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Meningococcal sepsis is a good model to study the dynamic response of
cytokines and other soluble factors in vive in the early stages of the dis-
ease. Levels of soluble CD14, interleukin-6 (IL-6), IL.-6 receptor (IL-6R),
and C-reactive protein (CRP) have been measured in plasma from 26 chil-
dren with septic shock (nine of whom had disseminated intravascular co-
agulation) and from ten control children. All samples were collected at the
onset, before treatment, and, when possible, 24 and 48 hours later. At ad-
mission, patients had significantly higher levels of IL-6 (p<0.001) and
CRP (p<0.001), and lower levels of IL-6R (p<0.005) than normal controls.
After 24 hours, there was a significant increase of sCD24 (p<0.05) and
CRP (p<0.001). Although IL-6 showed a progressive decline since the on-
set, its levels were always higher than controls. There was an inverse cor-
relation between IL-6 and both IL-6R (p<0.001) and CRP (p<0.001), prob-
ably due to the later increase of CRP. Nevertheless, sCD14 did not corre-
late with IL-6 levels. We have confirmed the finding of IL-6 as a sensitive
and reliable inflammatory marker in septic shock. Moreover, the ratio IL-
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modulating the effects of IL-6 in meningococcal sepsis.

Septic shock remains a major cause of mortality in
children and adults. Meningococcal septic shock is a
good model to assess the dynamic response in vivo
of different factors in the early stages of the disease
as its sudden onset inevitably leads to immediate ad-
mission of patients. Attention has been currently fo-
cused on the role of cytokines and LPS-protein
binding complex (CD14) in inflammatory responses
and cardiovascular changes. Increased levels of TN-
Fa, IL-1B, and I1.-6 have been reported in severe in-
fectious disease and sepsis (1), even though this
finding is not specific since it also occurs in other
conditions (2, 3). TNFo and IL-1§ are involved in
response to sepsis by gram-negative bacteria, induc-
ing similar effects to those caused by bacterial li-
popolysaccharide (LPS): hypotension, fever and
synthesis of acute phase proteins (4). Interleukin-6
acts via an IL-6 receptor with two subunits, a lig-
and-binding (gp80) and a signal transducer protein
(gp130)(5). It has recently been reported that the
soluble form of IL-6R was decrease in neonates (6)
and adults with sepsis (7). CD14 is also a cellular re-
ceptor for LPS presented as a complex with LPS-
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binding protein (8). We and others have previously
reported an increase of the soluble form of CD14 in
serum form patients with clinical septicemia (9, 10).
Differences reported in several septic models may
be explained by the short half-life of cytokines and
the very rapid change in their levels, which fluctuate
in a complex pleiotropism. The aim of the study was
to assess the time-related profile of cytokines and
other soluble factors in the early stages of septic
shock due to meningococcal infection.

Materials and methods
Patients

The study includes 26 children with septic shock,
age range: 6 months-8 years (mean: 4 years, 2
months). The diagnosis of meningococcal sepsis
was based on epidemiological data and clinical
symptoms, according to the American Consensus
criteria (11) modified for children (12), which de-
fines septic shock as a systolic hypotension <60 mm
Hg persisted for at least one hour. Nine patients



(34%) had a more severe condition, with dissemi-
nated intravascular coagulation (DIC) and multior-
gan dysfunction syndrome (MODS: severe respira-
tory, renal, cardiac, and neurologic failure). The di-
agnosis of DIC was reached in children who had
clinical symptoms of thrombosis and bleeding, less
than 150.000/u1 platelets, prolonged coagulation
times and increased levels of fibrin split products, as
reported (13). Neisseria meningitidis-type B was
identified in blood or CSF from 18 patients (no oth-
er bacteria was found in any case). Results were
similar in positive and negative blood culture cases;
therefore, all patients were included in the same
group. Only one child in the study died. Ten patients
admitted for routine assessment of various ailments,
i.e. iron deficiency anemia, abdominal pain or minor
surgical problems, were used as controls. The mean
age was 4 years-8 months (range: 2 months—7
years); five were girls and five were boys. All labor-
atory studies were eventually found to be normal.

