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Interleukin-8 in Cerebrospinal 
Fluid from Patients with Septic 
and Aseptic Meningitis 

talized. The IL-8 values used to distinguish septic 
from aseptic meningitis, at a cut-off point of 3.00 
ixg/I, showed a sensitivity of 81%, a specificity of 
92%, and a positive predictive value of 96%. The 
results suggest that determining IL-8 levels may be 
useful in the differential diagnosis of meningitis. 
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Using a monoclonal antibody enzyme immunoas- 
say, the concentration of interleukin-8 (IL-8) in ce -  
rebrospinal fluid (CSF) from 52 patients suspected 
of having meningitis was studied. The CSF IL-8 

Despite therapy with potent antibiotics and advanc- 
es in intensive care technology, septic meningitis re- 
mains a significant cause of morbidity and mortal- 
ity (1). Cytokines appear to play an important role 
in the pathogenesis of infections. Elevated levels of 
the cytokines, tumor necrosis factor-a (TNFa), 
interleukin-l-[3 (IL-113), and interleukin-6 (IL-6) 
have previously been detected in cerebrospinal 
fluid (CSF) of patients with meningitis (2-5). 

Table 1: Demographic and clinical characteristics of patients. All values are medians (95% 
confidence interval). 

Septic meningitis Septic meningitis Aseptic meningitis Nonmeningitis 
of known etiology of unknown etiology 

No. of patients 
Age in years (range) 
IL-8 (IJg/I) 
TNF-c~ (ng/I) 
CSF (leukocytes x106/I) 
NeutropNIs (CSF x 106/I) 
CSF glucose (mmol/I) 
CSF/blood glucose 
CSF protein (g/I) 
Serum leukocytes (x109/I) 
Back rigidity (%) 
Decreased sensorium (%) 
Days in hospital 
Assisted ventilation (%) 
Discharge to home (%) 
Fatal outcome (%) 

15 16 13 8 
32 (14-53) 26 (8-38) 27 (20-32) 12 (3-78) 
10 (7.7-95) 6 (2.6-14.5) 1.7 (0.6-2.5) 0.03 (0.03-0.12) 

296 (0-2,980) 0 (0-0) 0 (0-0) 0 (0-0) 
2,508 (163-6,769) 475 (143-4,365) 71 (21-256) 2 (1-5) 
2,031 (91-5,560) 416 (128-3,404) 26 (0-63) 0.1 (0-2) 

2.5 (1.1-4.2) 3.3 (2-4) 3.3 (3-3.7) 3.8 (3.4-4.3) 
0.28 (0.01-0.49) 0.59 (0.33-0.69) 0.52 (0.49-0.67) 0.62 (0.52-0.76) 

1.9 (1.5-3.8) 0.8 (0.6-2.8) 0.5 (0.2-1.1) 0.3 (0.1-0.9) 
23.2 (13.1-25.3) 13.3 (8.7-17.3) 8.3 (7.0-10.6) 12.4 (6.5-26.6) 

75 1 oo 85 43 
56 31 0 0 

12 (8-18) 10.5 (8-12) 3.4 (3-5) 4 (1-29) 
56 6 0 0 
87 94 1 oo 1 oo 
6 6 0 0 

concentration was significantly higher in septic 
meningitis of known and unknown etiology than in 
aseptic meningitis and significantly higher in asep- 
tic meningitis than in patients without meningitis. 
The CSF levels of IL-8 correlated with the levels of 
tumor necrosis factor-e, leukocyte count, neu- 
trophil count, protein level, CSF/blood glucose ra- 
tio, and the number of days patients were hospi- 
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Interleukin-8 (IL-8) is a cytokine of the chemokine 
family and is produced by a variety of cells, includ- 
ing monocytes and endothelial ceils, in response 
to bacterial lipopolysaccharide, TNFa, and IL-113 
(6, 7). IL-8 is a potent inducer of neutrophil 
chemotaxis. It upregulates several neutrophil 
and endothelial adhesion molecules and induces 
transendothelial neutrophil migration (8, 9). 

