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ABSTRACT 
Objectives: Endotoxin (ET) is a structural molecule of the Gram-negative bacilli extracellular membrance, which acti- 
vates targeted cells including macrophages and neutrophils, and causes septic shock. But it is known that the conven- 
tional ET measurement method has many problems; for example, a discrepancy between plasma ET concentration and 
clinical manifestration in the septic patients has been reported. The purpose of this study was to evaluate the usefulness 
of a newly developed method (Endotoxin Activity Assay (EAA)) to measure the ET activity (EA) in patients under sep- 
sis compared with the prior method of the limulus amebocyte lysate (LAL) assay and explore the association between 
EA levels and patients�’ severity. Method: We measured the EA levels in 40 patients (aged 63.5 +/  17.7 years) admit- 
ted to the ICU. EA level was measured using a chemiluminometer (Autolumat LB953; EG & Berthold). Patients were 
divided into 5 groups: 1) control group; 2) systemic inflammatory response syndrome (SIRS) group; 3) sepsis (SIRS 
and infection) group; 4) severe sepsis group and 5) septic shock group. We then compared the EA level between each 
group and control group. We made the statistical evaluation by unpaired t test and significant difference was p < 0.05. 
Results: The EA levels were significantly increased as sepsis severity rises. The measured EA levels were (0.18 +/  
0.09), (0.33 +/  0.19), (0.39 +/  0.16), (0.65 +/  0.25) and (0.78 +/  0.34) in control, SIRS, sepsis, severe sepsis and 
septic shock groups, respectively. In the EA level measured by EAA, severe patients had a tendency to exceed the cut- 
off value. Conclusion: The EA levels were significantly correlated as patients�’ severity rise. Measuring EA levels on 
admittion to ICU may provide a mechanism to identify and target severe septic patients.  
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1. Introduction 
Endotoxin (ET), a complex lipopolysaccharide (LPS) 
that is present in the cell walls of Gram-negative bacteria, 
is a potent trigger of innate immunity [1]. Isolated and 
purified from the wall of several gram-negative bacteria, 
it has been used to investigate many aspects of the 
immuno-inflammatory response of sepsis through inocu- 
lation in the laboratory animal or in humans [2]. ET was 
first identified in the serum of patients undergoing 
cardiopulmonary bypass (CPB) over 20 years ago and 
proposed as a potential mediator of multiple organ failure 
and prolonged recovery after cardiac surgery [3,4]. ET 
activates the targeted cells such as macrophages and 
neutrophils, and is the most important factor in the o- 
riginating materials of sepsis and septic shock. Endo-  

toxemia has been detected in a variety of disorders, 
including sepsis, liver disease, and vascular disease, and 
in patients who have sustained trauma or who have 
undergone cardiopulmonary bypass [5-11]. 

Measuring the concentration of ET in human disease 
has been notoriously difficult. The commonly used method, 
the chromogenic limulus amebocyte lysate (LAL) assay, 
is based on the ability of ET to induce coagulation of 
hemolymph in the horseshoe crab, limulus polyphemus. 
The utility of this assay has been limited because of 
circulating inhibitors of the coagulation reaction [12]. 
The question of specificity of LAL assay in the diagnosis 
of endotoxemia has been a limiting factor of its clinical 
application [13,14]. In recent years, a novel assay for ET, 
based on the ability of antigen-antibody complex to 
prime neutrophils and augmented respiratory burst re- 
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sponse (Endotoxin Activity Assay: EAA) has been 
developed. EAA is simple and more accurate than the 
LAL assay, since then, EAA has been applied in a cli- 
nical setting and the assay�’s efficacy has been recognized 
[1,15].   

It is indispensable to measure the ET activity (EA 
level) in blood for diagnosing the sepsis and septic shock 
at the early stage and to begin appropriate treatment. 

Selecting a Template (Sub-Heading 2.1). First, con-
firm that you have the correct template for your paper 
size. This template has been tailored for output on the 
custom paper size (21 cm × 28.5 cm). 

