseria 

meningitidis, which are identified in over 80% of cases.4 

Over the past 15 years, the epidemiology and treatment of bacterial meningitis have 

changed.6, 7 Vaccines against pneumococcal disease, group C meningococcal disease and 

Haemophilus influenzae type B are routinely used in national immunization programs and 

have reduced the overall incidence and changed the distribution of causative pathogens.6, 8, 9 

The incidence declined from 1.72 cases per 100,000 adults per year in 2007, to 0.94 per 

100,000 per year in 2014, and the relative contribution of pneumococcal meningitis to adult 

bacterial meningitis has increased. As a result, population characteristics of patients with 

bacterial meningitis have changed. Patients with bacterial meningitis are now older and 

more likely to have risk factors for pneumococcal meningitis, such as an 

immunocompromised state.5 
 

The human body is covered with bacteria, for instance on the skin, in the gut and in the 

nasopharynx. Many of the bacteria are commensals and cause no harm. However, bacteria 

 

can cause disease when they enter sterile compartments of the body, such as the blood 

stream and subarachnoidal space.  

Important causative organisms of meningitis, S. pneumoniae, N. meningitidis and H. 

influenzae (type B) are carried in the nasopharynx. Five to 70% of people have S. 

pneumoniae strains in the nasopharynx, whilst approximately 6% of the population are 

yearly carriers of N. meningitidis and 1% of adults carry H. influenzae.10  

Transmission between people occurs by airborne droplets or close contact. Carriage usually 

persists weeks to months after colonization. Carriage and infection are influenced by 

multiple factors such as geography, season climate and population demographics. Most 

people are asymptomatic during colonization. An important virulence factor of these 

bacteria is their capsule, as shown in experiments with unencapsulated S. pneumoniae 

strains which were found to be avirulent. Several risk factors exist that lead to invasive 

disease by these bacteria of which most involve around decreased function of the immune 

system, which occurs in conditions such as splenectomy, alcoholism, cancer, HIV infection 

and the use of immunosuppressive medication.  

Listeria monocytogenes is another important bacterium in meningitis. In contrast with the 

aforementioned bacteria, L. monocytogenes is a foodborne infection, primarily identified in 

dairy products from unpasteurized milk, and infects the patients through the intestinal tract. 

In most individuals infection is asymptomatic and up to 1% of healthy individuals excrete 

L. monocytogenes in their stool.10 Newborn and immunocompromised patients are 

specifically at risk for invasive listeria disease. 

 

The human body has evolved defense mechanisms to avert infections by micro-organisms. 

The skin and mucosal surfaces are the first defense against infection. Next to being a 

physical barrier, mucosal surfaces excrete IgA, which is bactericidal. Following a breach of 

the barriers and bacterial invasion, the immune system is further activated to fight the 

micro-organisms. The immune system has two types of responses to invading micro-

organisms, the innate immune response and the adaptive immune response. The difference 

between both responses is the mechanism by which micro-organisms are recognized, the 

means used to destroy pathogens after their recognition are similar. 

The innate immune response uses molecular pattern recognition mechanisms to detect 

bacteria and is started by immune cells that are present at the site of invasion, such as 
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macrophages and dendritic cells. Macrophages have receptors for bacterial surface 

components that bind bacteria, inducing engulfment, killing and degradation of bacteria. 

Furthermore, macrophages release cytokines that recruit other cells of the immune system, 

such as neutrophils. A second mechanism of innate immune response is the complement 

system, which consists of soluble proteins that bind to the surface of bacteria and trigger 

engulfment and destruction of the pathogen by phagocytes. The innate immune response is 

a rapid response, but is aspecific (few types of recognition molecules to a large amount of 

different pathogens), and does not lead to long-term immunity and is less strong than the 

adaptive immune response.11, 12 

The adaptive immune response is directed to one specific pathogen, is a slow but powerful 

response and leads to long-term immunity for that specific pathogen. Main effectors of the 

adaptive immune response are B and T lymphocytes. After recognition of a pathogen by a 

T-cell receptor, T-cells differentiate in a subsect of T-cells. CD8 cytotoxic T-cells kill cells 

infected by viruses or intracellular bacteria, CD4 TH1 cells activate macrophages and TH2 

cells stimulate B-cells. B-cells can only differentiate in plasma cells, producing antibodies. 

The response leading to antibody production is known as humoral immunity, whereas the 

response leading to CD8 cytotoxic T-cell and CD4 TH1 cells actions is known as cellular 

immunity.11 

 

Patients with diseases leading to an immunocompromised state who develop bacterial 

meningitis may present with specific clinical characteristics. For example, splenectomized 

patients more often present with septic shock compared to patients with normal spleen 

function.13 Ancillary examinations may also differ, as shown for the splenectomized 

patients in which a low CSF leukocyte count was encountered more frequently compared to 

patients with normal spleen function.13 Furthermore, immunodeficiencies may influence the 

rate of complications and outcome. In a small series of alcoholic patients included in a 

Dutch cohort performed from 1998-2002, alcoholic patients more frequently had 

unfavorable outcome.14 Finally, the spectrum of causative pathogens in immunodeficient 

patients may be substantially different. Aim of this thesis was to study occurrence, clinical 

features and outcome of bacterial meningitis in several conditions leading to an 

immunocompromised state. Knowledge of these clinical characteristic may help to further 

improve treatment and optimize preventive measures. 

 

A well-known cause of an immunocompromised state is an infection with the human 

immunodeficiency virus (HIV), which can result in the acquired immunodeficiency 

syndrome (AIDS). Currently, treatment for HIV infection with combination antiretroviral 

therapy (cART) has reduced complications of HIV infections and substantially improved 

prognosis. Little is known about the current risk, clinical characteristics and outcome of 

bacterial meningitis HIV-infected patients in the Western world. In chapter 2 we provide 

the incidence of bacterial meningitis in HIV-infected patients and describe clinical 

presentation and prognosis of community-acquired bacterial meningitis in 13 HIV-infected 

adults in the Netherlands. 

Both solid organ transplantation (SOT) and hematopoietic stem cell transplantation (HSCT) 

lead to an immunocompromised state. In HSCT recipients underlying hematological 

malignancies may cause neutropenia or abnormal T- or B-cell function with subsequently 

impaired cellular or humoral immunity. Furthermore, graft-versus-host disease (GVHD), 

which occurs in approximately 50% of allogeneic HSCT recipients, has been associated 

with an increased susceptibility to infection. Both SOT and HSCT recipients are often 

treated with immunosuppressive agents, which further increase susceptibility to bacterial 

infection. In chapter 3 we provide a description of disease course and outcome of bacterial 

meningitis in six solid organ transplant recipients. Chapter 4 describes presentation, 

disease course, and prognosis of bacterial meningitis in 14 HSCT recipients. For both SOT 

and HSCT recipients, the risk of acquiring bacterial meningitis was calculated. 

In chapter 5 we describe clinical features and outcome of community-acquired bacterial 

meningitis in 87 adults using immunosuppressive medication, and evaluated the effect of 

adjunctive dexamethasone in this particular subgroup of patients.  

Diabetes mellitus (DM), both type 1 and 2, has been associated with increased rates of 

common infections, and especially bacterial infections. In chapter 6 we describe 

occurrence, clinical features and outcome of bacterial meningitis in 183 episodes of 

community-acquired bacterial meningitis in 179 patients diabetic patients.  

The abuse of alcohol increases the susceptibility to bacterial infection by direct influences 

on cellular and humoral immune responses and indirectly through chronic liver disease, 

malnutrition and vitamin deficiencies. We describe clinical features, causative pathogens, 

and outcome in alcoholic adults with bacterial meningitis in chapter 7. 
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In chapter 8 we conclude with a general discussion, which gives an overview of 

epidemiology, complications, outcome and future perspectives of bacterial meningitis in 

immunocompromised patients. 
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Abstract 
Objective: We studied occurrence, disease course, and prognosis of community-acquired 

bacterial meningitis in HIV-infected adults in the Netherlands. 

 

Methods: We performed a nationwide, prospective cohort study. Patients over 16 years old 

with bacterial meningitis were included. Data on patient history, symptoms and signs on 

admission, laboratory findings, radiologic examination, treatment, and outcome were 

collected prospectively. For HIV-infected patients additional information was collected 

retrospectively.  

 

Results: From March 2006 to December 2013, 1,354 episodes of community-acquired 

meningitis were included in the cohort. Thirteen patients were HIV-infected (1.0%). The 

risk of bacterial meningitis was 8.3-fold higher (95% CI 4.6-15.1, P < .001) among HIV-

infected patients as compared to the general population (10.79 [95%CI 5.97-19.48] vs. 1.29 

[95%CI 1.22-1.37] per 100,000 patients per year). Predisposing factors (other than HIV), 

clinical symptoms and signs, ancillary investigations, causative organisms and outcome 

were comparable between HIV-infected and patients without HIV infection. 

 

Conclusions: HIV-infected patients in the Netherlands have a 8.3-fold higher risk for 

bacterial meningitis as compared to the general population despite cART therapy. Clinical 

presentation and outcome of patients with acute bacterial meningitis with and without HIV 

are similar.  

 

  

 

Introduction 
Bacterial meningitis is a severe infectious disease with high mortality and morbidity rates.1 

The most common causative organisms of community-acquired bacterial meningitis are 

Streptococcus pneumoniae and Neisseria meningitidis, which are identified in over 80% of 

adult cases.2 Invasive pneumococcal disease has been associated with deficiencies in the 

immune system which can be determined by genetic risk factors or acquired conditions.3 

Conditions causing immunodeficiency have previously been associated with an increased 

risk of bacterial meningitis.4-6 One of the causes of an immunocompromised state leading to 

an increased risk of bacterial meningitis, is infection with the human immunodeficiency 

virus (HIV), which was associated with a 150-fold higher risk of bacterial meningitis in the 

era before combination antiretroviral therapy (cART) was available.7 Following the 

introduction of cART, the risk of bacterial meningitis has been reported to be increased but 

much lower as reported to prior the cART era (19-fold increase).8 Currently, treatment for 

HIV with cART has reduced complications of HIV infections and substantially improved 

prognosis.9 Little is known about the current risk, clinical characteristics and outcome of 

bacterial meningitis in HIV-infected patients in the Western world. We studied occurrence, 

clinical presentation and prognosis of community-acquired bacterial meningitis in HIV-

infected adults in the Netherlands. 

 

Methods 
We conducted a nationwide, prospective cohort study on community-acquired bacterial 

meningitis. Methods have been described previously.10 From March 2006 to December 

2013 patients with bacterial meningitis over 16 years old were included. From January 

2007, inclusion of patients with bacterial meningitis was implemented in all hospitals 

nationwide. The study period from January 2007 till January 2014 was used to calculate the 

incidence. Bacterial meningitis was defined as a positive cerebrospinal fluid (CSF) culture 

or positive blood culture with a relevant pathogen in combination with a CSF pleocytosis of 

>100 cells, and clinical presentation compatible with bacterial meningitis. The study was 

approved by the ethical committee of the Academic Medical Center and all participating 

centers received approval from their individual ethics review boards. Signed informed 

consent was obtained from all participating patients or their legally authorized 
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representatives. Patients with hospital-associated meningitis (defined as meningitis that 

occurred during hospitalization or within 1 week of discharge), including neurosurgery 

patients, patients with a neurosurgical device and patients with neurotrauma within 1 month 

of the onset of meningitis were excluded. Data on patient history, symptoms and signs on 

admission, laboratory findings, radiologic examination, treatment, and outcome were 

prospectively collected by means of a case record form (CRF). The CRF included a 

standard question on HIV status. If patients were HIV-infected, additional information was 

retrospectively collected about their HIV-status, consisting of year of HIV diagnosis, CD4 

count prior to or during meningitis episode, nadir CD4, use of antiretroviral therapy, 

compliance and vaccination-status. All patients underwent a neurologic examination at 

hospital discharge, and outcome was graded using the Glasgow Outcome Scale.11 A 

favorable outcome was defined as a score of 5, and an unfavorable outcome was defined as 

a score of 1 to 4. Focal neurologic abnormalities were divided into focal cerebral deficits 

(e.g. aphasia, monoparesis, or hemiparesis) and cranial nerve palsies.  

 

The prevalence of HIV-infected persons in the Netherlands was obtained from the Dutch 

HIV monitoring foundation, who systematically collect, analyze and report data concerning 

people living with HIV in the Netherlands. Data on Dutch population was obtained from 

Statistics Netherlands (statline.cbs.nl).  

 

Statistical analyses were performed with the use of SPSS statistical software, version 20 

(SPSS Inc). For numerical and ordinal data the Mann-Whitney U test was used. For 

categorical data the Fisher exact test was used. The 95%-confidence interval (95%CI) for 

the incidence was calculated by using the Poisson distribution. All tests were 2-tailed, and 

p<0.05 was considered significant.  

 

Results 
A total of 1,637 episodes of meningitis were identified between March 2006 and December 

2013 of which 1,354 episodes of community-acquired bacterial meningitis were included in 

the cohort (figure 1). Thirteen of 1,354 patients were noted to be HIV-infected (1.0%). The 

incidence of bacterial meningitis in the Netherlands in patients over 16-years old was 1.29 

per 100,000 per year (95%CI 1.22-1.37). The incidence of bacterial meningitis in HIV-

 

infected patients in the Netherlands was 10.79 per 100,000 patients per year (95%CI 5.97-

19.48). The risk of community-acquired bacterial meningitis was 8.3-fold (95% CI 4.6-

15.1, P < 0.001) higher for HIV-infected patients as compared to the general population.  

 
Figure 1. Flow of cases identified.  
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Table 1. Clinical characteristics HIV-infected patients.a 

Characteristic n/N (%) Characteristic n/N (%) 
Age (years) 41 (24-49) Blood chemistry testse  
Female 2/13 (15)  Leukocyte count (x109/L) 15.0 (7.2-55.6) 
Predisposing factors 3/13 (23)  C-reactive protein (mg/L) 242 (27-462) 
 Immunocompromised stateb 1/13 (8)  ESR (mm/h, range) 74 (2-138) 
 Alcoholism 2/13 (15)  Nadir CD4 (x106/L) 190 (40-900) 
 Cancer 1/13 (8)  CD4 during meningitis 335 (120-900) 
Distant foci of infection 5/13 (38)  CD4 <500 x106/L 9/12 (75) 
 Otitis media 3/13 (23)  CD4 <200 x106/L 4/12 (33) 
 Endocarditis 2/13 (15) Indexes of inflammation in CSFf  
Symptoms and signs on admission   Leukocyte count (cells/mm3) 4,355 (188-20,136) 
 Duration of symptoms >24 h 8/13 (62)  Protein (g/L) 4.6 (1.5-6.1) 
 Headache 8/11 (73)  CSF/blood glucose ratio 0.07 (0.00-0.44) 
 Nausea 5/10 (50) CSF culture  
 Temperature ≥38°C 8/12 (67)  Streptococcus pneumoniae 9/13 (69) 
 Neck stiffness 8/11 (73)  Neisseria meningitidis 3/13 (23) 
 Triadc 3/13 (23)  Negative 1/13 (8) 
 Signs of septic shockd 4/13 (31) Outcome  
 Seizures 4/13 (31)  Mortality 3/13 (23) 
 Altered mental state (EMV<14) 7/13 (54)  Favorable outcome 9/13 (69) 
 Coma (EMV <8) 1/13 (8)  Neurological sequelae 1/10 (10) 
 Focal neurological deficits 1/13 (8)   
CSF: cerebrospinal fluid; ESR: erythrocyte sedimentation rate; HIV: human immunodeficiency virus.  
aData are presented as n/N (%), or median (range). bOther than HIV. c Triad of fever, neck stiffness, and change in 

mental status. dDefined as a systolic blood pressure less than 90 mmHg, a diastolic blood pressure less than 60 

mmHg, and/or a heart rate of 120 beats/min or greater. eLeukocyte count was known in 13 patients, C-reactive 

protein in 13 patients, ESR in 9 patients, CD4 counts in 12 patients. fCSF Leukocyte count was known in 12 

patients, CSF protein levels in 13 patients, CSF blood to glucose ratio in 13 patients. 

 

Clinical characteristics of the 13 patients are summarized in table 1. Eleven were male and 

two female. HIV-infected patients were significantly younger compared to non-HIV-

infected patients (median 41 vs. 61 years; P < .001; table 2). Of the 13 HIV-infected 

patients, two had a recurrent episode of community-acquired meningitis. The medical 

history of one of these patients included a splenectomy for thrombocytopenia and anemia, 

and an IgG2 subclass deficiency. The episode of pneumococcal meningitis during the study 

 

period was her third episode. The second patient had had an episode of pneumococcal 

meningitis during childhood. 

 

Table 2. Comparison between HIV-infected and non-HIV-infected patients.a 

Characteristics HIV-infected Non-HIV-infected P-valueb 

Age (years) 41 (24-49) 61 (16-95) p<0.001 

Female 2/13 (15) 668/1,341 (50) p<0.001 

Predisposing factors 3/13 (23) 413/1,253 (33)  

Distant foci of infection 5/13 (38) 551/1,210 (46)  

Triad of fever, neck stiffness, and change 3/13 (23) 545/1,282 (41)  

Blood chemistry tests    

 Leukocyte count (cells/mm3) 15.0 (7.2-55.6) 17.0 (0.1-99.8)  

 C-reactive protein (mg/L) 242 (27-462) 192 (0-752)  

Indexes of inflammation in CSF    

 Leukocyte count (cells/mm3) 4,355 (188-20,136) 2,373 (0-463,149)  

 Granulocytes (%) 88 (74-99) 94 (0-100)  

 Protein (g/L) 4.6 (1.5-6.1) 3.9 (0.0-50.0)  

 CSF/blood glucose ratio 0.07 (0.00-0.44) 0.04 (0.00-1.67)  

CFS culture    

 Streptococcus pneumoniae 9/13 (69) 916/1,341 (68)  

 Neisseria meningitidis 3/13 (23) 148/1,341 (11)  

 Different organism 0 /13 (0) 231/1,341 (17)  

 Negative 1/13 (8) 46/1,341 (3)  

Neurological sequelae at discharge 1/13 (10) 103/1,108 (8)  

Hearing loss 0/10 (0) 100/1,108 (9)  

Outcome    

 Favorable outcome 9/13 (69) 841/1,341 (63)  

 Unfavorable outcome (GOS 2-4) 1/13 (8) 267/1,341 (20)  

 Death 3/13 (23) 233/1,341 (17)  
HIV: human immunodeficiency virus; CSF: cerebrospinal fluid 

aData are presented as n/N (%), or median (range), bp-values are provided if <0.05 

 

HIV characteristics of the 13 patients are summarized in table 3. HIV was diagnosed during 

the episode of bacterial meningitis in three patients; in one of these patients HIV-positivity 

was detected during autopsy, so no CD4 counts could be obtained. The median duration of 

the HIV infection was 3 years (range 0-18 years). Nine patients had a CD4 count of <500 
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x106/L when the meningitis episodes occurred, and four had a CD4 count of <200 x106/L. 

At presentation, cART was used in only five of 13 patients (38%). One patient was on 

cART but was non-compliant with his treatment regimen. Four did not use antiretroviral 

therapy, as their CD4 counts were sufficiently high prior to admission. Three were not 

using cART as the HIV diagnosis was made during the episode. Vaccination status was 

retrieved for all patients. Only one patient was vaccinated with the 23-valent polysaccharide 

pneumococcal vaccine (PPV-23). This patient had a splenectomy and IgG2 subclass 

deficiency and experienced her third pneumococcal meningitis episode during the study 

period. None of the other patients were vaccinated against S. pneumoniae. Other 

neurological HIV-related complications had occurred previously in one patient, who had 

HIV-medication induced myopathy in 1998. 

 

Table 3. Characteristics of HIV infection 
 
Patient Year of 

identification 
i f i

Interval between HIV 
identification and 

CD4 count Nadir CD4 cART Vaccination 

1 2002 4 380 380 No No 

2 2006 0 900 620 No PPV-23 

3 2007 0 120 120 No No 

4 1997 10 150 150 Yes No 

5 2004 4 200 200 No No 

6 1992 17 180 Unknown Yes No 

7 2007 2 380 150 Yes No 

8 1991 18 290 40 Yes No 

9 2010 0 480 360 No No 

10 2009 3 500 190 Yes No 

11 1994 8 900 900 Yes No 

12 Postmortem 0 Unknown Unknown No No 

13 2013 0 160 160 No No 

cART: combination antiretroviral therapy; HIV: human immunodeficiency virus; PPV-23: 23-valent 

polysaccharide pneumococcal vaccine.  

 

Symptoms and signs at presentation of HIV-infected patients were similar to non-HIV-

infected patients (table 2). Focal neurologic deficits were present in one patient, who 

presented with a paresis of the left arm, left-sided hemianopsia and gaze deviation to the 

right, due to a left-sided cortical syndrome caused by meningo-encephalitis. The proportion 

 

with extra-meningeal foci of infection between HIV-infected and non-HIV-infected patients 

was similar (5 of 13 [38%] vs. 551 of 1,210 [46%], P = 0.610). Distant foci of infection in 

HIV-infected were otitis (in three patients) and endocarditis (in two patients). Both patients 

with endocarditis were known IV-drug users. The proportion with predisposing factors for 

bacterial meningitis, with the exception of HIV-infection, between HIV-infected and non-

HIV-infected patients was similar (3 of 13 [23%] vs. 413 of 1,253 [33%], P = 0.451). 

Predisposing conditions in HIV-infected patients were alcoholism (in two patients) and 

diffuse large B-cell lymphoma (in one patient), and splenectomy and IgG subclass 

deficiency (both in the same patient). Two patients had multiple predisposing conditions.  

 

Lumbar puncture was performed in all patients. The proportion of patients with an 

independent cerebrospinal fluid predictors of bacterial meningitis (CSF leukocyte count 

>2,000/µL, polymorphonuclear leukocyte count >1,180/µL, glucose level <1.9 mmol/L, 

protein level >2.2 g/L, or CSF/blood glucose ratio <0.23)12 between HIV and non-HIV 

infected patients was similar (11 of 13 [85%] vs. 1,152 of 1,341 [86%], P = .70). CSF 

parameters of inflammation of HIV-infected and non-HIV-infected patients were similar.  

 

Cranial imaging at admission was performed in all patients with HIV infection, and showed 

abnormalities in nine patients. Four patients had signs of otitis or sinusitis on brain imaging 

and five had signs of edema, of which one had a hypodensity presumed to be infarction. No 

abscesses or subdural empyema were found.  

 

Causative organisms were S. pneumoniae (9 patients), N. meningitidis (3 patients), and 

Staphylococcus aureus (1 patient). Of the nine patients with pneumococcal meningitis, four 

had a serotype that is included in the heptavalent pneumococcal conjugate vaccine (PCV-

7), four by the decavalent pneumococcal conjugate vaccine (PCV-10), six by the 

tridecavalent pneumococcal conjugate vaccine (PCV-13) and seven by PPV-23 (table 4). 

All patients received antimicrobial adequate treatment.13 All patients were treated with 

adjunctive dexamethasone, also those with non-pneumococcal meningitis. Dexamethasone 

was administered with the first dose of antibiotics in all except for one patient.  

 

 



21

Bacterial meningitis in patients with HIV

2

 

x106/L when the meningitis episodes occurred, and four had a CD4 count of <200 x106/L. 
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i f i
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11 1994 8 900 900 Yes No 
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13 2013 0 160 160 No No 
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All patients received antimicrobial adequate treatment.13 All patients were treated with 

adjunctive dexamethasone, also those with non-pneumococcal meningitis. Dexamethasone 

was administered with the first dose of antibiotics in all except for one patient.  
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Table 4. Causative organisms, serotypes and vaccine coverage. 

Patient  Organism serotype PCV-7a PCV-10b PCV-13c PPV-23d 

1 N. meningitidis C     

2* S. pneumoniae 6B Yes Yes Yes Yes 

3 S. pneumoniae 23F Yes Yes Yes Yes 

4 S. aureus      

5 S. pneumoniae 15B No No No  Yes 

6 S. pneumoniae 19F Yes Yes Yes Yes 

7 S. pneumoniae 19A No No Yes Yes 

8 S. pneumoniae 23F Yes Yes Yes Yes 

9 S. pneumoniae 6A No No Yes No 

10 N. meningitidis Y     

11 S. pneumoniae 8 No No No  Yes 

12 S. pneumoniae 18B No No No No 

13 N. meningitidis B     

Vaccine coverage:    4/9 4/9 6/9 7/9 

PCV: pneumococcal conjugate vaccine; PPV: polysaccharide pneumococcal vaccine. 

*patient vaccinated with PPV-23. 
avaccine includes: 4, 6B, 9V, 14, 18C, 19F, 23F. 
bvaccine includes: 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F. 
cvaccine includes: 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F. 
dvaccine includes: 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, 

33F. 

 

Nine patients had favorable functional outcome (69%), as defined as a score of 5 on the 

Glasgow Outcome Scale. Four patients had unfavorable outcome, defined as a score of 1 to 

5 on the Glasgow Outcome Scale of 5, including three patients who died. Causes of death 

were delayed cerebral thrombosis, which has been described as a rare but devastating 

complication of bacterial meningitis,14 subarachnoidal hemorrhage caused by a ruptured 

mycotic aneurysm, and withdrawn of case because of poor neurologic prognosis. Outcome 

between HIV-infected and non-HIV-infected patients was similar (table 2). There was no 

relation between CD4 count <200 x106/L and outcome (data not shown). 

 

 

 

 

Discussion 
Our study shows that patients with HIV are at high risk for acute bacterial meningitis. The 

identified risk for bacterial meningitis was 8-fold higher in HIV-infected patients as 

compared to the general population. The risk is much lower than reported previously. A 

prospective Spanish cohort of 2,150 HIV-infected patients, before the cART era, identified 

12 cases of bacterial meningitis in the period from 1985 to 1997, compatible with a 150-

fold higher risk of bacterial meningitis in HIV-infected patients compared to the general 

population.7 Another Spanish prospective cohort study including 13,187 HIV-infected 

patients, performed after introduction of cART, and identified 32 cases of bacterial 

meningitis in the period from 1996 to 2006, compatible with a 19-fold higher risk compared 

to the general population.8 The further decline of the risk of bacterial meningitis in HIV-

infected patients observed in our cohort may be due to the improvement of cART15 and the 

optimization of the timing of cART,16 preventing patients to become severely 

immunocompromised. Furthermore, in the Netherlands, sexually transmitted infections 

(STI) clinics offer high-risk groups access to free testing for STI and provide care and 

treatment if an STI is diagnosed. Therefore, HIV is often diagnosed and treatment is 

initiated in an early disease stage.17 Although the incidence of newly diagnosed HIV 

infections in the Netherlands has been stable between 2006 (871 new cases) and 2013 (829 

cases), the prevalence of HIV infected individuals has increased in the same period from 

10,837 to 17,202.17 This increasing prevalence may result in more cases of bacterial 

meningitis in HIV infected patients in the upcoming years.  

 

HIV infection was not associated with different clinical presentation, causative organisms 

or outcome. This finding is different from the prospective Spanish cohort of 2,150 HIV-

infected patients before the cART era, which found similar causative organisms but a 

favorable outcome in HIV-infected patients compared to the general population.7 The 

Spanish prospective cohort study including 13,187 HIV-infected patients, performed after 

introduction of cART, found similar causative organisms but an unfavorable outcome in 

HIV-infected patients compared to the general population.8 Neurological complications 

were described to occur more frequently in patients with a low CD4 count during the 

episode of bacterial meningitis. We did not find a relation between low CD4 counts and 
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infected patients observed in our cohort may be due to the improvement of cART15 and the 

optimization of the timing of cART,16 preventing patients to become severely 

immunocompromised. Furthermore, in the Netherlands, sexually transmitted infections 

(STI) clinics offer high-risk groups access to free testing for STI and provide care and 

treatment if an STI is diagnosed. Therefore, HIV is often diagnosed and treatment is 

initiated in an early disease stage.17 Although the incidence of newly diagnosed HIV 

infections in the Netherlands has been stable between 2006 (871 new cases) and 2013 (829 

cases), the prevalence of HIV infected individuals has increased in the same period from 

10,837 to 17,202.17 This increasing prevalence may result in more cases of bacterial 

meningitis in HIV infected patients in the upcoming years.  

 

HIV infection was not associated with different clinical presentation, causative organisms 

or outcome. This finding is different from the prospective Spanish cohort of 2,150 HIV-

infected patients before the cART era, which found similar causative organisms but a 

favorable outcome in HIV-infected patients compared to the general population.7 The 

Spanish prospective cohort study including 13,187 HIV-infected patients, performed after 
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HIV-infected patients compared to the general population.8 Neurological complications 

were described to occur more frequently in patients with a low CD4 count during the 

episode of bacterial meningitis. We did not find a relation between low CD4 counts and 
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outcome, which may well be explained by the relatively low number of patients in our 

study with a low CD4 counts. 

 

In our study, all HIV-infected patients received adjunctive dexamethasone therapy. A 2013 

Cochrane review showed a beneficial effect of corticosteroids in patients with community-

acquired bacterial meningitis.18 The beneficial effect, however, was only observed in 

studies from high-income countries. In resource poor settings, with high HIV infection 

rates, randomized controlled trials showed no effect of dexamethasone.19 In an individual 

patient data meta-analysis of five randomized controlled studies on adjunctive 

dexamethasone therapy in bacterial meningitis,20 post-hoc analyses suggested a possible 

positive overall effect on deafness among survivors and on death and severe neurological 

sequelae in the subgroup of HIV-negative adults (odds ratio 0.68 [95%CI 0.54–0.99], 

P=0.02). However, this apparent treatment effect ceased to be significant after adjustment 

for multiple comparisons. HIV-infected patients with severe immunocompromise are at risk 

for cryptoccoccal and tuberculous meningitis.21, 22 Therefore, caution is warranted for the 

use of dexamethasone in HIV-infected patients suspected of bacterial meningitis. 

