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Correlation between Proinflammatory Cytokines and Antiinflammatory 
Mediators and the Severity of Disease in Meningococcal Infections

Marcel van Deuren, Johanna van der Ven-Jongekrijg, Departments o f  Internal Medicine, Intensive Care and Medical
Anton K. M. Bartelink, Roelof van Dalen, Microbiology\ University Hospital Nijmegen; Department o f  Internal
Robert W. Sauerwein, and Jos W. M. van der Meer Medicine, Eemland Hospital, Amersfoort, Netherlands

Pro- and antiinflammatory cytokines and mediators were measured in 39 patients with acute life- 
threatening meningococcal infections classified into 3 groups: A, meningitis without shock (n = 20);
B, meningitis with shock (n = 9); and C, shock without meningitis (n =  10). The plasma concentra
tions of proinflammatory endotoxin, tumor necrosis factor-a (TNF-a), interleukin (IL)-6 , and IL- 
8 and antiinflammatory cytokines and mediators IL-1 receptor antagonist, IL-10, and soluble TNF  
receptors p55 and p75 were strongly associated with this classification; the highest concentrations 
were in group C. IL-4 was not measurable. IL-1/3 was increased only in rapidly fatal cases. In 
addition, cerebrospinal fluid (CSF) was analyzed in 21 patients for T N F -a and its soluble receptors.
In CSF, these compounds were mainly increased in group A, reflecting an intrathecal compartmen
talized cytokine production. It is concluded that both pro- and antiinflammatory mediators are 
simultaneously increased and are strongly associated with a classification based on simple clinical 
parameters.

Acute infections with the gram-negative bacterium Neisseria 
meningitidis are characterized by an overwhelming course. 
Characteristically, within a few hours and up to a day, a child 
or young adult is struck down from full health to a perilous 
condition [1]. In its septic form, this infection clinically resem
bles the experimental model in which endotoxin or lipopolysac- 
charide (LPS) is infused. After LPS infusion, serum concentra
tions of so-called proinflammatory cytokines, such as tumor 
necrosis factor-a (TNF-a), interleukin (IL)-l/?, IL-6 , and IL-
8 , sharply increase, and a septic shock-like state develops [2 -  
7]. The short peak of proinflammatory cytokines is directly 
followed by an increase of IL-1 receptor antagonist (IL-IRa), 
IL-10, and soluble TNF receptors (sTNFRs) [8-10]. These 
mediators are considered antiinflammatory because they reduce 
mortality in experimental endotoxemia [11-13].

In patients with meningococcal infections, serum concentra
tions of the proinflammatory cytokines reportedly correlate 
with the degree of systemic involvement and severity of dis
ease, and these cytokines are believed to play a pivotal role in 
the pathogenesis of meningococcal disease [14-17]. sTNFRs 
are also increased, and with a small series of patients, we 
reported high concentrations of the antiinflammatory IL-IRa 
[18, 19]. As published recently, the antiinflammatory IL-10 
behaves similarly: high concentrations at admission in severely
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ill patients [20]. No data are available about the concentrations 
of IL-4 in meningococcal infections.

The principal aim of this study was to compare the concen
trations of the above-mentioned pro- and antiinflammatory me
diators in plasma and cerebrospinal fluid (CSF) in patients with 
life-threatening meningococcal infections with clinical findings 
and severity of disease.

Materials and Methods

Patients. During November 1990 to June 1994, 45 patients 
with acute life-threatening bacteriologically proven meningococcal 
infections were admitted to the intensive care unit (ICU) of Univer
sity Hospital Nijmegen (37 patients) or Eemland Hospital Amers
foort (8 ). In all patients, diagnosis was verified by a positive culture 
of CSF, blood, or skin biopsy or by direct detection of gram- 
negative diplococci in a CSF or skin biopsy smear (or both) [21]. 
From 39 of these patients, a plasma or serum sample was available 
for endotoxin or cytokine (or both) measurements. Leukocytes in 
CSF were counted in all patients; in 21 patients, a CSF sample 
was available for cytokine measurement.

Patients were classified according to clinical findings and sever
ity of systemic involvement [22]. Group A (n = 20) had meningitis 
without shock, group B (n = 9) had meningitis with shock, and 
group C (n = 10) had shock without meningitis. Meningitis was 
defined as >100 x 106 leukocytes/L in CSF. Shock was defined 
as a systolic blood pressure in the first hours after admission of 
<100 mm Hg in adults, <85 mm Hg in children 4 -1 4  years old, 
and <75 mm Hg in children < 4  years old [22-24]. Patients with 
shock were refractory to a fluid bolus and needed inotropic and 
vasoactive support. All patients received antibiotics immediately 
after admission; 33 patients were also treated with steroids. Four
teen patients with shock underwent additional plasma exchange or 
whole blood exchange [25].

