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Abstract Objective: To evaluate 
serum soluble L-selectin as a prog-
nostic factor for survival in patients
with sepsis. Design: A prospective
study of mortality in patients with
sepsis whose serum levels of sL-
selectin were measured on admission 
to an intensive care unit (ICU) and
4 days later. Follow-up data on 
mortality were obtained from the
Danish Central Office of Civil 
Registration. Setting: A tertiary 
referral university hospital ICU in
Copenhagen. Patients: Sixty-three
patients meeting the criteria for 
ystemic inflammatory response 
syndrome (SIRS) with a suspected 
or verified infection in one or more
major organs, and 14 control sub-
jects. Measurements and results: On
admission to the ICU the Simplified
Acute Physiology Score (SAPS) II
was calculated, and relevant microbi-
al cultures were performed. Mortality
was registered at various follow-up
points: 7 days after admission, at 
discharge from hospital, and 3 and
12 months after admission. Serum

sL-selectin levels were significantly
lower in the patients than in the con-
trols. Sepsis nonsurvivors had signif-
icantly lower levels than survivors.
Efficiency analysis and receiver 
operation characteristics showed that
the ideal cutoff point for sL-selectin
as a test for sepsis survival was
470 ng/ml. The accumulated mortali-
ty in patients with subnormal sL-
selectin levels on admission was sig-
nificantly increased. No correlation
was found between clinical or para-
clinical markers, including SAPS II
and sL-selectin, and no relationship
to the microbial diagnosis was found.
Conclusions: Serum sL-selectin is a
predictor of survival in patients with
sepsis. Those admitted with low 
sL-selectin (<470 ng/ml) are charac-
terized by a high mortality within the
subsequent 12-month period.
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Introduction

Nontraumatised patients with severe life-threatening in-
fectious diseases account for a significant number of
those in intensive care units (ICU). Sepsis is marked by a
generalized activation of the immune system clinically
seen as the systemic inflammatory response syndrome
(SIRS), which is characterized by hyperthermia or hypo-
thermia, tachycardia, tachypnea, and abnormal leukocyte

counts with an increased percentage of circulating imma-
ture leukocytes [1]. A wide range of microbial com-
pounds, such as endotoxin and bacterial DNA motifs, are
known to be capable of activating immunocompetent
cells via Toll-like receptors, thereby causing secretion of
pro-inflammatory cytokines, including interleukin 1, tu-
mor necrosis factor α, interleukin 12, and interferon γ
[2]. Systemic administration of these cytokines brings
about a SIRS/sepsislike syndrome in animals and hu-
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mans [3, 4]. In addition to their systemic effects, pro-in-
flammatory cytokines and other cytotoxic metabolites
produced by extravasated and activated leukocytes may
cause organ failure by their cytotoxicity, and thus be 
responsible for the progression of sepsis from SIRS to
the multiple organ dysfunction syndrome (MODS) and
eventually death [5, 6].

The extravasation is regulated by cell adhesion mole-
cules localized on the surface of leukocytes and endo-
thelial cells, for instance, selectins, integrins, and mem-
bers of the immunoglobulin superfamily. These cell 
adhesion molecules are up-regulated on endothelial cells
by stimulation of proinflammatory cytokines and chemo-
kines [7, 8]. Binding of the cell adhesion molecules per-
mits anchorage and rolling of the leukocytes along the
endothelial cell lining and subsequent diapedesis into the
underlying tissue. Human L-selectin is a cell adhesion
molecule of the selectin family, which is expressed on 
all leukocytes except T helper cells and chemokine-acti-
vated cells. L-selectin is involved in the early binding
and rolling of leukocytes on endothelial cells [8]. Upon
chemokine activation of the leukocytes L-selectin is shed
by specific proteolysis, and the extracellular part is 
released as soluble sL-selectin [8, 9, 10]. The function of
L-selectin could therefore be crucial for the accumula-
tion of leukocytes in tissues during sepsis, thus reflecting
the level of MODS in these patients [11].

