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Abstract

Neisseria meningitidis infections in sub-Saharan Africa usually present with distinct symptoms of meningitis but very rarely

as fulminant septicemia when reaching hospitals. In Europe, development of persistent meningococcal shock and multiple

organ failure occurs in up to 30% of patients and is associated with a bacterial load of >106/ml plasma or serum.

We have prospectively studied 27 Ethiopian patients with meningococcal infection as diagnosed and quantified with

real-time PCR in the cerebrospinal fluid (CSF) and serum. All presented with symptoms of meningitis and none with

fulminant septicemia. The median N. meningitidis copy number (NmDNA) in serum was < 3.5� 103/ml, never exceeded

1.8� 105/ml, and was always 10–1000 times higher in CSF than in serum. The levels of LPS in CSF as determined by the

limulus amebocyte lysate assay were positively correlated to NmDNA copy number (r¼ 0.45, P¼ 0.030), levels of IL-1

receptor antagonist, (r¼ 0.46, P¼ 0.017), and matrix metallopeptidase-9 (MMP-9; r¼ 0.009). We also compared the

inflammatory profiles of 19 mediators in CSF of the 26 meningococcal patients (2 died and 2 had immediate severe

sequelae) with 16 patients with Streptococcus pneumoniae meningitis (3 died and 3 with immediate severe sequelae). Of

19 inflammatory mediators tested, 9 were significantly higher in patients with pneumococcal meningitis and possibly

linked to worse outcome.

Keywords

Bacterial meningitis, cerebrospinal fluid, chemokine, cytokine, lipopolysaccharides, matrix metallopeptidase-9, Neisseria

meningitidis, septicemia, septic shock, Streptococcus pneumoniae

Date Received: 16 April 2018; revised: 16 September 2018; accepted: 19 September 2018

Introduction

Bacterial meningitis is an important cause of morbidity

and mortality in sub-Saharan Africa. Neisseria menin-

gitidis, mainly capsular group A, has, until recently,

caused recurrent epidemics of meningitis in this area,

including Ethiopia.1 Streptococcus pneumoniae is the

second most prevalent pathogen and causes even

higher mortality and morbidity than N. meningitidis

in the same region.1–3 A recent study of bacterial men-

ingitis patients in three university hospitals in Ethiopia

from February 2012 to June 2013 found that, among 46

patients with real-time PCR (RT-PCR) confirmed
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etiology, N. meningitidis was the most prevalent cause
(59%) followed by S. pneumoniae (39%). Merely 2%
had meningitis caused by Haemophilus influenzae.1

The clinical presentations of N. meningitidis infec-
tions in sub-Saharan Africa appear to differ from the
disease spectrum observed in industrialized countries
on hospital admission. Meningitis, characterized by
fever, headache, neck and back rigidity and impaired
cerebral function, is the dominant clinical presentation
in sub-Saharan Africa. The development of fulminant
meningococcal septicemia with persistent septic shock,
multiple organ failure and large hemorrhagic skin
lesions, which are easy recognizable by health care per-
sonnel, appears to be very uncommon in this region of
Africa. In Europe, as many as 30% of patients con-
tracting invasive meningococcal infection may develop
septic shock usually combined with renal and pulmo-
nary failure and extensive skin hemorrhages.4,5 Half of
patients with septic shock also exhibit clinical signs of
meningitis;4,5 however, coagulopathy and multiple
organ failure are less pronounced, with lower mortality
than fulminant meningococcal septicemia with minimal
pleocytosis (< 100� 106 leukocytes per liter cerebrospi-
nal fluid (CSF)) and lack of distinct signs and symp-
toms of meningitis.4,5 The causes explaining the
different clinical presentations in sub-Saharan Africa
versus Europe are not obvious. European studies in
the last 30 yr have documented that the different clin-
ical pictures can be explained by compartmentalized
growth of the meningococci.4,6–9 In patients
developing distinct meningitis without compromised
circulation, the growth of meningococci occurs primar-
ily in the subarachnoid space, with 10 to 1000-fold
higher concentrations of LPS, N. meningitidis DNA
(NmDNA) and inflammatory mediators in the cerebro-
spinal fluid than in the blood.4,6–9 In patients develop-
ing fulminant meningococcal septicemia with persistent
septic shock, the bacterial proliferation occurs primar-
ily in blood and microcirculation in the extra-cerebral
organs, leading to much higher concentrations of
NmDNA, LPS and inflammatory mediators than
detected in the subarachnoid space.4,6–9 The difference
in clinical presentation between meningococcal menin-
gitis and fulminant septicemia is caused primarily by a
much higher growth velocity of the meningococci in the
blood and extra-cerebral vessels in patients with fulmi-
nant septicemia.4–9 Meningococcal LPS is the most
potent trigger of the innate immune system via CD14,
TLR4 and myeloid differential factor 2 (MD2).4,6–9

