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Lipopolysaccharide-binding protein (LBP) is increased in patients with severe gram-negative infections, but
LBP serum levels have not been reported for in patients with gram-positive and fungal infections. LBP serum
levels were determined in patients with severe sepsis secondary to gram-positive or fungal infections and were
compared with LBP serum levels obtained from patients with gram-negative mixed infections and from healthy
volunteers. Thirty-seven episodes of severe sepsis were analyzed among 24 patients. LBP serum levels were
significantly increased in patients with severe sepsis (46.4 * 28.3 pg/mL), compared with that of healthy
volunteers (5.7 = 1.9 pg/mL; P<.0001). On the other hand, LBP serum levels obtained from patients with
gram-negative infections (40.80 = 34.79 pg/mL) did not differ from those obtained from patients with gram-
positive (35.55 = 23.95 pug/mL) or fungal (39.90 + 22.19 pg/mL) infections. These data suggest that LBP is an
aspecific marker of sepsis, and the response was not clearly correlated with severity. Furthermore, in patients
with multiple episodes of sepsis, LBP response seems to be of lesser magnitude after each subsequent episode

of severe sepsis.

Endotoxin (lipopolysaccharide [LPS]) plays a major
role in the genesis of severe sepsis and septic shock [1].
LPS-binding protein (LBP) has been characterized as
an acute-phase protein produced by the liver that pos-
sesses a binding site for the lipid A moiety of LPS [2,
3]. Interaction between LBP-LPS complex and CD14
macrophage receptor stimulates the production of cyto-
kines responsible for the chain reaction leading to septic
shock [4]. Also, interactions between the LBP-LPS
complex and CD14 induce the synthesis of soluble
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CD14 to bind to endothelial cells, polymorphonuclear
cells, and lymphocytes [1]. Moreover, endotoxemia is
associated with elevated LBP serum levels [5, 6].

It has been shown that LBP plays an important role
in the inflammatory response that is secondary to gram-
negative bacterial infections [7]. LBP serum levels sig-
nificantly increase in gram-negative bacteremia in ba-
boons [7] and humans [8] and in patients with systemic
inflammatory response syndrome (SIRS) [9].

Several studies have reported increased LBP serum
levels in adults and in neonates with gram-positive in-
fections [6, 10-13]. In one study performed in patients
with chronic renal failure and peritonitis secondary to
gram-positive agents, increased LBP serum levels have
been observed in peritoneal fluid samples, but there
were no data for concomitant serum levels [14]. Kaden
et al. [10] have reported an increase in LBP serum levels
in 2 patients with Pneumocystis carinii and mycotic su-
perinfection, who had undergone transplantation, but

no detail is available for LBP serum levels in pure my-
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Table 1. Characteristics of infected population (n =
24).
Characteristic Value

Age, median + SD, years 57.7 = 15.2
Sex ratio, M:F 14:10

APACHE Il score, median + SD 16.1 = 6.8
MODS score, median = SD 6.5 + 34
Focus (n = 37), no. of episodes
Pneumonia 15
Peritonitis 8
Isolated positive blood culture 5
Empyema 3
Endocarditis 2
Mediastinitis 1
Meningococcemia 1
Osteomyelitis 1
Pyelonephritis 1
Causative microorganisms, no. of episodes
Gram negative 13
Gram positive 17
Fungus 5
Mixed gram positive and fungus 2
Mixed with gram negative 0
Positive blood cultures, no. (%) 13 (33.3)

NOTE. MODS, multiple organ dysfunction syndrome.

cotic infections. Nevertheless, none of these previous studies
have clearly compared LBP serum levels in gram-negative,
gram-positive, and fungal infections.

In the present study, we compared LBP serum levels in pa-
tient with sepsis due to gram-negative and gram-positive bac-
teria and fungi. LBP serum levels also were determined and
compared with those of patients with multiple episodes of se-
vere sepsis.