Dexamethasone seems to be indicated in HIV-infected patients with adequate CD4 counts 

and proven pneumococcal meningitis.  

 

Only one patient in our cohort was vaccinated against pneumococci. The vaccinated patient 

had a concomitant IgG2 subclass deficiency and received the 23-valent pneumococcal 

vaccine (PPV-23). Patients with IgG2 subclass deficiency may not develop protective 

antibody levels to all pneumococcal serotypes and may have deficient memory for IgG anti-

pneumococcal polysaccharide antibodies.23 This may explain why she experienced 

recurrent episodes of pneumococcal meningitis despite vaccination. Guidelines recommend 

the use of schedules combining conjugate pneumococcal vaccine (PCV) and PPV-23 in 

HIV-infected individuals.24 A systematic review on the use of PPV-23 against invasive 

pneumococcal disease in HIV-infected adults did not confirm a clear risk reduction of 

pneumonia or invasive pneumococcal disease by the use of PPV-23 in HIV-infected 

patients.25 A double blind randomized placebo-controlled trial with the PCV-7 in 496 

predominantly HIV-infected patients (88%) in Malawi found a vaccine efficacy of 74%.26 

In 2013, a randomized, blinded clinical trial evaluating immunogenicity of PCV-7, PPV-23 

 

or PCV-7 follow by PPV-23 in 331 HIV-infected immunologically stable adults in Brazil 

found PCV to be more immunogenic than PPV-23.27 

 

In conclusion, HIV-infected patients in the Netherlands have a 8.3-fold higher risk for 

bacterial meningitis as compared to the general population despite cART therapy. Clinical 

presentation and outcome of patients with acute bacterial meningitis with and without HIV 

are similar. 
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Abstract 
Background: Solid organ transplant (SOT) recipients are at risk of infections of the central 

nervous system (CNS). However, the incidence and clinical course of bacterial meningitis 

SOT recipients are unclear. We studied occurrence, disease course, and prognosis of 

bacterial meningitis in SOT recipients in the Netherlands.  

 

Methods: From our nationwide, prospective cohort study on community-acquired bacterial 

meningitis in patients over 16 years old, performed from March 1, 2006 through October 

31, 2014, all patients with a medical history of solid organ transplantation were selected. 

Data on patient history, symptoms and signs on admission, treatment, and outcome were 

collected prospectively. For transplant recipients additional information was collected 

retrospectively.  

 

Results: We identified six SOT recipients, all renal transplantations. The risk of bacterial 

meningitis was 7-fold higher (95% confidence interval [CI] 2.94-17.02, P < 0.001) for renal 

transplant recipients as compared to the general population (9.56 [95% CI 3.98-22.96] vs. 

1.35 [95% CI 1.28-1.43] per 100,000 patients per year). One of six patients (17%) 

presented with the classic presentation of bacterial meningitis (fever, neck stiffness, and 

change in mental status). Seizures were common occurring in 33% of patients. 

Streptococcus pneumoniae and Listeria monocytogenes were identified in two patients 

each, and Escherichia coli and Pseudomonas aeruginosa were both identified once. Four of 

six patients (67%) had an unfavorable functional outcome.  

 

Conclusion: Bacterial meningitis is a rare but devastating complication of solid organ 

transplantation. SOT recipients are at high risk for developing meningitis and recognition 

may be difficult owing to atypical clinical manifestation.  

 

Introduction 

Solid organ transplantation is a therapeutic option for organ failure, e.g., kidney, liver, 

heart, lung and pancreas. Approximately 289,000 patients have undergone solid organ 

transplantation in the United States throughout the last 10 years; 167,767 renal 

transplantations, 64,301 liver transplantations, 23,119 heart transplantations, 16,610 lung 

transplantations and 3,664 pancreas transplantations.1 In the Netherlands, eight centers 

perform transplantations. Approximately 11,000 patients have undergone solid organ 

transplantation throughout the last 10 years in the Netherlands; 8,410 renal transplantations, 

1,310 liver transplantations, 402 heart transplantations, 961 lung transplantations and 278 

pancreas transplantations.2 During the last few decades, improvements in surgical 

techniques and immunosuppressive regimens have resulted in improved survival of solid 

organ transplant recipients.3 Previous reports have emphasized the importance of infections 

of the central nervous system (CNS) occurring in solid organ transplant recipients.4, 5 

However, the incidence of bacterial meningitis in solid organ transplant recipients has not 

been reported. Herein, we determine the incidence and provide a description of disease 

course and outcome of bacterial meningitis in solid organ transplant recipients identified in 

a nation-wide prospective cohort study on community-acquired bacterial meningitis. 

 

Methods 
We conducted a nationwide, prospective cohort study on community-acquired bacterial 

meningitis. Methods have been described previously.6 From this cohort study we selected 

all patients with a medical history of solid organ transplantation. Between March 2006 and 

October 2014, patients over 16 years old were included with bacterial meningitis defined as 

a positive cerebrospinal fluid (CSF) culture or as a positive blood culture with a relevant 

pathogen in combination with a CSF pleocytosis of >100 cells/mm3, and clinical 

presentation compatible with bacterial meningitis. Hospital acquired meningitis was 

defined as meningitis during admission or within 7 days after discharge. Patients with a 

neurosurgical device, neurosurgical operation or procedure and patients with neurotrauma 

within one month of the onset of meningitis were excluded. Informed consent was obtained 

from all participating patients or their legally authorized representatives. The study was 

approved by the ethical committee of the Academic Medical Center. Data on patient 
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history, symptoms and signs on admission, laboratory findings, radiologic examination, 

treatment, and outcome were prospectively collected by means of a case record form. 

Additional information about the solid organ transplantation was collected retrospectively, 

including time between transplantation and meningitis, immunosuppressive medication and 

vaccination status. Vaccination status comprehended administration of pneumococcal and 

meningococcal vaccinations, and Haemophilus influenzae vaccination in the pre- and post-

transplantation period. Vaccination status was ascertained and validated by telephone 

interview with the transplantation center, treating internal specialist and general practitioner 

of the patients. Outcome was graded using the Glasgow Outcome Scale. A favorable 

outcome was defined as a score of 5, and an unfavorable outcome was defined as a score of 

1 to 4. 

 

The study period from January 2007 till January 2014 was used to calculate the incidence 

of bacterial meningitis. Dutch population data on solid organ transplant recipients at risk 

during the study period were provided by the Dutch Transplantation Foundation 

(www.transplantatiestichting.nl). Dutch population data was obtained from Statistics 

Netherlands.7 

 

Statistical analyses were performed with the use of SPSS statistical software, version 20 

(SPSS Inc). The 95%-confidence interval (95%CI) for the incidence and prevalence was 

calculated by using Poisson regression. 

 

Results 
Six of 1,449 included episodes of community-acquired bacterial meningitis occurred in six 

solid organ transplant recipients (0.4%), all of whom were renal transplant recipients. Five 

episodes occurred in the interval from January 2007 till January 2014. In 2007, in the 

Netherlands, there were 8,450 living SOT recipients, which increased up to 10,653 living 

SOT recipients in 2013. During the interval from January 2007 till January 2014, a total of 

68,526 patient-years of follow-up were included. The incidence of bacterial meningitis in 

solid organ transplant recipients was 7.30 per 100,000 patients per year (95% confidence 

interval [CI] 3.04-17.53) and 9.56 per 100,000 patients per year for renal transplant 

recipients (95% CI 3.98-22.96). The incidence of bacterial meningitis in the general 

 

population from 2007-2014 was 1.35 per 100,000 persons per year (95% CI 1.28-1.43). The 

risk of bacterial meningitis was 5.40 fold (95% CI 2.24-12.99, P < 0.001) higher for solid 

organ transplant recipients and 7.07 fold (95% CI 2.94-17.02, P < 0.001) higher for renal 

transplant recipients as compared to the general population. 

 

Table 1. Clinical characteristics of solid organ transplant recipients with meningitis.a 
Characteristic n (%) Characteristic n (%) 

Age (years) 65 (37-72) Blood chemistry tests  

Years since transplantation (years) 3.5 (1-23)  Leukocyte count (cells/mm3) 15.5 (8.5-28.3) 

Female 2 (33)  C-reactive protein (mg/L) 240 (28-397) 

Predisposing factorsb 3 (50) Indexes of inflammation in CSF  

 Otitis media 1 (17)  Leukocyte count (cells/mm3) 713 (17-12,014) 

 Diabetes mellitus 2 (33)  Granulocytes (%) 85 (73-99) 

Symptoms and signs on admission   Protein (g/L) 3.9 (1.4-6.0) 

 Duration of symptoms >24 h 5 (83)  CSF/blood glucose ratio 0.04 (0.0-0.89) 

 Headache 3 (50) CFS culture  

 Nausea 3 (50)  Streptococcus pneumoniae 2 (33) 

 Temperature 4 (67)  Listeria monocytogenes 2 (33) 

 Triadc 1 (17)  Pseudomonas aeruginosa 1 (17) 

 Neck stiffness 3 (50)  Escherichia coli 1 (17) 

 Seizures 2 (33) Complications  

 Signs of septic shock 2 (33)  Seizures 2 (33) 

 Altered mental state (EMV <14) 4 (67)  Hearing impairment 1 (17) 

 Coma (EMV <8) 3 (50)  Cerebral infarction 1 (17) 

 Focal neurological deficits 2 (33) Outcome  

Radiological examination 5 (83)  Favorable outcome 3 (50) 

 Intracerebral hemorrhage 1 (20)  Mortality 2 (33) 

 Mastoid opacification 1 (20)  Sequelae 3 (17) 

CSF: cerebrospinal fluid, GOS: Glasgow outcome scale 
aData are presented as n (%), or median (range). bOther than transplantation. cTriad of fever, neck stiffness, and 

change in mental status. 

 

The median age at the time of meningitis was 65 years (range 36-72 years; 95% CI 51-72 

years, tables 1 and 2) with a median time between organ transplantation and meningitis of 

3.5 years (range 1-23 years, 95% CI 0-13 years).  
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Two patients had a distant infection focus (pneumonia, otitis each in one) upon 

presentation. Symptoms were present more than 24-hours in 5 of 6 patients (83%). All 

patients were on immunosuppressive medication: two patients used mycophenolate mofetil, 

tacrolimus and prednisone, and the combinations of azathioprine and cyclosporine, 

azathioprine and prednisone, cyclosporine and prednisone, and mycophenolate mofetil, 

cyclosporine and prednisone were used by one patient each. Two patients used prophylactic 

antibiotic (norfloxacin, trimethoprim-sulfamethoxazole each in one). Vaccination status 

could be retrieved for five of the six patients: none were vaccinated against pneumococci, 

meningococci or Haemophilus influenzae before or after the transplantation. 

 

Classic symptoms and signs of bacterial meningitis were relatively uncommon: headache 

occurred in 3 of 6 (50%) of episodes, neck stiffness in 3 of 6 (50%), fever in 4 of 6 (67%), 

and a change in mental status (defined by a Glasgow Coma Scale score below 14) in 4 of 6 

(67%) patients. One patient presented with the classic triad of fever, neck stiffness, and a 

change in mental status. Generalized seizures occurred in 2 of 6 (33%) patients. 

 

Neuroimaging (computed tomography) was performed on admission in five of six patients 

(84%; table 3). Abnormalities were found in two patients (mastoiditis and generalized brain 

edema each in one patient). Lumbar puncture was performed in all patients. CSF white 

blood cell counts were below 1,000 cells/mm3 in 4 of 6 patients (67%). One patient 

presented with only 17 cells/mm3 and was eventually diagnosed with pneumococcal 

meningitis, based on a positive CSF culture. All patients had one or more individual CSF 

predictors of bacterial infection (glucose level less than 1.9 mmol/L, blood-glucose ratio 

less than 0.23, protein level greater than 2.2 g/L, more than 2,000 x 106/L leukocytes, or 

more than 1,180 x 106/L polymorphonuclear leukocytes).8  

 

CSF cultures revealed Streptococcus pneumoniae and Listeria monocytogenes in two 

patients each, and Escherichia coli and Pseudomonas aeruginosa were identified in one 

patient each. CSF Gram stain showed bacteria in three of six patients (2 with S. pneumoniae 

and 1 with P. aeruginosa meningitis). Four patients were initially treated with the 

combination of ceftriaxone plus penicillin/amoxicillin, one with ceftazidime plus linezolid, 

and one patient with co-amoxiclav (table 2).  
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Two patients had a distant infection focus (pneumonia, otitis each in one) upon 

presentation. Symptoms were present more than 24-hours in 5 of 6 patients (83%). All 

patients were on immunosuppressive medication: two patients used mycophenolate mofetil, 

tacrolimus and prednisone, and the combinations of azathioprine and cyclosporine, 

azathioprine and prednisone, cyclosporine and prednisone, and mycophenolate mofetil, 

cyclosporine and prednisone were used by one patient each. Two patients used prophylactic 

antibiotic (norfloxacin, trimethoprim-sulfamethoxazole each in one). Vaccination status 

could be retrieved for five of the six patients: none were vaccinated against pneumococci, 

meningococci or Haemophilus influenzae before or after the transplantation. 

 

Classic symptoms and signs of bacterial meningitis were relatively uncommon: headache 

occurred in 3 of 6 (50%) of episodes, neck stiffness in 3 of 6 (50%), fever in 4 of 6 (67%), 

and a change in mental status (defined by a Glasgow Coma Scale score below 14) in 4 of 6 

(67%) patients. One patient presented with the classic triad of fever, neck stiffness, and a 

change in mental status. Generalized seizures occurred in 2 of 6 (33%) patients. 

 

Neuroimaging (computed tomography) was performed on admission in five of six patients 

(84%; table 3). Abnormalities were found in two patients (mastoiditis and generalized brain 

edema each in one patient). Lumbar puncture was performed in all patients. CSF white 

blood cell counts were below 1,000 cells/mm3 in 4 of 6 patients (67%). One patient 

presented with only 17 cells/mm3 and was eventually diagnosed with pneumococcal 

meningitis, based on a positive CSF culture. All patients had one or more individual CSF 

predictors of bacterial infection (glucose level less than 1.9 mmol/L, blood-glucose ratio 

less than 0.23, protein level greater than 2.2 g/L, more than 2,000 x 106/L leukocytes, or 

more than 1,180 x 106/L polymorphonuclear leukocytes).8  

 

CSF cultures revealed Streptococcus pneumoniae and Listeria monocytogenes in two 

patients each, and Escherichia coli and Pseudomonas aeruginosa were identified in one 

patient each. CSF Gram stain showed bacteria in three of six patients (2 with S. pneumoniae 

and 1 with P. aeruginosa meningitis). Four patients were initially treated with the 

combination of ceftriaxone plus penicillin/amoxicillin, one with ceftazidime plus linezolid, 

and one patient with co-amoxiclav (table 2).  
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Adjunctive dexamethasone was administered in 3 of 6 patients (50%); in 2 patients 

dexamethasone (4 times a day 10 mg) was started together with the antimicrobial treatment, 

in 1 patient dexamethasone was started after the initiation of antimicrobial treatment. 

 

During clinical course two patients developed seizures; one of these patient had generalized 

seizures, the other had focal seizures and was diagnosed with a subarachnoidal hemorrhage 

as a complication of P. aeruginosa meningitis. Unfavorable outcome occurred in 4 of 6 

patients (67%); 2 patients died, and 2 surviving patients suffered from sequelae (hearing 

loss and cognitive impairment each in one patient). 

 

Discussion 
Our study shows that solid organ transplant recipients have an increased risk of bacterial 

meningitis. Previous reports have emphasized the importance of infections of CNS after 

solid organ transplantation. Despite the identified increase in risk, bacterial meningitis is an 

uncommon disease in transplant recipients. 

 

Patients presented with few classic symptoms and signs of bacterial meningitis, and only 

one patient had the classic triad of fever, impaired consciousness and neck stiffness. The 

patients often had a more protracted clinical course compared to the general bacterial 

meningitis population, with symptoms for several days.9 This pattern of prolonged duration 

of disease and absence of typical clinical characteristics has previously been recognized for 

L. monocytogenes meningitis.10 In that study prolonged duration of disease was associated 

with less marked CSF abnormalities, which was also found in renal transplant patients with 

bacterial meningitis. The combination of few typical signs of meningitis and CSF 

abnormalities may hinder recognition of bacterial meningitis in solid organ transplant 

recipients. To prevent diagnostic delay, a low threshold should be kept for performing a 

lumbar puncture in renal transplant recipients, even those with a low suspicion of bacterial 

meningitis. 

 

Most common causative pathogens of bacterial meningitis in solid organ transplant 

recipients were S. pneumoniae and L. monocytogenes. L. monocytogenes meningitis has 
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Adjunctive dexamethasone was administered in 3 of 6 patients (50%); in 2 patients 

dexamethasone (4 times a day 10 mg) was started together with the antimicrobial treatment, 

in 1 patient dexamethasone was started after the initiation of antimicrobial treatment. 

 

During clinical course two patients developed seizures; one of these patient had generalized 

seizures, the other had focal seizures and was diagnosed with a subarachnoidal hemorrhage 

as a complication of P. aeruginosa meningitis. Unfavorable outcome occurred in 4 of 6 

patients (67%); 2 patients died, and 2 surviving patients suffered from sequelae (hearing 

loss and cognitive impairment each in one patient). 

 

Discussion 
Our study shows that solid organ transplant recipients have an increased risk of bacterial 

meningitis. Previous reports have emphasized the importance of infections of CNS after 

solid organ transplantation. Despite the identified increase in risk, bacterial meningitis is an 

uncommon disease in transplant recipients. 

 

Patients presented with few classic symptoms and signs of bacterial meningitis, and only 

one patient had the classic triad of fever, impaired consciousness and neck stiffness. The 

patients often had a more protracted clinical course compared to the general bacterial 

meningitis population, with symptoms for several days.9 This pattern of prolonged duration 

of disease and absence of typical clinical characteristics has previously been recognized for 

L. monocytogenes meningitis.10 In that study prolonged duration of disease was associated 

with less marked CSF abnormalities, which was also found in renal transplant patients with 

bacterial meningitis. The combination of few typical signs of meningitis and CSF 

abnormalities may hinder recognition of bacterial meningitis in solid organ transplant 

recipients. To prevent diagnostic delay, a low threshold should be kept for performing a 

lumbar puncture in renal transplant recipients, even those with a low suspicion of bacterial 

meningitis. 

 

Most common causative pathogens of bacterial meningitis in solid organ transplant 

recipients were S. pneumoniae and L. monocytogenes. L. monocytogenes meningitis has 
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been described to occur more frequently in immunocompromised and elderly patients.10 

Furthermore, L. monocytogenes is a well-known causative organism of systemic infection 

and bacterial meningitis in post-transplantation patients. A study of Listeria infections in 24 

solid organ transplant recipients showed a 110-fold increased risk of Listeria infections 

compared to the general population.11 This may explain the different spectrum of causative 

organisms in our cohort of solid organ transplant recipients.  

Two cases were caused by E. coli and P. aeruginosa, which are both rare causes of 

community-acquired bacterial meningitis, described in only 0.7% and 0.07% of all cases.9 

Meningitis due to E. coli and P. aeruginosa are usually described in patients with 

bacteremia and other foci of infection, consistent with our patients.12 Based on our findings 

empiric treatment for transplant patients should be broad and include at least amoxicillin for 

listeria coverage and an extended spectrum cephalosporin. As ceftriaxone is not effective 

against pseudomonas, ceftazidime should be considered instead. 

 

Antimicrobial prophylactic strategies have led to a decline in the incidence of several 

opportunistic infections in solid organ recipients. One renal transplant patient in our cohort 

had L. monocytogenes meningitis despite using trimethoprim- sulfamethoxazole. 

Prophylactic antibiotic treatment with trimethoprim-sulfamethoxazole has been described 

to reduce the risk of L. monocytogenes infection.12 However, the use of trimethoprim- 

sulfamethoxazole does not rule out L. monocytogenes as causative organism of bacterial 

meningitis.  

 

All identified episodes of bacterial meningitis were in the late post-transplantation period 

(after six months). Infections in the first month after solid organ transplantation are usually 

nosocomial, procedure-related of donor-derived infections. One up to six months after 

transplantation, infections are opportunistic or due to activation of latent infections as the 

result of the effect of immunosuppression. After six months, the risk of infections 

diminishes as immunosuppression is tapered. However, transplant recipients have a 

persistently increased risk of infection due to community-acquired pathogens as a result of 

prolonged used of immunosuppressive agents.13 

 

 

Half of our patients were treated with adjunctive dexamethasone therapy. The use of 

dexamethasone in bacterial meningitis has been proven effective in patients in high-income 

countries with S. pneumoniae meningitis,14 however, no effect has been established in 

patients with L. monocytogenes meningitis or immunocompromised patients due to human 

immunodeficiency virus infection.15 As renal transplant patients were found to have a 

different spectrum of causative microorganisms, it is unclear whether adjunctive 

dexamethasone has a role in the treatment of solid-organ transplantation patients. 

 

We found that none of the patients was vaccinated before or after transplantation. Organ 

transplant recipients have an increased lifetime risk of vaccine-preventable diseases. A 

prospective population-based surveillance study showed a 13-fold higher risk of invasive 

pneumococcal disease in patients after organ transplant compared to the general 

population.16 The response to vaccines depends on a functioning immune system, which is 

impaired in patients on dialysis or after solid organ transplantation. Multiple-vaccination 

schemes have been proposed, consisting of 7-valent pneumococcal conjugate vaccine 

(PCV-7) or 23-valent pneumococcal polysaccharide vaccine (PPV-23) or a combination of 

both.17 A 2013 systematic review found serologic response rates for S. pneumoniae 

vaccines to be 83%, and no difference was found between PCV or PPV.18 A 2012 

randomized controlled trial evaluated the use of a boost with PCV follow by PPV or PPV 

alone. This trial identified no differences in immune response with either scheme. The 

optimal vaccination scheme for transplant patients is currently unclear. International 

guidelines recommend vaccination with 13-valent pneumococcal conjugate vaccine 

followed 8 weeks later by PPV-23.18, 19 

 

A limitation of this study is the low number of patients identified with bacterial meningitis 

after solid organ transplantation, increasing uncertainty about the general applicability of 

the results and precluding direct comparisons with non-SOT bacterial meningitis patients. 

Still, we feel this study provided valuable information on bacterial meningitis in SOT 

recipients. 
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been described to occur more frequently in immunocompromised and elderly patients.10 

Furthermore, L. monocytogenes is a well-known causative organism of systemic infection 

and bacterial meningitis in post-transplantation patients. A study of Listeria infections in 24 

solid organ transplant recipients showed a 110-fold increased risk of Listeria infections 

compared to the general population.11 This may explain the different spectrum of causative 

organisms in our cohort of solid organ transplant recipients.  

Two cases were caused by E. coli and P. aeruginosa, which are both rare causes of 

community-acquired bacterial meningitis, described in only 0.7% and 0.07% of all cases.9 

Meningitis due to E. coli and P. aeruginosa are usually described in patients with 

bacteremia and other foci of infection, consistent with our patients.12 Based on our findings 

empiric treatment for transplant patients should be broad and include at least amoxicillin for 

listeria coverage and an extended spectrum cephalosporin. As ceftriaxone is not effective 

against pseudomonas, ceftazidime should be considered instead. 

 

Antimicrobial prophylactic strategies have led to a decline in the incidence of several 

opportunistic infections in solid organ recipients. One renal transplant patient in our cohort 

had L. monocytogenes meningitis despite using trimethoprim- sulfamethoxazole. 

Prophylactic antibiotic treatment with trimethoprim-sulfamethoxazole has been described 

to reduce the risk of L. monocytogenes infection.12 However, the use of trimethoprim- 

sulfamethoxazole does not rule out L. monocytogenes as causative organism of bacterial 

meningitis.  

 

All identified episodes of bacterial meningitis were in the late post-transplantation period 

(after six months). Infections in the first month after solid organ transplantation are usually 

nosocomial, procedure-related of donor-derived infections. One up to six months after 

transplantation, infections are opportunistic or due to activation of latent infections as the 

result of the effect of immunosuppression. After six months, the risk of infections 

diminishes as immunosuppression is tapered. However, transplant recipients have a 

persistently increased risk of infection due to community-acquired pathogens as a result of 

prolonged used of immunosuppressive agents.13 

 

 

Half of our patients were treated with adjunctive dexamethasone therapy. The use of 

dexamethasone in bacterial meningitis has been proven effective in patients in high-income 

countries with S. pneumoniae meningitis,14 however, no effect has been established in 

patients with L. monocytogenes meningitis or immunocompromised patients due to human 

immunodeficiency virus infection.15 As renal transplant patients were found to have a 

different spectrum of causative microorganisms, it is unclear whether adjunctive 

dexamethasone has a role in the treatment of solid-organ transplantation patients. 

 

We found that none of the patients was vaccinated before or after transplantation. Organ 

transplant recipients have an increased lifetime risk of vaccine-preventable diseases. A 

prospective population-based surveillance study showed a 13-fold higher risk of invasive 

pneumococcal disease in patients after organ transplant compared to the general 

population.16 The response to vaccines depends on a functioning immune system, which is 

impaired in patients on dialysis or after solid organ transplantation. Multiple-vaccination 

schemes have been proposed, consisting of 7-valent pneumococcal conjugate vaccine 

(PCV-7) or 23-valent pneumococcal polysaccharide vaccine (PPV-23) or a combination of 

both.17 A 2013 systematic review found serologic response rates for S. pneumoniae 

vaccines to be 83%, and no difference was found between PCV or PPV.18 A 2012 

randomized controlled trial evaluated the use of a boost with PCV follow by PPV or PPV 

alone. This trial identified no differences in immune response with either scheme. The 

optimal vaccination scheme for transplant patients is currently unclear. International 

guidelines recommend vaccination with 13-valent pneumococcal conjugate vaccine 

followed 8 weeks later by PPV-23.18, 19 

 

A limitation of this study is the low number of patients identified with bacterial meningitis 

after solid organ transplantation, increasing uncertainty about the general applicability of 

the results and precluding direct comparisons with non-SOT bacterial meningitis patients. 

Still, we feel this study provided valuable information on bacterial meningitis in SOT 

recipients. 
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In conclusion, bacterial meningitis is a rare but devastating complication of solid organ 

transplantation. SOT recipients are at high risk for developing meningitis and recognition 

may be difficult owing to atypical clinical manifestation. 
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In conclusion, bacterial meningitis is a rare but devastating complication of solid organ 

transplantation. SOT recipients are at high risk for developing meningitis and recognition 

may be difficult owing to atypical clinical manifestation. 
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Abstract 
We performed a nationwide prospective cohort study on the epidemiology and clinical 

features of community-acquired bacterial meningitis. Patients with a medical history 

of autologous or allogeneic hematopoietic stem cell transplantation (HSCT) were 

identified from the cohort performed from March 2006 to October 2014. Fourteen of 

1,449 episodes (1.0%) of bacterial meningitis occurred in patients with a history of 

HSCT. The incidence of bacterial meningitis in HSCT recipients was 40.4 per 

100,000 patients per year (95% CI 23.9-62.2), which is 30-fold (95% CI 18-51; 

P<0.001) higher compared to persons without HSCT. Incidence was higher in 

allogeneic HSCT compared to autologous HSCT (70.0 vs. 15.8 per 100,000 patients 

per year). Causative organisms were Streptococcus pneumoniae in 11 patients, 

Neisseria meningitidis in two and Streptococcus mitis one patient. Mortality was 3 of 

14 (21%) and 6 of 11 (55%) survivors had sequelae. Nine of 11 patients (82%) with 

pneumococcal meningitis were infected with a serotype included in the 23-valent 

pneumococcal polysaccharide vaccine, of which four developed meningitis despite 

vaccination. In conclusion, HSCT recipients have a substantially increased risk 

compared to the general population of acquiring bacterial meningitis, which is mostly 

due to S. pneumoniae, and disease is associated with high mortality and morbidity. 

Vaccination is important to prevent disease although vaccine-failures did occur.  

 

Introduction 

Bacterial meningitis is a severe infectious disease with high mortality and morbidity 

rates.7 An immunocompromised state has been associated with an increased risk of 

bacterial meningitis.38 Hematopoietic stem cell transplantation (HSCT) results in an 

immunodeficiency through several mechanisms.22, 23 First, underlying hematological 

malignancies may cause neutropenia or abnormal T- or B-cell function with 

subsequently impaired cellular or humoral immunity. Second, graft-versus-host 

disease (GVHD), which occurs in approximately 50% of allogeneic HSCT 

recipients,32 has been associated with an increased susceptibility to infection. Third, 

HSCT recipients are often treated with immunosuppressive agents, which further 

increase susceptibility to bacterial infection. Finally, the transplantation preparatory 

treatment procedures, e.g. chemotherapy and whole body radiotherapy, lead to an 

immunocompromised state. 

 

Previous studies showed Streptococcus pneumoniae to be a well-known cause of 

bacterial infections following HSCT.28, 36 Although the risk of infection after 

autologous and allogeneic HSCT has been well recognized, few studies have 

reported on the risk bacterial meningitis following HSCT.3, 5, 8, 11-13, 15, 16, 18-21, 24, 29, 30, 

37, 39, 41 The number of allogeneic HSCT has increased in the Netherlands in the past 

decade from 175 in 2008 to 376 in 2012.2 Furthermore, as survival following HSCT 

has substantially increased over the years, the number of patients at risk is growing 

fast. In 2006, there were about 4,000 patients over 16 years old alive in the 

Netherlands with allogeneic or autologous HSCT in their medical history. This 

number increased to about 5,500 patients in 2013 (data provided by European 

Society for Blood and Marrow Transplantation, Dutch National Registry). 

Therefore, the recognition of infectious complications is becoming increasingly 

important. 