One aim of this study was to quantify the growth of
meningococci in the circulation and CSF by using RT-
PCR of NmDNA and determine the copy number per
milliliter. We hypothesized that the copy number of
NmDNA would be below 106/ml serum since the
patients did not develop the septic shock, extensive

skin hemorrhages, renal and pulmonary impairment
associated with NmDNA copy numbers in plasma or
serum levels ranging from 106 to 108/ml.4

Meningitis caused by S. pneumoniae has a higher case
fatality rate and causes more sequelae in patients in sub-
Saharan Africa and in industrialized countries than
meningococcal meningitis.2,3,10,11 The biological basis
explaining this difference has not been fully elucidated.
One hypothesis is that the inflammatory responses to the
Gram-negative N. meningitidis and the Gram-positive
S. pneumoniae in the subarachnoid space are quantita-
tively different, and that this is reflected in the outcome.
Few studies have performed head-to-head comparison
of the cytokine profiles in CSF of the two pathogens.
Examination of CSF from patients with meningococcal
or pneumococcal meningitis living in Brazil and Burkina
Faso, respectively, suggests that the profile of cytokine
and chemokine differs, possibly explaining the difference
in outcome.12,13

A second aim of the present study was to compare
the profile of inflammatory mediators in CSF in 26
patients with N. meningitidis meningitis and 16 patients
with S. pneumoniae meningitis all diagnosed by
RT-PCR. We quantified the levels of 18 different cyto-
kines, chemokines and matrix metallopeptidase 9
(MMP-9) in CSF and compared the results of the
two groups. In addition, we evaluated the quantitative
relationship between LPS and NmDNA and the
inflammatory mediators in patients with meningococ-
cal meningitis.

Materials and methods

Patients and samples

Patients admitted to three referral teaching university
hospitals in Gondar, Hawassa and Addis Ababa in
Ethiopia during February 2012–June 2013 were
recruited to this study, as previously described.1

Among the 139 patients with clinical signs of meningi-
tis and turbid CSF having their CSF tested by RT-PCR
for presence of DNA from N. meningitidis, S. pneumo-
niae, or H. influenzae, sufficient CSF volumes for
testing of inflammatory mediators were available
from 43 patients (27 with meningococcal meningitis
and 16 with pneumococcal meningitis). None of the
patients presented at hospital admission with typical
signs and symptoms of meningitis combined with mas-
sive skin hemorrhages, persistent shock or dwindling
urine production. All patients or parents of patients
received clinical study information sheets and gave
written informed consent. A total of 27 meningococcal
patients had LPS and MMP-9, 26 had 18 different
cytokines and chemokines, and 23 had the copy
number of N. meningitidis analyzed in CSF. NmDNA
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in serum was quantified in 23 of the 27 patients. CSFs

from the 16 patients with pneumococcal meningitis

were assayed for the same 18 different cytokines,

chemokines and MMP-9 as the meningococcal menin-

gitis patients.
All patients had a completed case report form com-

prising personal data, clinical information on admis-

sion and the immediate outcome, i.e. death or

survival and immediate severe sequelae, such as deaf-

ness or neurological impairment observed during the

hospital stay. Long-term sequelae were not studied.