PATIENTS AND METHODS

Setting and study design.  This prospective study was per-
formed in a 7-bed unit in medical-surgical intensive care unit
(ICU) of a 900-bed teaching hospital. All patients admitted with
or developing severe sepsis or a septic shock admitted between
24 February 2001 and 5 July 2001 to the ICU were included in
the study. A control group was comprised of 18 healthy vol-
unteers from the Department of Clinical Biology (St.-Luc Uni-
versity Hospital, Brussels, Belgium). Severe sepsis and septic
shock were defined according to the American College of Chest
Physician/Society of Critical Care Medicine Consensus Confer-
ence [15]. Proven infection was defined by a positive culture in
blood, in bronchoalveolar or bronchial aspirate samples associ-

ated with a new chest infiltrate, or in a normally sterile fluid
sample. APACHE II and multiple organ dysfunction syndrome
(MODS) scores were measured for each patient [16, 17].
Laboratory analysis.  Blood samples were collected daily
from each patient to determine LBP and interleukin (IL)-6
levels. We analyzed levels at baseline, which was defined as the
first 24 h in which proven infection and severe sepsis criteria
were met. We then compared those levels in survivors and
nonsurvivors, healthy volunteers, and patients with gram-nega-
tive, gram-positive, and/or fungal infections. We looked for a
correlation among age, hepatic dysfunction, and presence of a
positive blood culture. LBP and IL-6 serum levels were deter-
mined daily as follow-up until day 5 or death, to compare levels
between survivors and nonsurvivors. In the control group, only
1 sample was collected. Samples were centrifuged at 700 g for
10 min, decanted, aliquoted, and then frozen at —20°C. LBP
and IL-6 serum levels were determined in duplicate by an im-
munoluminometric assay, using the LBP and IL-6 kits on an
Immulite One automate (Diagnostic Product Corporation)
[18]. LBP assessment on Immulite shows a good correlation
with a previously used ELISA, however, with a slight drift (1.9
pg/mL). The Immulite method requires 10 uL serum diluted
in 100 uL LBP of sample diluent LLBZ4 (dilution 1:101). The
prediluted sample is pipetted into a test unit containing a bead
coated with monoclonal murine anti-LBP antibody. The LBP
sample then was incubated under intermittent agitation with
an alkaline phosphatase—labeled polyclonal rabbit anti—-LBP an-
tibody over a 30-min cycle at 37°C. Unbound serum was re-
moved by centrifugal wash. Sustained light emission was de-
tected after injection of a phosphate ester of adamantyl
dioxetane (chemiluminescent substrate) and was proportional
to LBP serum levels. LBP minimal threshold of detection was
0.2 ug/mL. No decrease in the relative light unit curve (RLU)

Table 2. Microorganisms found in samples.

No. of

Microorganisms samples

Pseudomonas aeruginosa 5
Escherichia coli

Stenotrophomonas maltophilia

Legionella

Klebsiella species

Enterobacter species

Neisseria meningitidis

4
2
1
1
1
1
Enterococcus species 10
Staphylococcus aureus 7
Coagulase-negative Staphylococcus species 2
Corynebacterium species 1

7

Candida species
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Figure 1.  Lipopolysaccharide-binding protein (LBP) distribution at

baseline, according to the causative agent of infection and in control
group. Solid bars indicate median. Dashed line indicates LBP cutoff (10
ug/mL) suggested by the manufacturer.

has been observed for antigen levels up to 934 pg/mL. IL-6
measurement on Immulite was assessed according to the same
mechanism as LBP, with the exception that the IL-6 sample
underwent a 2-cycle incubation. The serum volume for mea-
surement in duplicate was at least 450 uL, and no predilution
was required. The lower limit of detection was 5 pg/mL. No
Hook effect was known for very high levels.

Statistics.  Statistical analysis was done by use of MedCalc
Software version 6.00.012. Results are expressed as median *+
SD. Data have been compared with a Mann-Whitney U test.
P<.05 was considered to be significant.

RESULTS

Thirty-seven episodes of severe sepsis occurred in 24 patients.
Characteristics of the population are listed in table 1. The ob-
served mortality was 37.5% (9/24 patients). The cause of death
was refractory septic shock and MODS in 8 patients and brain
herniation in 1 patient. In 1 patient with pneumonia due to
Legionella pneumophila, the diagnosis was established by a re-
search of urinary antigens using an EIA method (Biotest).
Pneumonia was the leading cause of severe sepsis (40.5%),
followed by peritonitis (21.6%). In 5 (13.5%) episodes, micro-
organisms were cultured only from blood samples. In 13 epi-
sodes, severe sepsis was associated with a positive blood culture.
The different microorganisms found in our patients are sum-
marized in table 2; gram-positive microorganisms and fungus
were the only involved pathogens in 17 (46%) and 5 (13.5%)
episodes, respectively. In 2 patients, we reported a coinfection
with Enterococcus species and fungus.