Septic meningitis, in contrast to viral meningitis, 
is characterized by the occurrence of a large 
number of neutrophils in CSE The aim of the pres- 
ent study was to investigate the level of IL-8 in 
CSF and its utility in the differential diagnosis of 
meningitis. 

Patients and Methods. Samples of CSF were ob- 
tained by lumbar puncture from 52 patients clin- 
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ically suspected of having meningitis on admission 
(29 females and 23 males between the ages of 1 
and 87 years). All patients with available CSF sam- 
ples taken at admission were included. Based on 
clinical, microbiological, and biochemical charac- 
terization, the patients were divided into four 
groups. Group f comprised 15 patients with sep- 
tic meningitis of known etiology (pleocytosis, 
positive CSF and/or blood cultures, or significant 
increases in antibody titers against Neisseria me- 
ningitidis). Six cases were due to Neisseria menin- 
gitidis, four to Streptococcus pneumoniae, four to 
Haemophilus influenzae, and one to Staphylococ- 
cus aureus. Group II comprised 16 patients with 
septic meningitis of unknown etiology (i.e., nega- 
tive CSF and blood cultures, pleocytosis with > 
80% neutrophils, a quick response to therapy 
with ampicillin in combination with ceftriaxone or 
rtetilmicin), and exclusion of other etiologies. 
Group III comprised 13 patients with aseptic 
meningitis (pleocytosis with a predominance of 
mononuclear cells and with full recovery without 
antibiotic treatment). Group IV comprised eight 
patients suspected of meningitis but without evi- 
dence of meningitis (i.e., no CSF pleocytosis), in- 
cluding two with meningococcemia, one with 
acute tonsillitis, three with fever of unknown or- 
igin, one with cystitis, and one with torticollis. 

As a control, we also measured IL-8 levels in CSF 
from ten patients with various noninfectious dis- 
eases (e.g., headache, lower back pain, neuropa- 
thy). Samples of CSF were analyzed by routine 
laboratory methods including cell counts, glu- 
cose, and total protein determinations. Remaining 
CSF was centrifuged and the supernatants were 
stored at -20~  until subsequent assay of IL-8 and 
TNFu. Interleukin-8 and TNF~ were measured by 
enzyme immunoassay as previously described 
(10, 11). The detection limits were 0.01 pug/l and 
0.09 txg/1, respectively. 

Statistical .analysis was performed using the non- 
parametric Kruskal-Wallis and Mann-Whitney 
tests and the Spearman rank correlation test. 
When appropriate, Bonferroni corrections were 
used to compensate for multiple comparisons. 

Results and Discussion. The concentrations of IL- 
8, TNFa ,  and clinica~ and routine laboratory data 
are shown in Table 1. All values are given as me- 
dians with 95% confidence intervals. Interleukin- 
8 was detected in CSF of all patients (Figure 1). 

Interleukin-8 levels in CSF differed significantly 
between the four groups suspected of meningitis 
(Kruskal-Wallis; p < 0.00001). After  pairwise 
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Figure 1:IL-8 levels in CSF (txg/ml) of patients with suspected 
or confirmed meningitis. *), p < 0.05 compared to other 
groups; **), p < 0.05 compared to nonmeningitis patients and 
controls. Bar indicates median. 

comparisons of the levels of IL-8 (Mann-Whitney 
tests with Bonferroni correction for 6 compari- 
sons), significant differences were observed be- 
tween patients with septic meningitis of known 
and unknown etiologies when compared to pa- 
tients with aseptic meningitis (p < 0.0003 and p = 
0.003, respectively) as well as to patients suspect- 
ed of having but without meningitis (both p < 
0.003). Moreover, patients with aseptic meningi- 
tis had higher levels of IL-8 in CSF than patients 
without meningitis (p = 0,005). In contrast, there 
was no significant difference between patients 
with confirmed septic meningitis and septic men- 
ingitis of unknown etiology (p = 0.18). 