Table 1 summarizes the demographic characteristics and prog
nostic parameters, such as duration of disease before first hospital
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Table 1. Characteristics of 39 patients with severe meningococcal infections.

Group A: Group B: Group C:
meningitis without meningitis and shock without

shock shock meningitis

No. o f  patients 20 9 10

No. female/no. male 11/9 5/4 2/8

Age, years 14.5 (2 -6 4 ) 14 (0 -2 1 ) 4* (1 -1 8 )

Disease period before first hospital admission, h 23 (11 .5 -84) 10.5+ (3 -3 0 ) 11.75* (2 .75-16 .5)

Leukocytes in cerebrospinal fluid, X106/L 13,650 (3900-70,000) 417* (107-6000) 15 (1 -9 8 )

Peripheral leukocytes (at first hospital admission), XlOTL 20.9 (12 .8-30 .9) 11.8* (2 .8 -26 .8) 4.1* (2 .0 -13 .6)
Bicarbonate (nadir within 12 h after first hospital admission), mmol/L 21.1 (15 -28 .4 ) 14.0* (11 .5-21 .2) 13.9* (2 .9 -18 .3)

Platelets (nadir within 12 h after first hospital admission), X l0 g/L 165 (51 -38 8 ) 66* (42 -32 5 ) 40* (11 -1 55 )
Fibrinogen (nadir within 12 h after first hospital admission), mg/L 501S (3500-12,000) 2400* (230-4115) 1164* (90 -3732)

No. o f  deaths (%) 2 (10) 1 ( I D 4 (40)

NOTE. Data are median (range) unless stated otherwise. 
Significantly different vs. group A: P ss *.005, \0 5 .

admission, the number of leukocytes in CSF and in peripheral 
blood, the bicarbonate concentration, the platelet count, and the 
fibrinogen concentration [23-27].

Blood sampling and cytokine measurements. Blood samples 
for cytokine assay were drawn at a median of 1 h (range, 0-9.5) 
after ICU admission. In patients treated with plasma or whole 
blood exchange, blood was drawn before the start of the first 
exchange session. Since most patients (n = 28) were referred by 
other hospitals, the delay between first hospital admission and first
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Figure 1. Plasma concentrations of endotoxin on admission to in
tensive care unit in patients with meningitis (group A), meningitis 
with shock (group B), or shock without meningitis (group C). Patients 
who died are indicated with +. Horizontal lines indicate medians.

blood sampling was a median of 4 h (range, 0-17). Consequently, 
most blood samples (37/39) were drawn after the start of antibiotic 
and steroid treatment.

Endotoxin level was determined in platelet-rich heparin plasma 
by a chromogenic limulus amebocyte lysate assay (KabiVitrum, 
Stockholm); the detection limit was 12.5 pg/mL [25], Cytokines 
and sTNFRs were measured in aprotinin-containing platelet-poor 
EDTA plasma as described [19]. In some instances, when no 
EDTA plasma was available, citrate plasma or serum was used. 
Due to the limited amount of sample, in CSF only TNF-a and 
sTNFRs were measured.

TNF-a, IL-1/?, and IL-IRa were determined by RIA using poly
clonal rabbit antibodies, according to methods of Granowitz et al.
[8], van der Meer et al. [28], and Lisi et al. [29] with some minor 
modifications. With these modifications, the lower detection limit 
decreased to 20 pg/mL for TNF-a and IL-1/?. TNF-a values in 
serum were reproducibly higher than values in plasma. Therefore, 
TNF-a data obtained in serum were corrected according to the 
following formula: plasma value = 0.584 X  serum value + 19.5 
pg/mL (formula calculated from 128 paired serum and plasma 
samples [r = .958]).

The IL-IRa assay appeared to lack parallelism, so all samples 
were diluted at a fixed ratio (10 pL of sample and 90 p.L of RIA 
buffer solution) that gave a detection range of 600-50,000 pg/ 
mL. IL-4 was measured by ELISA (Genzyme, Cambridge, MA). 
IL-6  was also measured by ELISA; this assay was not influenced 
by the presence of soluble IL-6 receptors [30]. For measurement 
of IL-8 , a sandwich EIA was used (Quantikine; R & D Systems, 
Minneapolis). IL-10 was measured by sandwich ELISA (Med- 
genix, Fleurus, Belgium).

sTNFRs p55 and p75 were measured by an enzyme-linked im- 
munobinding assay (ELIBA; Hoffmann-La Roche, Basel, Switzer
land). Normal values (±SD) from 19 healthy volunteers were 1470 
± 190 and 2520 ± 660 pg/mL for sTNFR p55 and p75, respec
tively. The TNF-a and sTNFR assays were not influenced by the 
addition of recombinant sTNFR (up to 10 ng/mL) or TNF-a (up 
to 2.5 ng/mL).