 

We studied occurrence, presentation, disease course, and prognosis of bacterial 

meningitis in HSCT recipients identified in our nationwide cohort on bacterial 

meningitis. 
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Methods 
We identified patients with a medical history of autologous or allogeneic HSCT 

from our nationwide, prospective cohort study on community-acquired bacterial 

meningitis, performed from March 2006 to October 2014. Methods of inclusion 

have been described in detail before.6 Patients with bacterial meningitis over 16 

years of age were included. Bacterial meningitis was defined as a positive 

cerebrospinal fluid (CSF) culture or as a the combination of a positive blood culture 

with a relevant pathogen, or positive PCR or antigen test in cerebrospinal fluid, with 

at least one CSF finding predictive of bacterial meningitis consisting of a CSF 

leukocyte count >2,000 cells/mm3, polymorphonuclear leukocyte count >1,180 

cells/mm3, glucose level <1.9 mmol/L, protein level >2gL, or CSF/blood glucose 

ratio <0.23.33 Patients with a neurosurgical device, neurosurgical operation and 

patients with neurotrauma within 1 month of the onset of meningitis were excluded. 

Informed consent was obtained from all participating patients or their legally 

authorized representatives. Data on patient history, symptoms and signs on 

admission, laboratory findings, radiologic examination, treatment, and outcome 

were prospectively collected by means of a case record form (CRF). Additional 

information was collected retrospectively about the underlying disease for which 

HSCT was performed, on time between transplantation and meningitis, presence and 

treatment of GVHD, and vaccination status. Meningitis was define as early onset 

when the infection occurred <100 days post transplantation, and as late onset when 

the infection occurred at least 100 days post transplantation.13, 28 All patients 

underwent neurologic examination at hospital discharge, and outcome was graded 

using the Glasgow Outcome Scale. A favorable outcome was defined as a score of 5, 

and an unfavorable outcome was defined as a score of 1 to 4. 

The study was approved by the ethical committee of the Academic Medical Center, 

Amsterdam. 

 

The study period from January 2007 till January 2014 was used to determine the 

incidence of bacterial meningitis in the general population and in HSCT recipients. 

Data on the general population was derived from Statics Netherlands1 and data on 

 

number of patients with HSCT were provided by the Dutch National Registry of the 

European Society for Blood and Marrow Transplantation. 

 

Statistical analyses were performed with the use of SPSS statistical software, version 

22 (SPSS Inc.). For numerical and ordinal data the Mann-Whitney U test was used. 

For categorical data the Fisher exact test was used. The 95%-confidence interval 

(95% CI) for the incidence was calculated by using the Poisson regression. All tests 

were 2-tailed, and p<0.05 was considered significant.  

 

Results 
A total of 1,449 patients with bacterial meningitis were included in the cohort from 

March 2006 to October 2014. Fourteen patients had HSCT in their past medical 

history (1.0%) of whom 11 underwent allogeneic and three autologous HSCT. 

At the start of the study, 4,254 patients (1822 allogeneic and 2,432 autologous HSCT 

recipients) over 16 years old were in the registry, and at the end of follow up 5,421 

patients (2,623 allogeneic and 2,798 autologous HSCT recipients) were in the registry, 

resulting in a total of 34,668 follow up years of HSCT recipients, of which 15,726 

were in allogeneic HSCT recipients and 18,942 in autologous HSCT recipients. The 

incidence of bacterial meningitis in the Netherlands in persons over 16-years old 

without HSCT was 1.34 per 100,000 persons per year (95% CI 1.27-1.42). The 

incidence of bacterial meningitis in HSCT recipients in the Netherlands was 40.4 per 

100,000 patients per year (95% CI 23.9-62.2). The risk of bacterial meningitis was 30-

fold (95% CI 18-51; P < 0.001) higher for HSCT recipients as compared to persons 

without HSCT. In allogeneic HSCT recipients the incidence of bacterial meningitis 

was 70.0 per 100,000 patients per year (95% CI 38.8-126.4) and in autologous HSCT 

15.8 per 100,000 patients per year (95% CI 5.1-49.2). The risk was 52-fold (95% CI 

29-94, P < 0.001) higher for allogeneic HSCT recipients and 12-fold (95% CI 4-36; P 

<0.001) higher for autologous HSCT recipients as compared to persons without 

HSCT. 
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Table 1. Clinical characteristics of HSCT recipients with bacterial meningitis.a 
Characteristic n/N (%) Characteristic n/N (%) 

Age (years) 58 (25-74) Predisposing factorse 5/14 (36) 

Female 8/14 (57)  Immunosuppressive medication 3/14 (21) 

HSCT characteristics   Diabetes mellitus 1/14 (7)  

 Autologous HSCT 3/14 (21) Splenectomy 1/14 (7) 

 Hodgkin lymphoma 1/14 (7) Blood culture  

 Non-Hodgkin lymphoma 1/14 (7)  Positive culture 11/13 (85) 

 Multiple myeloma 1/14 (7) Blood chemistry testsf  

 Allogeneic HSCT 11/14 (79)  Leukocyte count (x109/L) 12.4 (0.1-33.0) 

 Multiple myeloma 3/14 (21)  Thrombocyte count (x109/L) 131 (39-346) 

 Acute myeloid leukemia 3/14 (21)  C-reactive protein (mg/L) 264 (9-628) 

 Lymphoblastic leukemia 1/14 (7)  ESR (mm/h) 37 (2-63)  

 Mantle cell lymphoma 1/14 (7) Indexes of inflammation in CSFg  

 Follicular lymphoma 1/14 (7)  Leukocyte count (cells/mm3) 381 (5-40,960)

 Aplastic anemia 1/14 (7)  Granulocytes (%) 94 (0-100) 

 Myelodysplastic syndrome 1/14 (7)  Protein (g/L) 4.2 (0.4-13.6)

 Interval HSCT - meningitis (yr)b 4 (0-13)  CSF/blood glucose ratio 0.00 (0.00-0.47)

 Late onset infection (>100 days) 13/14 (93) CSF culture  

Symptoms and signs on admission   Streptococcus pneumoniae 11/14 (79) 

 Duration of symptoms >24 h 8/14 (57)  Neisseria meningitidis  2/14 (14) 

 Headache 9/13 (69)  Streptococcus mitis  1/14 (7) 

 Nausea 7/13 (54) Complications  

 Temperature ≥38°C 10/14 (71)  Neurological complications 9/14 (64) 

 Triadc 5/14 (36)  Systemic complications 9/14 (64) 

 Neck stiffness 9/14 (64) Outcome  

 Altered mental state (GCS <14) 11/14 (79)  Favorable outcome 7/14 (50) 

 Coma (GCS <8) 2/14 (14)  Unfavorable outcome (GOS 2-4) 4/14 (29) 

 Focal neurological deficits 4/14 (29)  Mortality 3/14 (21) 

 Signs of severe sepsisd 9/14 (64)  Neurological sequelae 6/11 (55) 

Distant foci of infection 8/14 (57)  Hearing loss  4/11 (36) 

 Pneumonia 5/14 (36)   

 Otitis media / sinusitis 4/14 (29)   

CSF: cerebrospinal fluid, GCS: Glasgow coma scale, ESR: erythrocyte sedimentation rate, GOS: Glasgow 

outcome scale, HSCT: hematopoietic stem cell transplantation. 
aData are expressed as n/N (%) or median (range). bInterval was known in 13 patients. cTriad of fever, neck 

stiffness, and change in mental status. dDefined as a systolic blood pressure of 90 mmHg or less, a diastolic 

blood pressure below 60 mmHg, and/or a heart rate of 120 beats/min or greater. eNot directly related to 

HSCT.fLeukocyte count was known in 14 patients, thrombocyte count in 14 patients, C-reactive protein in 14 

 

patients, ESR in 3 patients. gCSF Leukocyte count was known in 14 patients, granulocyte percentage in 13 

patients, CSF protein levels in 13 patients, CSF blood to glucose ratio in 14 patients. 

 

Median interval between transplantation and onset of bacterial meningitis was 4 years 

(range 4 days - 13 years; table 1). Thirteen of 14 patients had late onset of infection 

(>100 days since transplantation). One patient had an allogeneic HSCT 4 days prior to 

bacterial meningitis. The week prior to HSCT, he was treated with cyclophosphamide, 

anti-thymocyte globulin and total body radiation. Three patients had GVHD of whom 

two were treated with immunosuppressive drugs, consisting of dexamethasone and 

prednisolone in one case each. The other 11 patients did not receive 

immunosuppressive medication at time of meningitis. 

 

The median age of HSCT recipients at the time of the episode of bacterial meningitis 

was 58 years (range 25-74 years; table 1). Classic symptoms and signs of bacterial 

meningitis were present in about two-thirds of HSCT recipients (table 1). Focal 

neurologic deficits were present on admission in four patients of whom three had 

aphasia and one had hemiparesis due to brain stem infarction. Symptoms and signs at 

presentation in patients with HSCT were similar to the general population of bacterial 

meningitis patients (table 2). 

 

A lumbar puncture was performed in all patients. Independent predictors of bacterial 

meningitis (CSF leukocyte count >2,000/mm3, polymorphonuclear leukocyte count 

>1,180/µL, glucose level <1.9 mmol/L, protein level >2 g/L, or CSF/blood glucose 

ratio <0.23)(33) were absent in 2 of 14 (14%) patients. HSCT recipients more often 

had low CSF leukocyte counts as compared to patients without HSCT: 64% of 

patients had a leukocyte count <1,000/mm3 (9 of 14 vs. 441 of 1321 [33%], 

P=0.021) and 29% of patients had a leukocyte count <100/mm3 (4 of 14 vs. 136 of 

1321 [10%], P=0.049). 

 

Neuroimaging (computed tomography) was performed on admission in 13 of 14 

HSCT recipients, and showed abnormalities in five patients. All these five patients 

had sinus opacification indicative of sinusitis, and two patients had also a hypodense 
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 Acute myeloid leukemia 3/14 (21)  C-reactive protein (mg/L) 264 (9-628) 

 Lymphoblastic leukemia 1/14 (7)  ESR (mm/h) 37 (2-63)  

 Mantle cell lymphoma 1/14 (7) Indexes of inflammation in CSFg  

 Follicular lymphoma 1/14 (7)  Leukocyte count (cells/mm3) 381 (5-40,960)

 Aplastic anemia 1/14 (7)  Granulocytes (%) 94 (0-100) 

 Myelodysplastic syndrome 1/14 (7)  Protein (g/L) 4.2 (0.4-13.6)

 Interval HSCT - meningitis (yr)b 4 (0-13)  CSF/blood glucose ratio 0.00 (0.00-0.47)

 Late onset infection (>100 days) 13/14 (93) CSF culture  

Symptoms and signs on admission   Streptococcus pneumoniae 11/14 (79) 

 Duration of symptoms >24 h 8/14 (57)  Neisseria meningitidis  2/14 (14) 

 Headache 9/13 (69)  Streptococcus mitis  1/14 (7) 

 Nausea 7/13 (54) Complications  

 Temperature ≥38°C 10/14 (71)  Neurological complications 9/14 (64) 

 Triadc 5/14 (36)  Systemic complications 9/14 (64) 

 Neck stiffness 9/14 (64) Outcome  

 Altered mental state (GCS <14) 11/14 (79)  Favorable outcome 7/14 (50) 

 Coma (GCS <8) 2/14 (14)  Unfavorable outcome (GOS 2-4) 4/14 (29) 

 Focal neurological deficits 4/14 (29)  Mortality 3/14 (21) 

 Signs of severe sepsisd 9/14 (64)  Neurological sequelae 6/11 (55) 

Distant foci of infection 8/14 (57)  Hearing loss  4/11 (36) 

 Pneumonia 5/14 (36)   

 Otitis media / sinusitis 4/14 (29)   

CSF: cerebrospinal fluid, GCS: Glasgow coma scale, ESR: erythrocyte sedimentation rate, GOS: Glasgow 

outcome scale, HSCT: hematopoietic stem cell transplantation. 
aData are expressed as n/N (%) or median (range). bInterval was known in 13 patients. cTriad of fever, neck 

stiffness, and change in mental status. dDefined as a systolic blood pressure of 90 mmHg or less, a diastolic 

blood pressure below 60 mmHg, and/or a heart rate of 120 beats/min or greater. eNot directly related to 

HSCT.fLeukocyte count was known in 14 patients, thrombocyte count in 14 patients, C-reactive protein in 14 

 

patients, ESR in 3 patients. gCSF Leukocyte count was known in 14 patients, granulocyte percentage in 13 

patients, CSF protein levels in 13 patients, CSF blood to glucose ratio in 14 patients. 

 

Median interval between transplantation and onset of bacterial meningitis was 4 years 

(range 4 days - 13 years; table 1). Thirteen of 14 patients had late onset of infection 

(>100 days since transplantation). One patient had an allogeneic HSCT 4 days prior to 

bacterial meningitis. The week prior to HSCT, he was treated with cyclophosphamide, 

anti-thymocyte globulin and total body radiation. Three patients had GVHD of whom 

two were treated with immunosuppressive drugs, consisting of dexamethasone and 

prednisolone in one case each. The other 11 patients did not receive 

immunosuppressive medication at time of meningitis. 

 

The median age of HSCT recipients at the time of the episode of bacterial meningitis 

was 58 years (range 25-74 years; table 1). Classic symptoms and signs of bacterial 

meningitis were present in about two-thirds of HSCT recipients (table 1). Focal 

neurologic deficits were present on admission in four patients of whom three had 

aphasia and one had hemiparesis due to brain stem infarction. Symptoms and signs at 

presentation in patients with HSCT were similar to the general population of bacterial 

meningitis patients (table 2). 

 

A lumbar puncture was performed in all patients. Independent predictors of bacterial 

meningitis (CSF leukocyte count >2,000/mm3, polymorphonuclear leukocyte count 

>1,180/µL, glucose level <1.9 mmol/L, protein level >2 g/L, or CSF/blood glucose 

ratio <0.23)(33) were absent in 2 of 14 (14%) patients. HSCT recipients more often 

had low CSF leukocyte counts as compared to patients without HSCT: 64% of 

patients had a leukocyte count <1,000/mm3 (9 of 14 vs. 441 of 1321 [33%], 

P=0.021) and 29% of patients had a leukocyte count <100/mm3 (4 of 14 vs. 136 of 

1321 [10%], P=0.049). 

 

Neuroimaging (computed tomography) was performed on admission in 13 of 14 

HSCT recipients, and showed abnormalities in five patients. All these five patients 

had sinus opacification indicative of sinusitis, and two patients had also a hypodense 
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lesion presumed to be infarction. During admission cranial MRI was performed in 

three patients and showed signs of acute infarction in one patient and mastoid 

opacification in another patient. In one patient cranial MRI showed no 

abnormalities. 

 

Table 2. Comparison between patients with and without HSCT in their medical history.a 
 HSCT + HSCT – P-value 

Age (years) 58 (25-74) 61 (17-95) P=0.433 

Female 8/14 (57) 700/1,435 (49) P=0.598 

Predisposing factors b 5/14 (36) 355/1,344 (26) P=0.542 

Distant foci of infection 8/14 (57) 602/1,308 (46) P=0.432 

 Pneumonia 5/14 (36) 121/1,365 (9) P=0.006 

Blood chemistry tests    

 Leukocyte count (cells/mm3) 12.4 (0.1-33.0) 17.0 (0.1-99.8) P =0.008 

 Thrombocyte count (cells/mm3) 131 (39-346) 199 (0-955) P <0.001 

 C-reactive protein (mg/L) 264 (9-628) 188 (0-752) P=0.224 

Indexes of inflammation in CSF    

 Median leukocyte count 
3

381 (5-40,960) 2357 (0-463,149) P=0.106 

 Leukocyte count < 1000 cells/mm3 9/14 (64) 441/1,321 (31) P =0.021 

CFS culture    

 Streptococcus pneumoniae 11/14 (79) 985/1,435 (69) P=0.568 

 Neisseria meningitidis 2/14 (14) 141/1,435 (10) P=0.641 

 Different organism 1/14 (7) 254/1,435 (18) P=0.486 

Neurological complications 9/14 (64) 799/1,005 (79) P=0.182 

Neurological sequelae at discharge 6/11 (55) 109/1,183 (9) P <0.001 

Hearing loss 4/11 (36) 111/1,183 (10) P =0.016 

Outcome    

 Favorable outcome 7/14 (50) 896/1,433 (63) P=0.408 

 Mortality 3/14 (21) 243/1,426 (17) P=0.718 

CSF: cerebrospinal fluid, HSCT: hematopoietic stem cell transplantation. 
aData are expressed as n/N (%) or median (range). bNot directly related to HSCT. 

 

S. pneumoniae was the causative organism in 11 patients, Neisseria meningitidis in 

two and Streptococcus mitis in one. Nine patients were treated with a combination of 

penicillin/amoxicillin and a third generation cephalosporin, two received 

monotherapy with a third generation cephalosporin, two monotherapy with 

 

penicillin, and one received amoxicillin/clavulanate and tobramycin. Two patients 

were treated additionally with acyclovir on the suspicion of viral encephalitis. 

Thirteen of 14 patients (93%) were treated with adjunctive dexamethasone. 

 

Table 3. Vaccinations. 
Patient Vaccination Organism Serotype Vaccine 

failure 

Interval 

vaccination-

meningitis 

1 PCV-7 followed by PPV-23, 

HiB, neisVacC, DTP 

S. pneumoniae 7Fb,c PPV-23 5 months 

2 None, autologous  N. meningitidis B N/A  

3 None, GVHD S. pneumoniae 23Fa,b,c N/A  

4 None, autologous N. meningitidis B N/A  

5 None, GVHD S. pneumoniae 4a,b,c N/A  

6 PPV-23, DKTP S. pneumoniae  23Fa,b,c PPV-23 10 months 

7 PPV-23, DTP S. pneumoniae 10Ac PPV-23 8 years 

8 PPV-23, DKTP S. pneumoniae 6Ab No  

9 None, bacterial meningitis 

shortly after HSCT 

S. mitis  N/A  

10 None, GVHD S. pneumoniae 9Nc N/A  

11 None, autologous  S. pneumoniae 12Fc N/A  

12 PPV-23, neisVacC, DKTP S. pneumoniae 15A No  

13 PCV-13 followed by PPV-23, 

HiB, neisVacC, DTP 

S. pneumoniae 10Ac PPV-23 4 years 

14 PCV-13 followed by PPV-23, 

HiB, DTP 

S. pneumoniae 15A No  

PCV-7: 7-valent pneumococcal conjugate vaccine; PCV-13: 13-valent pneumococcal conjugate vaccine; PPV-23: 

23-valent pneumococcal polysaccharide vaccine; HiB: Haemophilus influenzae type B vaccine; neisVacC: 

Neisseria meningitidis group C vaccine; DTP: diphtheria, poliomyelitis, and tetanus vaccine; GVHD: graft-versus-

host disease; DKTP: diphtheria, pertussis, tetanus, and poliomyelitis; HSCT: hematopoietic stem cell 

transplantation. 

aPCV-7: 4, 6B, 9V, 14, 18C, 19F and 23F. 

bPCV-13: 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F. 
cPPV-23: 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F. 

 

Neurological complications occurred in nine patients of whom three patients had cerebral 

infarction and one had venous sinus thrombosis complicated by hemorrhagic infarction. 

Five patients had hearing loss and three developed seizures during admission. Seven of 14 
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lesion presumed to be infarction. During admission cranial MRI was performed in 

three patients and showed signs of acute infarction in one patient and mastoid 

opacification in another patient. In one patient cranial MRI showed no 

abnormalities. 

 

Table 2. Comparison between patients with and without HSCT in their medical history.a 
 HSCT + HSCT – P-value 

Age (years) 58 (25-74) 61 (17-95) P=0.433 

Female 8/14 (57) 700/1,435 (49) P=0.598 

Predisposing factors b 5/14 (36) 355/1,344 (26) P=0.542 

Distant foci of infection 8/14 (57) 602/1,308 (46) P=0.432 

 Pneumonia 5/14 (36) 121/1,365 (9) P=0.006 

Blood chemistry tests    

 Leukocyte count (cells/mm3) 12.4 (0.1-33.0) 17.0 (0.1-99.8) P =0.008 

 Thrombocyte count (cells/mm3) 131 (39-346) 199 (0-955) P <0.001 

 C-reactive protein (mg/L) 264 (9-628) 188 (0-752) P=0.224 

Indexes of inflammation in CSF    

 Median leukocyte count 
3

381 (5-40,960) 2357 (0-463,149) P=0.106 

 Leukocyte count < 1000 cells/mm3 9/14 (64) 441/1,321 (31) P =0.021 

CFS culture    

 Streptococcus pneumoniae 11/14 (79) 985/1,435 (69) P=0.568 

 Neisseria meningitidis 2/14 (14) 141/1,435 (10) P=0.641 

 Different organism 1/14 (7) 254/1,435 (18) P=0.486 

Neurological complications 9/14 (64) 799/1,005 (79) P=0.182 

Neurological sequelae at discharge 6/11 (55) 109/1,183 (9) P <0.001 

Hearing loss 4/11 (36) 111/1,183 (10) P =0.016 

Outcome    

 Favorable outcome 7/14 (50) 896/1,433 (63) P=0.408 

 Mortality 3/14 (21) 243/1,426 (17) P=0.718 

CSF: cerebrospinal fluid, HSCT: hematopoietic stem cell transplantation. 
aData are expressed as n/N (%) or median (range). bNot directly related to HSCT. 

 

S. pneumoniae was the causative organism in 11 patients, Neisseria meningitidis in 

two and Streptococcus mitis in one. Nine patients were treated with a combination of 

penicillin/amoxicillin and a third generation cephalosporin, two received 

monotherapy with a third generation cephalosporin, two monotherapy with 

 

penicillin, and one received amoxicillin/clavulanate and tobramycin. Two patients 

were treated additionally with acyclovir on the suspicion of viral encephalitis. 

Thirteen of 14 patients (93%) were treated with adjunctive dexamethasone. 

 

Table 3. Vaccinations. 
Patient Vaccination Organism Serotype Vaccine 

failure 

Interval 

vaccination-

meningitis 

1 PCV-7 followed by PPV-23, 

HiB, neisVacC, DTP 

S. pneumoniae 7Fb,c PPV-23 5 months 

2 None, autologous  N. meningitidis B N/A  

3 None, GVHD S. pneumoniae 23Fa,b,c N/A  

4 None, autologous N. meningitidis B N/A  

5 None, GVHD S. pneumoniae 4a,b,c N/A  

6 PPV-23, DKTP S. pneumoniae  23Fa,b,c PPV-23 10 months 

7 PPV-23, DTP S. pneumoniae 10Ac PPV-23 8 years 

8 PPV-23, DKTP S. pneumoniae 6Ab No  

9 None, bacterial meningitis 

shortly after HSCT 

S. mitis  N/A  

10 None, GVHD S. pneumoniae 9Nc N/A  

11 None, autologous  S. pneumoniae 12Fc N/A  

12 PPV-23, neisVacC, DKTP S. pneumoniae 15A No  

13 PCV-13 followed by PPV-23, 

HiB, neisVacC, DTP 

S. pneumoniae 10Ac PPV-23 4 years 

14 PCV-13 followed by PPV-23, 

HiB, DTP 

S. pneumoniae 15A No  

PCV-7: 7-valent pneumococcal conjugate vaccine; PCV-13: 13-valent pneumococcal conjugate vaccine; PPV-23: 

23-valent pneumococcal polysaccharide vaccine; HiB: Haemophilus influenzae type B vaccine; neisVacC: 

Neisseria meningitidis group C vaccine; DTP: diphtheria, poliomyelitis, and tetanus vaccine; GVHD: graft-versus-

host disease; DKTP: diphtheria, pertussis, tetanus, and poliomyelitis; HSCT: hematopoietic stem cell 

transplantation. 

aPCV-7: 4, 6B, 9V, 14, 18C, 19F and 23F. 

bPCV-13: 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F. 
cPPV-23: 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F. 

 

Neurological complications occurred in nine patients of whom three patients had cerebral 

infarction and one had venous sinus thrombosis complicated by hemorrhagic infarction. 

Five patients had hearing loss and three developed seizures during admission. Seven of 14 
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patients (50%) had a favorable outcome and three died (21%). Four of 11 (36%) surviving 

patients were moderately disabled, two due to motor and sensory deficits because of 

clinical illness polyneuropathy, one due to cognitive impairment, and one because of severe 

hearing deficits. Hearing loss was present on discharge in four patients. The mortality rate 

and rate of unfavorable outcome was similar between patients with and without HSCT.  

 

Vaccination status could be obtained for all patients. All three autologous HSCT recipients 

had not been vaccinated. Of the 11 allogeneic HSCT recipients, seven were vaccinated 

against S. pneumoniae (table 3). One patient was not vaccinated as the episode of bacterial 

meningitis occurred directly following the transplantation. Three patients were not 

vaccinated because of active GVHD. Of the 11 patients with pneumococcal meningitis, 

nine (82%) were infected with a serotype included in one of the pneumococcal vaccines; 

eight were covered by 23-valent pneumococcal polysaccharide vaccine (PPV-23), three by 

7-valent pneumococcal conjugate vaccine (PCV-7) and five by the 13-valent pneumococcal 

conjugate vaccine (PCV-13) (table 3). Four patients had S. pneumoniae meningitis due to a 

vaccine-covered serotype despite vaccination with PPV-23. 

 

Discussion 
Our study shows that HSCT recipients are at high risk for acute bacterial meningitis. The 

identified risk was 30-fold higher for HSCT recipients in general and 52-fold higher for 

allogeneic HSCT recipients as compared to the general population. This is in line with the 

higher risk of invasive pneumococcal infection after HSCT reported in literature.28, 36 This 

increased risk of infection in allogeneic HSCT recipients has been associated with 

functional hyposplenism due to chronic GVHD and preparatory procedures, decreased 

IgG2 and pneumococcal antibody production following allogeneic SCT, and impaired 

opsonizing activity for S. pneumoniae.13 For autologous HSCT recipients, the risk is less 

pronounced and has been described in those patients treated with whole body radiotherapy 

as preparatory procedure resulting in functional hyposplenism.26 Whole body radiotherapy 

was not reported in the three autologous HSCT recipients in our cohort. However, HSCT 

recipients are an uncommon group of patients in the bacterial meningitis cohort (1.0%).  

 

 

Bacterial meningitis patients with a medical history of HSCT present with similar clinical 

characteristics as the general bacterial meningitis patient population. However, laboratory 

parameters of infection in both blood and CSF examinations are less marked compared to 

non-HSCT patients, and the majority of HSCT patients have a CSF leukocyte count of less 

than 1,000 per ml. Physicians may therefore fail to recognize bacterial meningitis and 

instead diagnose viral meningitis or encephalitis. 

To prevent therapeutic delay, a low threshold should be kept for starting empirical 

antimicrobial treatment in HSCT recipients with a clinical suspicion of meningitis, but 

atypical CSF results.  

 

In literature we identified 14 case studies with detailed descriptions of 18 patients.3, 5, 8, 11, 15, 

16, 18-21, 24, 30, 37, 39 Causative organisms were S. pneumoniae in 3 of 18 patients (17%) and 

Listeria monocytogenes in 7 of 18 patients (39%). Enterococcus faecium was reported 3 of 

18 patients (17%) and Staphylococcus aureus, Bacillus cereus, Elizabethkinkia 

meningoseptica, and Stomatococcus mucilaginosus were all reported once.  

In contrast, the most common causative organisms for bacterial meningitis in HSCT 

recipients in our cohort were S. pneumoniae and N. meningitidis. Listeria meningitis was 

not identified among HSCT patients in our cohort. The high incidence of invasive 

pneumococcal disease after HSCT has been well recognized by earlier studies. A 

prospective, population-based surveillance study performed during 10 years including 

1,238 HSCT recipients found an incidence of 590 and 199 per 100,000 transplanted patients 

for allogeneic and autologous HSCT respectively.28 A retrospective case-control study of 

1,154 allogeneic HSCT recipients identified 26 episodes of invasive pneumococcal disease 

in 11 years, corresponding to an incidence of 956 per 100,000 transplant years.36 Only one 

of all these cases of invasive pneumococcal disease involved meningitis, therefore, 

incidence differs from the incidence of meningitis following HSCT found in this study.  

 

Most of patients in our cohort were diagnosed with late onset infection, which differs from 

the interval from transplantation to onset of the episode of bacterial meningitis in the 

reported cases, in which the median interval was 12 weeks (range 10 days – 6 years). Fifty 

percent of patients (8 of 16) had early onset infections (<100 days since transplantation), of 

which six occurred within the first month since transplantation. European and Canadian 
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patients (50%) had a favorable outcome and three died (21%). Four of 11 (36%) surviving 

patients were moderately disabled, two due to motor and sensory deficits because of 

clinical illness polyneuropathy, one due to cognitive impairment, and one because of severe 

hearing deficits. Hearing loss was present on discharge in four patients. The mortality rate 

and rate of unfavorable outcome was similar between patients with and without HSCT.  

 

Vaccination status could be obtained for all patients. All three autologous HSCT recipients 

had not been vaccinated. Of the 11 allogeneic HSCT recipients, seven were vaccinated 

against S. pneumoniae (table 3). One patient was not vaccinated as the episode of bacterial 

meningitis occurred directly following the transplantation. Three patients were not 

vaccinated because of active GVHD. Of the 11 patients with pneumococcal meningitis, 

nine (82%) were infected with a serotype included in one of the pneumococcal vaccines; 

eight were covered by 23-valent pneumococcal polysaccharide vaccine (PPV-23), three by 

7-valent pneumococcal conjugate vaccine (PCV-7) and five by the 13-valent pneumococcal 

conjugate vaccine (PCV-13) (table 3). Four patients had S. pneumoniae meningitis due to a 

vaccine-covered serotype despite vaccination with PPV-23. 