The study protocol was reviewed and approved by the

National Research Ethics Review Committee of

Ethiopia (3-10/6/5-04) and Regional Ethics Committee

in Norway (2011/825b).1

The CSFs and sera were stored at –20�C immediate-

ly after collection at the local clinical laboratory,

during transportation to Armauer Hansen Research

Institute (AHRI) in Addis Abeba. The samples were

transported to Norwegian Institute of Public Health

by air on dry ice and, upon at arrival, were stored at

–80�C until thawed for PCR analysis. The samples

were transported frozen to Oslo University Hospital

Ullevål, stored at –80�C and thawed for PCR, LPS

and cytokine analyses.

Quantification of N. meningitidis DNA

The copy number of NmDNA in serum and CSF was

determined using quantitative PCR (qPCR), as previ-

ously described,14 except that the sequence-specific

hybridization probes (0.3 mM per reaction) 50-AG

GATACG AATGTGCAGCTGAC-FL and 50-LC
Red640-GTGGCAATGTAGTACGAA CTGTTGC-

PH (Metabion, Munich, Germany), and the Light

Cycler Fast Start DNA master hybridization probe

mix (Roche, Germany) were used in the detection

system. Heparin-plasma is considered optimal for

assaying bacterial copy number in blood. However, in

a porcine sepsis model and in meningococcal shock

patients, we have previously shown that serum can be

used.15 The detection limit was 2.5� 102 copies

NmDNA/ml CSF and 3.5� 103 copies/ml serum.

Quantification of inflammatory mediators in CSF

The levels were quantified by Bio-Plex Pro Cytokine,

Chemokine, and Growth Factor assay (Bio-Rad,

Hercules, CA) for the following 18 cytokines and

chemokines: IL-1b, IL-1 receptor antagonist (IL-1ra),

IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-18, granu-

locyte colony stimulating factor (G-CSF), IFN-!,
IFN-!-induced protein 10 (IP-10), monocyte chemoat-

tractant protein-1 (MCP-1), macrophage inflammatory

proteins 1a (MIP-1a) , macrophage inflammatory

proteins 1b (MIP-1b), regulated on activation normal
T cells expressed and secreted (RANTES), TNF-a and
TNF-related apoptosis inducing ligand (TRAIL).
MMP-9 was quantified by Bio-Plex Pro Human
MMP Assay (Bio-Rad) according to the manufac-
turer’s instructions (Figure 1 and Table 1).

Quantification of LPS activity in CSF

The levels of LPS were determined with Chromo-
LALVR (Associates of Cape Cod, East Falmouth, MA)
according to the manufacturer’s instructions and as
described earlier.14

Clinical definitions

Meningitis was diagnosed when the patients revealed
neck and back rigidity and turbid CSF (�1000� 106

leukocytes/l) usually associated with fever, headache
and impaired cerebral function. Fulminant meningo-
coccal septicemia was diagnosed when patients
presented with extensive skin hemorrhages (ecchymo-
ses), septic shock (systolic blood pressure <100 mm Hg
in patients 12 yr or older and 70 mm Hg in children
below 12 yr old that would require fluid and vasoactive
drug therapy in addition to antibiotics).4,6 Immediate
recognizable sequelae comprised acute deafness or
major impaired hearing, stroke, epileptic insults or
other acute neurological or other impairment.

Statistical analysis

We assessed differences between the patient groups by
using the Mann-Whitney’s test. Correlations were car-
ried out using Spearman�s procedure. All calculations
were performed using Graph Pad Prism version 3.0.
(La Jolla, CA). The level of significance was set at
5% in all cases.

