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controls. Multivariate logistic regression analysis was used 
to predict the risk factors of Listeria meningitis.
Results A total of 36 cases and 113 controls were enrolled. 
The most significant predictive risk factor of Listeria men-
ingitis was a prior history of receiving immunosuppressive 
therapy (odds ratio 8.12, 95 % CI 2.47–26.69). Chronic 
liver disease was the second most important predictive risk 
factor (OR 5.03, 95 % CI 1.56–16.22). Delaying appropri-
ate antibiotic therapy by more than 6 h (hazard ratio 2.78) 
and fatal underlying disease (hazard ratio 2.88) were asso-
ciated with increased mortality.

Abstract 
Purpose Various immunocompromised conditions increase 
the risk of meningitis caused by Listeria monocytogenes. 
However, the relative importance of these risk factors has 
not been well established. We determined the risk factors 
that predict meningitis due to L. monocytogenes compared 
to that caused by Streptococcus pneumoniae.
Methods A nationwide multicenter case–control study 
was conducted in Korea. Cases of meningitis caused by 
L. monocytogenes between 1998 and 2013 were included. 
Patients with pneumococcal meningitis were included as 
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Conclusions Patients with a prior history of receiving 
immunosuppressive therapy within 1 month and chronic 
liver disease have 8.1-fold and 5-fold increased risk of 
meningitis by L. monocytogenes compared to S. pneumo-
niae, respectively.

Keywords Immunocompromised host · Liver diseases · 
Elderly · Streptococcus pneumoniae · Listeriosis

Introduction

Clinical infection with Listeria monocytogenes is well 
recognized to occur in particular groups including the 
immunocompromised, pregnant women, elderly, and 
neonates [1]. The incidence of listeriosis is increasing in 
the USA and Europe [1]. Around 20–25 % of listeriosis 
cases involve the central nervous system [2]. L. monocy-
togenes is the second or third most frequent cause of bac-
terial meningitis in American and European adults [3, 4]. 
Among Korean adults, L. monocytogenes is the fourth 
most common etiology of community-acquired bacterial 
meningitis [5]. Meningitis due to L. monocytogenes has 
been mostly reported in immunocompromised hosts and 
elderly patients [6].

There are several predisposing conditions to increase the 
susceptibility for bacterial meningitis [7]. In particular, the 
common risk factors of pneumococcal and Listeria menin-
gitis in adults include age older than 65 years, alcoholism, 
diabetes mellitus, cancer, and organ transplantation [7]. In 
this study, we determined the risk factors for predicting L. 
monocytogenes as the etiology of bacterial meningitis in 
adults compared to that due to S. pneumoniae.

Patients and methods

Study population

We conducted a multicenter, retrospective case–control 
study at 16 teaching hospitals in Korea. All patients were 
18 years or older and were discharged with a diagnosis of 
bacterial meningitis between 1998 and 2013. The diagno-
ses were identified using ICD10 codes (G00–G03, A32.1). 
Bacterial meningitis was defined with clinical manifesta-
tions and cerebrospinal fluid (CSF) abnormalities com-
patible with meningitis and with a confirmed bacterial 
pathogen by cultures of CSF or blood or bacterial anti-
gen testing. Cases were defined as patients with meningi-
tis caused by L. monocytogenes. Listeria meningitis was 
diagnosed when L. monocytogenes was identified in the 
culture of the CSF and/or blood. Controls were cases of 

pneumococcal meningitis, diagnosed either by culture of 
the CSF and/or blood or by a bacterial antigen test. Some 
data of the meningitis cases between 1998 and 2008 were 
collected from a prior study’s database of bacterial men-
ingitis cases in adults [5]. This study was approved by 
the Samsung Medical Center Institutional Review Board 
(2008-06-052-001).