 

Discussion 
Our study shows that HSCT recipients are at high risk for acute bacterial meningitis. The 

identified risk was 30-fold higher for HSCT recipients in general and 52-fold higher for 

allogeneic HSCT recipients as compared to the general population. This is in line with the 

higher risk of invasive pneumococcal infection after HSCT reported in literature.28, 36 This 

increased risk of infection in allogeneic HSCT recipients has been associated with 

functional hyposplenism due to chronic GVHD and preparatory procedures, decreased 

IgG2 and pneumococcal antibody production following allogeneic SCT, and impaired 

opsonizing activity for S. pneumoniae.13 For autologous HSCT recipients, the risk is less 

pronounced and has been described in those patients treated with whole body radiotherapy 

as preparatory procedure resulting in functional hyposplenism.26 Whole body radiotherapy 

was not reported in the three autologous HSCT recipients in our cohort. However, HSCT 

recipients are an uncommon group of patients in the bacterial meningitis cohort (1.0%).  

 

 

Bacterial meningitis patients with a medical history of HSCT present with similar clinical 

characteristics as the general bacterial meningitis patient population. However, laboratory 

parameters of infection in both blood and CSF examinations are less marked compared to 

non-HSCT patients, and the majority of HSCT patients have a CSF leukocyte count of less 

than 1,000 per ml. Physicians may therefore fail to recognize bacterial meningitis and 

instead diagnose viral meningitis or encephalitis. 

To prevent therapeutic delay, a low threshold should be kept for starting empirical 

antimicrobial treatment in HSCT recipients with a clinical suspicion of meningitis, but 

atypical CSF results.  

 

In literature we identified 14 case studies with detailed descriptions of 18 patients.3, 5, 8, 11, 15, 

16, 18-21, 24, 30, 37, 39 Causative organisms were S. pneumoniae in 3 of 18 patients (17%) and 

Listeria monocytogenes in 7 of 18 patients (39%). Enterococcus faecium was reported 3 of 

18 patients (17%) and Staphylococcus aureus, Bacillus cereus, Elizabethkinkia 

meningoseptica, and Stomatococcus mucilaginosus were all reported once.  

In contrast, the most common causative organisms for bacterial meningitis in HSCT 

recipients in our cohort were S. pneumoniae and N. meningitidis. Listeria meningitis was 

not identified among HSCT patients in our cohort. The high incidence of invasive 

pneumococcal disease after HSCT has been well recognized by earlier studies. A 

prospective, population-based surveillance study performed during 10 years including 

1,238 HSCT recipients found an incidence of 590 and 199 per 100,000 transplanted patients 

for allogeneic and autologous HSCT respectively.28 A retrospective case-control study of 

1,154 allogeneic HSCT recipients identified 26 episodes of invasive pneumococcal disease 

in 11 years, corresponding to an incidence of 956 per 100,000 transplant years.36 Only one 

of all these cases of invasive pneumococcal disease involved meningitis, therefore, 

incidence differs from the incidence of meningitis following HSCT found in this study.  

 

Most of patients in our cohort were diagnosed with late onset infection, which differs from 

the interval from transplantation to onset of the episode of bacterial meningitis in the 

reported cases, in which the median interval was 12 weeks (range 10 days – 6 years). Fifty 

percent of patients (8 of 16) had early onset infections (<100 days since transplantation), of 

which six occurred within the first month since transplantation. European and Canadian 
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surveys observed invasive pneumococcal infection to occur more frequently in the late 

post-transplant period (>100 days).13, 28 Isolation and reduced social interaction in the early 

post transplantation period has been postulated to protect patients from acquiring infection, 

while persistent deficits in humoral and cellular immunity may increase their risk of illness 

on exposure to the same strains in the community.28  

We found the interval from transplantation to onset of the episode of bacterial meningitis to 

be up to 13 years. This long-term persistence of an increased risk for infections has been 

identified in other studies. A nation-wide observational study from Taiwan found a 10-year 

cumulative tuberculosis incidence among HSCT recipients of 3.52%, which was 

significantly higher than in a matched control cohort.14 A 10-year median follow-up study 

after allogeneic stem cell transplantation for chronic myeloid leukemia in 102 patients 

found late pneumococcal infections in six patients (median 32 months, range 10–84) and 

late infections with Gram-positive cocci in five patients (median 10 months, range: 4–84 

months).31 HSCT recipients should be informed about their increased risk of bacterial 

infections and emphasis should be placed on early recognition of the disease and the 

lifelong increased risk. 

 

We believe that most of the differences between our cases and those found in literature can 

be explained by publication bias, as both direct complications and uncommon pathogens 

are more likely to be reported than infections with common pathogens and late onset 

infections. Furthermore, late onset infections are more likely to be missed do to loss of 

follow up. It may be possible that that S. pneumoniae meningitis is mainly found after day 

100 while other causative organisms cause meningitis earlier after HSCT. Our prospective 

cohort shows causative organisms to be similar for bacterial meningitis patients with and 

without a medical history of HSCT. Still, since L. monocytogenes meningitis has been 

described to occur more frequently in immunocompromised patients, empiric antibiotic 

treatment for HSCT patients should cover listeria.25 

 

We found that HSCT recipients more often experience neurological sequelae and persisting 

hearing loss compared to patients without HSCT in their medical history. HSCT recipients 

with bacterial meningitis were found to have lower CSF leukocyte count, which has been 

 

related to an increased risk of intracranial complications in an animal model of 

pneumococcal meningitis.34  

 

Four patients had S. pneumoniae meningitis with a vaccine-covered serotype despite 

vaccination with the PPV-23. Vaccine-breakthrough S. pneumoniae infections have been 

described before, especially with the PPV-23 

vaccine. In a retrospective series of 47 HSCT recipients who developed S. pneumonia 

infections, 11% (5 patients) had vaccine-failure.40 Two vaccines against pneumococci are 

available, the pneumococcal polysaccharide vaccine (PPV) and pneumococcal conjugate 

vaccine (PCV). PPV has the advantage of covering most of the virulent serotypes of S. 

pneumoniae, but poor immune response is reported in allogeneic HSCT recipients (19% up 

to 56% after 12 months).17 PCV has been found to produce better immune response (39% at 

six months and 91% at 12 months), but covers less serotypes.27 A 2009 randomized trial on 

immunization with pneumococcal conjugate vaccine after allogeneic HSCT showed that 

additional PPV had a boost effect on the PCV-7 response, allowing 41% of the non-

responders to PCV-7 to respond.10 A complementary study showed an additional positive 

effect on the response rates of PPV-23 itself, if given after a dose of PCV-7.9 Despite these 

promising results we found two patients to have vaccine failure while vaccinated with both 

PCV-13 and PPV-23. Good protective antibody responses (>60%) to PCV after autologous 

HSCT have been found.4 International recommendations for both autologous and allogeneic 

HSCT consist of a three-dose series of PCV followed by one dose of PPV-23 to broaden 

the immune response. In patients with GVHD, a fourth dose of PCV should be considered 

instead of PPV-23. Vaccination should be initiated 3 to 6 months after transplantation.35  

 

Our study has several limitations. The observational design of the study is sensitive to the 

introduction of confounding factors, which hinder the evaluation of the risk analysis. HSCT 

may have been underreported in the cohort which may have led to an underestimation of 

the risk for bacterial meningitis. Furthermore, no detailed information was obtained about 

the underlying conditions in the HSCT population in the Netherlands. Specific hematologic 

disorders, preparatory procedures and the use of immunosuppressive medication may be 

responsible, at least in part, of the observed difference between both the general population 

and HSCT recipients and autologous and allogeneic HSCT recipients. 



53

Bacterial meningitis in hematopoietic stem cell transplant recipients

4

 

surveys observed invasive pneumococcal infection to occur more frequently in the late 
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late infections with Gram-positive cocci in five patients (median 10 months, range: 4–84 

months).31 HSCT recipients should be informed about their increased risk of bacterial 

infections and emphasis should be placed on early recognition of the disease and the 

lifelong increased risk. 

 

We believe that most of the differences between our cases and those found in literature can 

be explained by publication bias, as both direct complications and uncommon pathogens 

are more likely to be reported than infections with common pathogens and late onset 

infections. Furthermore, late onset infections are more likely to be missed do to loss of 

follow up. It may be possible that that S. pneumoniae meningitis is mainly found after day 

100 while other causative organisms cause meningitis earlier after HSCT. Our prospective 

cohort shows causative organisms to be similar for bacterial meningitis patients with and 

without a medical history of HSCT. Still, since L. monocytogenes meningitis has been 

described to occur more frequently in immunocompromised patients, empiric antibiotic 

treatment for HSCT patients should cover listeria.25 

 

We found that HSCT recipients more often experience neurological sequelae and persisting 

hearing loss compared to patients without HSCT in their medical history. HSCT recipients 

with bacterial meningitis were found to have lower CSF leukocyte count, which has been 

 

related to an increased risk of intracranial complications in an animal model of 

pneumococcal meningitis.34  

 

Four patients had S. pneumoniae meningitis with a vaccine-covered serotype despite 

vaccination with the PPV-23. Vaccine-breakthrough S. pneumoniae infections have been 

described before, especially with the PPV-23 

vaccine. In a retrospective series of 47 HSCT recipients who developed S. pneumonia 

infections, 11% (5 patients) had vaccine-failure.40 Two vaccines against pneumococci are 

available, the pneumococcal polysaccharide vaccine (PPV) and pneumococcal conjugate 

vaccine (PCV). PPV has the advantage of covering most of the virulent serotypes of S. 

pneumoniae, but poor immune response is reported in allogeneic HSCT recipients (19% up 

to 56% after 12 months).17 PCV has been found to produce better immune response (39% at 

six months and 91% at 12 months), but covers less serotypes.27 A 2009 randomized trial on 

immunization with pneumococcal conjugate vaccine after allogeneic HSCT showed that 

additional PPV had a boost effect on the PCV-7 response, allowing 41% of the non-

responders to PCV-7 to respond.10 A complementary study showed an additional positive 

effect on the response rates of PPV-23 itself, if given after a dose of PCV-7.9 Despite these 

promising results we found two patients to have vaccine failure while vaccinated with both 

PCV-13 and PPV-23. Good protective antibody responses (>60%) to PCV after autologous 

HSCT have been found.4 International recommendations for both autologous and allogeneic 

HSCT consist of a three-dose series of PCV followed by one dose of PPV-23 to broaden 

the immune response. In patients with GVHD, a fourth dose of PCV should be considered 

instead of PPV-23. Vaccination should be initiated 3 to 6 months after transplantation.35  

 

Our study has several limitations. The observational design of the study is sensitive to the 

introduction of confounding factors, which hinder the evaluation of the risk analysis. HSCT 

may have been underreported in the cohort which may have led to an underestimation of 

the risk for bacterial meningitis. Furthermore, no detailed information was obtained about 

the underlying conditions in the HSCT population in the Netherlands. Specific hematologic 

disorders, preparatory procedures and the use of immunosuppressive medication may be 

responsible, at least in part, of the observed difference between both the general population 

and HSCT recipients and autologous and allogeneic HSCT recipients. 
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Other limitations of this study were that only patients with culture-proven meningitis were 

included in our cohort study. Not all patients with suspected bacterial meningitis may 

undergo a lumbar puncture, e.g. patients with coagulopathy due to hematologic disorder or 

sepsis, or those with space-occupying lesions on cranial imaging. These patients were not 

included in our cohort. Finally, our literature search identified only case reports, which are 

prone to publication bias and are expected to be non-representative for the whole 

population. Nevertheless, our study describes the largest number of consecutive HSCT 

recipients so far from a prospective nationwide cohort and therefore, our study offers a 

valuable insight in the characteristics of bacterial meningitis in HSCT recipients. 

 

In conclusion, HSCT recipients have a substantially increased risk compared to the general 

population of acquiring bacterial meningitis, which is caused by S. pneumoniae in the 

majority of cases. Signs and symptoms at presentation are similar to the patients without 

HSCT in their past medical history, although CSF and blood leukocytosis are often less 

marked. Uniform vaccination should be performed using PCV-7, -10, or -13, followed by 

PPV-23, although vaccine-breakthroughs may still occur. As infections are often late onset, 

HSCT recipients should be subject to prolonged follow up and vaccination status should be 

kept adequate. 
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Abstract 

We studied occurrence, presentation, disease course, effect of adjunctive dexamethasone, 

and prognosis of bacterial meningitis in patients using immunosuppressive medication. 

Patients were selected from our nationwide, prospective cohort on community-acquired 

bacterial meningitis performed from March 1, 2006 through October 31, 2014. Eighty-

seven of 1,447 episodes (6%) of bacterial meningitis occurred in patients using 

immunosuppressive medication, and consisted of corticosteroids in 82%. Patients with 

bacterial meningitis using immunosuppressive medication were less likely to present with 

headache (P=0.02) or neck stiffness (P=0.005), as compared those not on 

immunosuppressive medication. In 46% of episodes CSF leukocyte count was below 

1,000/mm3. CSF cultures revealed S. pneumoniae in 41% and L. monocytogenes in 40% of 

episodes. Outcome was unfavorable in 39 of 87 episodes (45%) and death occurred in 22 of 

87 episodes (25%). Adjunctive dexamethasone was administered in 52 of 87 episodes 

(60%), and mortality tended to be lower in those on adjunctive dexamethasone therapy as 

compared to those without dexamethasone therapy (10 of 52 [19%] vs. 12 of 35 [34%], 

P=0.14). We conclude that bacterial meningitis in patients using immunosuppressive 

medication is likely to present with atypical clinical and laboratory features, and is often 

caused by atypical bacteria, mainly L. monocytogenes. Adjunctive dexamethasone is widely 

prescribed in these patients and is not associated with harm. 

 

Introduction 

Community-acquired bacterial meningitis is a severe infectious disease with high morbidity 

and mortality rates 4, and is most commonly caused by Streptococcus pneumoniae.22 

Acquired immunodeficiency previously has been associated with an increased risk of 

bacterial meningitis.1, 25, 26 One of the most common acquired conditions causing 

immunodeficiency is the use of immunosuppressive medication, including corticosteroids. 

The proposed mechanisms by which corticosteroids cause immunosuppression are 

decreased production, function and migration of inflammatory cells and decreased antibody 

production.7 A meta-analysis showed an increased risk of systemic infections for patients 

using corticosteroids compared to patients not using corticosteroids, with a relative risk of 

1.6 (95% confidence interval [CI] 1.3-1.9), although it remains unclear whether 

corticosteroids or the underlying disease increased the risk of infection.18 The use of 

immunosuppressive medication has been reported to be an important predisposing factor 

for infections with Listeria monocytogenes.27 Glucocorticoids can also mask the symptoms 

of infection and therefore delay treatment because patients present at an advanced stage of 

disease.7 However, little is known about the clinical course of bacterial meningitis in 

patients using immunosuppressive medication.  

Randomized clinical trials have evaluated the efficacy of adjunctive corticosteroid therapy 

in community-acquired bacterial meningitis.3, 6, 21, 24 As a result, adjunctive dexamethasone 

has been incorporated in treatment guidelines for bacterial meningitis.19, 20, 23 However, 

patients on immunosuppressive medication were excluded from the clinical trial and 

guidelines generally discourage the use of adjunctive dexamethasone in patients using 

immunosuppressive medication.19, 20, 23 

We studied clinical features and outcome of community-acquired bacterial meningitis in 

adults using immunosuppressive medication identified in a nationwide prospective cohort 

study, and evaluated the effect of adjunctive dexamethasone in this particular subgroup of 

patients.  

 

Methods 

We conducted a nationwide, prospective cohort study on community-acquired bacterial 

meningitis. Methods have been described in detail previously.2 From this cohort we 
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selected all patients who were reported to use immunosuppressive medication. 

Immunosuppressive medication was classified in four main groups: glucocorticoids, small 

molecule drugs (e.g. cyclosporine, tacrolimus, everolimus, mycophenolate mofetil, 

azathioprine), protein drugs (e.g. horse or rabbit antithymocyte globulin, rituximab) and 

cytostatic drugs.8 Between March 2006 and October 2014, patients with bacterial 

meningitis over 16 years old were included. Bacterial meningitis was defined as a positive 

cerebrospinal fluid (CSF) culture or as a positive blood culture with a relevant pathogen, 

positive PCR or antigen test in cerebrospinal fluid, in combination with at least one CSF 

finding predictive of bacterial meningitis consisting of a CSF leukocyte count >2,000 

cells/mm3, polymorphonuclear leukocyte count >1,180 cells/mm3, glucose level <1.9 

mmol/L, protein level >2gL, or CSF/blood glucose ratio <0.23.17 

Patients with a neurosurgical device, neurosurgical operation or procedure and patients with 

neurotrauma within one month of the onset of meningitis were excluded from the cohort. 

Data on patient history, symptoms and signs on admission, laboratory findings, radiologic 

examination, treatment, and outcome were prospectively collected by means of a case 

record form (CRF). Dosage of immunosuppressive medication was collected 

retrospectively from the discharge letters. For corticosteroids the dosage was calculated as 

the daily prednisolone equivalent dose. To this end dosage of hydrocortisone was divided 

by 4 and dosage of dexamethasone was multiplied by 6.7. All patients underwent 

neurologic examination at hospital discharge, and outcome was graded using the Glasgow 

Outcome Scale (GOS). A favorable outcome was defined as a score of 5, and an 

unfavorable outcome was defined as a score of 1 to 4.  

The study was approved by the ethical committee of the Academic Medical Center. 

 

Statistical analyses were performed with the use of SPSS statistical software, version 22 

(SPSS Inc.). For numerical and ordinal data the student t-test or Mann-Whitney U test were 

used. For categorical data the Fisher exact test was used. Logistic regression was used to 

examine the association between potential predictors and the likelihood of an unfavorable 

outcome and of death. Odds ratios (OR) and 95% confidence intervals were used to 

quantify the strength of these associations. Possible predictors of an unfavorable outcome 

and death were chosen on the basis of previous research.11, 22 All tests were 2-tailed, and 

p<0.05 was considered significant. 

 

Results 

Patients and immunosuppressive medication 

A total of 1,447 episodes of bacterial meningitis were included in the cohort between 

March 2006 and October 2014. Medication on admission was known for 1,435 episodes 

(99%). In 87 of these episodes (6%) in 86 patients, patients were reported to use 

immunosuppressive medication.  

The immunosuppressive treatment consisted of glucocorticoids in 71 episodes and was used 

as monotherapy in 45 episodes, and in combination with other immunosuppressive 

treatment in 26 episodes (table 1). Auto-immune diseases (e.g. rheumatoid arthritis, 

ulcerative colitis) in 38 of 87 episodes (44%) and cancer in 21 of 87 episodes (24%) were 

the most frequent indications for immunosuppressive therapy. For corticosteroids, the 

median daily dosage was 20 mg prednisone (interquartile range [IQR] 7-30 mg). The 

median age of patients using immunosuppressive medication at the time of the episode of 

bacterial meningitis was 65 years (range 19-91 years; table 2). Other co-existing conditions 

increasing the risk of meningitis were diabetes mellitus (in 16 episodes), alcoholism (in six 

episodes), and splenectomy (in four episodes). Distant foci of infection were identified in 

25 of 82 episodes (31%). One patient had a recurrence of bacterial meningitis during the 

study period and had a medical history of kidney transplantation.  

 

Table 1. Groups of immunosuppressive agents and categories of indication. 
Immunosuppressive medication n/N (%) Indication n/N (%) 

Glucocorticoids 45/87 (52) Auto-immune disease 38/87 (44) 

Glucocorticoids + small molecule drugs 13/87 (15)  Rheumatoid arthritis 12/38 (32) 

Glucocorticoids + cytostatic drugs 9/87 (10)  Ulcerative colitis 7/38 (18) 

Glucocorticoids + protein drugs 3/87 (3)  Polymyalgia rheumatica 5/38 (13) 

Glucocorticoids + SMD + PD 1/87 (1)  Auto-immune hepatitis 3/38 (8) 

Cytostatic drugs 9/87 (10)  Systemic lupus erythematosus 3/38 (8) 

Cytostatic drugs + protein drugs 1/87 (1)  Other auto-immune disease 8/38 (21) 

Small molecule drugs 6/87 (7) Cancer 21/87 (24) 

Median dosage prednisone in mga 20 (7-30)b Renal transplantation 6/87 (7) 

  Other 11/87 (13) 

  Unknown 4/87 (5) 

PD: protein drugs, SMD: small molecule drugs. 
aKnown in 46 patients. bInterquartile range 
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Clinical features 

Headache occurred in 56 of 78 episodes (72%), neck stiffness in 51 of 85 episodes (60%), 

fever in 64 of 86 episodes (74%), and a change in mental status (defined by a GOS score 

below 14) in 61 of 87 of episodes (70%). The classic triad of fever, neck stiffness, and a 

change in mental status was present in 31 of 86 of episodes (36%). In 7 of 87 of episodes 

(8%), fever, neck stiffness, and a change in mental status were all absent. Headache and 

neck stiffness were less often present in patients using immunosuppressive medication 

compared to patients not using immunosuppressive medication (respectively 56 of 78 

[72%] vs. 961 of 1,161 [83%], P=0.02 and 51 of 85 [60%] vs. 945 of 1,261 [75%], 

P=0.005; table 2). 

A lumbar puncture was performed in all patients. Independent predictors of bacterial 

meningitis17 were present in 72 of 87 (83%) patients. Median CSF leukocyte count was 

1,368 cells/mm3 (IQR 443-3,166 cells/mm3). Patients using immunosuppressive medication 

had lower CSF leukocyte count as compared to bacterial meningitis patients not using 

immunosuppressive medication (1,368 cells/mm3 vs. 2,560 cells/mm3, P=0.003) and more 

often a leukocyte count <1,000 cells/mm3 (39 of 85 [46%] vs. 401 of 1,234 [32%], P=0.02). 

Blood chemistry tests showed patients using immunosuppressive medication often had no 

or only mildly elevated whole blood leukocyte counts (median 13.9 x109/L [IQR 9.1–20.0 

x109/L]). In 30 of 86 episodes (35%), patients had a blood leukocyte count of <11.0 x109/L. 

Neuroimaging (computed tomography) was performed on admission in 75 of 87 episodes 

(86%) concerning patients using immunosuppressive medication, and showed abnormalities 

in 26 patients: brain abscess in two, sinus or mastoid opacification in nine, generalized 

brain edema in eight, a hypodense lesion presumed to be infarction in three, subdural 

effusion in two, and hydrocephalus in one. Both patients with brain abscess had listerial 

meningitis. Of the patients with a brain abscess one presented with aphasia and confusion 

while the other had no focal neurologic deficits.  

CSF cultures revealed S. pneumoniae in 36 episodes (41%), L. monocytogenes in 35 

episodes (40%), Haemophilus influenzae in six episodes (7%), and Neisseria meningitidis 

in two episodes (2%). One patient had a negative CSF culture, but had a positive antigen 

test for S. pneumoniae as causative organism. Other causative organisms were Escherichia 

coli in two episodes and Nocardia farcinica, Streptococcus anginosus, Streptococcus mitis, 

and Pseudomonas aeruginosa in one episode each. Pneumococcal and meningococcal  

 

Table 2. Comparison between patients with and without immunosuppressive medication.a 

CSF: cerebrospinal fluid. 
aData are presented as n/N (%), or median (range). bP-values are provided if <0.05. cOther than 

immunosuppressive medication. dLeukocyte count was known in 86 and 1,327 episodes and C-reactive protein in 

85 and 1,283. eCSF Leukocyte count was known in 85 and 1,234 episodes, CSF protein levels in 85 and 1,275 

episodes, and CSF blood to glucose ratio in 77 and 1,249 episodes. f2 Escherichia coli, 1 Staphylococcus aureus, 1 

Nocardia farcinica, 1 Streptococcus anginosus, 1 Pseudomonas aeruginosa, 1 Streptococcus mitis. 

Characteristic immunosuppressive 

medication + 

immunosuppressive 

medication – 

P-valueb 

Age (years) 65 (19-91) 61 (17-94) P=0.002 

Female 30/87 (34) 674/1,348 (50) P=0.006 

Symptoms and signs on admission    

 Headache 56/78 (72) 962/1,161 (83) P=0.02 

 Neck stiffness 51/85 (60) 945/1,261 (75) P=0.005 

 Triad of fever, neck stiffness, and change in 

mental status 

31/86 (36) 543/1,283 (42) P=0.26 

 Absence of fever, neck stiffness, and change 

in mental status 

7/87 (8) 43/1,334 (3) P=0.03 

Predisposing factorsc 23/87 (26) 266/1,348 (20) P=0.13 

Distant focus of infection 25/82 (30) 581/1,289 (45) P=0.01 

Blood chemistry testsd    

 Leukocyte count (x109/L) 13.9 (0.1-45.6) 17.1 (0.1-99.8) P=0.0001 

 C-reactive protein (mg/L) 163 (3-500) 192 (0-752) P=0.28 

Indexes of inflammation in CSFe    

 Leukocyte count (cells/mm3) 1368 (5-46,500) 2560 (0-463,149) P=0.003 

 Leukocyte count <1000 cells/mm3 39/85 (46) 401/1,234 (32) P=0.02 

 Protein (g/L) 3.00 (0.45-11.0) 4.00 (0.02-50.0) P<0.0005 

 CSF/blood glucose ratio 0.17 (0.0-0.89) 0.04 (0.0-1.67) P=0.003 

Causative organism    

 Streptococcus pneumoniae 37/87 (43) 981/1,348 (73) P<0.0001 

 Listeria monocytogenes 35/87 (40) 43/1,348 (3) P<0.0001 

 Haemophilus influenzae 6/87 (7) 44/1,348 (3) P=0.12 

 Neisseria meningitidis 2/87 (2) 147/1,348 (11) P=0.006 

 Otherf 7/87 (8) 133/1,348 (10) P=0.71 

Outcome    

 Unfavorable outcome 39/87 (45) 495/1,348 (37) P=0.14 

 Mortality 22/87 (25) 219/1,348 (16) P=0.04 

 Neurological sequelae 18/53 (34) 360/997 (36) P=0.88 
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meningitis occurred less often in patients using immunosuppressive medication compared 

to those who did not (37 of 87 [43%] vs. 981 of 1,348 [73%], P=<0.0001 and 2 of 87 [2%] 

vs. 147 of 1,348 [11%], P=0.006), whilst listerial meningitis was encountered more 

frequently (35 of 87 [40%] vs. 43 of 1,348 [3%], P<0.0001). Inadequate initial 

antimicrobial therapy was started in seven of 86 patients (8%) and consisted of failure to 

start amoxicillin in patients with L. monocytogenes meningitis in five patients.  

 

Outcome 

Outcome was unfavorable in 39 of 87 episodes (45%) of bacterial meningitis in patients 

using immunosuppressive medication and in 22 of 87 episodes (25%) the patient died. The 

rate of unfavorable outcome was similar between patients with and without 

immunosuppressive medication (39 of 87 [45%] vs. 495 of 1,348 [37%], P=0.14) but 

mortality was higher in those using immunosuppressive medication (22 of 87 [25%] vs. 219 

of 1,348 [16%], P=0.04). In a univariable analysis, the use of immunosuppressive 

medication was associated with death (OR 1.75; 95% CI 1.05–2.89, P=0.03). In a 

multivariable analysis adjusting for age (categories: < 40, 40 – 70, > 70 years), otitis or 

sinusitis, diabetes mellitus, neck stiffness, score on GOS, CSF leukocyte (<1,000 

cells/mm3), CSF protein (g/l), thrombocyte count (< 150 x1012/L), C-reactive protein 

(mg/l) and L. monocytogenes, the use of immunosuppressive medication was no longer 

associated with death (OR 0.94, 95% CI 0.46–1.93, P=0.86).  

 

Neurological sequelae occurred in 18 of 53 surviving patients (34%) and consisted mostly 

of cognitive impairment in eight of 52 episodes (15%) and cranial nerve palsies in eight of 

53 episodes (15%). The use of immunosuppressive medication did not influence the risk of 

sequelae (OR 1.09; 95% CI 0.62-1.91; P= 0.76). 

 

Adjunctive dexamethasone therapy 

In 52 of 87 episodes (60%), patients were treated with adjunctive dexamethasone according 

to guideline recommendations (10 mg four times per day for 4 days, administered before or 

together with the antibiotics). In three episodes dexamethasone was started but discontinued 

because L. monocytogenes was identified as the pathogen. Baseline characteristics between 

those who did and did not receive dexamethasone were similar. Unfavorable outcome was 

 

observed in 21 of 52 episodes (40%) of patients treated with adjunctive dexamethasone and 

in 18 of 35 episodes (51%) not treated with adjunctive dexamethasone (P=0.289). There 

was a trend towards protection against death for patients treated with dexamethasone (10 of 

52 [19%] vs. 12 of 35 [34%], P=0.14). In an univariable analysis, for patients using 

immunosuppressive medication the OR of adjunctive dexamethasone treatment for death 

was 0.46 (95% CI 0.17-1.22, P=0.12). The effect size was not influenced by known 

predictors of death – age, score on GOS and L. monocytogenes as causative organism – in a 

multivariable analysis (OR 0.46; 95% CI 0.16-1.31; P=0.15). No adverse events related to 

the treatment with adjunctive dexamethasone were reported. 

 

Discussion 

Patients with bacterial meningitis using immunosuppressive medication are less likely to 

present with typical clinical characteristics of meningitis, such as headache and neck 

stiffness, and have less marked CSF white cell counts. About half of patients had a CSF 

white cell count below 1,000 per mm3. However, about 80% had one or more independent 

CSF predictors of bacterial meningitis.17 Cultures often reveal L. monocytogenes (40%) or 

other atypical causative organisms, such as Nocardia or Pseudomonas. To prevent 

diagnostic and therapeutic delay, a low threshold should be kept for performing a lumbar 

puncture in patients using immunosuppressive medication, even those with a low clinical 

suspicion of bacterial meningitis. Adjunctive dexamethasone is widely prescribed for 

patients using immunosuppressive medication who are admitted with bacterial meningitis 

and is not associated with harm. 