Results

Descriptive demographics of meningococcal and
pneumococcal patients

All patients presented as meningitis. The median age
and range (in parentheses) for 27 patients with menin-
gococcal meningitis were 7 yr (5 d–35 yr) as compared
with 10 yr (2 mo–78 yr) for 16 patients with pneumo-
coccal meningitis. The age distribution between the
groups was not significantly different. Among the
N. meningitidis patients, 17 (63%) were males whereas
9 (56%) of the S. pneumoniae patients were males.
The gender distribution was not significantly different
between the two groups. In the N. meningitidis
group, two (7%) died: a 4-yr-old boy and a 20-yr-old
woman. In the S. pneumoniae group three (19%) died: a
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4-mo-old girl, a 50-yr-old man and a 54-yr-old woman.

Two patients, a 4-mo-old girl and a 5-yr-old boy (7%)

with N. meningitidis developed immediately recogniz-

able sequelae. Among those with S. pneumoniae

meningitis, three (19%) had severe immediate sequelae

(two boys of 4 and 5 mo, respectively, and a girl of 4 yr

of age).

N. meningitidis DNA and LPS concentrations

A set of 23 paired CSF and serum samples from menin-

gococcal meningitis patients as assayed to study the

compartmentalization of the meningococci, i.e., the

growth of the bacteria in CSF versus blood.

The copy number of NmDNA in CSF was detectable

in 22 (96%) of 23 tested CSF samples, with a median of

8.2� 105 (range < 2.5� 102–1.4� 107) copies/ml.

Among the 23 serum samples from the corresponding

patients, the median NmDNA level was <3.5� 103/ml

(range < 3.5� 103–1.8� 105/ml). Only 6 (26%) of the

23 patients had detectable NmDNA (� 3.5� 103/ml) in

serum, with a median concentration of 2.1� 104 (range

6.4� 103–1.8� 105) copies/ml. The difference in the

levels of NmDNA in the two compartments (CSF

and serum) was statistically significant (P¼ 0.008).

In patients with paired samples from serum and CSF,

the copy numbers of NmDNA were always higher in

CSF than in serum, with the differences ranging from

10- to 1000-fold. The highest level in CSF was 1.4� 107

copies/ml with a corresponding serum level of
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Figure 1. Scatterplot with median value of the concentrations (pg/mL) of inflammatory mediators in cerebrospinal fluids from
Ethiopian meningococcal and pneumococcal patients with significant differences between the patient groups. IL-4: P¼ 0.0268,
IL-12p70: P¼ 0.0260, IFN-!: P¼ 0.0104, IP10: P¼ 0.0395, MCP-1: P¼ 0.0063, MIP-1a: P¼ 0.0198, MIP-1a: P¼ 0.0116, RANTES:
P¼ 0.0395, MMP-9: P¼ 0.0486.
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1.0� 105/ml. The highest serum level was 1.8� 105/ml

with a corresponding CSF level of 3.0� 106/ml.
The median level of LPS in CSF of six patients

with detectable NmDNA in serum was 679 (range

184–16,000) endotoxin units (EU)/ml. In 21 patients

without detectable NmDNA copies (< 3.5� 103/ml)

in serum, the median CSF level of LPS was 100 (2 –

8055) EU/ml. The difference was significant (P¼ 0.01).

In CSF samples, the LPS concentrations were signifi-

cantly correlated only to NmDNA (r¼ 0.45, P¼ 0.03,

n¼ 23), CSF levels of IL-1ra (r¼ 0.46, P¼ 0.02, n¼ 26)

and MMP-9 (r¼ 0.50, P¼ 0.009, n¼ 27). Age did not

correlate with LPS activity.
The numbers of NmDNA copies in CSF were pos-

itively correlated with IL-1b (r¼ 0.62, P¼ 0.002,

n¼ 23) and MMP-9 (r¼ 0.46, P¼ 0.03, n¼ 23) and

negatively correlated with IL-6 (r¼ –0.45, P¼ 0.03,

n¼ 23). The NmDNA numbers in CSF were not sig-

nificantly correlated to age. IL-18 was negatively cor-

related to age (r¼ –0.45, P¼ 0.02, n¼ 26).
Two meningococcal meningitis patients died and

two had immediate observable sequelae. No significant

difference was observed in the levels of LPS activity,

NmDNA load and levels of cytokines, chemokines,

MMP-9 in CSF, gender or age between these 4 patients

and the 22 other surviving patients without immediate

observable sequelae.