Since MODS is associated with high morbidity and
mortality, it was the aim of this study to investigate
whether sL-selectin levels reflected the morbidity and
mortality of sepsis, and subsequently whether sL-selectin
could be a surrogate marker of the severity of the syn-
drome. In order to test the effectiveness of sL-selectin 
as an outcome predictor, its predictability of overall 
survival was compared with the Simplified Acute Physi-
ology Score (SAPS) II [12].

Materials and methods

Study design and patients

A prospective study was designed to evaluate the predictive value
of sL-selectin levels on the mortality and morbidity of sepsis, de-
fined as SIRS and a suspected or confirmed underlying infection
on admission to the ICU. During the course of 17 months, 63 pa-
tients who met the diagnostic criteria for sepsis were enrolled into
the study [1]. Patient characteristics are shown in Table 1. Al-
though all patients admitted to the ICU and meeting the above cri-
teria were eligible for enrollment, those with burns, under coro-
nary care, or with trauma were excluded. Patients who developed
sepsis during their stay in the ICU, and thus did not have sepsis on
admission were also excluded from the study. Blood samples for
sL-selectin analysis were taken on the day of admission, and a
second blood sample was taken on day 4 in those patients remain-
ing in the ICU (24/63). Routine clinical and paraclinical analyses
were performed, including microbial analysis of blood and urine.
Depending on the clinical presentation, specimens were taken
from abscesses, sputum/tracheal lavage fluid, feces, peritoneal flu-

id, or cerebrospinal fluid for examination. Endpoints were time
from ICU admission to death and length of stay in the ICU. 
Survival status was followed up at 12 months. Blood samples for
sL-selectin analysis were obtained from 14 healthy subjects, 6 of
whom had an additional blood sample taken on day 4.

The Scientific Ethics Committee of Copenhagen County ap-
proved the study. All patients or close relatives (if patients were
too ill to give their consent) gave their informed consent before
participation and the project fulfilled the Helsinki II declaration
with later amendments.

SAPS II score and calculation of mortality probability

SAPS II scores and mortality probability were calculated in accor-
dance with the criteria described elsewhere [12]. The worst values
within 24 h of admission to the ICU were recorded.

Serum measurements of sL-selectin

Serum (10 ml) was taken from peripheral blood and centrifuged
(10 min, 1600 g) at ambient temperature. The samples were stored
at –80°C until analysis. A sandwich enzyme-linked immunosor-
bent assay technique for sL-selectin assessment was used (R&D
Systems, Abingdon, UK) [9]. Briefly, 100 µl 1:100 diluted serum
was preincubated with a specific monoclonal sL-selectin antibody,
followed by addition of polyclonal antibodies conjugated with
horseradish peroxidase. Washing and aspiration removed unbound
antibodies, and a colomeric reaction proportional to the serum
concentration of sL-selectin was performed with a substrate spe-
cific for the enzyme (tetramethylbenzidine). Light absorbances
were assessed by an automatic enzyme-linked immunosorbent as-
say reader (Spectra Reader, OEM Version, SLT Labs Instruments,
Grödig, Austria) at 450 nm with a correction wavelength of
620 nm. The detection limit was 30 ng/ml in 1:100 dilutions, and
the coefficient of variation was less than 0.10.

Epidemiological data

Registration of death and causes of death in the follow-up period
were obtained from the Danish Central Office of Civil Registra-
tion.
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Table 1 Patient characteristics at admission

Median 25–75 
percentiles

Age (years) 64 52–74
Length of stay (days) 4 2–7
Heart rate (bpm) 125 107–135
Systolic blood pressure (mmHg) 90 80–100
Temperature (°C) 38.0 37.4–38.9
FIO2 0.5 0.4–0.8
PaO2 (kPa) 10.4 8.3–12.5
Leukocyte count (×109/ml) 12 9–18
Bilirubin level (µmol/l) 12 8–18
Urinary output (l/day) 3.0 2.4–3.9
Serum urea level (mmol/l) 7.0 4.1–12.6
Serum potassium (mmol/l) 4.0 3.5–4.1
Serum sodium (mmol/l) 138 135–143
Serum bicarbonate (mmol/l) 23 21–26
Glasgow Coma Score 13 9–15