2. Materials and Methods 
2.1. Patients Characteristics (Table 1) 
This study protocol was approved by the Research Ethic 
Board of Kagoshima University Hospital and all patients 
provided informed consent. A totaled 40 adults patients 
admitted to the ICU in our institution were enrolled for 
the study from November 2006 to July 2007. On ad- 
mission and at least one time on the next day, clinical 
history and laboratory data were taken, and total patients 
measured EA levels were 91 patients. The patients were 
divided into 5 groups in according to patients�’ general 
condition: 1) control group: 12 patients, those who were 
preoperative status; 2) SIRS group: 17 patients, Systemic 
Inflammatory Response Syndrome (SIRS) was consid- 
ered to be present at least 2 of 3 criteria were met: tem- 
perature above 38C or below 36C, heart rate of more 
than 90 beats/min, respiratory rate of more than 20 
breasts/min or partial pressure of carbon dioxide of less 
than 32 mmHg, or white blood cell count above 12,000 
mm3 or below 4000 mm3 [16]; 3) sepsis group: 14 pa- 
tients, those who were diagnosed with sepsis, episodes of 
infection were diagnosed by microbiologic, laboratory, 
radiologic and operative data; 4) severe sepsis group: 32 
patients and 5) septic shock group: 16 patients. Severe 
sepsis and septic shock were defined according to the 
consensus definition of the American College of Chest 
Physicians/Society of Critical Care Medicine Consensus 
Conference Committee [16]. On admission, blood sam- 
ples were withdrawn for Endotoxin Activity (EA) assay 
and during ICU stay blood and other laboratory data 
were collected at least one time a day. Blood for ET as- 
say was collected in ET free tube, with EDTA as an an- 
ticoagulant. 

2.2. Endotoxin Activity Assay (EAA) 
The EAA is described in detail elsewhere [1,2,5,17]. The 
EAA is a rapid chemiluminescent immunodiagnostic test 
kit that contains labeled glass tubes of specific reagents 
and a container of liquid substrate. The EAA is approved 

by Food and Drug Administration (FDA) as a method to 
evaluate ET activity (EA) in whole blood because of its�’ 
high sensitivity and specificity for LPS and has dem- 
onstrated a strong clinical signal with a patient�’s clinical 
status [5,18]. The EAA measures the EA in whole blood 
by the priming of host neutrophil respiratory burst active- 
ity via complement opsonized LPS-IgM complexes. The 
luminol reaction in the presence of immune complexes 
emits light energy. This light energy is measured and 
recorded by a luminometer. The Relative Light Units 
(RLU) measured by the instruments is converted by a 
calculation into an Endotoxin Activity (EA) level which 
is reported as a percentage of the total possible activity 
[2,17]. The measured EA levels were divided into the 
following 3 groups: low (EA level < 0.4), intermediate 
(EA level 0.4 to <0.6) and high (EA level  0.6). 

2.3. Limulus Amoebocyte Lysate (LAL) Assay 
Determination of endotoxin using the LAL technique 
was conducted with the Toxinometer MT-358, Endotox- 
intest Wako and Beta-Gulcan Test Wako (Wako Pure 
Chemical Industries, Ltd., Osaka, Japan). The principle 
of the test is based on the fact that bacteria cause in- 
travascular coagulation in the American horseshoe crab, 
Limulus polyphemus. The agent responsible for the clot- 
ting phenomena resided in the crab�’s amoebocytes, or 
circulating blood cells, and that pyrogen (bacterial en- 
dotoxin) triggered the turbidity and gel-forming reaction 
enzymatically. Thus, ET causes an opacity and gelation 
in limulus amoebocyte assay, which is based on an en- 
zymatic reaction. 

The chromogenic limulus amebocyte lysate assay has 
been most widely used to detect ET contamination of 
drugs and fluids; however, its utility in biological samples 
has been limited, because of circulating inhibitors of the 

coagulation reaction. Moreover, other microbial products, 
notably from fungi, can activate the limulus reaction, so 
the assay is not specific for ET. 

2.4. Statistical Analysis 
Unpaired t test was used to compare the EA level be- 
tween each group and control group. Comparison be- 
tween Endotoxin Activity Assay and LAL method was 
evaluated using paired t test. Normally distributed data 
are presented as mean +/  SD. Statistical significant was 
assumed for values p  0.05. 

3. Results 
A total of 91 patients were recruited for the study. All 
patients were divided into 5 groups: 1) control group; 2) 
SIRS group; 3) sepsis group; 4) severe sepsis group and 
5) septic shock group based on their clinical findings 
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(Table 1) and had their EA level measured on admission 
day and at least one time a day during the course of the 
ICU stay. The EA levels were significantly increased as 
sepsis severity rise. The measured EA levels were 0.18 
+/  0.09, 0.33 +/  0.19, 0.39 +/  0.16, 0.65 +/  0.25 and 
0.78 +/  0.34 in control, SIRS, sepsis, severe sepsis and 
septic shock group, respectively (Figure 1). In the LAL 
method, 4 of the severe sepsis group and 2 of the septic 
shock group exceeded the cutoff value. In the EA level, 
severe patients had a tendency to exceed the cutoff value. 
There was no significant correlation between the EA 
levels and ET values measured by LAL assay (Figure 2). 
Patients with Gram-negative infection and Gram-positive 
infection had higher mean EA levels measured by EAA 
than did those control group (p < 0.05); no significant 
difference between Gram-negative infection and Gram- 
positive infection (Figure3). 
 