Comparison between meningococcal and

pneumococcal meningitis patients

Significantly higher levels of IL-4, IL-12p70, INF-c, IP-
10, MCP-1, MIP-1a, MIP-1b, RANTES, and MMP-9

were found in CSF of 16 patients with S. pneumoniae

meningitis as compared with 26 patients with N. men-

ingitidis meningitis (Table 1). TRAIL was detectable in

three out of 16 CSF samples from patients with pneu-

mococcal meningitis as compared with none in the 26

patients with meningococcal meningitis. No statistical-

ly significant difference was found between patients

with pneumococcal versus meningococcal meningitis

for the following cytokines and chemokines: TNF-a,
IL-1b, IL-1ra, IL-2, IL-6, IL-8, IL-10, IL-18, and

G-CSF.

Inflammation markers and severity of disease

among pneumococcal meningitis patients

We compared inflammatory markers S. pneumoniae

patients who died (n¼ 3) or had immediate severe

sequelae (n¼ 3) versus the 10 other patients who sur-

vived. Three deceased pneumococcal meningitis

patients had significantly higher median levels of

IL-1b (P¼ 0.04) and MMP-9 (P¼ 0.03) than the 13

survivors. There was no significant difference in con-

centration for any of the cytokines, chemokines or

Table 1. Concentrations (pg/ml) of inflammatory mediators in cerebrospinal fluids from Ethiopian meningococcal and pneumococcal
patients, 2012–2013.

Mediatora

N. meningitidis S. pneumoniae

P-ValueMedian (range) Median (range)

IL-1b 739 (8–239,179) 543 (7–6959) NSb

IL-1ra 5189 (335–47,951) 7331 (285–385,841) NS

IL-2 57 (0–357) 130 (0–1441) NS

IL-4 3.5 (0–18) 11 (1–46) 0.0268

IL-6 5568 (1–709,615)c 59,662 (23–756,693)c NS

IL-8 3645 (605–1.6� 107)c 11,266 (968–220,000)c NS

IL-10 199 (8–6,178) 774 (16–26,717) NS

IL-12p70 33 (0–187) 91 (4–782) 0.0260

IL-18 315 (10–3334) 452 (70–3567) NS

G-CSF 1452 (18–271,060) 5824 (21–95,111) NS

IFN-! 131 (33–679) 351 (39–7906) 0.0104

IP-10 18,363 (0–1.1� 106)c 78,545 78,545(16–1.1� 106)c 0.0395

MCP-1 537 (30–29,756) 5215 (108–19,191) 0.0063

MIP-1a 24 (2–2427) 145 (3–34,535)c 0.0198

MIP-1b 288 (9–30,209) 2731 (142–44,588) 0.0116

RANTES 117 (0–1255) 515 (0–2108) 0.0395

TNF-a 566 (0–119,840) 565 (44–27,935) NS

TRAIL 0 (0) 0 (0–3778) –

MMP-9 193,913 (4142–.6� 107) 1.5� 106 (183–3.3� 107) 0.0486

aAbbreviations defined in Quantification of inflammatory mediators in CSF.
bNot significant i.e., (P � 0.050).
cNumber extrapolated from the standard curve.
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MMP-9 between the six patients whom either died or
had immediately recognizable sequelae and the other
10 surviving patients who had no immediate severe
sequelae. Since sequelae were only registered during
admission to hospital, we do not know whether some
of these 10 patients developed sequelae at a later stage.