 

The association of Listeria infections with immunosuppressive medication, and 

glucocorticoids especially, has been well recognized by earlier studies.9, 27 The predilection 

for immunocompromised hosts may be explain the intracellular life cycle of L. 

monocytogenes by which it avoids host bactericidal mechanisms. Resistance to infection is 

predominantly mediated by cellular immunity and their elimination requires T lymphocytes 

mediated cytotoxicity.10 Guidelines advise the use of a third generation cephalosporin 

combined with ampicillin or amoxicillin if L. monocytogenes is suspected.5, 19 Based on the 

high frequency of L. monocytogenes as causative organism in patients using 

immunosuppressive medication identified in our cohort, empiric treatment for patients 
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vs. 147 of 1,348 [11%], P=0.006), whilst listerial meningitis was encountered more 

frequently (35 of 87 [40%] vs. 43 of 1,348 [3%], P<0.0001). Inadequate initial 
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start amoxicillin in patients with L. monocytogenes meningitis in five patients.  
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cells/mm3), CSF protein (g/l), thrombocyte count (< 150 x1012/L), C-reactive protein 

(mg/l) and L. monocytogenes, the use of immunosuppressive medication was no longer 

associated with death (OR 0.94, 95% CI 0.46–1.93, P=0.86).  
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sequelae (OR 1.09; 95% CI 0.62-1.91; P= 0.76). 

 

Adjunctive dexamethasone therapy 
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because L. monocytogenes was identified as the pathogen. Baseline characteristics between 

those who did and did not receive dexamethasone were similar. Unfavorable outcome was 

 

observed in 21 of 52 episodes (40%) of patients treated with adjunctive dexamethasone and 

in 18 of 35 episodes (51%) not treated with adjunctive dexamethasone (P=0.289). There 

was a trend towards protection against death for patients treated with dexamethasone (10 of 
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Discussion 
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stiffness, and have less marked CSF white cell counts. About half of patients had a CSF 

white cell count below 1,000 per mm3. However, about 80% had one or more independent 

CSF predictors of bacterial meningitis.17 Cultures often reveal L. monocytogenes (40%) or 

other atypical causative organisms, such as Nocardia or Pseudomonas. To prevent 

diagnostic and therapeutic delay, a low threshold should be kept for performing a lumbar 

puncture in patients using immunosuppressive medication, even those with a low clinical 

suspicion of bacterial meningitis. Adjunctive dexamethasone is widely prescribed for 

patients using immunosuppressive medication who are admitted with bacterial meningitis 

and is not associated with harm. 

 

The association of Listeria infections with immunosuppressive medication, and 

glucocorticoids especially, has been well recognized by earlier studies.9, 27 The predilection 

for immunocompromised hosts may be explain the intracellular life cycle of L. 

monocytogenes by which it avoids host bactericidal mechanisms. Resistance to infection is 

predominantly mediated by cellular immunity and their elimination requires T lymphocytes 

mediated cytotoxicity.10 Guidelines advise the use of a third generation cephalosporin 

combined with ampicillin or amoxicillin if L. monocytogenes is suspected.5, 19 Based on the 

high frequency of L. monocytogenes as causative organism in patients using 

immunosuppressive medication identified in our cohort, empiric treatment for patients 
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using immunosuppressive medication should be broad and include ampicillin or amoxicillin 

for listeria coverage in combination with an extended spectrum cephalosporin. 

 

Adjunctive dexamethasone did not influence rates of unfavorable outcome. However, there 

was a favorable trend for death. This observed effect size was similar to that of the total 

population of bacterial meningitis patients and was not influenced by known other risk 

factors of mortality.6 Patients treated with adjunctive dexamethasone did not experience a 

higher rate of dexamethasone-related complications such as hyperglycemia requiring 

insulin or gastric bleeding. Randomized controlled trials on the effect of adjunctive 

dexamethasone in bacterial meningitis either do not report on the use of corticosteroids or 

immunosuppressive medication,6, 12, 13 or have glucocorticoids or immunosuppressive 

medication as an exclusion criterion.14, 15 With the number of patients included in this 

analysis we lack power to identify a significant association of dexamethasone, but we found 

a similar effect as was identified in previous studies. Based on these findings the use of 

adjunctive dexamethasone should be considered in patients using immunosuppressive 

medication.  

 

Our study has limitations. The observational design of the study is sensitive to the 

introduction of confounding factors, which hinder the evaluation of dexamethasone 

effectiveness. 

Other limitations of this study were that only patients with culture-proven meningitis were 

included in our cohort study. Not all patients with suspected bacterial meningitis may 

undergo a lumbar puncture, e.g. patients with coagulopathy due to sepsis or those with 

space-occupying lesions on cranial imaging. These patients were not included in our cohort. 

As the use of immunosuppressive medication is a risk factor for brain abscess, we could 

have missed cases of bacterial meningitis in patients use of immunosuppressive 

medication.16 

 

In conclusion, patients with bacterial meningitis using immunosuppressive medication are 

less likely to present with typical clinical characteristics of meningitis and have less marked 

CSF abnormalities. Cultures often reveal L. monocytogenes (40%) or other atypical 

causative organisms. Adjunctive dexamethasone is widely prescribed for patients using 

 

immunosuppressive medication who are admitted with bacterial meningitis and is not 

associated with harm.  
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Abstract 
Diabetes mellitus is associated with increased infection rates. We studied clinical features 

and outcome of community-acquired bacterial meningitis in diabetes patients. Patients were 

selected from a nationwide, prospective cohort on community-acquired bacterial meningitis 

performed from March 2006 to October 2014. Data on patient history, symptoms and signs 

on admission, treatment, and outcome were prospectively collected. A total of 183 of 1,447 

episodes (13%) occurred in diabetes patients. The incidence of bacterial meningitis in 

diabetes patients was 3.15 per 100,000 patients per year and the risk of acquiring bacterial 

meningitis was 2.2-fold higher for diabetes patients. S. pneumoniae was the causative 

organism in 139 of 183 episodes (76%) and L. monocytogenes in 11 of 183 episodes (6%). 

Outcome was unfavourable in 82 of 183 episodes (45%) and in 43 of 183 episodes (23%) 

the patient died. Diabetes was associated with death with an odds ratio of 1.63 (95% CI 

1.12-2.37, P=0.011), which remained after adjusting for known predictors of death in a 

multivariable analysis (OR 1.98 [95% CI 1.13-3.48], P=0.017). In conclusion, diabetes is 

associated with a 2-fold higher risk of acquiring bacterial meningitis. Diabetes is a strong 

independent risk factor for death in community-acquired adult bacterial meningitis. 

  

 

Introduction 
Diabetes mellitus type 1 and 2 have been associated with increased infection rates,15 

particularly bacterial infections.19 Diabetes has been associated with a risk ratio of 1.21 for 

development of infection and a risk ratio of 2.17 for hospitalization for infection.19 

Infections in diabetes patients are also more likely to be severe than in the non-diabetes 

persons.6 Diabetes has been stated as risk for bacterial meningitis, in particular listeria 

meningitis although few studies have been done.10, 11, 13, 14, 16, 18, 21 Retrospective studies 

have described diabetes to be associated with higher mortality rates among meningitis 

patients.14, 16 However, these studies were either retrospective and included only few 

patients,10, 14, 16 or did not have diabetes as the focus of the study.11, 13, 18, 21 Therefore, little 

is known about bacterial meningitis in diabetes patients. We compared clinical features, 

outcome, and causative pathogens of community-acquired bacterial meningitis in patients 

with and without diabetes in a nationwide prospective cohort study.  

 

 

Methods 
We conducted a nationwide, prospective cohort study on community-acquired bacterial 

meningitis. Methods have been described in detail previously.3 Between March 2006 and 

October 2014, patients with bacterial meningitis over 16 years old were included. Bacterial 

meningitis was defined as a positive cerebrospinal fluid (CSF) culture or as a the 

combination of a positive blood culture with a relevant pathogen, or positive PCR or 

antigen test in cerebrospinal fluid for Streptococcus pneumoniae or Neisseria meningitidis, 

with at least one specific CSF finding predictive of bacterial meningitis consisting of a CSF 

leukocyte count >2,000 cells/mm3, polymorphonuclear leukocyte count >1,180 cells/mm3, 

glucose level <1.9 mmol/L, protein level >2 g/L, or CSF/blood glucose ratio <0.23.20 

Patients with a neurosurgical device, neurosurgical operation or procedure, and patients 

with neurotrauma within 1 month of the onset of meningitis were excluded from the cohort. 

Data on patient history, symptoms and signs on admission, laboratory findings, radiologic 

examination, treatment, and outcome were prospectively collected by means of a case 

record form (CRF). The CRF included a standard question on presence of diabetes in the 

medical history. In addition, all discharge letters were screened for a history of diabetes. 
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medical history. In addition, all discharge letters were screened for a history of diabetes. 
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We selected all patients reported to have diabetes by either the CRF or discharge letter. All 

patients underwent neurologic examination at hospital discharge, and outcome was graded 

using the Glasgow Outcome Scale. A favourable outcome was defined as a score of 5, and 

an unfavourable outcome was defined as a score of 1 to 4. Focal neurologic abnormalities 

were divided into focal cerebral deficits (e.g. aphasia, monoparesis, or hemiparesis) and 

cranial nerve palsies.  

 

The criteria of the American Diabetes Association were used to define hypoglycaemia and 

hyperglycaemia.1, 29 A blood glucose level of <3.9 mmol/L (<70 mg/dL) was defined as 

hypoglycaemia, a non-fasting blood glucose levels of >7.8 mmol/L (>140 mg/dL) as 

hyperglycaemia, and a non-fasting blood glucose levels of >11.1 mmol/L (>200 mg/dL) as 

severe hyperglycaemia. Glycosylated haemoglobin (HbA1C) was not measured in the 

patients and no information on formal glucose tolerance testing was available. 

 

The study period from January 2007 till January 2014 was used to determine the incidence 

of bacterial meningitis in the people with and without diabetes. The prevalence of diabetes 

in the Netherlands was obtained from the National Public Health Compass,2 which 

estimated the point prevalence for January first, 2011. This prevalence was used to 

calculate the incidence of bacterial meningitis in diabetes patients during the study period. 

Incidence was calculated for all diabetic patients and with stratification according to age 

group (17-39, 40-64, >65 years old). Data on the general population was derived from 

Statics Netherlands (statline.cbs.nl).  

 

Ethical Statement 
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100,000 persons per year respectively. The risk of acquiring bacterial meningitis was 3.4-

fold higher (95% CI 1.4-8.3; P=0.007) for diabetes patients between 17 and 40-years old 

and 2.3-fold higher (95% CI 1.8-2.9; P<0.001) for diabetes patients between 40 and 65-

years old compared to their non-diabetes counterparts. No difference in risk was found for 

patients over 65-years old (1.0 [95% CI 0.13-1.26]; P=0.903). 

 

The median age of patients with diabetes and community-acquired bacterial meningitis was 

65 years (range 25-91 years, table 1). Type of diabetes mellitus was known for 87 episodes 

(48%), all of which were in type 2 diabetes patients. In 68 episodes (37%), patients used 

oral antidiabetic agents, in 16 episodes (9%) the combination of oral antidiabetic agents and 

insulin, and in 13 episodes (7%) insulin. Type of anti-diabetic agents was unknown in 86 

episodes (47%). Conditions increasing the risk of bacterial meningitis, other than diabetes, 

were present in 44 of 183 episodes (24%) and consisted mostly of cancer (18 episodes), the 

use of immunosuppressive medication (16 episodes), and alcoholism (12 episodes). Nine of 

these patients had more than one other predisposing factor. A distant focus of infection was 

present in 87 of 171 episodes (51%), with otitis or sinusitis (69 episodes; 38%) and 

pneumoniae (22 episodes; 13%) as most frequently encountered distant foci.  

 

Clinical features 

Headache was present in 117 of 148 episodes (79%), and an altered mental state (defined 

by a Glasgow Coma Scale score below 14) was present on admission in 148 of 183 

episodes (81%). Neck stiffness occurred in 125 of 173 episodes (72%) and fever (defined 

by a temperature of 38°C or higher) in 144 of 181 episodes (80%). Symptoms and signs at 

presentation did not differ from non-diabetes bacterial meningitis patients (table 2). 

 

Blood chemistry tests showed diabetes patients had elevated whole blood leukocyte counts 

(median 16.3 x109/L [interquartile range (IQR) 11.6-22.6 x109/L]) and C-reactive protein 

was elevated (>8.0 mmol/L) in 169 of 173 episodes (98%; median 172 mg/L [IQR 71-298 

mg/L]). Leukocyte count and C-reactive protein levels did not differ between patients with 

and without diabetes. Upon presentation, hyperglycaemia was present in 158 of 175 

episodes (90%). Median blood glucose level was 12.6 mmol/L (IQR 10.2-16.0 mmol/L).  

 

 

Table 1. Characteristics of diabetes patients with bacterial meningitis.a 
Characteristic  n/N (%) Characteristic  n/N (%) 

Age (years) 65 (25-91) Blood chemistry testsd  

Female 85/183 (46)  Leukocyte count (x109/L) 16.3 (2.5-41.9) 

Diabetes mellitus type 2 87/183 (48)  Thrombocytes (x1012/L) 208 (39-868) 

 Type unknown /not reported 96/183 (52)  C-reactive protein (mg/L) 172 (4-736) 

Predisposing conditionsb 44/183 (24)  Glucose (mmol/L) 12.6 (1.5-30.9) 

 Cancer 18/181 (10) Indexes of inflammation in CSFe  

 Immunosuppressive drugs 16/182 (9)  Leukocyte count (cells/mm3) 3,300 (1-75,000) 

 Alcoholism 12/166 (7)  Protein (g/L) 4.31 (0.44-19.70) 

Distant foci of infection 87/171 (51)  CSF/blood glucose ratio 0.16 (0.0-1.55) 

 Otitis media or sinusitis 69/182 (38) Causative organism  

 Pneumonia 22/170 (13)  Streptococcus pneumoniae 139/183 (76) 

Symptoms and signs on admission   Listeria monocytogenes 11/183 (6) 

 Duration of symptoms >24 h 88/171 (51)  Neisseria meningitidis 10/183 (5) 

 Headache 117/148 (79)  Escherichia coli 4/183 (2) 

 Nausea 81/140 (58)  Streptococcus speciesf 10/183 (5) 

 Temperature ≥38°C 144/181 (80)  Staphylococcus aureus 2/183 (1) 

 Neck stiffness 125/173 (72)  Staphylococcus epidermidis 1/183 (1) 

 Triadc 86/173 (50)  Haemophilus influenza 2/183 (1) 

 Signs of septic shock 56/177 (32)  Pseudomonas aeruginosa 2/183 (1) 

 Seizures 8/170 (5)  Nocardia farcinica 1/183 (1) 

 Altered mental state (EMV<14) 148/183 (81)  Klebsiella pneumoniae 1/183 (1) 

 Coma (EMV <8) 30/183 (16) Outcome  

 Focal neurological deficits 57/181 (31)  Unfavorable outcome 82/183 (45) 

 Cranial nerve palsy 15/154 (10)  Mortality 43/183 (23) 

Brain imaging 165/183 (90)  Neurological sequelae 49/122 (40) 

 Abnormal 65/165 (39)  Hearing loss 16/124 (13) 

 Otitis or sinusitis on CT/MRI 50/165 (30)   

CSF: cerebrospinal fluid. 
a Data are presented as n/N (%), or median (range). bNot directly related to diabetes mellitus. cTriad of fever, neck 

stiffness, and change in mental status. dLeukocyte count was known in 179 episodes, C-reactive protein in 173 

episodes, glucose in 175 episodes and thrombocyte count in 176 episodes. eCSF Leukocyte count was known in 

177 episodes, CSF protein levels in 170 episodes, CSF blood to glucose ratio in 169 episodes. f4 Streptococcus 

agalactiae, 2 Streptococcus pyogenes, 1 Streptococcus gallolyticus, 1 Streptococcus anginosus, 1 Streptococcus 

mitis, 1 Streptococcus salivarius. 
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Severe hyperglycaemia was more often present in diabetes patients compared to patients 

without diabetes (118 of 175 [67%] vs. 256 of 1191 [21%], P<0.001). 

 

A lumbar puncture was performed in all patients. Independent predictors of bacterial 

meningitis were present in 160 of 183 episodes (87%). Median CSF leukocyte count was 

3,300 cells/mm3 (IQR 1,006-9,860 cells/mm3) and in 44 of 177 episodes (25%) CSF 

leukocyte count was below 1,000 cells/mm3. 

 

Neuroimaging (computed tomography) was performed on admission in 165 of 183 episodes 

(90%). In 50 of 165 episodes (30%) imaging showed signs of sinusitis or otitis, in seven of 

156 episodes (4%) generalized brain oedema, in five of 155 episodes (3%) hydrocephalus 

and in six of 155 (4%) a hypodense lesion consistent with cerebral infarction was found. 

 

S. pneumoniae was the causative organism in 139 of 183 episodes (76%), L. 

monocytogenes in 11 of 183 episodes (6%), and N. meningitidis in 10 of 183 episodes (5%; 

table 1). Meningococcal meningitis was less often encountered in diabetes patients as 

compared to the non-diabetes meningitis patients (10 of 183 [5%] vs. 137 of 1248 [11%]; 

P=0.019). Pseudomonas aeruginosa (in two patients) and Nocardia farcinica (in one 

patient) were identified only in diabetes patients. 

 

Complications and outcome 

Neurological complications during admission in diabetes patients consisted of seizures in 

28 of 172 episodes (16%), cerebrovascular accidents in 23 of 169 episodes (14%), 

hydrocephalus in 5 of 164 episodes (3%) and sinus thrombosis in 2 of 162 episodes (1%). 

Neurological complications did not differ between patients with and without diabetes. 

Cardiorespiratory failure occurred in 84 of 179 episodes (47%) and was more common in 

diabetes patients as compared to the patients without diabetes (84 of 179 [47%] vs. 453 of 

1,212 [37%]; P=0.017). Admission to the intensive care unit was similar in patients with 

and without diabetes (98 of 183 [54%] vs. 615 of 1,248 [49%], P=0.304), but diabetes 

patients more often had respiratory failure (57 of 176 [32%] vs. 300 of 1,204 [25%], 

P=0.042) and need of mechanical ventilation (71 of 176 [40%] vs. 391 of 1,197 [33%], 

P=0.049) compared to patients without diabetes.  

 

Table 2. Comparison between patients with and without diabetes mellitus.a 

CSF: cerebrospinal fluid. 
aData are presented as n/N (%), or median (range). bOther than immunosuppressive drugs. 

  

Characteristic Diabetes mellitus + Diabetes mellitus – P-value 

Age (years) 65 (25-91) 60 (17-94) <0.001 

Female 85/183 (46) 617/1,248 (49) 0.477 

Symptoms and signs on admission    

 Headache 117/148 (79) 899/1,089 (83) 0.304 

 Neck stiffness 125/173 (72) 868/1,167 (74) 0.577 

 Temperature ≥38°C 144/181 (80) 905/1,228 (74) 0.100 

 Triad of fever, neck stiffness, and change in 

mental status 

86/173 (50) 489/1,190 (41) 0.039 

Predisposing factorsb 44/183 (24) 306/1,247 (25) 0.927 

Distant focus of infection 87/171 (51) 520/1,201 (43) 0.070 

Blood chemistry tests    

 Leukocyte count (x109/L) 16.3 (2.5-41.9) 17.0 (0.1-99.8) 0.659 

 Thrombocytes (x1012/L) 208 (39-868) 198 (0-955) 0.005 

 C-reactive protein (mg/L) 172 (4-736) 192 (0-752) 0.336 

 Glucose (mmol/L) 12.6 (1.5-30.9) 8.8 (0.1-31.3) <0.001 

Indexes of inflammation in CSF    

 Leukocyte count (cells/mm3) 3,300 (1-75,000) 2,315 (0-463,149) 0.005 

 Leukocyte count <1000 cells/mm3 44/177 (25) 390/1,136 (34) 0.013 

 Independent CSF predictors present 160/183 (87) 1,071/1,248 (86) 0.648 

 CSF/blood glucose ratio 0.16 (0.00-1.55) 0.03 (0.00-1.67) <0.001 

Causative organism    

 Streptococcus pneumoniae 139/183 (76) 876/1,248 (70) 0.117 

 Neisseria meningitidis 10/183 (5) 137/1,248 (11) 0.019 

 Listeria monocytogenes 11/183 (6) 68/1,248 (5) 0.729 

Outcome    

 Unfavorable outcome 82/183 (45) 449/1,248 (36) 0.022 

 Mortality 43/183 (23) 198/1,248 (16) 0.015 

 Neurological sequelae 49/122 (40) 326/925 (35) 0.315 

 Hearing loss 16/124 (13) 118/1,047 (11) 0.553 
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Outcome was unfavourable in 82 of 183 episodes (45%) of bacterial meningitis in diabetes 

patients and in 43 of 183 episodes (23%) the patient died. In univariable analysis diabetes 

mellitus was associated with death with an OR of 1.63 (95% CI 1.12-2.37, P=0.011; table 

3). The effect size of diabetes for death remained after adjusting for known predictors of 

death (age, otitis and sinusitis, neck stiffness, score on GCS, blood thrombocyte count, 

CRP, CSF leukocyte count, CSF protein, L. monocytogenes, S. pneumoniae), blood glucose 

and treatment with adjunctive dexamethasone in a multivariable analysis (OR 1.98 [95% CI 

1.13-3.48], P=0.017).  

 

Antimicrobial and adjunctive dexamethasone therapy 

Initial antimicrobial therapy was reported for 180 of 183 episodes (98%) and included a 

combination of amoxicillin or penicillin and third-generation cephalosporin in 99 episodes 

(55%), monotherapy third-generation cephalosporin in 42 episodes (23%), monotherapy 

amoxicillin or penicillin in 37 episodes (21%), and other in two episodes (1%). Inadequate 

initial antimicrobial therapy was started in four listerial meningitis episodes consisting of 

monotherapy with a third-generation cephalosporin. In seven episodes patients (4%) were 

treated additionally with acyclovir on the suspicion of viral encephalitis. 

 

Adjunctive dexamethasone in diabetes patients was initiated before or together with the 

antibiotics in 139 of 181 episodes (77%) and in 134 of 181 episodes (74%) given according 

to guideline recommendations (10 mg four times per day for 4 days, administered before or 

together with the antibiotics).24 Fewer diabetes patients with meningitis received 

dexamethasone compared to non-diabetes meningitis patients (139 of 181 [77%] vs. 1,095 

of 1,203 [91%]; p<0.001). Unfavourable outcome was observed in 57 of 136 episodes 

(42%) of patients treated with adjunctive dexamethasone and 29 of 136 patients (21%) 

died. Outcome (favourable or unfavourable) and mortality did not differ between diabetes 

patients treated with and without dexamethasone (79 of 136 [58%] vs. 20 of 45 [44%], 

P=0.123 and 29 of 136 [21%] vs. 14 of 45 [31%], P=0.225). During dexamethasone 

treatment hyperglycaemia requiring insulin was reported in 17 episodes (13%). One gastro-

intestinal bleeding was reported after the use of dexamethasone, but despite the bleeding 

the patient had a good recovery. 

 

 

Table 3. Univariable and multivariable analyses in patients with bacterial meningitis on 

risk factors for death. 
 Univariable analysis Multivariable analysis 

Variable OR (95% CI) P value OR (95% CI) P value 

Diabetes mellitus 1.63 (1.12-2.37) 0.011 1.98 (1.13-3.48) 0.017 

Blood glucose     

 Normal (3.9-7.8 mmol/L) Reference  Reference  

 Low (<3.9 mmol/L) 2.22 (0.40-12.35) 0.363 0.43 (0.06-3.08) 0.430 

 High (>7.8-11,1 mmol/L) 0.67 (0.47-0.95) 0.023 0.64 (0.40-1.05) 0.076 

 Severe high (>11,1 1.09 (0.76-1.58) 0.640 0.84 (0.47-1.48) 0.538 

Adjunctive dexamethasone 0.40 (0.30-0.55) <0.001 0.62 (0.40-0.97) 0.035 

Age  1.05 (1.04-1.06) <0.001 1.04 (1.02-1.05) <0.001 

Otitis or sinusitis 0.40 (0.29-0.57) <0.001 0.58 (0.37-0.93) 0.022 

Neck stiffness 0.50 (0.37-0.69) <0.001 0.51 (0.34-0.78) 0.002 

Score on GCS 0.84 (0.80-0.88) <0.001 0.85 (0.79-0.90) <0.001 

Blood thrombocyte count     

 <150 x1012/L 2.18 (1.60-2.97) <0.001 1.35 (0.87-2.08) 0.178 

 150-450 x1012/L Reference  Reference  

 >450 x1012/L 2.84 (1.21-6.66) 0.016 2.32 (0.56-9.66) 0.247 

CRP (per 10 mg/l) 1.04 (1.03-1.05) <0.001 1.04 (1.02-1.05) <0.001 

CSF leukocyte count      

 <100 cells/mm3 Reference    

 100-999 cells/mm3 0.48 (0.31-0.74) 0.001 0.58 (0.32-1.04) 0.067 

 1000-10,000 cells/mm3 0.19 (0.12-0.29) <0.001 0.28 (0.15-0.51) <0.001 

 >10,000 cells/mm3 0.20 (0.12-0.34) <0.001 0.25 (0.12-0.53) <0.001 

CSF protein (g/L) 1.09 (1.05-1.13) <0.001 1.09 (1.04-1.15) 0.001 

Listeria monocytogenes 2.76 (1.70-4.50) <0.001 1.99 (0.85-4.64) 0.114 

Streptococcus pneumoniae 1.03 (0.76-1.39) 0.869 0.87 (0.51-1.49) 0.617 

CRP: C-reactive protein, CSF: cerebrospinal fluid, GCS: Glasgow coma scale.  

 

Discussion 
Diabetes patients are at 2-fold higher risk for bacterial meningitis as compared than non-

diabetes patients. This is in line with previous retrospective studies describing diabetes as a 

risk factor for bacterial infections.15, 19 Our study was prospective and performed 

nationwide in the Netherlands (population, 16 million). Diabetes may lead to an 

immunocompromised state by decreased efficacy of cell-mediated immunity, with 
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immunocompromised state by decreased efficacy of cell-mediated immunity, with 
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relatively malfunction of polymorphonuclear leukocytes, monocytes and lymphocytes, 

which have all been associated with degree and duration of hyperglycaemia in patients.6, 17 

We also found that diabetes is an independent predictor of mortality in bacterial meningitis. 

This effect could not be explained by high blood glucose levels, which has previously been 

related to poor outcome.8 

 

The distributions of pathogens between diabetes and non-diabetes patients were similar. 

Most common cause among diabetes patients was S. pneumoniae (76%), followed by L. 

monocytogenes (6%) Diabetes patients have previously been described to be at particular 

high risk for listeria meningitis. Our data show that at least in Netherlands this is not the 

case. Some uncommon pathogens, such as Pseudomonas aeruginosa and Nocardia 

farcinica, were identified in diabetes patients only. Our findings are in contrast to studies 

from Korea and Taiwan, describing K. pneumoniae as causative pathogen in two-thirds of 

diabetes patients with meningitis.10, 11, 21 However, this can be explained by differences in 

general epidemiology of infectious diseases between the continents.5 As L. monocytogenes 

is the second most common causative organism in diabetes patients identified in our cohort, 

empiric treatment for diabetes patients must include ampicillin or amoxicillin to cover L. 

monocytogenes.7, 22 

 

Diabetes patients were less likely to be treated with adjunctive dexamethasone therapy. 

Physicians may be hesitant to administer corticosteroids in diabetes patients. First, 

administration of corticosteroids in diabetes patients may cause dysregulation of diabetes. 

This did occur, but only in 13% of diabetes patients on dexamethasone. Although 

hyperglycaemia has been associated with unfavourable outcome in bacterial meningitis,18 

this detrimental effect probably does not counterbalance the favourable effect of adjunctive 

dexamethasone in pneumococcal meningitis.9, 23, 25, 28 Second, patients with diabetes have 

been described to be at risk for atypical pathogens. The effect of adjunctive dexamethasone 

therapy was mainly driven by the effect in the pneumococcal subgroup.9, 23, 25, 28 The current 

study showed that causative pathogens between diabetes and non-diabetes meningitis 

patients are similar. Guidelines recommend starting 10 mg of dexamethasone four times per 

day for four days, administered before or together with the antibiotics, in bacterial 

meningitis patients, including those with diabetes.23, 24, 27 In non-pneumococcal bacterial 

 

meningitis patients with and without diabetes, dexamethasone should be carefully 

considered on an individual patient basis. 

 

Our study has several limitations. The observational design of the study is sensitive to the 

introduction of confounding factors, which hinder the evaluation of the risk analysis. 

Although the incidence of diabetes mellitus in the Netherlands was estimated, this was done 

by a reliable source. Estimation was made by the National Public Health Compass, which is 

a part of the National Institute of Public Health and the Environment, and was based on 

data provided by the Netherlands Institute for Health Services Research to which most 

general practices are connected. Some specific information on diabetes patients was 

collected retrospectively, e.g. type of diabetes, diabetes treatment, and complications of the 

use of dexamethasone. This might lead to an underestimation of the complications 

associated with dexamethasone. Other limitations of this study were that only patients with 

culture-proven meningitis were included in our cohort study. Not all patients with suspected 

bacterial meningitis may undergo a lumbar puncture, e.g. patients with coagulopathy due to 

sepsis or those with space-occupying lesions on cranial imaging. Signs of sepsis or mass 

effect on cerebral CT are well defined predictors for unfavourable outcome.4, 26 

Underrepresentation of these patients in our cohort, may lead to an underestimated of 

unfavourable outcome and mortality. 

 

 

References 
1. American Diabetes A. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2008;31 Suppl 

1:S55-60. 