Table 1. Patients characteristics (n = 91). Characteristics of 
the study population. 

1.Control group Preoperative status 12

2. SIRS group 

Temperature above 38C or below 36C, 
heart rate of more than 90 beats/min, 

respiratory rate of more than 20 breasts/min 
or partial pressure of carbon dioxide of less 

than 32 mmHg, white blood cell count 
above 12,000 mm3 or below 4000 mm3 at 

least two of these criteria met. 

17

3. Sepsis group SIRS and infection. 14

4. Severe sepsis group Sepsis and multiple organ failure. 32

5. Septic shock group Severe sepsis and intractable hypotension. 16

SIRS: Systemic Inflammatory Response Syndrome. 
 

 
Figure 1. Endotoxin Activity Assay measureing. Endotoxin 
Activity (EA) levels were significantly elevated as severity of 
illness increased. The severe sepsis group and septic shock 
group showed the high Endotoxin Activity (EA) level (se-
vere sepsis group: 0.65 +/  0.25, septic shock group: 0.78 
+/  0.34). Endotoxin Activity (EA) levels are expressed as 
mean ± standard deviation. 

 
Figure 2. Correlation with Endotoxin Activity Assay (EAA) 
and limulus amebocyte lysate (LAL) assay. Correlation 
significant between EAA and LAL did not accept. : SIRS 
group; : sepsis group; ݔ: severe sepsis group; : septic 
shock group. There was no significant correlation between 
the EA levels and ET values measured by LAL assay. 
 

 
Figure 3. Comparison of the Endotoxin Activity (EA) level 
according to causing bacteria. The Gram-negative-bacteria 
infection group and the Gram-positive-bacteria infection 
group were significantly high Endotoxin Activity (EA) lev-
els than a control group. There was no significant difference 
between a Gram-negative-bacteria infection group and a 
Gram-positive-bacteria infection group. Endotoxin Activity 
(EA) levels are expressed as mean  standard deviation. 

4. Discussion 
Endotoxin (ET), a complex lipopolysaccharide (LPS), is 
present in the cell wall of Gram-negative bacteria and is 
capable of stimulating the immune system and coagula- 
tion cascade [1,18]. 

A distinct carrier protein, LPS-binding protein, trans- 
ports circulating ET and facilitates its recognition by the 
cell through a unique receptor, CD14; an associated pat- 
tern-recognition receptor, TLR4; and an accessory pro- 
tein, MD2; that transduces the ET signal to the cell nu- 
cleus, leading to the expression of a complex network on 
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inflammatory mediator [1]. As a result, cytokines such as 
TNF and IL-6 are induced, patients occurs systemic in- 
flammatory response syndrome (SIRS), sepsis and fur- 
thermore septic shock. Failure in early detection of sepsis 
causes multiple organ failure and results in high mor- 
tality. High levels of Endotoxin Activity are associated 
with worse clinical outcomes [18,19]. For this reason, the 
diagnosis of the sepsis must be given immediately and it 
is necessary to intervene it at the early stage of treatment. 
However, recent years, effectiveness of measurement of 
ET values is still controversial. 

In the past, only widely available method for measu- 
ring ET value has been the LAL assay; however, its use 
to detect and quantify ET in plasma or whole blood has 
been problematic. Its utility in biological sample has 
been limited because of circulating inhibitors of the co- 
agulation reaction. In addition, other microbial products, 
notably from fungi, can activate the LAL reaction, so the 
assay is not specific for ET [5,12,20,21]. The EAA de- 
tects ET as the priming of the patient�’s own neutrophils 
by complexs of ET and specific antiendotoxin antibody; 
it is thus more sensitive and more specific to Gram- 
negative bacterial ET than the LAL assay is [5,17]. It can 
be performed using as little as 100 l whole blood and 
results are available within 30 min. Despite a problem 
that the absolute value of the amount of ET cannot be 
requested like the LAL assay, because the EAA measures 
ET value by the chemiluminescence, EAA is capable of 
rapid and high-sensitive detection compared to the LAL 
method; therefore, in sepsis, which is a clinical state that 
requires prompt action, it plays an important role in di-
agnosis and treatment [15]. We compared results ob-
tained with a new, rapid, assay for ET (EAA) with those 
obtained using the chromogenic LAL assay in a group of 
patients admitted to an ICU. In the severe sepsis group 
and septic shock group, 6 patients had ET values greater 
than the cut off value (5 pg/ml) at the time of ICU ad-
mission, by using LAL assay. When samples were as-
sayed using the EAA; no such correlation was found 
when samples were assayed using LAL methods. Studies 
comparing EAA and LAL show considerable variability 
in the prevalence of endotoxemia and no such correlation 
were found when samples were assayed using the EAA 
and LAL [5,12]. There is no standard method for meas- 
uring ET value in blood now. For this reason, a further 
examination is necessary which the EAA or the LAL 
assay is an appropriate method to measure ET value in 
blood. 