Whole blood samples were collected at the time
of admission in EDTA-containing tubes. Sample
collection was repeated 24 hours later in eight pa-
tients, with a stable condition, who had not received
plasma or blood, and after 48 hours in three other
cases. Plasma was separated within 2 hours of col-
lection by centrifugation under mild conditions for
20 min at room temperature, and stored at —20°C
until assessment.

Methods

Soluble CD14, IL-6 and IL-6R were measured by
ELISA according to the test protocol and standards
provided by the manufacturer: sCD14 (Immuno Bi-
ological Lab, Germany), IL-6 and IL-6R (R&D Sys-
tems, USA). The sensitivity of the tests were 1.1 g/
ml for sCD14; 0.70 pg/ml for IL-6, and 0.14 ng/ml
for IL-6R. The commercial kit does not rule out the
possibility that both free and complexed IL-6R mol-
ecule are detected.

C-reactive protein was quantified by radial im-
munodiffusion (Behring, Germany) with a sensitivi-
ty of 20 pg/dl.

Statistical analysis

The difference between groups was assessed by the
Mann-Whitney U-test. In order to evaluate the rela-
tionship between two different parameters, the
Spearman’s rank correlation coefficient was calcu-
lated. Statistical significance was defined as a p val-
ue <0.05. Data showed a non-parametric distribu-
tion, for this reason they are presented as median
and interquartile range. All statistical calculations
were performed using the software package
StatView® Student v1.0 (Abacus Inc. USA).

CD14 and IL-6 in meningococcal sepsis

Table 1. Serum levels of IL-6, IL-6R, soluble CD14 and C-reactive protein in meningo-
coccal sepsis {median value and interquartile range)

Time n IL-B IR sCD14  CRP

{hours) (pg/ml)  (ng/ml)  pg/ml) g/}

Sepsis 0 B Mg 102 33 e
(161-624) (46-13) (26-40) (6.2-182)

p2. 8  104™ 145 a0 30
(8-632) (65-178) (35-54) (237-622)

Controls 10 00 204 30 <20

{176-2186) (22-36)

**#*0<0.001; **p<0.005; *p<0.02 vs controls.

Results

Soluble CD14 was not significantly increased at the
onset of the disease (3.3 pg/ml in patients vs 3.0 in
controls); however, 24 hours later, it was clearly
higher (4.0 pg/ml, p<0.05) than controls (Table 1).
At the time of admission, CRP also showed a signif-
icant increase (110 pg/L, p<0.001) which was even
higher 24 hours later (370 pg/L, p<0.001). CRP lev-
els were inversely correlated with IL-6 (p<0.02)
(Fig. 1a).

CRP /IL-6 CORRELATION
(p:0.001)

IL-6 (pg/ml)
g

0 -+ - -
0 10 20 30 40 50 60 70 80
CRP (ug/dl)
IL-6R / IL-6 CORRELATION
(p:0.001)

0 5 10 15 20 25 30
IL-6R (ng/ml)

Fig. 1. Inverse correlation between serum levels of IL-6 and (a)
C-reactive protein (p:0.001). (b) IL-6 receptor (p:0.001).
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Table 2. Serum levels at 0 and 24 hours in patients with or without disseminated in-
travascular coagulation (DIC)

IL-6 IL-6R sCD14 CRP

{pg/mi) {ng/ml) {ug/ml} {g/L)

atOh DiC+ 287 75 34 130
Dic- 539 105 31 105

NS. N.S. NS. N.S.

at24h  DIC+ 650* 6.0** 38 370
DiC- 38* 16.3** 45 430

*m0.01 **p:0.03 N.S. N.S.