2. Baan CA, Poos MJJC, Uiters E, Savelkoul M. Hoe vaak komt diabetes mellitus voor en hoeveel 

mensen sterven eraan? Volksgezondheid Toekomst Verkenning, Nationaal Kompas Volksgezondheid 

(National Public Health Compass). RIVM. Bilthoven. 2014. 

3. Bijlsma MW, Brouwer MC, Kasanmoentalib ES, Kloek AT, Lucas MJ, Tanck MW, et al. Community-

acquired bacterial meningitis in adults in the Netherlands, 2006-14: a prospective cohort study. Lancet 

Infect Dis. 2015. 

4. Bijlsma MW, Brouwer MC, Kasanmoentalib ES, Kloek AT, Lucas MJ, Tanck MW, et al. Community-

acquired bacterial meningitis in adults in the Netherlands, 2006-14: a prospective cohort study. Lancet 

Infect Dis. 2016;16(3):339-47. 



83

Bacterial meningitis in diabetes patients

6

 

relatively malfunction of polymorphonuclear leukocytes, monocytes and lymphocytes, 

which have all been associated with degree and duration of hyperglycaemia in patients.6, 17 

We also found that diabetes is an independent predictor of mortality in bacterial meningitis. 

This effect could not be explained by high blood glucose levels, which has previously been 

related to poor outcome.8 

 

The distributions of pathogens between diabetes and non-diabetes patients were similar. 

Most common cause among diabetes patients was S. pneumoniae (76%), followed by L. 

monocytogenes (6%) Diabetes patients have previously been described to be at particular 

high risk for listeria meningitis. Our data show that at least in Netherlands this is not the 

case. Some uncommon pathogens, such as Pseudomonas aeruginosa and Nocardia 

farcinica, were identified in diabetes patients only. Our findings are in contrast to studies 

from Korea and Taiwan, describing K. pneumoniae as causative pathogen in two-thirds of 

diabetes patients with meningitis.10, 11, 21 However, this can be explained by differences in 

general epidemiology of infectious diseases between the continents.5 As L. monocytogenes 

is the second most common causative organism in diabetes patients identified in our cohort, 

empiric treatment for diabetes patients must include ampicillin or amoxicillin to cover L. 

monocytogenes.7, 22 

 

Diabetes patients were less likely to be treated with adjunctive dexamethasone therapy. 

Physicians may be hesitant to administer corticosteroids in diabetes patients. First, 

administration of corticosteroids in diabetes patients may cause dysregulation of diabetes. 

This did occur, but only in 13% of diabetes patients on dexamethasone. Although 

hyperglycaemia has been associated with unfavourable outcome in bacterial meningitis,18 

this detrimental effect probably does not counterbalance the favourable effect of adjunctive 

dexamethasone in pneumococcal meningitis.9, 23, 25, 28 Second, patients with diabetes have 

been described to be at risk for atypical pathogens. The effect of adjunctive dexamethasone 

therapy was mainly driven by the effect in the pneumococcal subgroup.9, 23, 25, 28 The current 

study showed that causative pathogens between diabetes and non-diabetes meningitis 

patients are similar. Guidelines recommend starting 10 mg of dexamethasone four times per 

day for four days, administered before or together with the antibiotics, in bacterial 

meningitis patients, including those with diabetes.23, 24, 27 In non-pneumococcal bacterial 

 

meningitis patients with and without diabetes, dexamethasone should be carefully 

considered on an individual patient basis. 

 

Our study has several limitations. The observational design of the study is sensitive to the 

introduction of confounding factors, which hinder the evaluation of the risk analysis. 

Although the incidence of diabetes mellitus in the Netherlands was estimated, this was done 

by a reliable source. Estimation was made by the National Public Health Compass, which is 

a part of the National Institute of Public Health and the Environment, and was based on 

data provided by the Netherlands Institute for Health Services Research to which most 

general practices are connected. Some specific information on diabetes patients was 

collected retrospectively, e.g. type of diabetes, diabetes treatment, and complications of the 

use of dexamethasone. This might lead to an underestimation of the complications 

associated with dexamethasone. Other limitations of this study were that only patients with 

culture-proven meningitis were included in our cohort study. Not all patients with suspected 

bacterial meningitis may undergo a lumbar puncture, e.g. patients with coagulopathy due to 

sepsis or those with space-occupying lesions on cranial imaging. Signs of sepsis or mass 

effect on cerebral CT are well defined predictors for unfavourable outcome.4, 26 

Underrepresentation of these patients in our cohort, may lead to an underestimated of 

unfavourable outcome and mortality. 

 

 

References 
1. American Diabetes A. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2008;31 Suppl 

1:S55-60. 

2. Baan CA, Poos MJJC, Uiters E, Savelkoul M. Hoe vaak komt diabetes mellitus voor en hoeveel 

mensen sterven eraan? Volksgezondheid Toekomst Verkenning, Nationaal Kompas Volksgezondheid 

(National Public Health Compass). RIVM. Bilthoven. 2014. 

3. Bijlsma MW, Brouwer MC, Kasanmoentalib ES, Kloek AT, Lucas MJ, Tanck MW, et al. Community-

acquired bacterial meningitis in adults in the Netherlands, 2006-14: a prospective cohort study. Lancet 

Infect Dis. 2015. 

4. Bijlsma MW, Brouwer MC, Kasanmoentalib ES, Kloek AT, Lucas MJ, Tanck MW, et al. Community-

acquired bacterial meningitis in adults in the Netherlands, 2006-14: a prospective cohort study. Lancet 

Infect Dis. 2016;16(3):339-47. 



84

Chapter 6

 

5. Brouwer MC, Tunkel AR, van de Beek D. Epidemiology, diagnosis, and antimicrobial treatment of 

acute bacterial meningitis. Clin Microbiol Rev. 2010;23(3):467-92. 

6. Calvet HM, Yoshikawa TT. Infections in diabetes. Infect Dis Clin North Am. 2001;15(2):407-21, viii. 

7. Chaudhuri A, Martinez-Martin P, Kennedy PG, Andrew Seaton R, Portegies P, Bojar M, et al. EFNS 

guideline on the management of community-acquired bacterial meningitis: report of an EFNS Task 

Force on acute bacterial meningitis in older children and adults. Eur J Neurol. 2008;15(7):649-59. 

8. Clement S, Braithwaite SS, Magee MF, Ahmann A, Smith EP, Schafer RG, et al. Management of 

diabetes and hyperglycemia in hospitals. Diabetes Care. 2004;27(2):553-91. 

9. de Gans J, van de Beek D, European Dexamethasone in Adulthood Bacterial Meningitis Study I. 

Dexamethasone in adults with bacterial meningitis. N Engl J Med. 2002;347(20):1549-56. 

10. Huang CR, Lu CH, Chang HW, Lee PY, Lin MW, Chang WN. Community-acquired spontaneous 

bacterial meningitis in adult diabetic patients: an analysis of clinical characteristics and prognostic 

factors. Infection. 2002;30(6):346-50. 

11. Jung J, Park KH, Park SY, Song EH, Lee EJ, Choi SH, et al. Comparison of the clinical characteristics 

and outcomes of Klebsiella pneumoniae and Streptococcus pneumoniae meningitis. Diagn Microbiol 

Infect Dis. 2015;82(1):87-91. 

12. Koopmans MM, Brouwer MC, Bijlsma MW, Bovenkerk S, Keijzers W, van der Ende A, et al. Listeria 

monocytogenes sequence type 6 and increased rate of unfavorable outcome in meningitis: 

epidemiologic cohort study. Clin Infect Dis. 2013;57(2):247-53. 

13. Lai WA, Chen SF, Tsai NW, Chang CC, Chang WN, Lu CH, et al. Clinical characteristics and 

prognosis of acute bacterial meningitis in elderly patients over 65: a hospital-based study. BMC 

Geriatr. 2011;11:91. 

14. Muli JM, Seckova S, Sladeckova V, Steno J, Adamcova J, Rabarova L, et al. Meningitis in diabetic 

patients. Neuro Endocrinol Lett. 2007;28 Suppl 3:28-9. 

15. Muller LM, Gorter KJ, Hak E, Goudzwaard WL, Schellevis FG, Hoepelman AI, et al. Increased risk of 

common infections in patients with type 1 and type 2 diabetes mellitus. Clin Infect Dis. 

2005;41(3):281-8. 

16. Petrovici CG, Leca D, Teodor A, Dorneanu O, Juganariu G, Dorobat C, et al. Bacterial meningitis 

during sepsis in diabetic patient. Rev Med Chir Soc Med Nat Iasi. 2013;117(4):901-7. 

17. Pozzilli P, Leslie RD. Infections and diabetes: mechanisms and prospects for prevention. Diabet Med. 

1994;11(10):935-41. 

18. Schut ES, Westendorp WF, de Gans J, Kruyt ND, Spanjaard L, Reitsma JB, et al. Hyperglycemia in 

bacterial meningitis: a prospective cohort study. BMC Infect Dis. 2009;9:57. 

19. Shah BR, Hux JE. Quantifying the risk of infectious diseases for people with diabetes. Diabetes Care. 

2003;26(2):510-3. 

20. Spanos A, Harrell FE, Jr., Durack DT. Differential diagnosis of acute meningitis. An analysis of the 

predictive value of initial observations. JAMA. 1989;262(19):2700-7. 

21. Tsai MH, Lu CH, Huang CR, Chuang YC, Tsai NW, Tsai HH, et al. Bacterial meningitis in young 

adults in Southern Taiwan: clinical characteristics and therapeutic outcomes. Infection. 2006;34(1):2-8. 

 

22. Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL, Scheld WM, et al. Practice guidelines 

for the management of bacterial meningitis. Clin Infect Dis. 2004;39(9):1267-84. 

23. van de Beek D, Brouwer MC, Thwaites GE, Tunkel AR. Advances in treatment of bacterial meningitis. 

Lancet. 2012;380(9854):1693-702. 

24. van de Beek D, Cabellos C, Dzupova O, Esposito S, Klein M, Kloek AT, et al. ESCMID guideline: 

diagnosis and treatment of acute bacterial meningitis. Clin Microbiol Infect. 2016. 

25. van de Beek D, de Gans J, McIntyre P, Prasad K. Steroids in adults with acute bacterial meningitis: a 

systematic review. Lancet Infect Dis. 2004;4(3):139-43. 

26. van de Beek D, de Gans J, Spanjaard L, Weisfelt M, Reitsma JB, Vermeulen M. Clinical features and 

prognostic factors in adults with bacterial meningitis. N Engl J Med. 2004;351(18):1849-59. 

27. van de Beek D, de Gans J, Tunkel AR, Wijdicks EF. Community-acquired bacterial meningitis in 

adults. N Engl J Med. 2006;354(1):44-53. 

28. van de Beek D, Farrar JJ, de Gans J, Mai NT, Molyneux EM, Peltola H, et al. Adjunctive 

dexamethasone in bacterial meningitis: a meta-analysis of individual patient data. Lancet Neurol. 

2010;9(3):254-63. 

29. Workgroup on Hypoglycemia ADA. Defining and reporting hypoglycemia in diabetes: a report from 

the American Diabetes Association Workgroup on Hypoglycemia. Diabetes Care. 2005;28(5):1245-9. 

 

 

  



85

Bacterial meningitis in diabetes patients

6

 

5. Brouwer MC, Tunkel AR, van de Beek D. Epidemiology, diagnosis, and antimicrobial treatment of 

acute bacterial meningitis. Clin Microbiol Rev. 2010;23(3):467-92. 

6. Calvet HM, Yoshikawa TT. Infections in diabetes. Infect Dis Clin North Am. 2001;15(2):407-21, viii. 

7. Chaudhuri A, Martinez-Martin P, Kennedy PG, Andrew Seaton R, Portegies P, Bojar M, et al. EFNS 

guideline on the management of community-acquired bacterial meningitis: report of an EFNS Task 

Force on acute bacterial meningitis in older children and adults. Eur J Neurol. 2008;15(7):649-59. 

8. Clement S, Braithwaite SS, Magee MF, Ahmann A, Smith EP, Schafer RG, et al. Management of 

diabetes and hyperglycemia in hospitals. Diabetes Care. 2004;27(2):553-91. 

9. de Gans J, van de Beek D, European Dexamethasone in Adulthood Bacterial Meningitis Study I. 

Dexamethasone in adults with bacterial meningitis. N Engl J Med. 2002;347(20):1549-56. 

10. Huang CR, Lu CH, Chang HW, Lee PY, Lin MW, Chang WN. Community-acquired spontaneous 

bacterial meningitis in adult diabetic patients: an analysis of clinical characteristics and prognostic 

factors. Infection. 2002;30(6):346-50. 

11. Jung J, Park KH, Park SY, Song EH, Lee EJ, Choi SH, et al. Comparison of the clinical characteristics 

and outcomes of Klebsiella pneumoniae and Streptococcus pneumoniae meningitis. Diagn Microbiol 

Infect Dis. 2015;82(1):87-91. 

12. Koopmans MM, Brouwer MC, Bijlsma MW, Bovenkerk S, Keijzers W, van der Ende A, et al. Listeria 

monocytogenes sequence type 6 and increased rate of unfavorable outcome in meningitis: 

epidemiologic cohort study. Clin Infect Dis. 2013;57(2):247-53. 

13. Lai WA, Chen SF, Tsai NW, Chang CC, Chang WN, Lu CH, et al. Clinical characteristics and 

prognosis of acute bacterial meningitis in elderly patients over 65: a hospital-based study. BMC 

Geriatr. 2011;11:91. 

14. Muli JM, Seckova S, Sladeckova V, Steno J, Adamcova J, Rabarova L, et al. Meningitis in diabetic 

patients. Neuro Endocrinol Lett. 2007;28 Suppl 3:28-9. 

15. Muller LM, Gorter KJ, Hak E, Goudzwaard WL, Schellevis FG, Hoepelman AI, et al. Increased risk of 

common infections in patients with type 1 and type 2 diabetes mellitus. Clin Infect Dis. 

2005;41(3):281-8. 

16. Petrovici CG, Leca D, Teodor A, Dorneanu O, Juganariu G, Dorobat C, et al. Bacterial meningitis 

during sepsis in diabetic patient. Rev Med Chir Soc Med Nat Iasi. 2013;117(4):901-7. 

17. Pozzilli P, Leslie RD. Infections and diabetes: mechanisms and prospects for prevention. Diabet Med. 

1994;11(10):935-41. 

18. Schut ES, Westendorp WF, de Gans J, Kruyt ND, Spanjaard L, Reitsma JB, et al. Hyperglycemia in 

bacterial meningitis: a prospective cohort study. BMC Infect Dis. 2009;9:57. 

19. Shah BR, Hux JE. Quantifying the risk of infectious diseases for people with diabetes. Diabetes Care. 

2003;26(2):510-3. 

20. Spanos A, Harrell FE, Jr., Durack DT. Differential diagnosis of acute meningitis. An analysis of the 

predictive value of initial observations. JAMA. 1989;262(19):2700-7. 

21. Tsai MH, Lu CH, Huang CR, Chuang YC, Tsai NW, Tsai HH, et al. Bacterial meningitis in young 

adults in Southern Taiwan: clinical characteristics and therapeutic outcomes. Infection. 2006;34(1):2-8. 

 

22. Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL, Scheld WM, et al. Practice guidelines 

for the management of bacterial meningitis. Clin Infect Dis. 2004;39(9):1267-84. 

23. van de Beek D, Brouwer MC, Thwaites GE, Tunkel AR. Advances in treatment of bacterial meningitis. 

Lancet. 2012;380(9854):1693-702. 

24. van de Beek D, Cabellos C, Dzupova O, Esposito S, Klein M, Kloek AT, et al. ESCMID guideline: 

diagnosis and treatment of acute bacterial meningitis. Clin Microbiol Infect. 2016. 

25. van de Beek D, de Gans J, McIntyre P, Prasad K. Steroids in adults with acute bacterial meningitis: a 

systematic review. Lancet Infect Dis. 2004;4(3):139-43. 

26. van de Beek D, de Gans J, Spanjaard L, Weisfelt M, Reitsma JB, Vermeulen M. Clinical features and 

prognostic factors in adults with bacterial meningitis. N Engl J Med. 2004;351(18):1849-59. 

27. van de Beek D, de Gans J, Tunkel AR, Wijdicks EF. Community-acquired bacterial meningitis in 

adults. N Engl J Med. 2006;354(1):44-53. 

28. van de Beek D, Farrar JJ, de Gans J, Mai NT, Molyneux EM, Peltola H, et al. Adjunctive 

dexamethasone in bacterial meningitis: a meta-analysis of individual patient data. Lancet Neurol. 

2010;9(3):254-63. 

29. Workgroup on Hypoglycemia ADA. Defining and reporting hypoglycemia in diabetes: a report from 

the American Diabetes Association Workgroup on Hypoglycemia. Diabetes Care. 2005;28(5):1245-9. 

 

 

  



 

 

  

 

 

Chapter 7 

 
Bacterial meningitis in alcoholic 

patients: a population-based 
prospective study 

  

Kiril E.B. van Veen, Matthijs C. Brouwer, Arie van der Ende,  
Diederik van de Beek 

 

 

 

 

 
Journal of Infection. 2017 Apr;74:352-357. 



 

 

  

 

 

Chapter 7 

 
Bacterial meningitis in alcoholic 

patients: a population-based 
prospective study 

  

Kiril E.B. van Veen, Matthijs C. Brouwer, Arie van der Ende,  
Diederik van de Beek 

 

 

 

 

 
Journal of Infection. 2017 Apr;74:352-357. 



88

Chapter 7

 

Abstract 
Objectives: To study clinical features and outcome of community-acquired bacterial 

meningitis in alcoholic patients. 

 

Methods: Patients with a history of alcoholism were selected from our nationwide, 

prospective cohort on community-acquired bacterial meningitis performed from March 

2006 to October 2014. Data on patient history, symptoms and signs on admission, 

treatment, and outcome were prospectively collected. 

 

Results: Of 1,359 included episodes, 88 episodes (6%) occurred in 88 alcoholic patients. 

Seizures as presenting symptom were present in 18% alcoholic patients, and 23% presented 

with co-existing pneumonia. Causative organisms were Streptococcus pneumoniae in 76%, 

Listeria monocytogenes in 8%, and Neisseria meningitidis in 6% of patients. A high rate of 

system complications occurred with respiratory failure in 40% and endocarditis in 9% of 

patients. Outcome was unfavorable in 58% of alcoholic patients , and 25% died. 

Alcoholism was associated with unfavorable outcome in a multivariate analysis (OR1.96; 

95% CI 1.12-3.46; P=0.019), but not with death (OR 0.76; 95% CI 0.35-1.68; P=0.762). 

 

Conclusion: Alcoholic bacterial meningitis patients often have an unfavorable outcome, 

which appears to result from a high rate of systemic complications, mainly respiratory 

failure. Seizures are common in alcoholic patients and warrant caution of development of 

an alcohol withdrawal syndrome.  

 

Introduction 
Community-acquired bacterial meningitis is a severe infectious disease with high morbidity 

and mortality rates,5 and is most commonly caused by Streptococcus pneumoniae.20 The 

abuse of alcohol increases the susceptibility to bacterial infection by direct influence on 

cellular and humoral immune responses and indirectly through chronic liver disease, 

malnutrition and vitamin deficiencies.12, 15, 25 We previously described characteristics of 27 

alcoholic patients with bacterial meningitis identified in the national cohort on bacterial 

meningitis in the Netherlands from October 1998 to April 2002.23 Over the past 15 years, 

the epidemiology and treatment of bacterial meningitis have changed.11, 18 Vaccines against 

pneumococcal disease, group C meningococcal disease and Haemophilus influenzae type b 

are routinely used in national immunization programs and have reduced the overall 

incidence and changed the distribution of causative pathogens.11, 17, 21 Furthermore, the 

introduction of new treatments such as adjunctive dexamethasone, have improved the 

outcome of bacterial meningitis.6 Here, we report on alcoholic patients identified from the 

national prospective cohort on community-acquired bacterial meningitis in the Netherlands 

from 2006 to 2014.4 We studied clinical features, causative pathogens and prognostic 

factors in alcoholic adults with bacterial meningitis. 

 

Methods 
We conducted a nationwide, prospective cohort study on community-acquired bacterial 

meningitis. Methods have been described in detail previously.4 Between March 2006 and 

October 2014, patients with bacterial meningitis over 16 years old were included. Bacterial 

meningitis was defined as a positive cerebrospinal fluid (CSF) culture or as the combination 

of a positive blood culture with a relevant pathogen, or positive PCR or antigen test in 

cerebrospinal fluid, with at least one CSF finding predictive of bacterial meningitis 

consisting of a CSF leukocyte count >2,000 cells/mm3, polymorphonuclear leukocyte count 

>1,180 cells/mm3, glucose level <1.9 mmol/L, protein level >2g/L, or CSF/blood glucose 

ratio <0.23.13 

Patients with a neurosurgical device, neurosurgical operation or procedure and patients with 

neurotrauma within one month of the onset of meningitis were excluded from the cohort.  
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Alcohol dependence or alcoholism was defined according to the diagnostic criteria of the 

National Institute on Alcohol Abuse and Alcoholism (NIAAA) as a persistent and 

progressive pattern of abnormally intense alcohol seeking behavior that, over time, results 

in loss of control over drinking, a preoccupation with drinking, compulsion to drink or be 

unable to stop drinking and the development of tolerance and dependence.1 The 

interpretation of these criteria was left to the discretion of the treating physician. Strict 

quantitative criteria for the diagnosis of alcoholism (e.g., number of alcoholics 

consumptions per day) were not defined. 

The presence or absence of alcoholism, together with data on patient history, symptoms and 

signs on admission, laboratory findings, radiologic examination, treatment, and outcome 

were prospectively collected using an online case record form (CRF). All patients 

underwent neurologic examination at hospital discharge, and outcome was graded using the 

Glasgow Outcome Scale. A favorable outcome was defined as a score of 5, and an 

unfavorable outcome was defined as a score of 1 to 4.  

This study has been approved by the ethical committee of the Academic Medical Center 

and has been performed in accordance with the ethical standards laid down in the 1964 

Declaration of Helsinki and its later amendments. 

Ethical approval was granted in all participating centres and written informed consent was 

obtained from all participating individuals or legally authorized representatives prior to 

their inclusion in the study.  

 

Statistical analyses were performed with the use of SPSS statistical software, version 23 

(SPSS Inc.). For numerical and ordinal data the student t-test or Mann-Whitney U test were 

used. For categorical data the Fisher exact test was used. Logistic regression was used to 

examine the association between potential predictors and the likelihood of an unfavorable 

outcome and of death. Predictors were selected on basis of our previous study.4 Odds ratios 

(ORs) and 95% confidence intervals (CIs) were used to quantify the strength of these 

associations. All tests were 2-tailed, and p<0.05 was considered significant. 

 

 

 

 

Results 
A total of 1,447 episodes of bacterial meningitis were included in the cohort between 

March 2006 and October 2014. Data on presence or absence of alcoholism was reported for 

1,359 episodes, of which 88 episodes (6%) occurred in 88 alcoholic patients.  

 

Table 1. Characteristics of alcoholic patients.a 
Characteristic  n/N (%) Characteristic  n/N (%) 

Age (years) 62 (51-65) Brain imaging 82/88 (93) 

Male 65/88 (74)  Abnormal 31/82 (38) 

Predisposing conditionsb 21/86 (24)  Otitis or sinusitis on imaging 19/82 (23) 

 Cancer 9/87 (10) Blood chemistry testsc  

 Immunosuppressive drugs 6/88 (7)  Leukocyte count (x109/L) 17.2 (11.0-23.5) 

 Diabetes mellitus 12/87 (14)  Thrombocytes (x1012/L) 193 (129-256) 

Distant foci of infection 34/79 (43)  C-reactive protein (mg/L) 220 (97-350) 

 Pneumonia 18/78 (23) Indexes of inflammation in CSFd  

 Otitis media or sinusitis 17/88 (19)  Leukocyte count (cells/mm3) 1,765 (258-

 Endocarditis 8/88 (9)  Protein (g/L) 4.20 (2.24-5.96) 

Symptoms and signs on admission   CSF/blood glucose ratio 0.03 (0.00-0.20) 

 Duration of symptoms >24 h 40/72 (56) Causative organism  

 Headache 35/55 (64)  Streptococcus pneumoniae 67/88 (76) 

 Temperature ≥38°C 63/85 (74)  Listeria monocytogenes 7/88 (8) 

 Neck stiffness 49/83 (59)  Neisseria meningitidis 5/88 (6) 

 Signs of septic shock 26/83 (31)  Staphylococcus aureus 2/88 (2) 

 Focal neurological deficits 27/85 (32)  Streptococcus agalactiae 2/88 (2) 

 Cranial nerve palsy 9/83 (11)  Othere 5/88 (6) 

CSF: cerebrospinal fluid. 
aData are presented as n/N (%), or median (interquartile range). bOther than alcoholism. cLeukocyte count was 

known in 84 episodes, thrombocyte count in 84 episodes, C-reactive protein in 83 episodes and glucose in 83 

episodes. dCSF Leukocyte count was known in 82 episodes, CSF protein levels in 81 episodes, CSF blood to 

glucose ratio in 80 episodes. e1 Streptococcus pyogenes, 1 Streptococcus anginosus, 1 Streptococcus salivarius, 1 

Hemolytic streptococcus group G, 1 Capnocytophaga canimorsus. 

 

The median age of alcoholic bacterial meningitis patients was 62 years (interquartile range 

[IQR] 51 – 65 years, table 1) and most patients were male (65 of 88 [74%]). Symptoms at 

presentation were headache in 35 of 55 patients (64%), fever in 63 of 85 patients (74%) and 

neck stiffness in 49 of 83 patients (59%). An altered mental state was present in 63 of 87 
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patients (74%), of which 14 were comatose (score on the Glasgow Coma Scale <8). 

Seizures at presentation occurred in 14 of 76 patients (18%). Disease severity on admission, 

as reflected by the scores on the Glasgow Coma Scale, between alcoholic and non-alcoholic 

patients was similar (P=0.3). However, other classical symptoms and signs as headache and 

neck stiffness were less often present in alcoholic patients compared to non-alcoholic 

patients (35 of 55 [64%] vs. 935 of 1,124 [83%], P<0.001 and 49 of 83 [59%] vs. 905 of 

1,203 [75%], P=0.04; table 2). Seizures as presenting symptom were more common in 

alcoholic patients (14 of 76 [(18%] vs. 82 of 1,232 [7%], P<0.001). Alcoholic patients 

presented with a distant focus of infection in 34 of 79 episodes (43%). Pneumonia was 

more frequently present on admission in alcoholic patients compared to non-alcoholic 

patients (pneumonia 18 of 78 [23%] vs. 102 of 1,232 [8%], P<0.001). Brain imaging was 

performed on admission in 82 of 88 patients (93%) and revealed abnormalities in 31 

patients (38%), consisting of signs of otitis or sinusitis in 19 patients (23%). Other 

abnormalities were hypodensity presumed to be infarction in four of 79 patients (5%), 

hydrocephalus in three of 81 patients (4%), generalized edema in two of 81 patients (2%), 

and subdural effusion in one of 82 patients (1%). 

 

A lumbar puncture was performed in all patients. Independent CSF predictors of bacterial 

meningitis were present in 72 of 88 patients (82%). Indexes of inflammation in CSF and 

blood chemistry tests were similar between alcoholic and non-alcoholic patients (table 2). 

CSF culture revealed the causative organism in 83 of 88 patients (94%). In an additional 

four patients with negative CSF cultures the blood culture revealed S. pneumoniae to be the 

causative organism. One patient had a positive PCR of the CSF for Neisseria meningitidis. 

Bacterial meningitis was caused by S. pneumoniae in 67 of 88 patients (76%), Listeria 

monocytogenes in seven of 88 patients (8%), N. meningitidis in 5 of 88 patients (6%), other 

streptococcus subspecies in 8 of 88 patients (9%) and Staphylococcus aureus in 2 of 88 

patients (2%; table 1). One patient had meningitis caused by Capnocytophaga canimorsus. 

Overall the distribution of causative micro-organisms between alcoholic and non-alcoholic 

patients was similar. 

 

 

 

Table 2. Comparison between alcoholic and non-alcoholic patients with bacterial 

meningitis.a 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aData are presented as n/N (%), or median (interquartile range). bTriad of fever, neck stiffness, and change in 

mental status. 

CSF: cerebrospinal fluid, GCS: Glasgow coma scale, ICU: intensive care unit. 