LBP serum levels were significantly higher in infected patients

(46.4 = 28.3 pg/mL), compared with those in the control group
(5.50 = 1.91 pg/mL; P<.0001). Serum LBP and IL-6 levels in
control group did not exceed the cutoff levels provided by the
manufacturer (LBP, <10 pug/mL; IL-6, <5 pg/mL) [19]. There
was no significant difference between LBP serum levels at base-
line in patients with gram-negative infections (40.80 = 34.79
pg/mL) and those in patients with gram-positive (35.55 =
23.95 pg/mL; P = .063) and fungal (39.90 + 22.19 pg/mL;
P = .139) microorganisms (figure 1; table 3). Slightly lower
LBP serum levels were encountered in nonsurvivors than in
survivors at baseline, as described elsewhere [6], but the evo-
lution was similar in the 2 groups (figure 2). On the other
hand, IL-6 serum levels at baseline (figure 3) were higher in
nonsurvivors than in survivors (P<.05). LBP serum levels at
baseline did not differ in patients with positive blood culture
(38.5 = 31.0 pug/mL) from that in patients without positive
blood culture (39.1 + 27.7 pg/mL; P = .74). We did not en-
counter any influence of age on LBP levels (Spearman’s coef-
ficient, r = 0.002; P = .993; aged <65 years, 35.55 & 3844 ug/
mL; aged >65 years, 39.55 & 15.68 pug/mL). We also failed to
find a correlation with hepatic dysfunction, as defined by bi-
lirubinemia (Spearman’s coefficient r = —0.146; P = .38), In-
ternational Normalized Ratio (INR; Spearman’s coefficient
r = 0.048; P = .774), and levels in cirrhotic and noncirrhotic
patients (42.98 = 25.95 pug/mL vs. 38.50 = 29.21 pg/mL; P =
.71). No correlation was observed between LBP serum levels
and severity, as defined by APACHE II (Spearman’s coefficient,
r = —0.222; P = .298) and MODS scores (Spearman’s coef-
ficient, r = —0.024; P = .910).

Seven patients had =2 episodes of severe sepsis during the
same hospital stay that were separated by a period of recovery.
With the exception of 1 patient, subsequent severe sepsis epi-

e a DSun.‘ivurs
B uNonsuwivors
120 N
£ 100 |
)
2 [
$ 80
g C
@
> L
E 60 -
= L
g
2]
& 4fF
o |
o[
e o
0 1 2 3 4 5
Day after infection
Figure 2.  Baseline and follow-up lipopolysaccharide-binding protein

(LBP) serum levels in survivors and nonsurvivors. Data are median = SD.

LBP Serum Levels in Patients with Severe Sepsis ¢ JID 2003:187 (15 January) * 289

¥202 Iudy g uo 1senb Aq L099+8/.82/2/.8 L /e191e/pll/wod dno-oiwepede//:sdiy wolj papeojumoq



Table 3. Lipopolysaccharide-binding protein (LBP) and interleukin (IL)-6 serum levels

at baseline.

Infection LBP ug/mL IL-6, pg/mL

Gram negative 40.80 + 34.79 (20.30-132.00)  360.00 + 347.95 (31.80-1000)
Gram positive 35.55 = 23.95 (7.30-108.50) 84.40 = 222.71 (5.00-1000)
Fungus 39.90 = 22.19 (18.15-82.70) 190.00 = 274.07 (84.40-870.00)
Control group 5,50 + 1.91 (2.30-10.00) <5

NOTE. Data are median = SD (minimum-maximum).

sodes were associated with an LBP serum level lower than the
previous one (figure 4).

DISCUSSION

This study showed that increased LBP serum levels in patients
with gram-positive and fungal infections had the same mag-
nitude as patients with gram-negative infections. Subsequent
episodes of severe sepsis in the same patient were associated
with a lower response in LBP at baseline.