Clinical and microbiological data

Demographic and clinical information including age, gen-
der, underlying medical conditions, neurologic manifesta-
tions, CSF profile, brain imaging, and antibiotic treatment 
were collected from the medical records. Immunosuppres-
sive agents included anti-cancer drugs, corticosteroids, 
purine pathway inhibitors (azathioprine, mycophenolate 
mofetil), leflunomide, calcineurin inhibitors (cyclosporine, 
tacrolimus), mammalian target of rapamycin (mTOR) 
inhibitors (sirolimus) and tumor necrosis factor-alpha 
blockers. The McCabe classification was used to categorize 
the severity of the underlying medical condition as non-
fatal, ultimately fatal, or rapidly fatal [8]. Septic shock and 
severe sepsis were defined by the Society of Critical Care 
Medicine/American College of Chest Physicians criteria 
[9]. Based on data from the medical record and according 
to the definition from the Centers for Disease Control and 
Prevention (CDC), heavy alcohol drinking was defined as 
ingestion of five or more glasses of alcohol at one time (or 
four or more in women) [10].

The empirical antibiotic regimen was considered appro-
priate in cases if it included ampicillin/other penicillins 
or meropenem. In controls, concordant antibiotic therapy 
based on the in vitro susceptibility of the isolated S. pneu-
moniae strain was considered appropriate. The antimi-
crobial susceptibility of S. pneumoniae was determined 
according to the criteria of the Clinical and Laboratory 
Standards Institute [11].

Outcome variables

Early clinical outcome was evaluated at 3 days of treat-
ment. All-cause mortality and infection-related mortality 
were assessed at 30 days of treatment. Neurological com-
plications were evaluated at the time of discharge. The 
length of hospital stay was defined as the time between 
admission and discharge.

Statistical analysis

All statistical analyses were performed using Stata ver-
sion 11.2 (StataCorp, College Station, TX, USA). All 
tests of significance were two tailed. P values <0.05 were 
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considered to be statistically significant. Categorical vari-
ables were compared between the groups using Chi square 
test or Fisher’s exact test. Continuous variables were com-
pared using the Mann–Whitney U test.

Multivariate logistic regression analysis was used to 
determine the risk factors of Listeria meningitis com-
pared to those of pneumococcal meningitis. Independent 
variables were selected for backward stepwise regres-
sion and included age 50 years or older, chronic kidney 
disease, chronic liver disease, malignancy, and prior his-
tory of receiving immunosuppressive therapy. The covari-
ants showing P ≥ 0.2 were removed from the final model. 
Time to death curves during the follow-up period were 
calculated using the Kaplan–Meier method and compared 
between groups using the log-rank test. Multivariate cox 
regression analysis was used to determine the risk factors 
of mortality.

Results

Demographic characteristics and underlying diseases

A total of 36 meningitis cases caused by L. mono-
cytogenes were included in the cases, and the con-
trols included 113 cases of pneumococcal meningitis 
(Table 1). Among cases of L. monocytogenes meningitis, 
9 had positive cultures in both CSF and blood, 20 had 
positive CSF culture only, and 7 had positive blood cul-
ture only. The cases of pneumococcal meningitis com-
prised 31 with positive cultures in both CSF and blood, 
71 with positive cultures in CSF only (39 were also 
antigen positive), 8 with positive cultures in blood only, 
and 3 with antigen-positive test only. There were more 
patients who were ≥50-year-old in the cases than in the 
controls. Hypertension, chronic kidney disease, chronic 

Table 1  Comparison of 
demographic characteristics and 
underlying diseases between 
patients with Listeria meningitis 
(cases) and pneumococcal 
meningitis (controls)

Data are expressed as no. (%) of patients, unless indicated otherwise

IQR interquartile range

Variable No. (%) P value

Cases (n = 36) Controls (n = 113)