Statistical methods. The principal aim of the study was to 
relate the concentrations of the measured mediators in plasma or
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Table 2. Median plasma or serum 
admission to the intensive care unit.

concentrations of endotoxin, proinflammatory cytokines, and antiinflammatory cytokines and receptors on

Mediator

No. o f  
evaluable 
patients

Group A: Group B: 
meningitis without shock meningitis and shock

Group C: 
shock without meningitis

Endotoxin 27 < 12 .5  (< 1 2 .5 -2 2 0 ) 575* (90-3300) 1859* (162-530,000)
T N F-a 36 101 (6 0 -1 8 2 ) 138 (75 -220) 320*f (102-1800)
IL-1/? 35 55 (25 -1 10 ) 40* (3 0 -5 0 ) 110n  (30 -2500)
IL-6 29 795 (46 -2550) 5716* (341-287,500) 36,040+t (3240-10 .8  X 106))
IL-8 19 52 ( < 2 0 - 2 5 0 ) 2462* (325-3050) 6000* (5 7 7 -> 6 0 ,0 0 0 )
IL-IRa 35 5750 (635-12 ,000) 8500* (4400-24,250) 26,250*f (6 4 7 5 -> 5 0 ,0 0 0 )
IL-10 33 32 ( < 1 1 - 3 6 9 ) 869* (13 -6177) 6396*+ (576-15 ,711)
sTNFR p55 39 4505 (2685-33,820) 13,390* (2630-28,490) 17,490* (6310-40,344)
sTNFR p75 39 10,798 (5500-32,080) 29,290* (12,220-59,140) 67,961 *+ (21,175-94,756)

NOTE. Tumor necrosis factor-ar (TNF-a), interleukin (IL), IL-1 receptor antagonist (IL-IRa), soluble TNF receptor (sTNFR). Data are pg/mL (range). 
Significantly different vs. group A: P ^  *.005, \0 5 .
Significantly different vs. group B: + P ^  .05.

CSF with the severity of disease as expressed by the classification 
system of Halstensen et al. [22]. Therefore, the study parameters 
were compared with the Kruskal-Wallis test. To allow for multiple 
comparisons, a Bonferroni correction was applied. Thus, P ^  
.0042 was considered significant. In this case, groups A -C  were 
mutually compared using the Mann-Whitney U test. Spearman’s 
rank correlation coefficient was calculated to quantify the correla
tion between study parameters.

Results

Patient groups and outcome. All group A patients had a 
positive culture or Gram’s stain of CSF, whereas only 5 of 
them had meningococci demonstrated in skin biopsy or blood 
culture. In groups B and C, CSF examination showed meningo
cocci in 17 of 19 patients; in these groups, skin biopsies or 
blood cultures were positive in 18 patients, indicating a more 
systemic involvement of the infection.

In total, 7 patients died. In group A, 2 patients died of 
cerebral herniation directly after admission. In group B, 1 pa
tient died after 4 days when treatment was terminated because 
of severely mutilating distal gangrene and progressive meta
bolic acidosis. In group C, 4 patients died from intractable 
shock within 16 h after admission. Among the 32 survivors, 4 
had serious sequelae. One group A patient had sensorineural 
deafness, 2 patients (1 each, groups B and C) needed plastic 
surgery for necrotic skin areas, and 1 group C patient had both 
legs amputated because of distal gangrene.

Concentrations o f cytokines. The plasma concentration of 
endotoxin was elevated in several samples and corresponded 
well with the classification of patients into groups (figure 1). 
Proinflammatory cytokines TNF-a, IL-1/?, IL-6 , and IL-8  were 
also increased in several samples (table 2). Very high values 
were found in septic patients with fatal disease. In these pa
tients, TNF-a was (median) 495 pg/mL (range, 165-1800), IL- 
1/? was 145 pg/mL (range, 50-2500), IL-6  was 1.8 X  106 pg/

mL (range, 2.87 X  105— 10.8 X  106), and IL-8  (measured in 
only 2 patients) was >33,000 pg/mL. In a group A patient 
dying of cerebral herniation, concentrations of these cytokines 
were only minimally increased. The levels of TNF-a, IL-8 , 
and IL-6  reflected the degree of systemic involvement and 
severity of disease as expressed by the classification into groups 
A -C .  IL-1/5 showed a different pattern; it was increased only 
in rapidly fatal cases with septic shock. All 4 patients with 
shock and IL-1/5 >115  pg/mL died within 16 h.