Endotoxemia may arise from two sources: 1) Gram- 
negative infection; or 2) Translocation of bacterial prod- 
ucts from the gastrointestinal tract [5,18,22]. This study 
showed that both Gram-positive infection cases and 
Gram-negative infection cases demonstrated significant 

high EA levels (Figure 3). Some previous studies 
showed same results and Abdala et al. suggested that the 
presence of endotoxemia was unaccompanied by bacte- 
remia and the possible etiology of endotoxemia was in- 
testinal translocation with impairment of hepatic clear- 
ance and was therefore not related to Gram-negative bac- 
teremia [5,6,18,23]. Therefore, identification of meas- 
ureing EA level using EAA of Gram negative-bacteria 
infection needs the further examination. 

Endotoxemia has been reported to be common in pa- 
tients with sepsis, chronic liver disease with cirrhosis and 
leukaemia or lymphoma, as well as in patients undergo- 
ing cardiopulmonary bypass (CPB) [5,19,24]. Endotox- 
aemia correlates with mortality in patients with menin- 
gococcemia, severe pancreatitis and extensive burn in- 
jury [5,25,26]. In this study, we examined the relation 
between the EA level and patients�’ severity. We revealed 
that the EA levels seem increased as the patients�’ sever- 
ity rise. Valenza et al. have described that patients with 
high EA levels had a longer ICU length of stay and trend 
towards longer hospital length stay, some patients with 
high EA levels on admission, demonstrated that white 
blood cell count, SIRS criteria, and lactate did not sig- 
nificantly decrease as the following day after admission 
[2]. However some patients had higher EA levels than 
normal levels of ET despite their low level of complexity 
(APACHEĊ score). Whether this was indicative of an 
ongoing inflammatory process or adequacy of perfusion 
is difficult to determine. A previous study suggested that 
measurement of EA level using EAA is a potential tool 
to stratify patients to more aggressive care or to allocate 
resources in dynamic ICUs recruiting post-operative pa- 
tients for routine monitoring [2]. In addition, Klein et al. 
suggested that, using EAA, endotoxemia occurs in some 
patients having cardiac surgery, although rarely at high 
levels [4]. Furthermore, endotoxemia at the conclusion of 
cardiopulmonary bypass (CPB) is reported to be associ- 
ated with a significant risk of the development of post- 
operative infections [26]. It has been described that 
translocation of ET through gut or lung tissue takes part 
in the endotoxaemia in the critically ill patients and dur- 
ing CPB [5,4,26]. Patients with high EA level have been 
found to have an increased risk of infection or high mor- 
tality. Nevertheless, the mechanism why critical ill pa- 
tients have high EA level cannot be elucidated and has 
been hypothesized that this phenomenon may be linked 
to translocation of ET. 

We revealed that critical ill patients under severe sep- 
sis or septic shock had higher EA levels significantly. 
Patients who had intermediate or high levels of ET 
measured by EAA on the day of admission were clearly a 
sicker population, as reflected in higher admission 
APACHEII scores and a greater prevalence of severe 
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sepsis. Moreover, patients with the highest levels of cir- 
culating ET had a significantly increased risk of mortal- 
ity while in the ICU. Thus, the presence of endotoxemia 
identifies a high-risk subpopulation of critically ill pa- 
tients [1]. Therefore, we considered that the measuring 
EA levels using EAA might be a useful for evaluating 
patients�’ severity and might be a useful parameter to start 
treatment at the early stage. The availability of a rela- 
tively simple bedside assay for blood ET levels may 
identify a high-risk population of critically ill patients 
who may benefit from adjunctive therapy [12]. 

There are limitations to our study. We studied a rela- 
tively small number of patients for determination the 
clinical condition such as severe sepsis or septic shock 
and the lack of intensive follow-up data. As discussed 
above, the mechanism underlying the correlation of 
higher EA level and patients�’ severity is unknown. Fur- 
ther studies are needed to elucidate why severe patients 
have high EA levels. 

5. Conclusion 
In this study we have investigated the prevalence of en- 
dotoxemia of patients admitted to an ICU by measure- 
ing EA level using EAA. The EA levels were signifi- 
cantly increased as sepsis severity rise. High EA levels 
were associated with a grade of severity of patients. Fur- 
ther study is needed to determine the clinical usefulness 
of EAA in critical ill patients. 
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