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Abstract
Background—Endothelial damage is important in meningococcal disease. Cell
adhesion molecules, including P selectin,
E selectin, and intercellular cell adhesion
molecule 1 (ICAM-1), are expressed by
activated endothelium and then subsequently shed.
Methods—ICAM-1, P selectin, and E
selectin were measured on admission to
hospital in children with meningococcal
infections.
Results—Concentrations of shed cell adhesion molecules are reported for 78 children. Eleven did not have meningococcal
disease. Of the 67 with meningococcal
disease, 40 had mild disease (Glasgow
meningococcal septicaemia prognostic
score (GMSPS) < 8) and 27 had severe
disease (GMSPS > 8). E selectin and
ICAM-1 values were higher in those with
meningococcal disease. The E selectin
values in those with severe disease were
higher than in those with mild disease. P
selectin concentrations were not altered
in meningococcal disease, but those who
died had lower concentrations.
Conclusions—Endothelial activation in
meningococcal disease is reflected by shed
ICAM-1 and E selectin concentrations.
(Arch Dis Child 1999;80:74–76)
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Endothelial cell activation by inflammatory
cytokines alters endothelial cell function. This,
and the subsequent leucocyte–endothelial
interaction,1 is of fundamental importance in
the pathology of inflammation and healing, and
so also in the changes of sepsis.
In invasive meningococcal disease, high
serum concentrations of lipooligosaccharide
(LOS)2 are produced, which correlate well with
disease severity. LOS causes a host response,
which includes the release of cytokines, again
well related to disease severity.3 4 Cytokines,
including tumour necrosis factor (TNF) and
interleukin 1 (IL-1), activate endothelial cells,
altering function in several ways. Presynthesised P selectin, which is stored in the WeibelPalade bodies of endothelial cells (and the á
granules of platelets) is released on to the
endothelial cell surface on activation. It subsequently disappears from the cell surface and at
least a proportion is released into the bloodstream, where it may be detected.5 Intercellular
cell adhesion molecule 1 (ICAM-1), a member
of the immunoglobulin family of adhesion

molecules, and E selectin are expressed constitutively on the surface of the endothelium. On
activation, the expression of both increases on
the cell surface, although being dependent on
protein synthesis, this is slower and more
sustained than P selectin. Again, a proportion
is released into the circulation.6–9 Measurement
of shed cell adhesion molecules in blood is feasible in humans, whereas direct immunohistochemical demonstration of the cell adhesion
molecules on the endothelial cell surface is
more diYcult.
Binding of the leucocytes to endothelial cells
might cause dysfunction of the endothelial cells
directly.10
Evaluation of the role of cell adhesion
molecules will oVer a better understanding of
the pathophysiology of the cardiovascular collapse in sepsis, and might allow the development of new strategies to manage sepsis.11 12
However, as abnormalities of neutrophil–
leucocyte interaction cause the recurrent infections in leucocyte adhesion deficiencies, and
ICAM-1 knockout mice have a lower mortality
from Haemophilus influenzae infection, but a
higher mortality from Streptococcus pneumoniae
infections,13 any proposed treatment must be
evaluated carefully. Treatments, including the
choice of fluid used in resuscitation14 or the inotrope used,15 aVect the expression of cell adhesion molecules, and so may unwittingly aVect
endothelial cell responses.
A rise in concentrations of ICAM-1, E selectin, and vascular cell adhesion molecule
(VCAM-1) have been described in adults with
meningococcal sepsis or meningitis,16 17 but P
selectin concentrations were unchanged. There
are no data from children.
We sought to characterise the endothelial
dysfunction of meningococcal disease by measuring the circulating serum concentrations of P
selectin, E selectin, and ICAM-1 on admission
to hospital in a large group of children with
meningococcal disease.