Antiinflammatory mediators IL-10, IL-IRa, and sTNFRs p55 
and p75 showed a similar pattern and also corresponded well 
with the categories (A -C )  of severity o f  disease (table 2, figure 
2). Circulating IL-4 was not detectable in any plasma sample.

As shown in table 3, the correlation between the plasma 
concentrations of the various proinflammatory and antiin
flammatory mediators was very high (P ^  .002), except for 
IL-1/?, which did not correlate at all with the other mediators.

The plasma concentration of TNF-a in meningitis patients 
without shock (group A) was in the normal range (comparing 
values from controls). However, CSF concentrations of TNF-a 
and sTNFRs of these patients were definitely elevated; medians 
were TNF-a, 5585 pg/mL (range, 555 to >6000); sTNFR p55, 
6700 pg/mL (range, 4260-48,500); and sTNFR p75, 16,730 
pg/mL (range, 2165-94,680) (figure 3). These values differed 
significantly from those in group C: TNF-a, 160 pg/mL (range, 
<  160-600; P =  .002); sTNFR p55,4320 pg/mL (range, 1630- 
6440; P = .016); and sTNFR p75, 1970 pg/mL (range, < 3 0 0 -  
5670; P =  .001). Patients o f  group C who rapidly died tended 
to have higher CSF concentrations (figure 3C).

Discussion

In this study during the acute stage o f  meningococcal infec
tion, circulating concentrations of both pro- and antiinflamma
tory cytokines and mediators were increased and corresponded
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Figure 2. Plasma concentrations 
of antiinflammatory cytokines in
terleukin (IL)-10, IL -1 receptor an
tagonist and soluble TNF receptors 
p55 and p75 on admission to inten
sive care unit in patients with menin
gitis (group A), meningitis with 
shock (group B), or shock without 
meningitis (group C). Patients who 
died are indicated with +  . Hori
zontal lines indicate medians.

with a clinical classification based on the degree of systemic 
involvement and severity of disease.

In 1987, Halstensen et al. [22] classified patients with menin
gococcal infections into 4 subgroups: a, meningitis without 
hypotension; b, septicemia with hypotension and meningitis; 
c, septicemia with hypotension but without meningitis; and d, 
septicemia without hypotension or meningitis. Outcome clearly 
differed among these groups, with mortality rates of 1.3%, 
7.4%, and 28.6% in groups a - c ,  respectively; all group d pa
tients survived. More refined and complex prognostic scoring 
systems using laboratory data such as leukopenia, acidosis, and 
diffuse intravascular coagulation are also available (reviewed 
in [31]). The classification system of Halstensen et al. [22] is 
tightly coupled to these prognostic parameters (table 1). In 
addition, we have shown that the concentrations of endotoxin 
and proinflammatory' cytokines TNF-a:, IL-6 , and IL-8  corre
spond with this classification system, which confirms earlier 
findings [16, 17, 32, 33].

The pattern for IL-1 ß  was different. Similar to findings of 
Waage et al. [16], we found increased \L- \ß  concentrations 
only in group C patients with a rapidly fatal course. Remark
ably, the IL-1/? concentration in patients with shock who sur
vived (/? =  1 2 ) was significantly lower than in survivors without

shock (P =  .05). This observation may explain the conflicting 
data about the role o f  IL-1/? in sepsis of different etiologies. 
Some studies report a positive correlation between IL-1/? and 
the severity of disease, whereas others report the opposite [4, 
34, 35].

The exact role of IL-6  in the genesis of sepsis, having both 
pro- and antiinflammatory effects, has still to be established. 
In an experimental setting, IL-6  has been infused without lethal
ity, and in vitro experiments have shown that IL-6  can inhibit 
TNF-a and IL-1/? production and stimulate IL-IRa production 
either directly or by IL-6 -induced acute-phase proteins [36 -  
38]. Yet, in clinical studies of patients with sepsis of different 
etiologies, IL-6  correlated well with the severity of disease 
[39]. Our results confirm this correlation for patients with me
ningococcal infections, indicating that IL-6  is a good indicator 
of activation of the cytokine network.

IL-IRa and IL-10 are truly antiinflammatory cytokines. Both 
agents improve survival in experimental endotoxemia [ 1 1 , 12]. 
IL-IRa blocks the proinflammatory action of IL-1 by competi
tive binding to the IL-1 receptor [40]. IL-10 inhibits, as does 
IL-4, the production of TNF-a, IL-1/?, IL-6 , and IL-8  and 
stimulates the production of IL-IRa [12, 41 -44]. In our study, 
IL-IRa and IL-10 were produced at an early stage of meningo-
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Figure 3. Paired concentrations of tumor necrosis factor-a (TNF- 
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with shock (group B), or shock without meningitis (group C). Patients 
who died are indicated with +  .

coccal infections and the plasma concentrations corresponded 
with the severity of disease, similar to the pattern observed for 
the proinflammatory cytokines.