The finding of high IL-6 levels (448 pg/ml) was a
constant feature in all patients with sepsis, and those
levels were higher than controls at any time (Table
1). On the other hand, at the onset of the disease all
26 septic patients had IL-6R levels lower than con-
trols (10.2 vs 20.4 ng/ml, p<0.005). Serum IL-6R
levels in patients were lower than controls at the
time of admission, and there was an increase corre-
lation between IL-6R and IL-6, particularly in those
cases with low IL-6 levels (r:0.664, p<0.001) (Fig.
1b). Profiles of IL-6, IL-6R and sCD14 from eight
patients were studied at the onset of the disease and
after 24 hours. In three cases, the determinations
were repeated 48 hours later and the results for IL-6
(149 pg/ml) and IL-6R (17.9 pg/ml) showed a trend
similar to that observed after 24 hours, whereas
sCD14 (3.0 pg/ml) returned to normal.

At the onset IL-6, IL-6R, sCD14 and CRP levels
were similar in DIC-positive (DIC+) and DIC-nega-
tive (DIC-) groups. Nevertheless, after 24 hours IL-
6 levels (650 vs 38 pg/ml, p:0.01) were higher in
DIC+ as compared to DIC- patients, and the IL-6R
levels (6.0 vs 16.3 ng/ml, p:0.03) were lower (Table
2).

The only patient who died during the study
showed high levels of IL-6 (624 and 650 pg/ml) and
very low of IL-6R (3.2 and 6.0 ng/ml) after 24
hours, whereas sCD14 levels were only slightly in-
creased (3.67 and 3.81 pg/ml).

We had previously found high levels of IL-6, TNFa
and sCD14 in neonatal sepsis. sCD14 was particu-
larly increased in patients with sepsis by gram-nega-
tive as compared to gram-positive bacteria (10),
whereas IL-6, TNFa, CRP, and fibronectin had sim-
ilar levels in both groups (10, 11). Soluble CD14 has
also been found increased in adults with septic
shock, and it is very likely that sCD14 will play a
pathogenetic role in sepsis by LPS-induction of cy-
tokine synthesis, which can be blocked by specific
anti-CD14 antibodies (14). In the present study, we

196

highlight the finding of a peak sCD14 concentration
24 hours after the onset of meningococcal infection,
whereas 48 hours later patients showed similar lev-
els to those found at the onset.

In gram-negative bacterial sepsis, LPS induces
macrophage synthesis of TNF and IL-6 (15). It was
suggested that, in addition to a direct toxic effect,
TNF might also mediate cytokine synthesis in septic
shock, but recent reports have shown that endotox-

Variation of IL-6, IL6R and sCD14 levels
in the first 24 hours
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Fig. 2. Time-related changes of IL-6, IL-6R and soluble CD14.
IL-6 decreases 24 hours later in most patients, and the increase
of IL-6R began at the onset of the disease. However, the highest
sCD14 levels are detected after the onset of meningococcal sep-
sis.



in-induced release in adult severe systemic infection
with septic shock but not in mild infections (17),
and, therefore, it may discriminate sepsis from other
causes of fever. A correlation between increased IL-
6 levels and the size of the lesion has been found in
burned patients, particularly in cases with more than
40% of burned skin (18). Besides, the infection
agent may also be relevant, and patients with bacte-
rial meningitis have been shown to have significant-
ly higher IL-6 levels in CSF samples than patients
with aseptic meningitis (19).

Patients with disseminated intravascular coagula-
tion (DIC+) showed always a more severe clinical
picture and more intense hypotension. The only
child who died had DIC+. The levels of all factors
were studied here were similar in patients with
DIC+ and DIC- at the onset of sepsis (time (). Nev-
ertheless after 24 hours IL-6 was significantly high-
er and IL-6R lower in group CID+ as compared to
CID-, at 24 hours. By contrast sCD14 and CRP lev-
els did not show differences between both groups.
These data and other reports (20) suggest that IL-6
is a good marker of the sepsis.

In our study, the rise of IL-6 levels in children
with meningococcal sepsis was the most common
and early finding. Serum IL-6 has a very short half-
life; however, septic patients showed higher IL-6
levels than controls at any time of the study, al-
though its levels were declining. This cytokine plays
a critical role in the induction of CRP synthesis in
the liver, and this may explain the finding of a peak
CRP level 24 hours later than the highest IL-6 titer
at the onset. Other authors have also reported in-
creased IL-6 levels, followed by CRP, in patients
with hematological malignancies and sepsis, al-
though IL-6 decreased rapidly during the antimicro-
bial treatment (21).