Methods
Children admitted to hospital with a clinical
diagnosis of meningococcal disease were included from two studies of meningococcal disease in Merseyside, which ran from November
1988 until August 1990 and from September
1992 until April 1994. Children admitted to
the Royal Liverpool Children’s Hospital, Arrowe Park, Whiston, Warrington and the
Countess of Chester Hospitals were enrolled.
The study was approved by the local ethics
committee and consent was obtained from the
children’s parents.
Children were scored using the Glasgow
meningococcal septicaemia prognostic score
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Figure 1 Shed P selectin concentration in controls
(n = 11) and children with meningococcal disease stratified
by GMSPS into mild disease (n = 40) and severe disease
(n = 19), and in eight fatal cases. The box represents the
interquartile range, with the central line being the median.
The whiskers represent the adjacent values. Values outside
the whiskers are plotted individually.

(GMSPS),18 a score of 8 or more identifies a
group with mortality of 30%.19
Blood was obtained on admission to hospital. Serum was separated and stored at −70°C
until analysed. E selectin, P selectin, and
ICAM-1 were measured in duplicate by a
commercially available immunoenzymometric
technique (R + D Systems Europe, Abingdon,
UK). Cytokines were measured as described
previously.20
Statistical analysis was performed using
STATA (Stata Corporation, Texas, USA),
using the two sample Wilcoxon rank sum test
and Spearman correlation coeYcient.
Results
Blood was obtained on admission from 78
children. In 11 children, the final diagnosis was
not meningococcal disease (controls), and in
67 children the final diagnosis was of meningococcal disease. Of the 67 children with meningococcal disease, 40 had mild disease (GMSPS
< 8) and 27 had severe disease (GMSPS > 8).
Of the 27 with severe disease, eight children
died. All children with GMSPS < 8 survived.
In 11 children, a diagnosis of meningococcal
infection was considered on admission, although
the final diagnosis was not meningococcal
disease. The children ranged in age from 1 to
180 months. The median age was 11 months.
The diagnoses included viral infections (six),
chest infections (two), non-meningococcal bacterial infection (one), haemophilus meningitis
(one), and febrile fit (one). All of these children
survived. These are the non-meningococcal
infectious disease controls.
Of the 67 children with meningococcal
disease, 39 were boys and 28 were girls. Of the
eight children who died, two were girls. The
ages of the children ranged from 4 to 170
months, with a median of 24 months. This was
similar for each of the three groups: mild
disease, severe disease, and fatal cases.
P selectin values on admission were similar
in the controls and the groups with mild and
severe disease (fig 1). The serum concentration
of shed P selectin was lower in those who subsequently died. The median concentration of
those who subsequently died (85 ng/ml) was
significantly lower than those who survived
with meningococcal disease (110 ng/ml;
p = 0.04 by Wilcoxon rank sum test).
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Figure 2 Shed E selectin concentrations in controls
(n = 11) and children with meningococcal disease stratified
by GMSPS into mild disease (n = 40) and severe disease
(n = 19), and in eight fatal cases. The box represents the
interquartile range, with the central line being the median.
The whiskers represent the adjacent values. Values outside
the whiskers are plotted individually.
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The P selectin concentrations were related
to the platelet count on admission, with higher
P selectin values seen with higher platelet
counts (Spearman correlation coeYcient 0.32;
p = 0.01). The children with more severe disease had lower platelet counts and counts were
lowest in those who subsequently died.
The serum concentrations of shed E selectin
were higher in the children with meningococcal
disease than in the controls (median, 315 ng/
ml v 100 ng/ml, respectively; p = 0.0001 by
Wilcoxon rank sum test) (fig 2). The E selectin
concentrations in the severely aVected children
(GMSPS > 8) were higher than in those who
were less severely aVected (median, 275 ng/ml
v 360 ng/ml, respectively; p = 0.01 by Wilcoxon rank sum test). The serum shed E selectin concentrations in those who died were
lower than in those with severe disease who
survived (median, 300 ng/ml v 392 ng/ml,
respectively; p = 0.04 by Wilcoxon rank sum).
