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The plasma level of endotoxin was determined in 116 healthy blood donors. After a 
routine physical and laboratory investigations the endotoxin level was determined with 
Limulus amebocyte lysate assay (LAL-test) by the chromogenic kinetic method of Bio-
Whittaker Co. (USA). Its sensitivity was 0.005–50 EU/ml. The plasma level of endotoxin in 
most of the healthy donors was less than 1 EU/ml (in the range of 0.01–1.0 EU/ml), but 
always measurable. The average ±S.D. was 0.128±0.215 EU/ml. Because of the high 
standard deviation and high range of values, the data were distributed into two groups with 
the means of 0.05±0.022 EU/ml and 0.294±0.186 EU/ml. The difference between the 
groups was significant (p<0.001). In conclusion, endotoxin can be measured in plasma of 
healthy individuals. 
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Introduction 

It is well known that mammals – including human beings – have been living in 
symbiosis with Gram-negative intestinal bacteria for thousands of years. From the 
clinical point of view the question arises, whether endotoxin releasing from the cell 
wall of bacteria would enter the circulation of healthy individuals among physiological 
circumstances and what could be its consequences. Earlier observations have shown 
(Bertók and Mandel, unpublished experiments 1980) that a certain amount of 
endotoxin seems to be a must for the development of the immune system in germ free 
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pigs. However, few data have been published so far on the presence and concentration 
of endotoxin in the so-called “normal” plasma, i.e. in the plasma obtained from healthy 
people [5, 6, 15, 16, 18]. Based upon our current knowledge, we are not able to define 
either plasma endotoxin levels causing clinical effects, or the physiologic and 
pathophysiologic significance of endotoxin existing in the blood of healthy individuals.  

Trying to find answers to these questions, we based our statements partly on the 
few articles available in this research field [5, 6, 15, 16], as well as on our present 
studies performed on healthy blood volunteers, as detailed below. Some recent 
observations reflecting upon the relationships between cytokines produced in 
pathological quantities (TNF-alpha, interleukins, etc.) and certain diseases (e.g. 
myocardial disorders) also highlight the problem. 

Materials and methods 

In order to get answer on the existence and levels of endotoxin in the blood of 
healthy people, 116 complaint-free, healthy blood-donors (59 male, 57 female) were 
chosen to this study. They were subjected to detailed anamnestic history and thorough 
physical examination followed by the laboratorial analysis of blood and urine samples 
taken in advance. The following parameters were determined using routine procedures: 
urinary protein and sugar excretion, blood-count, RBC sedimentation rate, 
Wassermann reaction, serum glutamate-piruvate transaminase (SGPT), HIV, 
serological examinations (HBsAg, HCV) with reference to hepatitis B and C virus. 
None of the 116 individuals showed any signs of pathognostic deviations. 

Plasma endotoxin level was determined by Limulus amebocyte lysate assay 
(LAL-test) [10]. 

Today, only the last thrombin-like enzyme of the whole coagulation cascade and 
a synthetic peptide, attached to an aniline stain is used. As a result of the coagulation of 
the synthetic peptides the anilin stain is released and suitable for spectrophotometric 
determination at 405 nm. Due to the recent innovation in the methodology, the newly 
developed, computer assisted chromogenic-kinetic method follows the developing 
colour-reaction [12]. 

For determining the endotoxin in the plasma, blood samples were taken in the 
morning hours from the cubital vein of the fasting individuals into pyrogen-free tubes 
containing 3.8% sodium citrate anticoagulant (blood/citrate ratio 8:1). The plasma was 
separated from the cellular blood elements by centrifugation then followed by heat 
treatment (15 minutes at 80 ºC) and dilution of the sample (pyrogen-free distilled water 
used for 1:10 dilution) afterwards. The endotoxin level was determined by the above-
mentioned chromogenic kinetic method using Bio-Whittaker reagents (Whittaker 
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Bioproducts, Walkersville, M.D., USA), Pyrosoft software system (Biomondex LTd., 
Budapest) and Twinreader apparatus (Labsystems, Finland). This way we could make 
examinations in the range of 0.005 and 50 EU/ml. 1 EU refers to 200 pg of standard 
endotoxin. 

For statistical analysis data distribution curve evaluation studies and unpaired 
two-tailed Student’s t-test were used. 

Table I 

Blood-plasma endotoxin level of healthy donors 

Group n 
Endotoxin* 

EU/ml 
X, STD 

Significance (p) 
(t-test) 

1 88 0.05 
0.022 

2 26 0.294 
0.186 

< 0.005 

* The endotoxin was determined by chromogenic kinetic LAL-method 

Results 

The average value of the test results was 0.128 EU/ml (25.6 pg/ml) ± 0.215. 
When examining healthy individuals other test-groups have shown similar results. Goto 
and his coworkers found the plasma endotoxin concentration of healthy old people at a 
7±4 pg/ml level (which adequates 0.035 EU/ml) [16], while Novitsky et al. found the 
plasma endotoxin level of healthy adults at a 0.151±0.113 EU/ml level (which 
adequates 30,2 pg/ml) [17]. 