Age in years, median (IQR) 63.5 (53.5–73) 59 (42–68) 0.056

Age 50 years or older 30 (83.3) 73 (64.6) 0.034

Age 65 years or older 17 (47.2) 39 (34.5) 0.170

Gender, male 22 (61.1) 68 (60.2) 0.921

Underlying diseases

 Diabetes mellitus 11 (30.6) 28 (24.8) 0.492

 Hypertension 13 (36.1) 20 (17.7) 0.021

 Chronic liver disease 9 (25.0) 7 (6.2) 0.002

 Malignancy (solid tumor) 6 (16.7) 8 (7.1) 0.086

 Cerebrovascular disease 3 (8.3) 7 (6.2) 0.655

 Chronic kidney disease 4 (11.1) 1 (0.9) 0.012

 Hematologic malignancy 1 (2.8) 2 (1.8) 0.567

 Chronic lung disease or asthma 0 (0) 1 (0.9) 1.000

 Autoimmune disease 7 (19.4) 1 (0.9) <0.001

 Asplenia 2 (5.6) 1 (0.9) 0.145

 Heavy alcohol drinking 10 (27.8) 23 (20.3) 0.350

 Pregnancy 0 (0) 1 (0.9) 1.000

History of receiving 12 (33.3) 7 (6.2) <0.001

Immunosuppressive therapy within 1 month

 Corticosteroid 8 (22.2) 4 (3.5) <0.001

 Other immunosuppressant 11 (29.7) 7 (6.3) <0.001

History of receiving antibiotic therapy within 1 month 5 (13.9) 22 (19.5) 0.449

Residence in chronic care facility 3 (8.6) 1 (1.1) 0.069

Severity of underlying disease (McCabe classification) 0.709

 Nonfatal 32 (88.9) 100 (88.5)

 Ultimately fatal 4 (11.1) 11 (9.7)

 Rapidly fatal 0 (0) 2 (1.8)
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liver disease, autoimmune disease, and a prior history 
of receiving immunosuppressive therapy were also more 
frequent in the cases than in the controls.

Predictive risk factors of Listeria meningitis

The most significant risk factor of Listeria meningitis was a 
prior history of receiving immunosuppressive therapy (odds 
ratio 8.12) (Table 2). Chronic liver disease was the second 
most important risk factor associated with the cases (OR 
5.03). Chronic kidney disease also had a tendency to be 
associated with Listeria meningitis (OR 9.86, P = 0.063).

Clinical characteristics of Listeria meningitis

At the time of diagnosis, there were no significant differ-
ences between the two groups with regard to frequency of 
neurological abnormalities including seizure, cranial nerve 
palsy, aphasia, hemiparesis, and other neurological deficits 
(Table 3). Similarly, there were no differences between the 
two groups with regard to brain imaging results. The CSF 
profile of the cases was quite different from that of the con-
trols (Table 3). The median white blood cell (WBC) count, 
neutrophil percentage, and protein level were much lower 
in the cases than in the controls. The median CSF/serum 
glucose ratio was 0.28 in the cases, but only 0.07 in the 
controls. The frequency with which the microscopic exami-
nation of Gram-stained concentrated CSF showed the pres-
ence of microorganisms was much lower in the cases than 
in the controls (12.5 vs. 79.1 %).

Treatment and clinical outcome of Listeria meningitis

In the case, the most frequent initial empirical antibiotic 
regimen was a combination of vancomycin, third- or fourth-
generation cephalosporin, and ampicillin. In contrast, the 
most frequent regimen in the controls was a combination of 

vancomycin and third- or fourth-generation cephalosporin 
(Table 4). The frequency of appropriate empirical antibiotic 
therapy was significantly lower in the cases than in the con-
trols (63.9 vs. 96.1 %). The time to appropriate antibiotic 
therapy was also significantly longer in the cases than in 
the controls.

Early outcome assessment in the cases at 3 days showed 
no mortality; however, 54.8 % of the cases had worsened. 
In contrast, the fatality rate was 11.6 % in the controls. The 
overall 30-day mortality rate was higher in the cases than 
in the controls, although the difference was not signifi-
cant (Table 4). There were no differences between the two 
groups with regard to neurological complications at dis-
charge. The length of hospital stay was longer in the cases 
than in the controls.

Comparison of the Kaplan–Meier curves using a log-
rank test demonstrated a significant difference in survival 
between the two groups (Fig. 1). There was a lower num-
ber of patient survival among the Listeria cases than among 
the controls. However, multivariate Cox regression analysis 
found that Listeria versus S. pneumoniae was not a signifi-
cant risk factor of mortality. In contrast, delaying appro-
priate antibiotic therapy by more than 6 h had a 2.78-fold 
increased risk of mortality compared to cases in which the 
patient received appropriate therapy within 6 h (95 % CI 
1.13–6.87, P = 0.027). Fatal underlying disease was also 
associated with increased fatality rate (hazard ratio 2.88, 
95 % CI 1.16–7.18, P = 0.023).