Discussion

This study provides more exact information about the
compartmentalized nature of N. meningitidis causing
meningitis in Ethiopia. Furthermore, we confirm that
the profile of inflammatory mediators in CSF differs
between meningococcal and pneumococcal patients
with meningitis as suggested by others.12,13 By extend-
ing the number of mediators studied, this difference
becomes even clearer.

In 23 Ethiopian patients with meningococcal men-
ingitis, the copy numbers of NmDNA were 10- to 1000-
fold higher in CSF than in serum. After an initial bac-
teremic phase, meningococci penetrate the blood–brain
barrier, utilizing type IV pili and various other surface-
exposed bacterial adhesion molecules interacting
with CD147 and other molecules on the endothelial
cells.16,17 After gaining access to the subarachnoid
space, the bacteria proliferate and reach higher levels
in CSF than in the blood, inducing a more intense
localized inflammation in the former.4,6–9,14,18 These
patients have marked clinical symptoms of meningitis
but no persistent septic shock. Among the Ethiopian
meningococcal patients, only 6 (26%) of 23 had quan-
tifiable meningococcal DNA (� 3.5� 103/ml) in serum.
These six patients also had significantly higher numbers
of NmDNA copies and higher levels of LPS/ml in CSF
than the 17 patients without detectable NmDNA in the
circulation. One interpretation of this observation is
that while meningococci proliferate to high levels in
CSF, a certain fraction of bacteria translocate back
into the circulation resulting in detectable bacterial
load, i.e., levels above 3.5� 103 meningococci/ml in
serum. Another interpretation is that the genetic con-
stitution of certain patients allows for more intense
proliferation in both blood and CSF, although the pro-
liferation in blood did not reach levels associated with
shock, i.e., above 106 copies of N. meningitidis DNA
per milliliter plasma or serum.4,14,19,20 In Norway, the
same pattern as seen in this Ethiopian study has previ-
ously been observed. Only 9 of 28 (32%) Norwegian
patients with distinct meningococcal meningitis
without persistent shock had detectable NmDNA in
heparin plasma with detection limit of 2.5� 102/ml.14

An interesting aspect concerning bacterial load in
the circulation is that none of the patients with quan-
tifiable copy number of meningococcal DNA reached
106 copies/ml. Previous European studies suggested

that patients passing this level of meningococcemia
are predisposed to development of persistent septic
shock, renal and pulmonary failure combined with
massive activation of the coagulation system.4,14,19,20

Unlike patients with clinically distinct meningitis,
many patients with fulminant meningococcal septice-
mia with persistent shock and large hemorrhagic skin
lesions, previously known as Waterhouse-Friderichsen
syndrome, reveal levels of NmDNA copy numbers as
high as 107 –108/ml plasma or serum.4,14,19,20 This high
number of meningococci in the circulation is accompa-
nied with LPS (endotoxin) levels in plasma or serum
as high as 3800 EU/ml which induce a cytokine
storm in the circulation and tissues of the large
organs.4,6–9,14,15,18–25

Fulminant meningococcal septicemia with persistent
shock and massive skin hemorrhages appears to be
very uncommon among patients reaching hospitals in
sub-Saharan Africa.26 One likely explanation is that
fulminant meningococcal septicemia develops so rapid-
ly that patients living in rural areas die before they are
transported to hospital.27 However, patients living in
cities—closer to the hospitals—should have increased
chances of being discovered and receiving treatment.
In a study from Kenyatta National Hospital in
Nairobi, of 57 patients with meningococcal meningitis,
1 developed shock but multiple organ failure is not
mentioned.28 Use of prescribed or non-prescribed
oral preadmission antibiotics with inhibiting effect on
N. meningitidis in the circulation might influence the
development of shock but have little impact on the
development of meningitis. Among Ethiopian physi-
cians, the experience is that the majority of patients
presently have received antibiotics before they are
admitted. In the 27 patients with meningococcal men-
ingitis in this study 17 (63%) had not been treated with
antibiotics before hospital admission, 7 were treated,
and information was lacking for 3 patients.