Statistics

Nonparametric statistics was applied. For comparison of groups
the Mann-Whitney rank sum test was used. The correlation be-
tween sL-selectin levels and SAPS II scores or other physiological
measurements was tested by the Spearman rank order correlation
coefficient. The effectiveness of sL-selectin as a test of sepsis sur-
vival was calculated as the proportion of correctly classified cases
at any considered cutoff limit [13, 14]. This was calculated on the
assumption that the prior probability of survival was equal to the
actual probability of survival found. From this, the sL-selectin 
level with the maximum effectiveness was found and used as a
cutoff point in the subsequent analyses. Receiver operating char-
acteristics (ROC) curves were made to evaluate the informational
value of sL-selectin as a diagnostic test of sepsis outcome. The 
area under the curves and nonparametric standard error were cal-
culated [15]. Efficiency tests and ROC curves were computed by
the GraphROC for Windows program [14]. Fisher’s exact test was
used to compare mortality frequencies in groups of patients with
different levels of sL-selectin. Survival analysis was further done
by Kaplan-Meier plots of patients with low or high levels of sL-
selectin, as estimated from the efficiency analysis. All patients
were followed for up to 12 months after closure of inclusion, and
were thus only censored at the end of follow-up and record as an
event if death occurred within this period. Kaplan-Meier plots
were compared by the nonparametric Mantel-Cox log rank test. A
significance level of 0.05 (2α) was applied. Confidence intervals
were set to 95%.

Results

Patient characteristics and mortality

None of the clinical or physiological parameters predicted
mortality or morbidity. Mortality data were collected at
various follow-up points after admission to the ICU 
(Table 2). A total of 33 patients (52%) died within the
12 month follow-up period. The deaths occurred in-hospi-
tal in 17 patients (27%), all of whom died from complica-
tions to MODS.

Mortality and SAPS II score

The cumulative probability of hospital mortality was
17.3, which was thus a good estimate of the observed
hospital mortality of 17 patients. Nonsurvivors had sig-
nificantly higher mortality probability than had survivors
(p<0.05). No correlation was found between the length
of stay in the ICU and the SAPS II score.

sL-selectin levels and outcome

sL-selectin levels (ng/ml) were significantly lower in the
sepsis group than in the control group [median (25–75
percentiles)]: 448 (366–614) (sepsis); 696 (635–828);
p<0.0003), as seen on Fig. 1. Survivors had significantly
higher sL-selectin levels than had nonsurvivors (p<0.05).
Test efficiency was analyzed at various levels of sL-

selectin to determine its ideal cutoff limit as a test of
hospital survival from sepsis in order to compare these
estimates with the SAPS II scores. The maximum effi-
ciency, with priority given to good sensitivity, was found
to be 0.64, with the corresponding cutoff limit of
470 ng/ml [13]. The prior probability of survival was set
to be equal to the actual survival rate (73%). Sensitivity
at this level of sL-selectin was 57% (43–69%) and speci-
ficity 82% (59–95%). The 470 ng/ml cutoff limit gave a
positive predictive value of 90% and a negative predic-
tive value of 41%. In subsequent analyses 470 ng/ml was
used although similar analyses of ideal cutoff limits at
various follow-up time points showed that the limit in-
creased with time, starting at 280 ng/ml on day 3 and
ending with 610 ng/ml at the end of follow-up.