The role of endogenous sTNFR during infections is complex. 
It is believed that sTNFR is released into the circulation after 
binding of TNF-a on the target cell. As such, this shedding 
may protect the cell against ongoing stimulation [45]. Shed

TNFRs also may be able to capture TNF-a:, inhibiting its bio
logic effects. Thus, sTNFR may have antiinflammatory proper
ties.

However, sTNFRs may also be proinflammatory, since they 
increase the half-life of TNF-a and therefore prolong its action 
[46]. In sepsis and meningococcal infections, sTNFRs p55 and 
p75 are increased [13, 18, 19]. Girardin et al. [18] reported 
higher T N F -a - to -sT N F R  ratios in more severely ill patients 
and concluded that sTNFRs may detoxify TNF-a. The maximal 
sTNFR concentrations in our study were nearly identical to 
those of Girardin et al. (~ 5 0  ng/mL for p55 and 100 ng/mL 
for p75). This suggests that the human body contains a given 
number of TNFRs that can be shed on maximal stimulation.

TNF
T N F -a - to -sT N F R

increase.
The interpretation of sTNFR concentrations in patients with 

septic shock is even more difficult, since sTNFR is mainly 
cleared by the kidneys, and patients with shock and renal insuf
ficiency will have higher sTNFR levels [47, 48]. In our study, 
T N F -a - to - sT N F R  ratios did not differ significantly among 
groups A -C .  In addition, 3 of 5 septic patients who died had 
low T N F -a - to - sT N F R  ratios. Overall, our results do not sup
port a purely antiinflammatory role for endogenous sTNFR but 
rather suggest that sTNFR concentrations reflect preceding or 
ongoing TNF-a activity.

sTNFRs p55 and p75 differ with respect to their distribution 
on different cells [45]. In our study, the median ratio of plasma 
p75 to p55 in patients with meningitis (group A) was 2.27 
(range, 0.81-4.02), whereas in patients with shock without 
meningitis (group C), this was 3.18 (range, 2 .19-6.24; P = 
.018). For comparison, in 19 healthy volunteers, this ratio was 
1.67 (range, 1.23-2.18). The p75-to-p55 ratio in CSF also 
differed: 3.21 (range, 0 .51-7.26) in group A and 0.46 (range, 
< 0 .1 8 -0 .8 8 )  in group C (P < .001). This suggests either a 
disproportional release or differential clearance of these com
pounds in both types of meningococcal infections.

Our observation of very high TNF-a concentrations in CSF 
of patients with meningitis without shock (group A) and con
comitant low plasma concentrations is in line with that of 
Halstensen et al. [17], Brandtzaeg et al. [49], and Waage and 
colleagues [50, 51]. Those investigators reported on the com- 
partmentalization o f  cytokine production in meningococcal in
fections. In our study, sTNFR showed a similar pattern of high 
concentration in CSF and low concentration in plasma in group 
A. Although the presence of TNF-a up to 2500 pg/mL did not 
influence the sTNFR assay, interaction at much higher levels 
o f  TNF-a (as observed in some CSF samples) cannot be totally 
excluded. Remarkably, we also found increased TNF-a and 
sTNFR concentrations in CSF of patients without meningitis 
who died rapidly of shock (group C). Possibly in these cases 
the increase in TNF-a and sTNFR in CSF is of a different 
origin, since it is known that a high systemic TNF-a or IL-1/? 
concentration can permeate the blood-brain barrier [52]. The
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Table 3. Spearman’s correlation coefficients between plasma concentrations o f  measured mediators 
(cytokines) on admission to the intensive care unit.

Endotoxin T N F-a IL-1 ß IL-6 IL-8 IL-IRa IL-10 sTNFR p55 sTNFR p75

Endotoxin 1.00
T N F-a 0.71 1.00
IL-1/? -0 .0 8 0.19 1.00
IL-6 0.86 0.79 0.07 1.00
IL-8 0.91 0.81 0.00 0.75 1.00
IL-IRa 0.66 0.52 0.28 0.72 0.72 1.00
IL-10 0.71 0.66 0.09 0.71 0.85 0.80 1.00
sTNFR p55 0.77 0.65 0.28 0.70 0.89 0.57 0.72 1.00

sTNFR p75 0.80 0.77 0.14 0.72 0.88 0.65 0.80 0.90 1.00

NOTE. Tumor necrosis factor-a (TNF-a), interleukin (IL), IL-1 receptor antagonist (IL-IRa), soluble TNF 
receptor (sTNFR).

different sTNFR p75-to-p55 ratios found in CSF of patients 
with (group A) and without (group C) meningitis may support 
this theory. Thus, cytokine production in meningococcal infec
tions is compartmentalized but probably not completely segre
gated, and mutual influences may complicate the final cytokine 
pattern.