Among the 13 cases of Listeria meningitis in which 
patients received inappropriate initial empirical antibi-
otic therapy, the inappropriate therapy was continued 
in four cases even after L. monocytogenes was identi-
fied. Three of these four patients died. The median time 
to appropriate antibiotic therapy in the nine remain-
ing cases was 72 h (range 24–288 h). Two of these nine 
patients died. Nine of 13 patients developed neurological 
complications.

Table 2  Risk factors for Listeria meningitis compared with pneumococcal meningitis

OR odds ratio, CI confidence interval

Variables Univariate Multivariate

OR (95 % CI) P value OR (95 % CI) P value

Age 50 years or older 2.74 (1.05–7.14) 0.0273 1.84 (0.58–5.79) 0.299

Chronic kidney disease 14.0 (1.51–129.71) 0.0072 9.86 (0.89–109.79) 0.063

Chronic liver disease 5.05 (1.72–14.78) 0.0033 5.03 (1.56–16.22) 0.007

Hypertension 2.62 (1.14–6.05) 0.0256 2.40 (0.88–6.57) 0.088

Malignancy (solid tumor) 2.63 (0.84–8.16) 0.1048 1.62 (0.42–6.25) 0.480

History of receiving immunosuppressive therapy within 1 month 7.57 (2.70–21.25) 0.0001 8.12 (2.47–26.69) 0.001
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Discussion

Adult meningitis patients with a prior history of receiving 
immunosuppressive therapy had an 8.1-fold increased risk 
of infection with L. monocytogenes versus with S. pneu-
moniae. Chronic liver disease also increased the risk of L. 
monocytogenes by fivefold.

Previous studies have found that most patients (>60 %) 
with Listeria meningitis are immunocompromised or 
elderly [6, 12]. There were many reported immunocompro-
mised conditions, including immunosuppressive therapy, 
malignancy, connective tissue disease, diabetes mellitus, 

alcoholism, asplenia, liver cirrhosis, end-stage renal dis-
ease, and HIV infection [6]. However, those factors in 
addition to old age have long been recognized as important 
risks predisposing to pneumococcal meningitis [13]. To the 
best of our knowledge, there is only one prior report that 
compares the risk factors between Listeria and pneumococ-
cal meningitis. A prospective observational study in Italian 
patients older than 50 years at a single center compared 22 
cases of Listeria meningitis and 109 cases of pneumococ-
cal meningitis. The group found an association between 
Listeria and current immunosuppressive therapy (OR 4.0, 
95 % CI 1.2–6.9, P = 0.008) [14].

Table 3  Comparison of clinical characteristics of patients with Listeria meningitis (cases) and patients with pneumococcal meningitis (controls)

Data are expressed as no. (%) of patients, unless indicated otherwise

Reference range CSF WBC ≤5 cells/mm3, neutrophil 0–6 %, lymphocyte 40–80 %, proteins 20–40 mg/dL, CSF/serum glucose ratio 0.6–0.8

IQR interquartile range, WBC white blood cell, CSF cerebrospinal fluid

Variable No. (%) P value

Cases (n = 36) Controls (n = 113)

Length of symptoms prior to diagnosis (days), median (IQR) 2 (1–5) 1 (1–2) 0.162

Sepsis 0.265

 Sepsis 17 (47.2) 39 (34.5)

 Severe sepsis 0 (0) 6 (5.3)

 Septic shock 1 (2.8) 8 (7.1)