The serum concentrations of shed ICAM-1
were higher in those with meningococcal
disease than in controls (median, 380 ng/ml v
500 ng/ml, respectively; p = 0.0001 by Wilcoxon rank sum test) (fig 3). There was no significant diVerence between those with mild and
severe disease.
The concentrations of shed E selectin and
ICAM-1 were related, higher concentrations of
E selectin being seen in those patients with
higher levels of ICAM-1 (Spearman correlation coeYcient, 0.7; p = 0.001). There was no
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Figure 3 Shed ICAM-1 concentrations in controls
(n = 11) and children with meningococcal disease stratified
by GMSPS into mild disease (n = 40) and severe disease
(n = 19), and in eight fatal cases. The box represents the
interquartile range, with the central line being the median.
The whiskers represent the adjacent values. Values outside
the whiskers are plotted individually.
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Discussion
We have demonstrated diVerences in concentrations of shed cell adhesion molecules in
children with meningococcal disease. Both
ICAM-1 and E selectin were increased in children with meningococcal disease and concentrations of E selectin were higher still in those
with severe disease. ICAM-1 and E selectin
concentrations were related to one another.
ICAM-1 and E selectin are both dependent on
protein synthesis for increased synthesis and
share similar time courses, which may explain
their relation. Surprisingly, in children with
severe meningococcal disease, the E selectin
concentrations in those children who subsequently died were less than in those who
survived. This contrasts with previous work in
critically ill adults, where Cowley et al reported
the highest concentrations of E selectin in
those who subsequently died, although they
did find that not all of those who died had high
concentrations of E selectin.7
The ICAM-1 concentrations in children
with meningococcal disease were higher than
in the controls. There was no significant diVerence in ICAM-1 concentrations between those
with mild and severe meningococcal disease,
nor between those who survived and those who
died. Previous work7 8 has shown a rise of up to
fourfold in ICAM-1 levels in critically ill adults
with sepsis, which was highest in those who
subsequently died.
P selectin was not raised in children with
meningococcal disease and, more particularly,
was low in those with meningococcal disease
who died. This is consistent with P selectin
concentrations in adults with meningococcal
disease.16 This contrasts with the results of
Sakamaki and et al,5 who found higher concentrations of P selectin in critically ill adults with
sepsis. The lack of an increase in P selectin
concentrations contrasts with the rise seen in
shed E selectin and ICAM-1. Both E selectin
and ICAM-1 depend on de novo protein
synthesis and so have a slower time course than
P selectin, which is released from preformed
stores. P selectin is also released from platelets.
We found higher concentrations of P selectin in
those with higher platelet counts. This relation
was not found by Sakamaki et al.5
It is curious that there was no relation
between the concentrations of TNF or LOS,
both of which are potent stimulators of
endothelial cell activation in vitro, and the
measured concentrations of shed endothelial
cell adhesion molecules. The cytokines and
adhesion molecules were measured in samples
taken at the same time, although the response
of the endothelial cell to activation will occur
some time after exposure to LOS or TNF. On
these grounds, one would expect a better rela-

tion between P selectin and the cytokines, and
indeed the only relation found was one
between IL-10 and P selectin, where higher
concentrations of IL-10 were found in children
with lower concentrations of P selectin.
In summary, we have demonstrated a
relation between meningococcal disease and
the release of cell adhesion molecules by
activated endothelial cells. E selectin is higher
in children with meningococcal disease than
controls, and higher still in those with severe
disease. Those who subsequently died did not
have the highest values. The concentrations of
ICAM-1 are higher in children with meningococcal disease. P selectin concentrations were
not higher in children with meningococcal disease, and indeed those who died had lower
values.
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relation between P selectin and ICAM-1 or E
selectin.
Apart from a relation between P selectin and
IL-10 (Spearman correlation coeYcient, −0.38;
p = 0.03) there was no significant relation
between the concentrations of shed cell adhesion molecules and serum concentrations of
LOS, TNF, IL-6, or IL-1.