In conclusion, in our patients with life-threatening meningo
coccal infections, the degree of cytokine activation corres
ponded well with a classification based on easily perceptible 
and simple clinical parameters. During the early stage o f  the 
disease both pro- and anti-inflammatory cytokines were in
creased and probably represented a generalized activation of 
the cytokine network. This activation was compartmentalized 
but not segregated.

Acknowledgments

We thank G. R. Adolph (Boehringer Mannheim, Vienna) for 
the T N F -a ,  P. Graber (Glaxo, Geneva) for the IL-1/3, P. Ghiara 
(Sclavo, Sienna, Italy) for the anti—IL -1 /? antibodies, J. Wijdenes 
(Inotherapie, Besançon, France) for the a n t i - IL -6  antibodies, J. L. 
Vannice (Synergen, Boulder, CO) for the IL-IRa, F. Van de H eu
vel (Medgenix Diagnostic, Amersfoort) for the IL-10 ELISA, and 
H. G. Gallati (Hoffmann-La Roche) for the sTNFR ELIBA. We 
greatly appreciated the statistical support by H. J. J. van Lier.

References

1. Apicella MA. Neisseria meningitidis. In: Mandell GL, Douglas RG, Bennet
JE, eds. Principles and practice of  infectious diseases. 3rd ed. New
York: Churchill Livingstone, 1990:1600-12.

2. Michie HR, Manogue KR, Spriggs DR, et al. Detection o f  circulating
tumor necrosis factor after endotoxin administration. N Engl J Meo
1988;318:1481-6.

3. Hesse DG, Tracey KJ, Fong Y, et al. Cytokine appearance in human
endotoxemia and primate bacteremia. Surg Gynecol Obstet 1988;
166:147-53.

4. Cannon JG, Tompkins RG, Gelfland GA, et al. Circulating interleukin-1
and tumor necrosis factor in septic shock and experimental endotoxin
fever. J Infect Dis 1990;161:79-84.

5. Martich G, Danner RL, Ceska M, Suffredini AF. Detection o f  interleukin
8 and tumor necrosis factor in normal humans after intravenous endo
toxin: the effect o f  antiinflammatory agents. J Exp Med 1991; 173: 
1021-4 .

6. Suffredini AF, Fromm RE, Parker MD, et al. The cardiovascular response
o f  normal humans to the administration o f  endotoxin. N Engl J Med 
1989;321:280-7 .

7. Taveira da Silva AM, Kaulbach HC, Chuidian FS, Lambert DR, Suffredini
AF, Danner RL. Brief report. Shock and multiple-organ dysfunction 
after self-administration o f  Salmonella endotoxin. N Engl J Med 
1993;328:1457-60.

8. Granowitz EV, Santos AA, Poutsiaka DD, et al. Production o f  interleukin-
1-recep to r  antagonist during experimental endotoxaemia. Lancet 
1991;338:1423-4.

9. Durez P, Abramawicz D, Gérard C, et al. In vivo induction o f  interleukin
10 by an anti-CD3 monoclonal antibody or bacterial lipopolysaccharide: 
differential modulation by cyclosporin A. J Exp Med 1993; 177: 
5 5 1 -5 .

10. Shapiro L, Clark BD, Orencole SF, Poutsiaka DD, Granowitz EV, Dina-
rello CA. Detection o f  tumor necrosis factor soluble receptor p55 in 
blood samples from healthy and endotoxemic humans. J Infect Dis 
1993;167:1344-50.

11. Ohlsson K, Björk P, Bergenfeldt M, Hageman R, Thompson RC. Interleu-
k in-1 receptor antagonist reduces mortality from endotoxin shock. Na
ture 1990;348:550-2 .

12. Gérard C, Bruyns C, Marchant A, et al. Interleukin-10 reduces the release
o f  tumor necrosis factor and prevents lethality in experimental endotox
emia. J Exp Med 1993; 177:547-50.

13. van Zee KJ, Kohno T, Fischer E, Rock C, Moldawer LL, Lowry SF.
Tumor necrosis factor soluble receptors circulate during experimental 
and clinical inflammation and can protect against excessive tumor necro
sis factor a  in vitro and in vivo. Proc Natl Acad Sei USA 1992; 
89 :4845-9 .

14. Waage A, Halstensen A, Espevik T. Association between tumour necrosis
factor in serum and fatal outcome in patients with meningococcal dis
ease. Lancet 1987;1:355-7 .