ROC curves were plotted from the sensitivity and
specificity curves computed during the cutoff limit anal-
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Fig. 1 sL-selectin levels in sepsis patients and control subjects.
Sepsis patients had significantly lower levels of sL-selectin than
healthy subjects (p<0.0003). Survivors (S) had significantly higher
sL-selectin levels than sepsis nonsurvivors (NS) on admission to
the intensive care unit (p<0.05). Dotted line: Cutoff limit of
470 ng/ml

Table 2 sL-selectin levels and outcome. The cutoff level of sL-
selectin on the day of ICU admission was found by test of effi-
ciency as discussed in the text. Individual contingency 2×2 tables
were tested by two-tailed Fisher's exact test

n <470 ng/ml >470 ng/ml p

<7 days <0.04
Dead 9 8 1
Survived 54 26 28

<3 months <0.01
Dead 21 16 5
Survived 42 18 24

<12 months <0.13
Dead 33 21 12
Survived 30 13 17 



ysis (Fig. 2). ROC curves were generally more favor-
able, i.e. they had larger areas under the curve within the
first weeks of sL-selectin measurement. The SAPS II
probability of mortality and the sL-selectin levels 
had similar receiver operating characteristics (p>0.05).
Patients with high levels of sL-selectin (i.e. over
470 ng/ml) accordingly had higher survival rates, as
shown in Table 2 (p<0.01 at 3 months’ follow-up). With-
in the first week 8 of 9 dying patients had sL-selectin
levels below 470 ng/ml, which is below the levels de-
tected in the control group, whereas 28 of 54 surviving
patients had sL-selectin levels above the cutoff limit. 
Interestingly, if the same limit was used at later follow-
ups, the results were similar (Table 2). Thus a high level
of sL-selectin on admission further predicted higher 

survival rates at later hospital admissions within the sub-
sequent 12 months’ follow-up period (Table 2 and
Fig. 3). There was no correlation between the length of
stay in the ICU and the levels of sL-selectin (data not
shown). 

Generally, there was no major change in the sL-selec-
tin concentrations of samples taken on the day of admis-
sion and those taken on day 4 (data not shown), nor was
a specific pattern seen in the survivor group compared
with nonsurvivors. In a single case, an initially very high
sL-selectin value (1396 ng/ml on admission) decreased
substantially during the next 4 days (899 ng/ml on day 4
of admission). This patient died 19 days after admission
with a verified Candida albicans sepsis.

sL-selectin levels and physiological parameters

In order to determine whether sL-selectin levels covary
with specific physiological parameters, a correlation
analysis was performed with various routine physiologi-
cal parameters covering inflammatory and metabolic
markers, liver, respiratory, cardiac, and renal function
markers. No correlation was, however, found, nor was a
correlation found between SAPS II scores and sL-selec-
tin levels (data not shown).

sL-selectin levels and infection

Whereas 70% of the enrolled patients had a significant
and probable causative microbial diagnosis, the rest of
the patients remained clinically septic and were treated
as such, but no definite causative agent was identified.
Most of the microbial diagnoses were made on multiple
samples of tracheal lavage fluid or blood, some from 
abscesses and urine. None of the patients had positive
cultures in cerebrospinal fluids, and none had human im-
munodeficiency virus infection. Typical pathogens and
their frequencies are listed in Table 3. No specific rela-
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Fig. 2 Receiver operating characteristics curves of sL-selectin as
a test for sepsis vs. controls (A), as a predictor of survival among
sepsis patients 7 days after admission to the intensive care unit
(B), and sL-selectin and SAPS II probability as a test for outcome
at the end of hospital stay (C). Areas and standard errors are
shown. sL-selectin and SAPS II have similar receiver operating
characteristics in this setting (p>0.05)

Fig. 3 Kaplan-Meier plot of patients with low vs. high sL-selectin
levels. Patients with low sL-selectin had a significantly lower rela-
tive survival than patients with high sL-selectin throughout the ob-
servation period (p<0.02)



tionship was found between dominant species and sL-
selectin levels. Pulmonary infections were unrelated to
altered levels of sL-selectin.