Neurologic manifestations at diagnosis

 Seizure 5 (13.9) 24 (21.2) 0.365

 Neurological deficit 5 (13.9) 7 (6.2) 0.140

 Third cranial nerve palsy 0 (0) 2 (1.8) 1.000

 Sixth cranial nerve palsy 2 (5.6) 0 (0) 0.057

 Seventh cranial nerve palsy (peripheral type) 2 (5.6) 2 (1.8) 0.246

 Aphasia 1 (2.8) 2 (1.8) 0.567

 Hemiparesis 1 (2.8) 3 (2.7) 1.000

 Incontinence 1 (2.8) 2 (1.8) 0.567

Initial CSF study

 Opening pressure (cmH2O), median (IQR) 20.0 (16.0–29.0) 27.0 (17.0–31.0) 0.207

 WBC (/mm3) in CSF, median (IQR) 805 (162–1220) 1750 (300–5472) 0.0037

 Neutrophil (%), median (IQR) 70 (52–80) 90 (80–95) <0.0001

 Lymphocyte (%), median (IQR) 19 (10–38) 10 (3–10) <0.0001

 Protein (mg/dl), median (IQR) 203.5 (109.5–300) 300 (283–498) 0.0001

 Glucose ratio (CSF/serum), median (IQR) 0.28 (0.20–0.40) 0.07 (0.03–0.20) <0.0001

 Bacteria on Gram stain 4/32 (12.5) 87/110 (79.1) <0.001

Initial brain imaging

 Meningeal enhancement 8 (22.2) 10 (8.9) 0.032

 Cerebritis 5 (13.9) 10 (8.9) 0.382

 Cerebellitis 0 (0) 1 (0.9) 1.000

 Brain stem encephalitis 2 (5.6) 0 (0) 0.057

 Brain abscess 2 (5.6) 2 (1.8) 0.246

 Infarction 2 (5.6) 14 (12.4) 0.359

 Hydrocephalus 2 (5.6) 6 (5.3) 1.000
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In the present study, other risk factors such as old 
age, diabetes mellitus, and malignancy were not differ-
ent in association with the etiology between Listeria and 

pneumococcal meningitis. In univariate analysis, the pro-
portion of persons aged 50 years or elder was higher in 
Listeria meningitis than in pneumococcal meningitis. 

Table 4  Comparison of antibiotic regimen and clinical outcome of patients with Listeria meningitis (cases) and pneumococcal meningitis 
(controls)

Data are expressed as no. (%) of patients, unless indicated otherwise

* n = 26 for Listeria, n = 98 for S. pneumoniae

** n = 31 for Listeria, n = 95 for S. pneumoniae

Variable No. (%) P value

Cases (n = 36) Controls (n = 113)

Empirical antibiotics 0.003

 Vancomycin + 3rd/4th cephalosporin + ampicillin 13 (37.1) 23 (20.5)

 Vancomycin + 3rd/4th cephalosporin 6 (17.1) 56 (50.0)

 3rd/4th cephalosporin + ampicillin 1 (2.9) 4 (3.6)

 3rd/4th cephalosporin 4 (11.4) 2 (1.8)

 Vancomycin + 3rd/4th cephalosporin + ampicillin + rifampicin 1 (2.9) 4 (3.6)

 Others 11 (30.6) 23 (20.5)

Empirical use of penicillin class 20 (55.6) 36 (32.1) 0.012

Appropriateness of empirical antibiotics 23 (63.9) 99 (96.1) <0.001

Intraventricular antibiotic use 2 (5.6) 1 (0.9) 0.145

Adjunctive corticosteroid 0.088

 None 13 (36.1) 33 (29.2)

 Before or with starting antibiotics 20 (55.6) 51 (45.1)

 After starting antibiotics 3 (8.3) 29 (25.7)

Definitive use of ampicillin 27 (75.0) 25 (22.1) <0.001

Definitive use of vancomycin 2 (5.6) 80 (70.8) <0.001

Definitive use of 3rd/4th cephalosporin 4 (11.1) 93 (82.3) <0.001

Appropriateness of definitive antibiotics 31 (86.1) 97 (92.4) 0.262

Time to appropriate antibiotic therapy* <0.001

 3 h or less 6 (23.1) 63 (64.3)

 3–6 h 1 (3.9) 13 (13.3)

 6–12 h 5 (19.2) 11 (11.2)

 12–24 h 3 (11.5) 6 (6.1)

 >24 h 11 (42.3) 5 (5.1)

Early outcome at 3 days** 0.011

 Improving 14 (45.2) 60 (63.2)

 Worsening 17 (54.8) 24 (25.3)

 Meningitis-related death 0 (0) 10 (10.5)

 Meningitis-unrelated death 0 (0) 1 (1.1)