Compared to other reporters, and given the sever-
ity of the disease, it may be argued that our patients
showed lower levels of some of the factors than
should be expected. However, even though there
were no other inclusion criteria but the diagnosis, it
is possible that those patients severely ill died be-
fore entering the study, and therefore only cases
with moderate and mild forms of the disease were
included. Moreover, the lack of homogeneity be-
tween groups after the onset of the disease makes us
think that some of the results should be interpreted
with caution. This was due to technical problems
during the sampling procedure at the early stages of
the disease, as we were unable to collect samples
from patients in need of critical care.

High levels of IL-6 have been associated with in-
creased susceptibility to septic shock. Both TNFo
and IL-6 determinations may have a prognostic val-
ue in newborns, children and adults with septic
shock (22-24), and their levels are frequently higher
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in non-survivor than survivor patients (25). In gen-
eral, very high IL-6 levels in serum and CSF have
been related to severe symptoms, poor prognosis
and increased mortality, especially in meningococ-
cus infection (26-28). In severe intra-abdominal
sepsis, IL-6 levels predicted mortality in 86% of
cases, although no correlation was found between
levels of TNFa, IL-1 and LPS and the mortality rate
(29). Only cancer patients with chemotherapy-in-
duced granulocytopenia who died from sepsis
showed increased levels of IL-6 before death (30),
and, in patients with severe leukopenia due to hema-
tological malignancies, these levels remained high
only in those who died from septic shock, whereas
the association between CRP and shock and mortal-
ity was weak (31).

At the onset of the disease, all patients with sepsis
had low IL-6R levels, even lower than controls, and
they started to increase 24 hours later. The IL-6 re-
ceptor is expressed at the cell surface some minutes
after synthesis and it is rapidly turned over with a
half-life of 2-3 hours (5). It has been observed that
anti-inflammatory drugs, such as dexamethasone,
increase mRNA for IL-6R (31). A possible explana-
tion of the decrease in IL-6R levels during sepsis
might be either protein consumption after blocking
or reducing the biologic activity of IL-6 or the result
of the internalisation of IL-6 linked to its membrane
receptor (7).

Serum levels of IL-6R were inversely correlated
with those of IL-6, and this probably reflects the ex-
istence of a modulatory effect between both the cy-
tokine and its soluble receptor, since serum IL-6R
has been shown to enhance IL-6 effects on murine
and human cells (33). Treatment with IL.-6 and IFNy
reduces the number of IL-6R molecules at the cell
surface (34). IL-6 decreases IL-6R mRNA expres-
sion, indicating a pathway by which cells regulate
their response to IL-6. Furthermore, LPS, TNFq,
IL-1p, and IFNo. induced IL-6 production and at the
same time suppressed IL-6R mRNA synthesis (32).
However, the controversy on the effect of IL-6 over
its receptor is still open, since there are also reports
which show that neither LPS nor IL-6 down-regu-
lates IL-6R (35).

The decrease of IL-6R which coincides with the
rise in IL.-6 levels may be due to an augmented com-
plex formation with the ligand and its subsequent
clearance or to the decreased generation of IL-6R in
sepsis. In any case, low levels of IL-6 might play a
modulating role in the effects of IL-6, as others have
recently proposed (20).

The commercial kit did not rule out the possibil-
ity that the capture antibody reacts with free and
complexed IL-6R, but this seems irrelevant in our
study because both molecules are decreased. The as-
say does not exhibit detectable cross reactivity with
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other cytokines tested, IL-6 among them, and the
addition of recombinant IL-6 to samples did not in-
fluence the detection of IL-6R and vice versa (20).

In summary, the severity of septic shock may be
related to the levels of IL-6 rather than sCD14. Lev-
els of IL-6 increase in the first place and this is fol-
lowed by changes in sCD14, CRP and IL-6R. IL-6
levels did not correlate with sCD14 levels, suggest-
ing an independent activation in meningococcal
sepsis. An increased ratio IL-6/ IL-6R may have a
prognostic value in septic shock due to a putative
protective effect of IL-6R.
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