 

 

Characteristic Alcoholism + Alcoholism – P-value 

Age (years) 62 (51-65) 61 (46-69) 0.646 

Male 65/88 (74) 621/1,271 (49) <0.001 

Symptoms and signs on admission    

 Headache 35/55 (64) 935/1,124 (83) <0.001 

 Neck stiffness 49/83 (59) 905/1,203 (75) 0.042 

 Triadb 29/83 (35) 520/1,219 (43) 0.206 

 Altered mental state (GCS <14) 63/87 (74) 893/1,266 (71) 0.627 

 Coma (GCS <8) 14/87 (16) 154/1,266 (12) 0.311 

 Temperature ≥38°C 63/85 (74) 938/1,257 (75) 0.898 

 Diastole <60 mmHg 10/86 (12) 113/1,246 (9) 0.439 

 Heart rate 100 (88-117)  100 (84-112) 0.082 

 Seizures 14/76 (18) 82/1,232 (7) <0.001 

 Pneumonia 18/78 (23) 102/1,232 (8) <0.001 

 Prothrombin time (seconds) 19.6 (12.3-29.4) 16.8 (11.5-24.7) 0.248 

 Endocarditis 8/88 (9) 24/1,266 (2) <0.001 

 Admission to ICU 56/85 (66) 619/1,262 (49) 0.003 

 CSF Leukocyte count (cells/mm3) 1,765 (258-7,391) 2,560 (633-6,950) 0.168 

Causative organism    

 Streptococcus pneumoniae 67/88 (76) 892/1,271 (70) 0.277 

 Neisseria meningitidis 5/88 (6) 140/1,271 (11) 0.151 

 Listeria monocytogenes 7/88 (8) 67/1,271 (5) 0.325 

Symptoms and signs during admission    

 Respiratory failure 34/86 (40) 291/1,226 (24) 0.002 

 Mechanical ventilation 45/85 (53) 381/1,218 (31) <0.001 

 Circulatory shock 11/82 (13) 121/1,217 (10) 0.202 

 Transfer to ICU during admission 11/31 (35) 116/637 (18) 0.031 

Outcome    

 Unfavorable outcome 51/88 (58) 436/1,271 (34) <0.001 

 Mortality 22/88 (25) 191/1,271 (15) 0.022 

 Neurological sequelae 34/66 (52) 328/953 (34) 0.007 
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Alcoholic patients were more often admitted to the intensive care unit (ICU) compared to 

non-alcoholic patients (56 of 85 [66%] vs. 619 of 1,262 [49%]; P=0.003). During 

admission, alcoholic patients, initially admitted outside the ICU, were more often 

transferred to the ICU (11 of 31 [35%] vs. 116 of 637 [18%], P=0.03) compared to non-

alcoholic patients. An impaired consciousness was present during admission in 55 of 77 

alcoholic patients (71%), compared to 625 of 1,198 non-alcoholic patients (52%; P=0.001). 

Seizures during admission were reported in 16 of 81 alcoholic patients (20%). Respiratory 

failure occurred in 34 of 86 alcoholic patients (40%) and was more common in alcoholic 

patients as compared to the non-alcoholic patients (34 of 86 [40%] vs. 291 of 1,226 [24%]; 

P=0.002), which more often resulted in the need for mechanical ventilation (45 of 85 [53%] 

vs. 381 of 1,218 [31%]; P<0.001) compared to non-alcoholic patients. In 17 patients (15%) 

the occurrence of an alcohol withdrawal syndrome was reported. 

 

Echocardiography results were reported in 16 patients (18%), of which eight were 

diagnosed with endocarditis. Four had aortic valve endocarditis and four mitral valve 

endocarditis. Three patients had endocarditis diagnosed at presentation, five during 

admission. Median interval from admission to diagnosis of endocarditis was 5.5 days 

(range 0-14 days). Five patients had the triad of meningitis, endocarditis, and pneumonia 

caused by S. pneumoniae, known as the Austrian syndrome.9 Endocarditis was more 

present in alcoholic meningitis patients compared to non-alcoholic patients (8 of 88 [9%] 

vs. 24 of 1,266 [2%]; P<0.001). 

 

The rate of both unfavorable outcome and mortality was higher in alcoholic patients 

compared to non-alcoholic patients (unfavorable outcome 51 of 88 [58%] vs. 436 of 1,271 

[34%], P<0.001 and mortality 22 of 88 [25%] vs. 191 of 1,271 [15%], P=0.02). In 34 of 66 

surviving alcoholic patients (52%), neurological sequelae were present at discharge. 

Cognitive functioning was examined in 55 surviving patients at discharge and was impaired 

in 19 patients (35%). In a univariable analysis, alcoholism was associated with both 

unfavorable outcome (OR 2.64; 95% CI 1.70-4.09; P<0.001) and death (OR 1.88; 95% CI 

1.14-3.13; P=0.01). In a multivariable analysis, alcoholism remained associated with 

unfavorable outcome after correction for known predictors (OR 1.96; 95% CI 1.12-3.46; 

 

P=0.02; table 3), but was no longer associated with death (OR 0.76; 95% CI 0.35-1.68; 

P=0.76; supplementary table). 

 

Table 3. Univariable and multivariable analyses in patients with bacterial meningitis on 

risk factors for unfavorable outcome. 
 Univariable analysis Multivariable analysis 

Unfavorable outcome OR (95% CI) P value OR (95% CI) P value 

Alcoholism 2.64 (1.70-4.09) <0.001 1.96 (1.12-3.46) 0.019 

Age (years) 1.04 (1.03-1.05) <0.001 1.03 (1.02-1.03) <0.001 

Otitis or sinusitis 0.58 (0.46-0.74) <0.001 0.68 (0.50-0.92) 0.014 

Heart rate (bpm) 1.02 (1.01-1.02) <0.001 1.01 (1.00-1.02) 0.017 

Score on GCS 0.85 (0.82-0.89) <0.001 0.88 (0.84-0.93) <0.001 

Cranial nerve palsy 2.53 (1.67-3.82) <0.001 3.15 (1.89-5.24) <0.001 

CSF leukocyte count     

 <100 cells/mm3 3.87 (2.44-6.15) <0.001 2.27 (1.29-3.98) 0.004 

 100-1000 cells/mm3 2.59 (1.76-3.81) <0.001 2.16 (1.36-3.44) 0.001 

 1000-10,000 cells/mm3 1.13 (0.79-1.60) 0.510 1.04 (0.69-1.59) 0.842 

 >10,000 cells/mm3) Reference  Reference  

Positive bloodculture 1.73 (1.30-2.31) <0.001 1.65 (1.13-2.41) 0.010 

CRP (per 10 mg/l) 1.03 (1.03-1.04) <0.001 1.03 (1.02-1.04) <0.001 

Bpm: beats per minute, CRP: C-reactive protein, CSF: cerebrospinal fluid, GCS: Glasgow coma scale. 

 

Initial antimicrobial therapy included a combination of amoxicillin or penicillin with a 

third-generation cephalosporin in 52 of 87 patients (60%). Three patients were treated 

additionally with acyclovir on the suspicion of viral encephalitis. Adjunctive 

dexamethasone in alcoholic patients was initiated before or together with the antibiotics in 

76 of 86 patients (88%) and in 63 of 86 patients (73%) given according to guideline 

recommendations (10 mg four times per day for 4 days, administered before or together 

with the antibiotics).19  

 
Discussion 

We found that alcoholism is a strong independent risk factor for unfavorable outcome in 

bacterial meningitis. Alcoholic patients were admitted with similar disease severity, but 

were at high risk for clinical deterioration, mainly seizures and respiratory failure, 

prompting more frequent ICU admission, as compared to non-alcoholic patients. This 
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were at high risk for clinical deterioration, mainly seizures and respiratory failure, 

prompting more frequent ICU admission, as compared to non-alcoholic patients. This 
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finding is in line with a study of community-acquired pneumonia describing alcoholism as 

a risk factor for disease severity and ICU admission.7 Increased disease severity associated 

with alcoholism can be explained by dysfunctional innate and adaptive immune responses 

due to alcohol use.16 Although speculative, complications of severe brain infection may be 

more difficult to recognize due to alcohol withdrawal syndrome in alcoholic patients. As 

the clinical condition of alcoholic bacterial meningitis patients frequently worsens during 

admission, these patients should be closely monitored to ensure early initiation of optimal 

supportive care if needed. Early intensive care treatment of these patients is pertinent to 

avoid unfavorable disease outcome. 

 

Alcoholic patients were at risk for seizures. Seizures have been associated with severe 

central nervous system (CNS) and systemic inflammation, structural CNS lesions, 

pneumococcal meningitis, and predisposing conditions, and are associated with high 

mortality rate.26 In alcoholic patients, alcohol abstinence may also induce seizures. As 

patients may be ill from their meningitis or predisposing infection they may have stopped 

drinking as a consequence and are at risk for an alcohol withdrawal syndrome, including 

seizures. The alcohol withdrawal syndrome has been associated with mortality rates of 15% 

if untreated. In alcoholic patients, seizures should trigger treatment with benzodiazepines 

early during disease course, to prevent an alcohol withdrawal syndrome.8  

 

The distribution of causative organisms between alcoholic and non-alcoholic patients was 

similar. This finding is in contrast with a previous study.23 This study was performed in the 

period 1998-2002 and had a similar setting and design.23 However, the distribution of 

causative organisms of community-acquired bacterial meningitis has changed over the last 

decades.4, 20, 24 Serogroup C meningococcal meningitis virtually disappeared after routine 

vaccination against this bacterium started in 2002.3, 4 Serogroup B meningococcal 

meningitis has also decreased, although this is probably because of a natural fluctuation in 

incidence.2 The incidence of pneumococcal meningitis has decreased after introduction of 

the seven-valent and ten-valent conjugate vaccines, but the relative contribution of 

pneumococcal meningitis to adult bacterial meningitis has increased to 72%.4 This can be 

explained by the characteristics of the bacterial meningitis population, which now are older 

patients and patients with other risk factors for pneumococcal meningitis, such as otitis, 

 

sinusitis, and an immunocompromised state, than were the patients in 1998–2002.20 We 

identified one patient with Capnocytophaga canimorsus, a zoonotic pathogen, which must 

be regarded as a very uncommon pathogen causing meningitis.22  

A large proportion of alcoholic patients with community-acquired bacterial meningitis had 

concomitant endocarditis (9%). Many of these patients (5 of 8 patients with endocarditis) 

had the triad of pneumococcal meningitis, endocarditis, and pneumonia, also described as 

the Austrian syndrome.9 Endocarditis in meningitis patients is associated with a high rate of 

neurological and systemic complications and requires prolonged antibiotic treatment or 

cardiac surgery in a selection of patients.10 The incidence of endocarditis in alcoholic 

meningitis patients is likely an underestimation since it may have been missed in patients 

with severe bacterial meningitis who died in the first days of admission. Therefore, 

cardiologic consultation should be a priority in alcoholic patients with bacterial meningitis, 

even in the absence of clinical characteristics suggestive for endocarditis. 

 

This study has several limitations. The most important limitation of our study is the lack of 

strict quantitative criteria for the diagnosis of alcoholism. Therefore, we used the diagnostic 

criteria of the NIAAA for alcohol dependence or alcoholism1 and the interpretation of these 

criteria was left to the discretion of the treating physician. No standard blood tests for liver 

enzymes or liver function were performed and presence alcohol-induced physical harm was 

unknown (e.g. liver cirrhosis). As a consequence, the presence of alcoholism was based on 

the information provided by the patients or their families. It has been shown that alcoholism 

is underreported in questions about typical quantities of alcohol consumed.14 As a result, 

the presence of alcoholism may be underestimated in our cohort. Furthermore, we did not 

differentiate between active alcoholics and those with alcoholism in the past. Other 

limitations of this study were that only patients with culture-proven meningitis were 

included in our cohort study. Not all patients with suspected bacterial meningitis may 

undergo a lumbar puncture, e.g. patients with coagulopathy due to sepsis or those with 

space-occupying lesions on cranial imaging. These patients were not included in our cohort. 

 

In conclusion, alcoholic bacterial meningitis patients often have an unfavorable outcome, 

which appears to result from a high rate of systemic complications mainly respiratory 

failure. Seizures are common in alcoholic patients and warrant caution of development of 
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meningitis patients is likely an underestimation since it may have been missed in patients 
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cardiologic consultation should be a priority in alcoholic patients with bacterial meningitis, 

even in the absence of clinical characteristics suggestive for endocarditis. 
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strict quantitative criteria for the diagnosis of alcoholism. Therefore, we used the diagnostic 
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an alcohol withdrawal syndrome. Early intensive care treatment of these patients is 

pertinent to avoid unfavorable disease outcome. 
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Supplementary table. Univariable and multivariable analyses in patients with bacterial 

meningitis on risk factors for death. 
 Univariable analysis Multivariable analysis 

Death OR (95% CI) P value OR (95% CI) P 

Alcoholism 1.88 (1.14-3.13) 0.014 0.76 (0.35-1.68) 0.762 

Age (years) 1.06 (1.05-1.07) <0.001 1.04 (1.03-1.06) <0.001 

Otitis or sinusitis 0.37 (0.25-0.53) <0.001 0.48 (0.30-0.77) 0.003 

Diabetes mellitus 1.71 (1.15-2.54) 0.008 1.89 (1.12-3.18) 0.016 

Neck stiffness 0.49 (0.35-0.67) <0.001 0.44 (0.29-0.66) <0.001 

Score on GCS 0.84 (0.80-0.88) <0.001 0.87 (0.82-0.93) <0.001 

CSF leukocyte count     

 <100 cells/mm3 5.90 (3.27-10.65) <0.001 3.87 (1.81-8.25) <0.001 

 100-1000 cells/mm3 3.01 (1.74-5.21) <0.001 2.74 (1.39-5.37) 0.004 

 1000-10,000 cells/mm3 1.17 (0.68-2.00) 0.565 1.27 (0.67-2.41) 0.471 

 >10,000 cells/mm3) Reference  Reference  

CSF protein (g/L) 1.08 (1.04-1.12) <0.001 1.08 (1.02-1.13) 0.005 

Thrombocyte count      

 <150 x1012/L 2.27 (1.65-3.14) <0.001 1.24 (0.81-1.91) 0.321 

 150-450 x1012/L Reference  Reference  

 >450 x1012/L 3.19 (1.36-7.50) 0.008 3.19 (0.88-11.53) 0.077 

CRP (per 10 mg/l) 1.04 (1.03-1.05) <0.001 1.04 (1.02-1.05) <0.001 

CRP: C-reactive protein, CSF: cerebrospinal fluid, GCS: Glasgow coma scale. 
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Bacterial meningitis is a severe infectious disease with high mortality and morbidity rates.1 

The most common causative organisms of community-acquired bacterial meningitis in the 

Netherlands are Streptococcus pneumoniae and Neisseria meningitidis, which are identified 

in over 80% of cases. The incidence of bacterial meningitis in the general population was 

0.94 per 100,000 per year in 2014, and the relative contribution of pneumococcal 

meningitis to adult bacterial meningitis has increased.2 As a result, patients with bacterial 

meningitis nowadays are older and more likely to have risk factors for pneumococcal 

meningitis, such as an immunocompromised state.3 

Frequently encountered causative organisms of community-acquired bacterial meningitis 

are encapsulated bacteria, such as S. pneumoniae and N. meningitidis. The capsule is an 

important virulence factor and protects bacteria from opsonisation by complement. 

Antibodies against the capsule are therefore needed for phagocytosis. Patients with 

impaired humoral immunity are vulnerable to these encapsulated bacteria. 

Another important cause of meningitis is L. monocytogenes, which evades the humoral 

immune response by hiding in the cytosol of infected cells. Because of its intracellular 

location, L. monocytogenes is susceptible to cellular immunity mediated by CD8+ T-cells. 

 

Immune deficiencies 
An immunocompromised state can be inherited (genetic) or acquired. Examples of 

inherited immune deficiencies are X-linked agammaglobulinemia, an antibody deficiency, 

and severe combined immune deficiency, a T-cell deficiency that consequently affects all 

aspects of the adaptive immune system. These conditions, however, are uncommon with 

incidence of 1 in 379,000 and 1 in 100,000 births respectively.4, 5 Genetic factors can also 

contribute to the susceptibility to bacterial meningitis. Studies of extreme phenotypes have 

identified genetic correlates of increased susceptibility in the complement system and the 

signaling cascade after TLR and interleukin-1 receptor activation. These polymorphisms 

are associated with increased susceptibility to bacterial meningitis but are rare in the normal 

population.6, 7 

 

 

 

 

Acquired immune deficiencies 
In this thesis we focused on acquired immunodeficiencies underlying community-acquired 

bacterial meningitis in adults. Several conditions can cause impairment in one or more parts 

of the immune system. Conditions affecting T-helper cells result in impaired cellular 

immunity directed by CD4+ TH1 cells and impaired humoral immunity directed by CD4+ 

TH2 cells. A well-known cause is HIV infection, which infects CD4+ T cells. These cells 

die as a direct result of viral infection, through increased susceptibility to apoptosis, by 

killing cytotoxic CD8 T and by other immune responses elicited by HIV infection.8 

Other conditions affect the immune system through more complex mechanisms. 

Corticosteroids act through a complex set of actions resulting from the pleiotropic effects of 

the glucocorticoid receptor on multiple signaling pathways in the immune system. It affects 

gene expression both directly and indirectly, and has effects on second-messenger 

cascades.9 As a result, cytokine production is decreased, cell migration to sites of infection 

is inhibited and CD4+ TH1 cells are suppressed, leading to impaired cellular immunity. 

Patients are therefore more vulnerable to intracellular and opportunistic infections.10 

Chronic alcohol exposure impairs both the innate and adaptive immune system by reducing 

macrophage function through decreased phagocytic capacity, release of cytokines and 

chemokines and release of neutrophil chemo-attractants.11 As a result, both cellular and 

humoral immunity are impaired. 

Several mechanisms have been proposed by which diabetes mellitus leads to an 

immunocompromised state. A theory is that hyperglycemia leads to persistent activation of 

polymorphonuclear leukocytes which as a result are ‘exhausted’ and less capable to 

respond if an infection occurs.12 Furthermore, chemotaxis is reported to be reduced, 

especially when glucose levels are poorly controlled. Phagocytosis may be impaired, and 

number and function of T-cells are reduced.13  

Hematopoietic stem cell transplant and solid organ transplant recipients are 

immunocompromised as a result of several mechanisms.14, 15 Underlying diseases and 

hematological malignancies may cause neutropenia or abnormal T- or B-cell function with 

subsequently impaired cellular or humoral immunity. Transplantation preparatory treatment 

procedures, e.g. chemotherapy and whole body radiotherapy, lead to an 

immunocompromised state. The treatment with immunosuppressive medication further 

increases susceptibility to bacterial infection.  
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The spleen plays a major role in clearance of unopsonized pneumococci and other bacteria 

from the blood. As a result, after splenectomy or in patients with functional hyposplenism, 
overwhelming pneumococcal infection can occur. 

Cancer leads to immunodeficiency as a result of above-mentioned conditions. Cancer can 

have a direct influence on the immune system as in hematological malignancies. 

Furthermore, cancer indirectly influence the immune system through procedures related to 

cancer, such as chemotherapy, splenectomy, immunosuppressive therapy and hematopoietic 

stem cell transplantation. Poor condition of cancer patients makes patients also more 

vulnerable to infections. Tumors of the nasopharynx or skull may disrupt the protective 

natural barriers surrounding the brain and create an entry site for bacteria. 

 

Epidemiology 
At least 33% of episodes of community-acquired bacterial meningitis occur in 

immunocompromised patients,2 making this an important subgroup of patients. All groups 

of immunocompromised patients, for which incidence could be calculated, had a higher risk 

for acquiring bacterial meningitis compared to people without the underlying condition. 

The risk ratio ranged from 2 for diabetes patients to 52 for allogeneic hematopoietic stem 

cells transplant recipients. Most encountered conditions leading to an immunocompromised 

state were diabetes mellitus in 13% and cancer or a history of cancer in 12% of episodes 

(table 1).16 This can well be explained by the relative high prevalence of both conditions in 

the Netherlands. The incidence of bacterial meningitis was highest in hematopoietic stem 

cell transplant recipients. However, as HSCT is a relative infrequent procedure in the 

Netherlands, they compose only a small proportion of the cohort.  

An important finding was that most cases of bacterial meningitis in transplant recipient, 

both hematopoietic stem cell and solid organ, are late onset infections with median interval 

of transplantation to episode of bacterial meningitis of 4 years, with the longest interval 

being 23 years. Physicians and transplant recipients should be aware of this persisting 

increased risk of bacterial infections and emphasis should be placed on early recognition of 

the disease and the lifelong increased risk. 
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The spleen plays a major role in clearance of unopsonized pneumococci and other bacteria 

from the blood. As a result, after splenectomy or in patients with functional hyposplenism, 
overwhelming pneumococcal infection can occur. 

Cancer leads to immunodeficiency as a result of above-mentioned conditions. Cancer can 

have a direct influence on the immune system as in hematological malignancies. 

Furthermore, cancer indirectly influence the immune system through procedures related to 

cancer, such as chemotherapy, splenectomy, immunosuppressive therapy and hematopoietic 

stem cell transplantation. Poor condition of cancer patients makes patients also more 

vulnerable to infections. Tumors of the nasopharynx or skull may disrupt the protective 

natural barriers surrounding the brain and create an entry site for bacteria. 

 

Epidemiology 
At least 33% of episodes of community-acquired bacterial meningitis occur in 

immunocompromised patients,2 making this an important subgroup of patients. All groups 

of immunocompromised patients, for which incidence could be calculated, had a higher risk 

for acquiring bacterial meningitis compared to people without the underlying condition. 

The risk ratio ranged from 2 for diabetes patients to 52 for allogeneic hematopoietic stem 

cells transplant recipients. Most encountered conditions leading to an immunocompromised 

state were diabetes mellitus in 13% and cancer or a history of cancer in 12% of episodes 

(table 1).16 This can well be explained by the relative high prevalence of both conditions in 

the Netherlands. The incidence of bacterial meningitis was highest in hematopoietic stem 

cell transplant recipients. However, as HSCT is a relative infrequent procedure in the 

Netherlands, they compose only a small proportion of the cohort.  

An important finding was that most cases of bacterial meningitis in transplant recipient, 

both hematopoietic stem cell and solid organ, are late onset infections with median interval 

of transplantation to episode of bacterial meningitis of 4 years, with the longest interval 

being 23 years. Physicians and transplant recipients should be aware of this persisting 

increased risk of bacterial infections and emphasis should be placed on early recognition of 

the disease and the lifelong increased risk. 
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In HIV-infected patients, the risk of acquiring bacterial meningitis is related to the CD4 

count of the patients, with a CD4 count below 200 cells/mm3 as strongest predictor for 

acquiring bacterial meningitis.17 In our study, however, most patients had a CD4 count 

between 200 and 500 cells/mm3, indicating the higher risk to exist also in less severe 

immunocompromised HIV-infected patients. 

 

Causative organisms 
For all conditions leading to an immunocompromised state, S. pneumoniae was the most 

frequently encountered causative organism of bacterial meningitis (table 1). In patients with 

splenectomy or functional hyposplenism, S. pneumoniae was even the sole causative 

organism. In patients with more pronounced dysfunction of cellular immunity, such as 

patients using corticosteroids, L. monocytogenes was a common pathogen. For solid organ 

transplants recipients and cancer patients, L. monocytogenes was the second-most common 

pathogen. This may be the effect of the use of corticosteroids in these groups of patients. In 

conditions with more diffuse interactions with the immune system, such as diabetes 

mellitus and alcohol abuse, L. monocytogenes was also found to be the second most 

common causative microorganism. Some uncommon pathogens, such as Pseudomonas 

aeruginosa and Nocardia farcinica for diabetes patients, were identified in 

immunocompromised patients only. 

Regardless the specific underlying condition causing an immunocompromised state, S. 

pneumoniae and L. monocytogenes should be considered as causative organisms in 

immunocompromised patients, but physicians should be aware of other uncommon 

organisms. 

 

Presentation 
Immunocompromised patients were less likely to present with typical clinical 

characteristics of meningitis, such as headache and neck stiffness, and often had a more 

protracted clinical course as compared to the general bacterial meningitis population.2 Also, 

laboratory parameters of infection in both blood and CSF examinations can be less marked 

in this group of patients. For example, half of patients using immunosuppressive 

medication had a CSF leukocyte count of less than 1,000 cells per mm3. The combination 

 

of few typical signs of meningitis and CSF abnormalities may hinder recognition of 

bacterial meningitis in immunocompromised patients and physicians may therefore fail to 

recognize bacterial meningitis and instead diagnose viral meningitis or encephalitis. To 

prevent therapeutic delay, a low threshold should be kept for starting empirical 

antimicrobial treatment in immunocompromised patients in whom meningitis is considered, 

also if bacterial meningitis is not immediately eminent. 

 

Outcome and complications 
We found outcome to be worse for most immunocompromised patients compared to 

patients without a condition leading to an immunocompromised state. 

 

For patients using immunosuppressive medication mortality was higher than for patients 

without immunosuppressive medication. Splenectomy or functional hyposplenia resulted in 

high mortality rates and 

unfavorable outcome.20 Cancer was independently associated with unfavorable functional 

outcome.16 HSCT recipients more often had neurological sequelae and persisting hearing 

loss compared to patients without HSCT in their medical history. 

For all these conditions low CSF leukocyte counts were frequently encountered. Low CSF 

leucocyte count (below 1,000 cells per mm3) has been shown to be a predictor of 

unfavorable outcome 2, 21 and might indicate the lack of an adequate leucocyte response 

resulting in excessive bacterial growth. Low CSF leukocyte counts have previously been 

related to an increased rate of intracranial complications in an animal model of 

pneumococcal meningitis.22  

For both HSCT and solid organ transplant recipients there was a trend to worse outcome, 

but as both groups included only few patients we probably lacked power to prove an 

association. 

We found diabetes to be an independent predictor of mortality in bacterial meningitis. This 

effect could not be explained by high blood glucose levels, which has previously been 

related to poor outcome.15 We found diabetes patients more often had respiratory failure 

and need of mechanical ventilation as compared to patients without diabetes. These 

findings may indicate disease to be more severe in diabetes patients and thereby lead to 

higher mortality. 
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pneumococcal meningitis.22  

For both HSCT and solid organ transplant recipients there was a trend to worse outcome, 

but as both groups included only few patients we probably lacked power to prove an 

association. 

We found diabetes to be an independent predictor of mortality in bacterial meningitis. This 
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findings may indicate disease to be more severe in diabetes patients and thereby lead to 
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For alcoholics with bacterial meningitis rates of both unfavorable outcome and mortality 

were higher compared to non-alcoholic patients. Our data show pneumonia is relatively 

common in alcoholic bacterial meningitis patients, and respiratory failure, ICU admission 

or transfer to the ICU occurred often in alcoholic patients. A study of community-acquired 

pneumonia showed alcoholism resulted in increased disease severity illustrated by more 

severe pneumonia and higher rates of ICU admission.23 Disease severity is a likely 

explanation for the high proportion of patients with poor outcome in alcoholic bacterial 

meningitis patients. As the clinical condition of alcoholic bacterial meningitis patients 

frequently worsens during admission and transfer to the ICU is needed in one third of 

patients, these patients should be closely monitored to ensure early initiation of optimal 

supportive care if needed. A low threshold should be kept for direct admission to the ICU 

for alcoholics with bacterial meningitis. 

There are important pitfalls in alcoholic patients to be considered. As alcoholic patients 

probably have stopped drinking as a consequence of being severely ill from their meningitis 

they are at risk for developing an alcohol withdrawal syndrome. We found alcoholic 

patients to have a higher rate of seizures, both at presentation and during admission 

compared to non-alcoholic patients. Seizures itself are associated with severe CNS and 

systemic inflammation, structural CNS lesions, pneumococcal meningitis, and predisposing 

conditions, and are associated with high mortality rates.24 Furthermore, alcohol withdrawal 

syndrome is associated with mortality rates of 15% if not treated. Therefore treatment with 

benzodiazepines may be considered early during disease course of bacterial meningitis in 

alcoholic patients.25  

Another pitfall is concomitant endocarditis, especially in patients with pneumococcal 

meningitis. The triad of pneumococcal meningitis, endocarditis, and pneumonia is 

recognized as the Austrian syndrome and is a rare condition predominantly seen in middle-

aged alcoholic men.26 Endocarditis in meningitis patients is associated with a high rate of 

neurological and systemic complications and requires prolonged antibiotic treatment or 

cardiac surgery in a selection of patients.27 Cardiologic consultation should be a priority in 

alcoholic patients with bacterial meningitis, even in the absence of clinical characteristics 

suggestive for endocarditis. 

 

 

HIV-infected patients were the only group of immunocompromised patients in which 

outcome was similar in infected and non-infected patients. In earlier studies, outcome in 

HIV-infected patients has been related to low CD4 counts. A CD4 count below 200 cells 

per mm3 was associated with more neurological complications and subsequently a worse 

outcome.17 We did not find this relation between low CD4 counts and outcome, which may 

well be explained by the relatively low number of patients in our study with a CD4 counts 

below 200 cells per mm3. The fact that only few patients had low CD4 counts may be due 

to the improvement of cART28 and the optimization of the timing of cART,29 preventing the 

patients to become severely immunocompromised. Furthermore, in the Netherlands, 

sexually transmitted infections (STI) clinics offer high-risk groups access to free testing for 

STI and provide care and treatment if an STI is diagnosed. Therefore, HIV is often 

diagnosed and treatment is initiated in an early disease stage.19  

 

Treatment and preventative measures 
Antibiotic treatment 

In 2013, a new Dutch guideline on bacterial meningitis was published including empiric 

antibiotic treatment in adult patients.30 Recommendations include treatment with 

amoxicillin or penicillin in combination with a third generation cephalosporin. The four 

most common pathogens are covered by this regimen, S. pneumoniae, N. meningitidis, L. 

monocytogenes and H. influenzae. Our studies showed that these pathogens are the most 

common causative organisms in immunocompromised patients as well. Consequently, 

guideline recommendations can safely be followed in immunocompromised patients. 

Therefore, empirical antibiotic treatment should be amoxicillin and a 3e generation 

cephalosporin (ceftriaxone or cefotaxime). 

 

Dexamethasone 

Randomized clinical trials have evaluated the efficacy of adjunctive corticosteroid therapy 

in community-acquired bacterial meningitis.31-34 A large European randomized controlled 

trial in adults showed a beneficial effect of dexamethasone in bacterial meningitis, with the 

benefit most apparent in pneumococcal meningitis patients.31 Following this study, 

adjunctive dexamethasone has been incorporated in treatment guidelines for bacterial 

meningitis.35-37 However, no effect has been established in patients with L. monocytogenes 
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benefit most apparent in pneumococcal meningitis patients.31 Following this study, 
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meningitis or immunocompromised patients due to human immunodeficiency virus 

infection.34 

 

The beneficial effect of adjunctive dexamethasone has only been observed in studies from 

high-income countries. In resource poor settings, with high HIV infection rates, randomized 

controlled trials showed no effect of dexamethasone.38 It is thought the HIV infection may 

contribute to the lack of effect of dexamethasone. Therefore, it is not routinely advised in 

bacterial meningitis patients in the Netherlands. Nevertheless, all included HIV-infected 

patients in the cohort received adjunctive dexamethasone therapy. HIV-patients with severe 

immunocompromise (CD4 count below 200 cells/mm3) are at risk for other infections of 

the central nervous system, such as cryptococcal and tuberculous meningitis.39, 40 In these 

conditions dexamethasone is detrimental when the pathogen is not adequately treated. 