15. Girardin E, Grau GE, Dayer JM, Roux-Lombard P, J5 Study Group, Lam
bert PH. Tumor necrosis factor and interleukin-1 in the serum o f  children 
with severe infectious purpura. N Engl J Med 1988;319:397-400.

16. Waage A, Brandtzaeg P, Halstensen A, Kierulf P, Espevik T. The complex
pattern o f  cytokines in serum from patients with meningococcal septic 
shock. Association between interleukin-6, interleukin-1, and fatal out
come. J Exp Med 1989; 169:333-8.

17. Halstensen A, Ceska M, Brandtzaeg P, Redl H, Naess A, Waage A. In
terleukin-8 in serum and cerebrospinal fluid from patients with meningo
coccal disease. J Infect Dis 1993;167:471-5.



JID 1995; 172 (August) Cytokines in Meningococcal Infections 439

18. Girardin E, Roux-Lombard P, Grau GE, ct al. Imbalance between tumor
necrosis factor-a and soluble TNF receptor concentrations in severe 
meningococcaemia. Immunology 1992;76:20-3 .

19. van Deuren M, van der Ven-Jongekrijg J, Demacker PNM, et al. Differen
tial expression o f  proinflammatory cytokines and their inhibitors during 
the course o f  meningococcal infections. J Infect Dis 1994; 169:157-61.

20. Derkx HHF, Marchant A, Goldman M, Bijlmer RPGM, Van Deventer
SJH. High levels o f  interleukin-10 during the initial phase o f  fulminant 
meningococcal septic shock. J Infect Dis 1995;171:229-32.

21. van Deuren M, van Dijke BJ, Koopman RJJ, et al. Rapid diagnosis o f
acute meningococcal infections by needle aspiration or biopsy o f  skin 
lesions. BMJ 1993;306:1229-32.

22. Halstensen A, Pedersen SHJ, Haneberg B, Bjorvatn B, Solberg CO. Case
fatality o f  meningococcal disease in western Norway. Scand J Infect 
Dis 1987;19:35-42.

23. Sinclair JF, Skeoch CH, Hallworth D. Prognosis o f  meningococcal sep
ticaemia. Lancet 1987;2:38.

24. Thomson APJ, Sills JA, Hart CA. Validation o f  the Glasgow meningococ
cal septicemia prognostic score: a 10-year retrospective survey. Crit 
Care Med 1991;19:26-30.

25. van Deuren M, Santman FW, van Dalen R, Sauerwein RW, Span LFR,
van der Meer JWM. Plasma exchange and whole blood exchange in 
meningococcal sepsis. Clin Infect Dis 1992;15:424-30.

26. Niklasson PM, Lundbergh P, Strandell T. Prognostic factors in meningo
coccal disease. Scand J Infect Dis 1971;3:17-25.

27. Giraud T, Dhainaut JF, Schremmer B, et al. Adult overwhelming meningo
coccal purpura. A study o f  35 cases, 1977-1989. Arch Intern Med 
1991;151:310-6.

28. van der Meer JWM, Endres S, Lonnemann G, et al. Concentrations o f
immunoreactive human tumor necrosis factor alpha produced by human 
mononuclear cells in vitro. J Leukoc Biol 1988;43:16-23.

29. Lisi PJ, Chu CW, Koch GA, Endres S, Lonnemann G, Dinarello CA.
Development and use o f  radio immunoassay for human interleukin-\ß. 
Lymphokine Res 1987;6:229-44.

30. Frieling JTM, Sauerwein RW, Wijdenes J, Hendriks T, Van der Linden
CJ. Soluble interleukin 6 receptor in biological fluids from human origin. 
Cytokine 1994;6:376-81.

31. Gedde-Dahl TW, Bjark P, Hoiby EA, Host JH, Bruun JN. Severity o f
meningococcal disease: assessment by factors and scores and implica
tions for patient management. Rev Infect Dis 1990; 12:973-92.

32. Brandtzaeg P, Kierulf P, Gaustad P, et al. Plasma endotoxin as a predictor
o f  multiple organ failure and death in systemic meningococcal disease. 
J Infect Dis 1989;159:195-204.

33. van Deuren M, van der Ven-Jongekrijg J, van der Meer JWM. Interleukin-
8 in acute meningococcal infections; correlation with severity o f  disease 
[abstract]. In: Lindley IJD, Westwick J, Kunkel SL, organizers. Proceed
ings o f  the 3rd International Symposium on Chemotactic Cytokines 
(Baden by Vienna, Austria), 30 A u g u s t - 1 September 1992.