Is meningococcal shock with organ failure really less
common in Africa than in industrialized countries?26

A search in PubMed using the key words of
Waterhouse Friderichsen syndrome or fulminant
meningococcal septicemia in the sub-Saharan region
did not reveal any case description. None of our
relatively small number of patients with laboratory
confirmed N. meningitidis infection had levels of
NmDNA copy numbers above 106/ml. None developed
septic shock, multiorgan failure or extensive skin
hemorrhages.

An alternative hypothesis to explain the rarity of ful-
minant meningococcal septicemia is that pre-existing
Abs elicited by the microbial flora in the upper respira-
tory tract and gut may influence the clinical presenta-
tion. Such Abs, reacting with epitopes located in the
meningococcal capsular polysaccharide or proteins and
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LPS in the outer membrane, may not be bactericidal but
could still contain the very rapidly proliferation of N.
meningitidis in the blood and capillaries of various
organs.29,30 Africans growing up in the Europe do, how-
ever, develop fulminant meningococcemia although the
incidence has not been established.25

Could the difference in clinical presentation be
explained by differences in serogroups infecting
patients in sub-Saharan Africa, mainly serogroup A,
versus patients in Europe where mainly serogroup B
or C strains cause the infection? Observations from
the serogroup A epidemics in Moscow in the 1980s
and 1990s, however, indicate that serogroup A
may cause fulminant meningococcal septicemia with
lethal shock and high LPS levels in the blood in
Europeans.31,32

Our results suggest that the levels of NmDNA copy
numbers are significantly correlated with the biological
activity of LPS in CSF. This is in accordance with
European results but, to our knowledge, has not been
previously studied in African patients.14 The correla-
tion coefficient (r¼ 0.45) in the present study was not
as high as previously found (r¼ 0.96), but the number
of patients in the present study was higher, i.e. 23
versus 9 in the earlier study.14 However, we cannot
exclude that LPS contamination may have occurred
during collection and handling of some of the CSF
samples, as judged by a marked difference between
low level of NmDNA and high LPS activity. A series
of previous studies suggest that N. meningitidis LPS is
the most potent, but not the only, activator of the
innate immune system.4,7–9,14,15,33–36

The relation between levels of biologically active
LPS and various cytokines, chemokines and other
inflammatory mediators is complex and time depen-
dent. The cytokines TNF-a, IL-1b and IL-6 are locally
produced in resident cells of the meninges and CNS as
well as by leukocytes penetrating the blood brain bar-
rier. In rabbit experimental meningitis models, TNF-a,
IL-1b and IL-6 are elicited prior to the influx of leuko-
cytes.18 In our study, only IL-1b receptor antagonist
and MMP-9 were significantly and positively correlated
to the levels of LPS, while Waage et al. have previously
documented that LPS activity was significantly corre-
lated to TNF-a, but not to IL-1b or IL-6 in CSF.18 The
difference in assay methods, i.e. biological activity in
cell assays versus Ab-based immunological tests and
the time from initiation of the symptoms to lumbar
puncture, which presumably is longer in Ethiopia
than in Norway, clearly may influence the
reported results.

The pattern of cytokines we observed in this study
was highly variable between individual patients in the
two patient groups (Table 1). IL-6, IL-8 and IP-10 were
the cytokines with the largest variability. The

variability of IL-6 has previously been observed
among patients with bacterial meningitis.37 Why IL-6
was negatively correlated to the copy numbers of
NmDNA but not to LPS is not known and may be
an arbitrary finding.