Until now, there have been limited data on LBP serum levels
in gram-positive and fungal infections [6, 10-13]. Opal et al.
[6] described increased LBP serum levels in patients with gram-
positive and fungal infections, but LBP serum levels in patients
with gram-negative bacteremia were significantly higher. Fur-
thermore, data for LBP in patients with gram-positive and fun-
gal bloodstream infections were not clearly separated. In our
study, we found no difference in LBP serum levels regarding
the type of the causative microorganism. The same team re-
ported significantly lower LBP serum levels in nonsurvivors,
compared with that in survivors, within 24 h of sepsis onset
and at day 28. In our study, the same observation was made
at baseline, but the difference was not significant during the
follow-up period. Zweigner et al. [11] and Froon et al. [12]
found no difference in peak LBP concentration in patients with
gram-positive or gram-negative infections, but gave no data
regarding LBP levels in patients with mycotic infections. Froon
et al. [12] observed no difference in LBP levels between sur-
vivors and nonsurvivors, but they only considered peak levels
and not baseline levels. This observation was compatible with
the fact that we observed an attenuation of the difference in
LBP levels between survivors and nonsurvivors after the first
24 h of sepsis onset. Zweigner et al. [11] did not analyze LBP
levels in regards to survival. One study performed in patients
with chronic ambulatory peritoneal dialysis has described ele-
vated LBP serum levels in peritoneal efflux of patients suffering
from gram-negative and gram-positive peritonitis [14], but no
corresponding LBP serum levels were provided. Kaden et al.
[10] described elevated LBP serum levels in 2 patients, who
had undergone kidney transplantation, with Pneurmocystis car-
inii pneumonia complicated by mycotic superinfection. How-

ever, no information on pure or mixed mycotic infections due
to common fungus, such as Candida species, were given. These
cases did not permit to distinguish the respective roles of P.
carinii and of the mycotic agents in LBP increase. Furthermore,
no information was available on the type of fungi involved.
Our study, despite its statistical limitation due to the number
of cases, showed that LBP serum levels are increased with the
same magnitude in infections caused by fungi as that in in-
fections caused by other microorganisms.

There was no clear association between LBP and advanced
age. These results are in accordance with those of Zweigner et
al. [11]. On the other hand, Opal et al. [6] found more elevated
levels in people aged <63 years, despite a similar APACHE II
score. Because of the hepatic synthesis of LBP, we found it
pertinent to examine the relationships between LBP and bio-
logical markers of liver function as INR and bilirubin, but we
failed to find an association between these parameters. No data
regarding this subject were found in the literature.

LBP previously has been recognized as a marker of overall
inflammation increasing in SIRS [9] or MODS [20]. LBP also
has been shown to increase in other nonspecific inflammation
syndromes, such as side effects of antiparasitic drugs [21], hem-
orrhagic colitis, and hemolytic uremic syndrome [22] or after

1000 |

D Survivors

E Nonsurvivors

900 |

800
700

600 |

500 F
400 F

300 |

IL-6 serum values (pg/mL)

200 |

100 F é

0 1 2 3 4 5

Day after infection

Figure 3. Baseline and follow-up interleukin (IL}-6 serum levels in
survivors and nonsurvivors (median + SD).
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Figure 4. Baseline lipopolysaccharide-binding protein (LBP) serum lev-
els in 7 patients with >1 episode of sepsis. Episodes are separated by
a period of recovery. *, The only nonsurvivor patient.

cardiopulmonary bypass surgery [23]. Because of these various
causes of elevated LBP serum levels, it appears logical that
increases in LBP levels in patients with severe sepsis does not
depend on the causative microorganism, as confirmed by the
present and previous works. In our study, LBP serum levels
were not correlated with severity scores, as opposed to IL-6
serum levels. The additional observation made in our study is
that the LBP response was attenuated in patients with multiple
episodes of sepsis during the same hospital stay. With the ex-
ception of a patient dying of brain herniation after recurrent
septic shock, the LBP response appears to be attenuated after
each new subsequent episode of severe sepsis. This phenom-
enon could be viewed as a desensibilization due to a possible
decreased synthesis of receptors, but more work is needed to
confirm these data.

In conclusion, LBP serum levels are similar in severe sepsis
due to gram-negative and gram-positive bacteria, as well as
fungi. We confirm that LBP should be viewed as a nonspecific
marker of the acute-phase response and should not be used as
a diagnostic tool of the type of microorganism responsible of
the infection. Finally, LBP response seems attenuated after re-
peated episodes of severe sepsis.
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