Patients with impaired consciousness had signifi- 
cantly higher levels of IL-8 in CSF than conscious 
patients (t5.6 ~xgJl, 5.7-17.1 vs. 2.00 Ixg/l, 
0.92-5.30; p = 0.003). Patients given assisted ven- 
tilation therapy had significantly higher levels of 
IL-8 in CSF than patients not receiving such ther- 
apy (21.9 ixg/1, 7.1-17.1 vs. 2.30 Ixg/1, 0.92-5.70; p 
= 0.003). There were no significant differences in 
the CSF IL-8 levels between patients with or 
without back rigidity, between patients who died 
or survived, or between patients discharged to 
their homes or transferred to other hospital de- 
partments. 

There were significant correlations between CSF 
levels of IL-8 and TNFu (n = 51, r = 0.722, p < 
0.00001), IL-8 and CSF leukocyte count (n = 49, 
r = 0.625, p < 0.00001), IL-8 and CSF neutrophil 
count (n = 40, r = 0.516, p < 0.0007), IL-8 and to- 
tal protein level (n = 45, r = 0.783, p < 0.00001), 
[L-8 and CSF/b[ood glucose ratio (n = 40, r = 
0.583, p = 0.0008), and IL-8 and the number of 
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days of hospitalization (n = 51, r = 0.483, p = 
0.0003), while there was no correlation between 
IL-8 level and the number of mononuclear cells 
in CSF (n = 40, r = 0.136, p = 0.4). Within each of 
the four groups, there was no significant associa- 
tion between IL-8 and any of the variables listed 
above, except for a significant correlation be- 
tween IL-8 and TNFc~ in patients with septic 
meningitis (n = 31, r = 0.767, p < 0.00001). 

Others have described CSF levels of IL-8 in pa- 
tients with meningitis. A previous study of chil- 
dren by Seki et al. (12), including seven with sep- 
tic meningitis, found CSF IL-8 levels ranging 
from 0.066 to 0.860 ~g/1 in those with septic men- 
ingitis, whereas IL-8 was always below the detec- 
tion limit of 0.03 ~ag/1 in patients with aseptic 
meningitis or without meningitis. This study is at 
variance with our data. We found highly elevated 
IL-8 levels in septic meningitis and to a lesser 
degree in aseptic meningitis. In patients without 
meningitis, the levels were near the detection 
limit of the assay. The discrepancy between the 
study of Seki et al. (12) and ours may be due to 
improved sensitivity of our assay to detect IL-8 as 
well as the broader and larger consecutive patient 
population, including adults, in our study. Thus, we 
believe that determination of CSF IL-8 levels 
may distinguish septic from aseptic meningitis 
and aseptic meningitis from patients without 
meningitis. 

In meningococcal disease, Halstensen et al. (13) 
found IL-8 levels from 0.10-50.3 Ixg/1 in CSF of 19 
patients with meningitis. They did not, however, 
find any significant difference between patients 
with or without meningitis. In our study there were 
eight patients with meningococcal disease, six 
with meningitis and highly elevated levels of IL- 
8 (> 8.6 Ixg/1), and two without meningitis and low 
levels of IL-8 (< 0.120 Fxg/1). Our study and that 
of Halstensen et al. (13) are, however, not com- 
parable because of the noted differences in patient 
selection and the low number of patients with 
only septicemia in our study. 

We found highly increased levels of IL-8 in CSF 
of patients with septic meningitis. Septic menin- 
gitis is defined by a large number of neutrophils 
in CSF, and IL-8 is one of the most potent induc- 
ers of neutrophil chemotaxis. Indeed, injection of 
IL-8 into the hippocampus resulted in a neu- 
trophil inflammatory response in the ventricular 
system, choroid plexus, and meninges (14), sug- 
gesting an important role for IL-8 in the induction 
of neutrophil pleocytosis. IL-8 production is 
stimulated by cytokines such as TNFo~ and IL-113, 

which are known to be elevated in septic menin- 
gitis. This may, indeed, have been the case in some 
of our patients since we found a significant corre- 
lation between IL-8 levels and TNFa levels in pa- 
tients with septic meningitis. 