Discussion

The level of serum sL-selectin is influenced by a variety
of factors, for instance, leukocyte counts, leukocyte 
L-selectin expression, overall activation of leukocytes by
proinflammatory cytokines or endotoxins, and binding 
of sL-selectin to ligands, either on endothelial cells 
activated by chemokines or on P-selectin on leukocytes 
[8, 16]. In general, inflammatory diseases are associated
with raised sL-selectin levels, which are often correlated
to disease activity, as has been shown for ulcerative coli-
tis [17], multiple sclerosis [18], and rheumatoid arthritis
[19]. Proinflammatory cytokines and bacterial products
are known to stimulate leukocytes, and cause shedding
of sL-selectin in animals and humans through activation
of a cell surface metalloprotease [9, 10, 20]. The patients
in this study had SIRS on entry into the study and were
also clinically suspected of an infection in one or more
major organs. Seventy percent had positive microbial
cultures. The remaining very ill patients had serial blood
and other relevant cultures performed, but no causative
agent was found. However, it is possible that some of
these patients had endotoxemia as the underlying cause
of disease [21].

Sepsis patients have been shown to have a highly 
activated immune system [22] and could thus be ex-
pected to have elevated levels of sL-selectin. This has
also been reported in patients fulfilling the SIRS criteria
[23]. In this material, however, subnormal sL-selectin
levels were seen, especially in nonsurvivors. Similar ob-
servations have been revealed in patients with severe
traumas and multiorgan dysfunction, especially in those
developing pulmonary infections [24, 25], and in pa-
tients at high risk of developing adult respiratory distress
syndrome [26]. High sL-selectin levels could thus have a
protective effect in patients with generalized activation
of the immune system. The reason for this could be that
sL-selectin has an inhibitory effect on the inflammatory
response. Thus patients with SIRS and increased sL-

selectin levels have a decreased homing of neutrophils in
experimental skin blisters and patients with intra-abdom-
inal infections and elevated levels of sL-selectin are at
greater risk of developing nosocomial infections in 
remote sites [27, 28, 29]. Shed sL-selectin conserves 
its ability to bind to its ligands [10]. High levels of sL-
selectin may therefore alter L-selectin-mediated binding
of leukocytes to endothelial cells by out-competing bind-
ing of leukocyte bound L-selectin to its ligands on endo-
thelial cells.

It has recently been shown that administration of sL-
selectin to healthy mice causes a dose-dependent de-
crease in leukocyte endothelial interaction [11]. Whether
diminished delivery of leukocytes to remote sites is 
beneficial or deleterious to the patient is uncertain. 
Decreased leukocyte homing to distant sites confers 
increased susceptibility to secondary infections and
raised mortality in septic baboons [29, 30]. Increased
and uncontrolled extravasation of leukocytes to remote
sites could, on the other hand, bring about severe tissue
dysfunction, which could be responsible for the progres-
sion of SIRS to sepsis and MODS [6]. This agrees with
the present findings, in which the patients who suc-
cumbed to the infection died of MODS, whereas those
who recovered did not develop fatal MODS. However, it
remains to be established whether the recruitment of 
leukocytes is actually changed in septic sL-selectin low
responders.

In the present study high sL-selectin levels predicted
survival. The receiver operating characteristics of the
probability of survival calculated from the SAPS II score
and sL-selectin were similar in this study, and thus sL-
selectin may serve as well as SAPS II as a predictor of
sepsis hospital outcome. However, the small sample size
of this material must be taken into account before apply-
ing the results to other groups of patients. In conclusion,
sL-selectin is an independent predictor of short-term sur-
vival in patients with severe infection admitted for inten-
sive care. sL-selectin seems to be a predictor of survival
on an individual basis.
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Table 3 Microbial diagnoses in enrolled patients

Group Typical species Typical source Frequency
(%)

Gram-negative bacteria Haemophilus influenzae, Escherichia coli, Blood cultures, urine cultures, abscesses, 30
Branhamella catarrhalis, Klebsiella pneumoniae tracheal lavage fluid

Gram-positive bacteria Streptococcus pneumoniae, S. aureus, Tracheal lavage fluid, blood cultures 19
other Streptococcus spp.

Mixed species As above As above 19
H. Influenzae Often found together with other spp. Tracheal lavage fluid 13
Fungi Candida spp. Tracheal lavage fluid, blood culture 4
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