34. Damas P, Reuter A, Gysen P, Demonty J, Lamy M, Franchimont P. Tumor
necrosis factor and interleukin-1 serum levels during severe sepsis in 
humans. Crit Care Med 1989;17:975-8.

35. Calandra T, Baumgartner JD, Grau GE, et al. Prognostic values o f  tumor
necrosis factor/cachectin, interleukin-1, interferon-a, and interferon-y 
in the serum o f  patients with septic shock. J Infect Dis 1990; 161: 
9 8 2 -7 .

36. Schindler R, Mancilla J, Endres S, Ghorbani R, Clark SC, Dinarello CA.
Correlations and interactions in the production o f  interleukin-6 (IL-6), 
IL-1, and tumor necrosis factor (TNF) in human blood mononuclear 
cells: IL-6 suppresses IL-1 and TNF. Blood 1990;75:40-7 .

37. Tilg H, Trehu E, Atkins M, Dinarello CA, Mier JW. Interleukin-6 (IL-
6) as an anti-inflammatory cytokine: induction o f  circulating receptor 
antagonist and soluble tumor necrosis factor receptor p55. Blood 
1994;83:113-8.

38. Tilg H, Vannier E, Vachino G, Dinarello CA, Mier JW. Antiinflammatory
properties o f  hepatic acute phase proteins: preferential induction o f  
interleukin 1 (IL-1) receptor antagonist over IL-1 ß  synthesis by human 
peripheral blood mononuclear cells. J Exp Med 1993;178:1629-36.

39. Damas P, Ledoux D, Nys M, et al. Cytokine serum level during severe
sepsis in human IL-6 as a marker o f  severity. Ann Surg 1992;215: 
3 5 6 -6 2 .

40. Dinarello CA, Thompson RC. Blocking IL-1: interleukin-1 receptor antag
onist in vivo and in vitro. Immunol Today 1991; 12:404-10.

41. de Waal Malefyt R, Abrams J, Bennet B, Figdor CG, de Vries JE. Interleu
kin 10 (IL-10) inhibits cytokine synthesis by human monocytes: an 
autoregulatory role o f  IL-10 produced by monocytes. J Exp Med 
1991;174:1209-20.

42. Wang P, Anthes JC, Siegel MI, Egan RW, Billah MM. Interleukin-10
inhibits interleukin-8 production in human neutrophils. Blood 
1994;83:2678-83.

43. Te Velde AA, Huijbens RJ, Heije K, de Vries JE, Figdor CG. Interleukin-
4 (IL-4) inhibits secretion o f  IL-1 beta, tumor necrosis factor alpha, and 
IL-6 by human monocytes. Blood 1990;76:1392-7.

44. Vannier E, Miller LC, Dinarello CA. Coordinated antiinflammatory effects
o f  interleukin 4: interleukin 4 suppresses interleukin 1 production but 
up-regulates gene expression and synthesis o f  interleukin 1 receptor 
antagonist. Proc Natl Acad Sei USA 1992;89:4076-80.

45. Wallach D, Engelmann H, Nophar Y, et al. Soluble and cell surface
receptors for tumor necrosis factor. Agents Actions Suppl 1991;35: 
5 1 -7 .

46. Aderka D, Engelmann H, Maor Y, Brakebusch C, Wallach D. Stabilization
o f  the bioactivity o f  tumor necrosis factor by its soluble receptors. J 
Exp Med 1992;175:323-9.

47. Froon AH, Bemelmans MH, Greve JW, Van der Linden CJ, Buurman
WA. Increased plasma concentrations o f  soluble tumor necrosis factor 
receptor in sepsis syndrome: correlation with plasma creatinine values. 
Crit Care Med 1994;22:803-9 .

48. Frieling JTM, van Deuren M, Wijdenes J, et al. Circulating interleukin-6
receptor in patients with sepsis syndrome. J Infect Dis 1995; 171: 
4 6 9 -7 2 .

49. Brandtzaeg P, Halstensen A, Kierulf, Espevik T, Waage A. Molecular
mechanisms in the compartmentalized inflammatory response pre
senting as meningococcal meningitis or septic shock. Microb Pathog 
1992;13:423-31.

50. Waage A, Halstensen A, Espevik T, Brandtzaeg P. Compartmentalization
o f  TNF and IL-6 in meningitis and septic shock. Med Inflam 1993; 2:
2 3 - 5 .

51. Waage A, Halstensen A, Espevik T, Brandtzaeg P. Cytokines in meningo
coccal disease. Baillieres Clin Infect Dis 1994; 1:97-108.

52. Ramilo O, Sâez-Llorens X, Mertsola J, et al. Tumor necrosis factor a/
cachectin and interleukin- \ß  initiate meningeal inflammation. J Exp
Med 1990;172:497-507.