The differences in IL-8 levels within the groups 
could be due to individual differences in the im- 
munological response or to differences in the du- 
ration of symptoms on admission to hospital. The 
release of IL-8 could possibly precede neutro- 
phil pleocytosis, as previously reported for 
TNFc~, IL-113, and IL-6 (2). The temporal relation- 
ship between the intrathecal release of IL-8, pro- 
inflammatory cytokines, and other laboratory 
findings in septic meningitis, however, remain to 
be defined. 

As expected, we found that various parameters 
used in routine clinical practice that distinguish sep- 
tic from aseptic meningitis (i.e., pleocytosis, de- 
creased CSF/blood glucose ratio) correlated with 
CSF levels of IL-8 if all patients were included in 
the analysis, whereas no significant correlation 
could be detected if the groups were studied sep- 
arately. This underlines that IL-8 levels can distin- 
guish patients with septic meningitis from patients 
with aseptic meningitis or without meningitis. 

We assessed the use of CSF IL-8 for diagnostic 
purposes to distinguish septic meningitis from 
aseptic meningitis. Employing a cut-off point of 
3.00 txg/l or greater, the sensitivity was 81%, the 
specificity was 92%, and the positive predictive 
value was 96%. To distinguish aseptic meningitis 
from nonmeningitis using a cut-off point of 0.20 
ixg/1 or more, the sensitivity was 92%, the speci- 
ficity was 100%, and the positive predictive value 
was 100%. In comparison, using TNF~ levels, we 
found a sensitivity of 34% with a specificity and a 
predictive value of 100%. This is most likely due 
to the low sensitivity of our TNFa assay. Others 
have reported markedly higher sensitivities, 
specificities, and positive predictive values of 
TNFo~ and IL-I[~ (> 75% for all) in the context of 
meningitis (3, 4, 15). Our results indicate that 
measurement of IL-8 may be helpful as an addi- 
tional marker in distinguishing different forms of 
meningitis. 
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Failure to Detect Mycoplasma 
f ermentans, Mycoplasma 
penetrans, or Mycoplasma 
pirum in the Urethra of Patients 
with Acute Nongonococcal  
Urethritis 

T. D e g u c h i  1,2, C.B. G i l r o y  1, D.  Taylor-  
R o b i n s o n  1.  

Urethral swab spec imens col lected from 108 male 
Japanese pat ients with acute nongonococca l  ure- 
thritis (NGU) and from 50 Japanese men wi thout  
NGU were examined for the presence of Mycoplas- 
ma fermentans, Mycoplasma penetrans, and Myco- 
plasma pirum by means of po lymerase chain reac- 
t i on -based  assays. These mycop lasmas were not 
detected in any of the specimens, which suggests 
that they are unlikely to have a pathogenic  role in 
acute NGU. 

Chlamydia trachomatis is a cause of acute nongon- 
ococcal urethritis (NGU) in men, its pathogenic- 
ity in up to 50% of cases being well established (1). 
In chlamydia-negative NGU, however, the micro- 
biological aetiology is not so well understood. 
There is some evidence for the role of Ureaplas- 
ma ureatyticum, but the proportion of cases that 
might be attributable to this pathogen is undefined 
and there has never been any evidence that My- 
coplasma hominis plays a significant part (2). Re- 
cently, however, Mycoplasma genitalium has 
been detected by means of polymerase chain re- 
action (PCR) assays significantly more often in 
urethral specimens from patients with acute 
NGU than in those from subjects without urethri- 
tis (3-5). Furthermore, this mycoplasma has been 
shown to produce urethritis in subhuman pri- 
mates inoculated intraurethrally (6). The various 
results have suggested that this mycoplasma is a 
possible cause of NGU. Despite this, Mycoplas- 
ma genitalium has been detected in the urethra of 
only about 20% of patients with acute NGU 
(3-5), so that a substantial proportion of patients 
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