We chose the panel of inflammatory mediators in
this study to verify the results from two previous stud-
ies comparing the inflammatory CSF response in
meningococcal versus pneumococcal meningitis.12,13

In addition, we added several mediators that were rel-
evant for subarachnoid inflammation elicited by LPS
and other cell wall components, including those of
Gram-positive bacteria and that could be determined
with same assay system. MMP-9 was relevant given its
previously documented prognostic value.38 Patients in
this study with S. pneumoniae meningitis had, as a
group, significantly (7.7-fold) higher levels of MMP-9
in CSF than patients with meningococcal meningitis.
MMP-9 disrupts the blood–brain barrier, possibly
increasing brain edema and contributing in some
cases to brain abscess formation, as observed in some
patients with pneumococcal meningitis but very rarely
in meningococcal meningitis. Furthermore, the median
MMP-9 and IL1b levels were significantly higher in the
three patients with lethal pneumococcal meningitis as
compared with the 13 surviving patients. However,
given the low numbers of diseased patients as com-
pared with survivors, the result are associated with
uncertainty. Age did not influence the levels of LPS
nor copy number of meningococcal DNA in CSF.
Age was significantly negatively correlated to IL-18
but not to any other cytokines or chemokines. An
interesting observation was documented in the CSF
of a 7-d-old boy who survived the initial illness
(although the long term outcome is unknown) bearing
the highest level of TNF-a, IL-6, IL-8 and the second
highest level of IL-1b among 26 the meningococcal
patients tested. Some neonates clearly have the capac-
ity to mount a massive cytokine release in the sub-
arachnoid space and still survive the developing brain
edema. When comparing the levels of the N. meningi-
tidis LPS and DNA or the 19 inflammatory mediators
in the 4 patients who died or had immediate severe
sequelae with the 22 other meningococcal patients, we
did not observe a reproducible pattern that could
explain the worse outcome. Our results suggest that
the levels of cytokines in CSF do not have the same
predictive value of the acute outcome as observed in
serum or plasma for meningococcal patients.22

Importantly, we found significantly higher levels of
9 of 19 inflammatory mediators in CSF in patients with
pneumococcal as compared with meningococcal men-
ingitis. Significantly higher levels of IFN-c, MIP-1a and
MMP-9 in CSF have previously been identified in
pneumococcal versus meningococcal meningitis
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patients.12,13 This study adds MCP-1, MIP-1b, IL-4,
IL-12p70, IP-10, RANTES and TRAIL as possible

additional markers of increased inflammatory response

in pneumococcal versus meningococcal meningitis.

Pro-inflammatory mediators including TNF-a, IL-6,

IL-8, 12p70, IL-18 and G-CSF and anti-inflammatory

mediators including IL-10 and IL-1ra did not differ

significantly between the two groups of meningitis in

line with previous studies.12,13 If confirmed in a larger

number of patients comprising both types of meningi-

tis, the results may indicate that a different cytokine,

chemokine and MMP-9 profile exists between these

two major types of bacterial meningitis. The results

may indicate where we should focus future research

to unravel the underlying pathophysiology of pneumo-

coccal meningitis to better understand the cause of the

high case fatality rate. Future studies should also center

on the bacterial load and outcome.39,40

Conclusion

In this study of 27 patients with meningococcal menin-

gitis and 16 patients with pneumococcal meningitis

admitted to three referral hospitals in Ethiopia during

a 15-mo period, we found that N. meningitidis was

compartmentalized primarily to the subarachnoid

space. The numbers of meningococci were 10- to

1000-fold higher in CSF than in serum. The blood

levels did not reach 106 bacteria/ml—bacterial concen-

trations that are associated with the development of

persistent septic shock, multiple organ failure, severe

coagulopathy and large skin hemorrhages. Patients

with pneumococcal meningitis had, as a group, signif-

icantly higher levels in 9 out of 19 inflammatory medi-

ators suggesting a different and more harmful

inflammatory response as compared with patients

with meningococcal meningitis.
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