Therefore, caution is warranted for the use of dexamethasone in HIV-infected patients 

suspected of a CNS infection. HIV-infected patients with adequate CD4 counts on the other 

hand, may be treated as immunocompetent patients including dexamethasone.  

Solid organ transplant were found patients to have a different spectrum of causative micro-

organisms, and only 33% had S. pneumoniae as causative organism. For the other causative 

organisms the effect of adjunctive dexamethasone treatment is unclear.  

For patients with HSCT, splenectomy or functional hyposplenism or cancer, S. pneumoniae 

was the most common causative organism. As a result, it can be argued that adjunctive 

dexamethasone has a role in these patients groups. We advise to start dexamethasone until 

culture results are complete. 

In patients using immunosuppressive medication, adjunctive dexamethasone treatment 

showed a favorable trend for death. The observed effect size was similar to that of the total 

population of bacterial meningitis patients and was not influenced by known other risk 

factors of mortality.31 Patients treated with adjunctive dexamethasone did not experience a 

higher rate of dexamethasone-related complications such as hyperglycemia requiring 

insulin a gastric bleeding. Randomized controlled trials on the effect of adjunctive 

dexamethasone in bacterial meningitis either do not report on the use of corticosteroids or 

immunosuppressive medication,31, 38, 41 or have glucocorticoids or immunosuppressive 

medication as an exclusion criterion.42, 43 With the number of patients included in this 

analysis we lack power to identify a significant association of dexamethasone, but we found 

 

a similar point estimate as was identified in previous studies. Based on these findings the 

use of adjunctive dexamethasone should be considered in patients using 

immunosuppressive medication.  

Diabetes patients were less likely to be treated with adjunctive dexamethasone therapy. 

Physicians may be hesitant to administer corticosteroids in diabetes patients. First, 

administration of corticosteroids in diabetes patients may cause dysregulation of diabetes. 

We found this occurs, but only in 13% of diabetes patients on dexamethasone. Second, 

patients with diabetes have been described to be at risk for atypical pathogens. We found 

causative pathogens between diabetes and non-diabetes meningitis patients to be similar 

with pneumococci as most common pathogen. Although hyperglycemia has been associated 

with unfavorable outcome in bacterial meningitis,44 this detrimental effect probably does 

not counterbalance the favorable effect of adjunctive dexamethasone in pneumococcal 

meningitis.31, 32, 34, 37 Therefore we advise to follow the guidelines recommendation to start 

10 mg of dexamethasone four times per day for four days, administered before or together 

with the antibiotics, in bacterial meningitis patients, including those with diabetes.36, 37, 45 

 

Vaccinations 

The response to vaccines depends on a functioning immune system. For encapsulated 

bacteria, such as S. pneumoniae, N. meningitidis and H. influenzae, vaccines are made of 

purified capsular polysaccharides, which are components of the capsule. As the capsule 

prevents complement from opsonizing to the bacteria, the aim is to elicit an immune 

response to produce antibodies aimed against the capsule which results in activation of the 

classical (antibody-dependent) complement pathway. The immune response to 

polysaccharide vaccines is a T-cell independent antibody response. A different type of 

vaccine is the conjugate vaccine, which induces a T-cell dependent antibody response. In 

immunocompromised patients the response to vaccines is less powerful compared to 

healthy individuals. 

 

Most studies on vaccination in immunocompromised patients have been done for S. 

pneumoniae. For pneumococci both polysaccharide vaccine and conjugate vaccines exist. 

In most immunocompromised patients polysaccharide vaccine results in a poor immune 

response, but an advantage is that many of pathogenic strains are included, e.g. 23-valent 
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We found this occurs, but only in 13% of diabetes patients on dexamethasone. Second, 
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with unfavorable outcome in bacterial meningitis,44 this detrimental effect probably does 

not counterbalance the favorable effect of adjunctive dexamethasone in pneumococcal 
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prevents complement from opsonizing to the bacteria, the aim is to elicit an immune 

response to produce antibodies aimed against the capsule which results in activation of the 

classical (antibody-dependent) complement pathway. The immune response to 

polysaccharide vaccines is a T-cell independent antibody response. A different type of 

vaccine is the conjugate vaccine, which induces a T-cell dependent antibody response. In 

immunocompromised patients the response to vaccines is less powerful compared to 

healthy individuals. 

 

Most studies on vaccination in immunocompromised patients have been done for S. 
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In most immunocompromised patients polysaccharide vaccine results in a poor immune 

response, but an advantage is that many of pathogenic strains are included, e.g. 23-valent 
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polysaccharide pneumococcal vaccine. Usually a better immune response is made against 

conjugate vaccines, however less strains are included in these vaccines, e.g. 13-valent 

pneumococcal conjugate vaccine. Studies have shown that the combination of both 

polysaccharide and conjugate vaccine have a complementary effect on each other.46, 47 As a 

result, most guidelines recommend the use of schedules combining conjugate and 

polysaccharide vaccine (table 2).48-52  

 

The importance of vaccination is outlined by the large proportion of inadequately or 

unvaccinated patients in immunocompromised patients with bacterial meningitis. Only 21% 

of patient with splenectomy or functional hyposplenism had been vaccinated according to 

guidelines, one of 14 HIV-infected patients and none of the solid organ transplant recipients 

had been vaccinated. However, in HSCT recipients, four patients had S. pneumoniae 

meningitis due to a vaccine-covered serotype despite vaccination with PPV-23. Therefore, 

physicians and patients should notice that vaccine-failure does occur. 

 

Vaccine recommendations are:52 

- PPV-23 for diabetes and alcoholic patients;  

- PCV-13 followed by PPV-23 after 8 weeks and repeated PPV-23 after 5 years for cancer 

patients, patients using immunosuppressive medication, solid organ transplant recipients 

and HIV-infected patients;  

- PCV-13 followed by PPV-23 after 8 weeks and repeated PPV-23 after 5 years, MenB and 

MenACWY repeated every 5 years and Hib for splenectomized patients or patients with 

functional hyposplenism;  

- Three doses of PCV-13 followed by one dose of PPV-23, and Hib for hematopoietic stem 

cell transplant recipients. 

 

Future perspective 
Our study has been performed in the Netherlands making it representative for Western-

Europa high-income countries. As setting and resources differ significantly between high- 

and low-income countries, populations are difficult to compare and results cannot just be 

extrapolated from each other. 

 

For example, HIV infection is endemic in Sub-Saharan Africa. As anti-retroviral therapy is 

not available to all in this region this may well influence incidence and outcome of bacterial 

meningitis in HIV-infected patients. Therefore, it would be of interest to perform a cohort 

study in these countries to evaluate the influence of HIV infection on incidence and 

outcome of bacterial meningitis. 

More observational study, preferably from other countries, would help to confirm our 

findings and may help to understand the clinical course and outcome of bacterial meningitis 

in immunocompromised patients. Better understanding may aid to direct trials for better 

treatment of these complex patient group. For example, it can be of interest to investigate 

the effect of dexamethasone on outcome in bacterial meningitis for different conditions 

leading to an immunocompromised state. Ideally, randomized trials can assess the 

efficiency of immunization in pneumococcal meningitis and meningitis caused by other 

encapsulated bacteria in immunocompromised patients which helps to optimize vaccination 

schemes. However, as most groups of immunocompromised patients consist of only few 

patients, randomized trials will not be performed solely for bacterial meningitis. 

Prospective observational studies as presented in this thesis are therefore the most feasible 

way of understanding bacterial meningitis in immunocompromised patients and getting 

directions for improvement of prevention, identifying underlying conditions, treatment and 

follow-up. 
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Summary 

Bacterial meningitis is an acute infection of the meninges. Patients suffering from bacterial 

meningitis typically present with headache, neck stiffness, fever, and a change in mental 

status. Bacterial meningitis in The Netherlands is most commonly caused by Streptococcus 

pneumoniae and Neisseria meningitidis, which are identified in over 80% of cases. Several 

risk factors for acquiring bacterial meningitis exist of which most involve around decreased 

function of the immune system, which occurs in conditions such as splenectomy, 

alcoholism, cancer, HIV infection and the use of immunosuppressive medication.  

Patients with diseases leading to an immunocompromised state who develop bacterial 

meningitis may present with specific clinical characteristics and ancillary examinations 

may also differ. Immunodeficiencies may influence the rate of complications and outcome 

and the spectrum of causative pathogens in immunodeficient patients may be substantially 

different. Therefore, the aim of this thesis was to study occurrence, clinical features and 

outcome of bacterial meningitis in several conditions leading to an immunocompromised 

state.  

In chapter 2 the characteristics of bacterial meningitis in HIV-infected adults in the 

Netherlands are studied. 

Thirteen HIV-infected patient were identified from a nationwide, prospective cohort study. 

HIV-infected patients in the Netherlands were found to have a 8.3-fold higher risk for 

bacterial meningitis as compared to the general population despite cART therapy. Clinical 

presentation and outcome of patients with acute bacterial meningitis with and without HIV 

are similar.  

In chapter 3 occurrence, disease course, and prognosis of bacterial meningitis in solid 

organ transplant recipients in the Netherlands are studied. Six patients, all with renal 

transplantation, were identified. Bacterial meningitis was found to be a rare but devastating 

complication of solid organ transplantation. Recognition of meningitis was shown to be 

difficult owing to atypical clinical manifestation. The annual incidence of bacterial 

meningitis was 7-fold higher for renal transplant recipients as compared to the general 

population. An unfavorable functional outcome occurred in 67% of patients.  

Chapter 4 describes patients with a medical history of autologous or allogeneic 

hematopoietic stem cell transplantation (HSCT). Fourteen HSCT patients were identified, 
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status. Bacterial meningitis in The Netherlands is most commonly caused by Streptococcus 

pneumoniae and Neisseria meningitidis, which are identified in over 80% of cases. Several 

risk factors for acquiring bacterial meningitis exist of which most involve around decreased 

function of the immune system, which occurs in conditions such as splenectomy, 

alcoholism, cancer, HIV infection and the use of immunosuppressive medication.  

Patients with diseases leading to an immunocompromised state who develop bacterial 

meningitis may present with specific clinical characteristics and ancillary examinations 

may also differ. Immunodeficiencies may influence the rate of complications and outcome 

and the spectrum of causative pathogens in immunodeficient patients may be substantially 

different. Therefore, the aim of this thesis was to study occurrence, clinical features and 

outcome of bacterial meningitis in several conditions leading to an immunocompromised 

state.  

In chapter 2 the characteristics of bacterial meningitis in HIV-infected adults in the 

Netherlands are studied. 

Thirteen HIV-infected patient were identified from a nationwide, prospective cohort study. 

HIV-infected patients in the Netherlands were found to have a 8.3-fold higher risk for 

bacterial meningitis as compared to the general population despite cART therapy. Clinical 

presentation and outcome of patients with acute bacterial meningitis with and without HIV 

are similar.  

In chapter 3 occurrence, disease course, and prognosis of bacterial meningitis in solid 

organ transplant recipients in the Netherlands are studied. Six patients, all with renal 

transplantation, were identified. Bacterial meningitis was found to be a rare but devastating 

complication of solid organ transplantation. Recognition of meningitis was shown to be 

difficult owing to atypical clinical manifestation. The annual incidence of bacterial 

meningitis was 7-fold higher for renal transplant recipients as compared to the general 

population. An unfavorable functional outcome occurred in 67% of patients.  

Chapter 4 describes patients with a medical history of autologous or allogeneic 

hematopoietic stem cell transplantation (HSCT). Fourteen HSCT patients were identified, 
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of which 3 had underwent autologous and 11 allogeneic hematopoietic stem cell 

transplantation. The incidence of bacterial meningitis in HSCT recipients was 40.4 per 

100,000 patients per year, which is 30-fold higher compared to persons without HSCT. 

Incidence was higher in allogeneic HSCT compared to autologous HSCT (70.0 vs. 15.8 per 

100,000 patients per year). Meningitis was mostly due to S. pneumoniae, and mortality was 

21% and 55% of survivors had sequelae. Vaccination is important to prevent disease 

although vaccine-failures did occur.  

In chapter 5 occurrence, presentation, disease course, effect of adjunctive dexamethasone, 

and prognosis of bacterial meningitis in patients using immunosuppressive medication are 

examined. Eighty-seven of 1,447 episodes (6%) of bacterial meningitis occurred in patients 

using immunosuppressive medication, and consisted of corticosteroids in 82%. Bacterial 

meningitis in patients using immunosuppressive medication is likely to present with 

atypical clinical and laboratory features, and is often caused by atypical bacteria, mainly L. 

monocytogenes (40%). Adjunctive dexamethasone is widely prescribed in these patients 

and is not associated with harm. 

Diabetes mellitus is associated with increased infection rates. In chapter 6 clinical features 

and outcome of community-acquired bacterial meningitis in diabetes patients are studied. A 

total of 183 diabetes patients were identified. S. pneumoniae was the causative organism in 

76% of episodes and L. monocytogenes in 6% of episodes. Diabetes is associated with a 2-

fold higher risk of acquiring bacterial meningitis. Furthermore, diabetes is a strong 

independent risk factor for death in community-acquired adult bacterial meningitis with an 

odds ratio of 1.63 (95% CI 1.12-2.37).  

In chapter 7 clinical features and outcome of community-acquired bacterial meningitis in 

88 alcoholic patients were examined. Outcome in alcoholic bacterial meningitis patients 

was unfavourable in 58% of alcoholic patients, and 25% of patients die. Poor outcome 

appears to result from a high rate of systemic complications, mainly respiratory failure. 

Seizures are common in alcoholic patients and warrant caution of development of an 

alcohol withdrawal syndrome.  

In Chapter 8 an overview is gives of the conditions leading to an immunocompromised 

state described in the previous chapters with addition of cancer and splenectomy / 

functional hyposplenism. The means by which they cause the immune system to 

dysfunction are discuss concisely. It is stretched that immunocompromised patients are an 

 

important subgroup of patients as at least 33% of episodes of community-acquired bacterial 

meningitis occur in immunocompromised patients. All groups of immunocompromised 

patients, for which incidence could be calculated, had a higher risk for acquiring bacterial 

meningitis compared to people without the underlying condition. S. pneumoniae was the 

most common causative organism and L. monocytogenes was the second most common 

organism for most conditions leading to an immunocompromised state. Outcome was 

worse for most immunocompromised patients compared to patients without a condition 

leading to an immunocompromised state. This chapter further describes treatment options 

and gives suggestions for preventative measures including vaccine recommendations. 

 

 

 

  



119

Summary

 

of which 3 had underwent autologous and 11 allogeneic hematopoietic stem cell 

transplantation. The incidence of bacterial meningitis in HSCT recipients was 40.4 per 
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Samenvatting (Dutch) 

Bacteriële meningitis is een ernstige acute infectie van de hersenvliezen. Patiënten met 

bacteriële meningitis presenteren zich typisch met hoofdpijn, nekstijfheid, koorts en een 

veranderd bewustzijn. Bacteriële meningitis in Nederland wordt in meer dan 80% van de 

gevallen veroorzaakt door Streptococcus pneumoniae en Neisseria meningitidis. Er zijn 

meerdere risicofactoren voor het krijgen van bacteriële meningitis waarvan velen te maken 

hebben met het verminderde functioneren van het immuunsysteem, zoals bij splenectomie, 

alcoholisme, kanker, HIV infectie en het gebruik van immunosuppressieve 

geneesmiddelen. 

Bacteriële meningitis patiënten met een aandoening leidend tot een 

immuungecompromitteerde toestand kunnen zich met specifieke klinische kenmerken 

presenteren en het aanvullend onderzoek kan verschillen van immuuncompetente patiënten. 

Immuundeficiënties kunnen het voorkomen van complicaties en de klinische uitkomst 

beïnvloeden evenals dat het spectrum van pathogenen aanzienlijk kan verschillen van 

patiënten zonder immuundeficiëntie. Het doel van dit proefschrift is dan ook om de 

incidentie, de klinische kenmerken, het beloop en de uitkomt van bacteriële meningitis te 

bestuderen in patiënten met verschillende aandoeningen leidend tot een 

immuungecompromitteerde toestand. Hiertoe werden patiënten met een specifieke 

aandoening geïdentificeerd uit een landelijke, prospectieve cohortstudie naar ‘community-

acquired’ bacteriële meningitis. 

In hoofdstuk 2 worden de kenmerken van bacteriële meningitis in HIV-geïnfecteerde 

volwassenen in Nederland bestudeerd. Er werden dertien HIV-geïnfecteerde bacteriële 

meningitis patiënten gevonden in de database. Zij bleken een 8,3 keer hoger risico op 

bacteriële meningitis te hebben in vergelijking met de algemene Nederlandse bevolking 

ondanks het gebruik van cART therapie. De klinische presentatie en uitkomst van bacteriële 

meningitis in patiënten met en zonder HIV zijn vergelijkbaar. 

In hoofdstuk 3 worden de incidentie, het beloop, en de prognose van bacteriële meningitis 

in patiënten met een orgaantransplantatie in Nederland bestudeerd. Er werden 6 patiënten 

geïncludeerd die allen een niertransplantatie hadden ondergaan. Bacteriële meningitis is een 

zeldzame maar ernstige complicatie na een orgaantransplantatie en de herkenning van de 

bacteriële meningitis wordt bemoeilijk door een atypische klinische presentatie. De 

 

jaarlijkse incidentie van bacteriële meningitis was 7 keer hoger voor orgaantransplantatie 

patiënten dan voor de algehele populatie. Een ongunstige uitkomst kwam voor in 67% van 

de patiënten. Orgaantransplantatie patiënten hebben een hoog risico voor het ontwikkelen 

van meningitis en  

Hoofdstuk 4 beschrijft patiënten met een voorgeschiedenis van autologe of allogene 

hematopoietische stamceltransplantatie (HSCT). Veertien HSCT patiënten werden 

geïdentificeerd, waarvan 3 een autologe en 11 een allogene hematopoietische 

stamceltransplantatie hadden ondergaan. De incidentie van bacteriële meningitis in HSCT 

patiënten was 40,4 per 100,000 patiënten per jaar, 30 keer hoger in vergelijking met mensen 

zonder HSCT in hun voorgeschiedenis. De incidentie was hoger in allogene vergeleken met 

autologe HSCT (70,0 vs. 15,8 per 100,000 patiënten per jaar). Meningitis werd vooral 

veroorzaakt door S. pneumoniae, de mortaliteit was 21% en 55% van de overlevenden 

hadden restverschijnselen. Vaccinatie is belangrijk om meningitis te voorkomen, hoewel 

vaccinatie-falen voorkwam. 

In hoofdstuk 5 worden incidentie, presentatie, beloop, effect van aanvullende behandeling 

met dexamethason, en prognose van bacteriële meningitis bij patiënten die 

immunosuppressieve medicijnen gebruiken onderzocht. In 87 van de 1,447 (6%) episodes 

van bacteriële meningitis gebruikten de patiënten immunosuppressieve geneesmiddelen, en 

deze bestonden uit corticosteroïden in 82% van de gevallen. Deze patiënten presenteren 

zich vaker met atypische klinische kenmerken en atypische laboratorium afwijkingen. De 

meningitis wordt vaak veroorzaakt door atypische bacteriën, voornamelijk L. 

monocytogenes (40%). Aanvullende behandeling met dexamethason wordt op grote schaal 

toegepast bij deze patiënten en is niet geassocieerd met ernstige bijwerkingen. 

Diabetes mellitus is geassocieerd met een verhoogd risico op infecties. In hoofdstuk 6 

worden de klinische kenmerken en klinische uitkomst van de bacteriële meningitis bij 

diabetici bestudeerd. S. pneumoniae is de verwekker van 76% van de episodes en L. 

monocytogenes van 6% van de episodes. Diabetes is geassocieerd met een 2 keer hoger 

risico op het krijgen van bacteriële meningitis. Daarnaast is diabetes een sterke 

onafhankelijke risicofactor voor overlijden bij volwassen met een bacteriële meningitis met 

een ‘odds-ratio’ van 1.63 (95% CI 1.12-2.37). 

In hoofdstuk 7 worden de klinische kenmerken en uitkomst van de bacteriële meningitis in 

88 alcoholisten onderzocht. De uitkomst bij alcoholisten met een bacteriële meningitis was 
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Samenvatting (Dutch) 
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presenteren en het aanvullend onderzoek kan verschillen van immuuncompetente patiënten. 

Immuundeficiënties kunnen het voorkomen van complicaties en de klinische uitkomst 

beïnvloeden evenals dat het spectrum van pathogenen aanzienlijk kan verschillen van 

patiënten zonder immuundeficiëntie. Het doel van dit proefschrift is dan ook om de 

incidentie, de klinische kenmerken, het beloop en de uitkomt van bacteriële meningitis te 

bestuderen in patiënten met verschillende aandoeningen leidend tot een 

immuungecompromitteerde toestand. Hiertoe werden patiënten met een specifieke 

aandoening geïdentificeerd uit een landelijke, prospectieve cohortstudie naar ‘community-

acquired’ bacteriële meningitis. 

In hoofdstuk 2 worden de kenmerken van bacteriële meningitis in HIV-geïnfecteerde 

volwassenen in Nederland bestudeerd. Er werden dertien HIV-geïnfecteerde bacteriële 

meningitis patiënten gevonden in de database. Zij bleken een 8,3 keer hoger risico op 

bacteriële meningitis te hebben in vergelijking met de algemene Nederlandse bevolking 

ondanks het gebruik van cART therapie. De klinische presentatie en uitkomst van bacteriële 

meningitis in patiënten met en zonder HIV zijn vergelijkbaar. 
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geïncludeerd die allen een niertransplantatie hadden ondergaan. Bacteriële meningitis is een 
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van bacteriële meningitis gebruikten de patiënten immunosuppressieve geneesmiddelen, en 

deze bestonden uit corticosteroïden in 82% van de gevallen. Deze patiënten presenteren 

zich vaker met atypische klinische kenmerken en atypische laboratorium afwijkingen. De 
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monocytogenes (40%). Aanvullende behandeling met dexamethason wordt op grote schaal 
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ongunstige in 58% en 25% overlijdt. Deze slechte uitkomst lijkt voort te komen uit een 

hoge mate van systemische complicaties, vooral ademhalingsfalen. Epileptische aanvallen 

komen ook vaak voor in alcoholische patiënten en gebieden waakzaamheid voor de 

ontwikkeling van een alcohol-onttrekkingssyndroom. 

In Hoofdstuk 8 wordt een overzicht gegeven van de in voorgaande hoofdstukken 

beschreven verschillende aandoeningen die leiden tot een immuungecompromitteerde 

toestand met toevoeging van kanker en splenectomie / functioneel hyposplenisme. De wijze 

waarop zij leiden tot het disfunctioneren van het immuunsysteem wordt kort besproken. Er 

wordt aangegeven dat immunogecompromitteerde patiënten een belangrijke subgroep van 

patiënten zijn aangezien ten minste 33% van de episodes van de ‘çommunity-acquired’ 

bacteriële meningitis optreden bij deze groep. Alle groepen immunogecompromitteerde 

patiënten, waarvan de incidentie berekend kon worden, had een hoger risico op het krijgen 

van bacteriële meningitis in vergelijking met mensen zonder een onderliggende 

aandoening. S. pneumoniae was de meest voorkomende verwekker en L. monocytogenes 

was de op een na meest voorkomende verwekker van bacteriële meningitis bij 

immuungecompromitteerde patiënten. De klinische uitkomst was slechter voor de meeste 

immuungecompromitteerde patiënten in vergelijking met patiënten zonder een aandoening 

die leidt tot een immuungecompromitteerde toestand. Dit hoofdstuk beschrijft verdere de 

behandelopties en geeft suggesties voor preventieve maatregelen, waaronder aanbevelingen 

ten aanzien van vaccinaties. 

 

Dankwoord 

Graag wil ik hier de mensen bedanken zonder wie dit proefschrift nooit tot stand was 

gekomen. 

Om te beginnen wil ik alle patiënten en hun familieleden danken voor de deelname aan dit 

onderzoek. Ook dank aan alle medewerkers van het Nederlandse Referentie Laboratorium 

voor Bacteriële Meningitis en alle artsen en arts-assistenten die de data voor dit onderzoek 

hebben aangeleverd. 

Beste Diederik, mijn promotor, wat begon als een korte verdiepingsstage mondde uit in een 

proefschrift. Ik weet nog dat je aan het einde van de verdiepingsstage, nadat er al zomaar 3 

concept artikelen waren, naar me toe kwam en zei: ‘Als je er nou nog 3 schrijft heb je een 

boekje!’ En zo geschiedde. Wat jij samen met Matthijs en Arie hebt opgezet loopt als een 

trein en ik hoefde er alleen maar op te springen. Dank dat jij dit onderzoek mogelijk hebt 

gemaakt, dank voor je begeleiding en vooral dank voor alle gezelligheid! 

Beste Matthijs, mijn copromotor, ik heb enorme bewondering voor je. Jij bleef met een 

grote glimlach rondlopen zelfs nadat ik weer een word bestand vol geneuzel naar je toe had 

gestuurd. Vol enthousiasme en heel snel had jij mijn zinnen geredigeerd, Engels 

gecorrigeerd en aanwijzingen gegeven hoe ik mijn artikelen naar een hoger niveau kon 

krijgen. Zonder jou geen proefschrift, of 'Rembo & Rembo' of andere ‘oude klassiekers’ op 

de vrijdagmiddag, of welk moment van de dag of week eigenlijk ook. Hartelijk dank voor 

de leerzame momenten, maar meer nog voor de lol die we hebben gehad. 

Beste Arie, dank voor je zinvolle aanvullingen op al mijn artikelen! 

Beste Anne, Daan, Merel, Philip en Soemirien, oftewel, beste kamergenootjes. Hulde dat 

jullie het mij met op een kamer hebben volgehouden. Ik heb het in ieder geval gezellig 

gehad! Ik hoop jullie in de toekomst nog frequent tegen te mogen komen bij de Biemond en 

andere congressen, en bedenk, Listerinee heb je…. 

Mijn paranimfen, Wouter en Marc, supermooi dat jullie mij willen ondersteunen bij de 

verdediging van dit proefschrift. Marc, we kennen elkaar al vanaf de brugklas en ik ben blij 
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verdediging van dit proefschrift. Marc, we kennen elkaar al vanaf de brugklas en ik ben blij 
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dat we ondanks dat je naar Amsterdam vertrokken bent nog steeds goed contact hebben. 

Wouter, we kennen elkaar ook al vanaf de eerste jaren van de middelbare school. Veel 

hebben we meegemaakt met elkaar, van de Southern Comfort in de Hut, tot de Maya 

tempels van Mexico. Laten we nog vele mooie momenten laten volgen. 

Beste Martin, mijn (voormalig) opleider, dank alles dat jij met tijdens de opleiding hebt 

geleerd en vooral dank dat jij mij de mogelijkheid hebt geboden naar het AMC te gaan. Jij 

gaf mij als advies mee om niet alleen leuk mee te kijken, maar ook met iets ‘tastbaars’ terug 

te komen. Ik denk dat ik bij dezen in die opzet wel geslaagd ben. 

Lieve pappa, jij herinnert je vast dat ik vroeger altijd riep dat ik niet zou promoveren, maar 

nu wordt een familie traditie toch in ere gehouden. Ik waardeer het zeer dat je altijd 

geïnteresseerd vroeg hoe het met mijn promotie ervoor stond, hoe het met de artikelen ging, 

ondanks de roerige tijden. Je bent en blijft een echte academicus en ik ben trots dat ik in je 

voetsporen kan treden, alhoewel het niet cum laude zal zijn zoals bij jou. 

Lieve mamma, een wonder, dat is het toch echt, dat jij dit proefschrift vasthoudt. 

‘Gestreden maar verloren’ was het bericht van de artsen. Maar als echte vechter heb jij ze 

hun ongelijk bewezen. Vol geluk kijk ik naar mijn kinderen als ze naar je toe rennen om je 

te knuffelen. Dankbaar ben ik voor al de tijd die ook zij nog met jou hebben! Ik wil je hier 

ook nog bedanken voor al de tijd die je vroeger aan me besteedde en al het geduld dat je 

had. De boeken vlogen door de kamer, maar zie hier, uiteindelijk ben ik gepromoveerd! 

Lieve Flora, alhoewel wij beiden onze eigen wegen gaan en steeds minder tijd voor elkaar 

hebben, ben en blijf jij mijn grote lieve zus. Ik hou van jou en zal dat ook altijd blijven 

doen. 

Lieve Maurits en Casper, jullie zijn mijn alles. Alleen al als ik naar jullie kijk word ik blij. 

Ze zeggen dat als je kinderen hebt je niet meer weet hoe het zonder hen was. Dat is gelul, 

maar ik wil jullie nooit meer kwijt! 

En alvast hallo aan onze derde jongen, terwijl ik dit typ ben jij nog niet geboren maar dat 

zal niet lang meer duren. We kijken vol verwachting naar je uit! 

 

Mijn aller aller aller liefste Najla, alweer 13 jaar geleden hebben wij de beste keuze ooit 

gemaakt, en daar plukken wij nog steeds de vruchten van. Jij maakt mij elke dag gelukkig. 

Jij laat me nog steeds van alle kleine dingen genieten. Door jou heeft het leven zin. Ik ben 

supertrots dat jij mijn vrouw bent en de moeder van mijn kinderen. Door jouw instelling 

zijn zelfs de grootste tegenslagen in het leven niet meer dan een zuchtje wind. En ja, dan is 

het schrijven van een proefschrift zo gepiept. 
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