Overall mortality within 30 days 10/32 (31.3) 18/103 (17.5) 0.093

Infection-related mortality within 30 days 8/32 (25.0) 17/103 (16.5) 0.280

Neurological complications at discharge 20 (55.6) 62 (54.9) 0.942

 Seizure 6 (16.7) 26 (23.0) 0.420

 Hearing loss 1 (2.8) 11 (9.7) 0.182

 Motor weakness 2 (5.6) 4 (3.5) 0.592

 Cranial nerve palsy 4 (11.1) 3 (2.7) 0.037

 Hydrocephalus 6 (16.7) 11 (9.7) 0.255

 Acute infarction 2 (5.6) 13 (11.5) 0.302

Length of stay (days), median (IQR) 24 (15–38) 17 (13–26) 0.0393
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However, this difference was not significant in multivariate 
analysis. Chronic kidney disease tended to be associated 
with Listeria meningitis. Therefore, it may be a risk factor 
predicting Listeria (versus S. pneumoniae) as the etiology 
of bacterial meningitis in adults.

In our study, the initial empirical antibiotic treatment 
was inappropriate in 36.1 %. Previous studies found that 
30–50 % of patients with Listeria meningitis initially 
received inappropriate empiric treatment [6, 15]. A delay 
in treatment increased mortality and the risk of develop-
ing neurologic sequelae [15]. Interestingly, 55 % of Lis-
teria cases in this study worsened clinically at 3 days of 
treatment, although there was no mortality. However, this 
finding is not unexpected, as 42 % of the patients did not 
receive appropriate antibiotic therapy for at least 24 h. The 
fatality rate in our study was similar to that of the previous 
reports (17–27 %) [13]. Vancomycin had been suggested 
as an alternative agent for treatment of Listeria meningitis 
in some recommendations due to in vitro susceptibility of 
vancomycin against L. monocytogenes [16]. However, the 
practice guidelines for the management of bacterial menin-
gitis proposed by the Infectious Diseases Society of Amer-
ica (IDSA) in 2004 do not recommend the use of vanco-
mycin for either empirical or definitive therapy of Listeria 
meningitis [17], and vancomycin has been associated with 
treatment failures in patients [13]. Therefore, vancomycin 
use was determined to be inappropriate for Listeria menin-
gitis in our study. There were high rates (55.6 %) of neuro-
logical complications in this study. This may have occurred 
because we included the patients with neurological compli-
cations who eventually died. In contrast, Brouwer reported 
that neurological sequelae occurred in 25 % of patients 
who survived Listeria meningitis [13].

This study has several limitations. First, this was a ret-
rospective study based on medical records. Therefore, our 
results may have been susceptible to information bias. For 
example, time to appropriate antibiotic therapy could not 
be calculated from all the enrolled patients. Secondly, the 
sample size of cases was small. Therefore, we were unable 
to analyze independent risk factors of mortality or neuro-
logical complications in patients with Listeria meningi-
tis. Thirdly, the controls in this study were patients with 
pneumococcal meningitis. Therefore, we were not able to 
address the common risk factors shared by Listeria and 
pneumococcal meningitis. Fourthly, our study did not ana-
lyze any genotypic information of L. monocytogenes iso-
lates. A recent report showed that the clinical outcomes dif-
fered according to the genotype of the L. monocytogenes 
strains [18]. Therefore, genotypic difference between the 
L. monocytogenes strains could have affected our analysis. 
Lastly, our data on the underlying diseases did not include 
sinusitis or mastoiditis, which are known to be important 
foci of infection in pneumococcal meningitis [13]. As our 
study was a retrospective design, consultation of the cases 
with the otorhinolaryngologists for examination was not 
done. This might have affected the risk factor analysis.

In conclusion, adult patients with a prior history of 
receiving immunosuppressive therapy within 1 month and 
those with chronic liver disease have 8.1-fold and fivefold 
increased risk of meningitis caused by L. monocytogenes 
compared to S. pneumoniae, respectively. Empirical anti-
biotic coverage targeting L. monocytogenes should be con-
sidered in the treatment of meningitis in patients with such 
risk factors.
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