The experiments carried out resulted in a high range of values (0.014 EU/ml to 
1.57 EU/ml. Due to this, the standard deviation (0.215) became higher than the average 
value of the test results (0.128), therefore we distributed the measured values into two 
groups with the means of 0.01–0.1 EU/ml and 0.1–1.0 EU/ml. We have found two 
extreme high endotoxin level values, exceeding the 1.0 EU/ml level. These values were 
not used for the discussion. 

Most values – at 88 from 116 individuals tested – were under 0.1 EU/ml. This 
adequates to 76% of the tested people. At 22%, i.e. at 26 individuals 0.1–0.7 EU/ml 
values were found. 
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A significant difference was found between the average values of the two 
groups. Using statistical analyses a low standard deviation can be set for the two 
groups. When comparing the results of group 1 with group 2, a significant difference 
was found (p<0.005). 

Regarding the blood endotoxin levels no difference was found between males 
and females.  

Coherence between the age of patients and their plasma endotoxin level could 
not be proved. 

Discussion 

In the past few decades a significant level of knowledge accumulated on the 
significance and pathophysiological role of Gram-negative bacteria, as well as 
endotoxin (endotoxaemia) in serious infectious diseases often with fatal outcome [11]. 
On the other hand, endotoxin has already been proved not to be deleterious by all 
means, i.e. it has other than negative effects on biological systems, as well. It is rather 
probable that endotoxin is playing an important role in the ontogenesis of the 
developing lymphatic/immune system in higher level organisms living in natural 
surroundings.  

Bertók and Mandel (not published data) have found that in germ-free animals 
the lymphatic system was seriously retarded (undeveloped) and the immune defense 
mechanisms were almost missing. Nevertheless, even within these conditions, the 
animals still retained the potential to respond to small quantities of endotoxin or 
detoxified endotoxin (TOLERIN®) featured by the forced development of these 
systems. This means that endotoxin can be considered as “stimulator” of the whole 
lymphatic/immune system. 

Several data from the literature as well as our own earlier studies support the 
observations that certain diseases (inflammatory intestinal diseases, some liver and 
bile-duct diseases, different infections, sepsis, intestinal mucosa injury caused by 
radiation and cytotoxic drugs, haemodialysis-treatment for chronic renal insufficiency, 
etc.) are incident to the elevation of the plasma endotoxin level [2, 3, 14, 15, 19, 20]. 
According to some publications, the extent and, in certain cases, the duration of 
endotoxaemia was closely related to the severity and outcome of the illness. In these 
cases plasma endotoxin levels higher than 1.0 EU/ml were usual findings [4, 7, 8]. 

In accordance with others, our current results have also proved that some 
amount of endotoxin can be detected in the blood of each healthy individuals. As far as 
measurement ranges are considered, the results of the different research groups are in 
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rather good correlation [5, 6, 16, 18]. However, depending on the differences among E. 
coli strains, and the procedures used to extract and purify endotoxin that serves as 
standard for these measurements, some differences might occur in the specific activity 
(EU/pg). 

Certain ideas and theories gained of endotoxin research, today can be regarded 
as proved. Nevertheless, questions always occurre that cannot even be answered with 
our present knowledge. The reason for complaint-free and asymptomatic behaviour at 
high endotoxin level [6] and vica versa for low plasma endotoxin level at severe 
diseases (e.g. in case of hepatic cirrhosis in advanced stage complicated with 
parenchymal and vascular decompensation), in which one could reasonably expect 
higher endotoxin levels, is still unclear [6]. Some research groups could not show any 
relationships between the endotoxin level and the severity of the clinical findings or the 
course of the disease [9, 16, 17]. Because of the low number of data available even 
worldwide, it has not been defined yet, what plasma endotoxin levels can be considered 
as still “physiological”. Neither is declared, if endotoxin that is measurable in the blood 
plasma of healthy individuals has any physiological or pathophysiological significance. 
Even the pharmacokinetics of endotoxin is still missing, i.e. we do not know how fast 
plasma endotoxin level can change (turnover rate). 

The significance of the above-mentioned becomes more outstanding if it is 
considered that – as it happened in our case – the plasma of even healthy blood donors 
may contain endotoxin at higher concentration. Consequently, it is questionable, 
whether endotoxin administered by blood is responsible for fever, shivering and 
eventually hypotension, evaluated as transfusion reaction. Based upon this finding it 
seems reasonable to determine endotoxin level along with the conventional parameters 
in the blood taken for transfusion purposes. 

A possible reason for the yet uncleared questions is that even by using the best 
measuring methods, we have to face several problems. In the blood, there are factors 
that make the determination of endotoxin level harder. Certain molecules, e.g. HDL, 
haemoglobin, albumin, transferrin, anti-endotoxin antibodies, heparin, etc., are able to 
bind endotoxin at least partly [21]. Further on, it must also be considered that some 
compounds, substances, even some microenvironmental effects (actual pH values, 
viscosity of the sample on test, etc.) could influence the LAL-reaction (which is based 
on an enzymatic chain-reaction), resulting in the modification of the real values. 
Certain products of proteolysis mono- and divalent anions, cations, protease inhibitors, 
etc. are also belonging to these materials. On the other hand, there are factors in the 
blood that can activate the coagulation enzyme-system and result in pseudopositive 
outcomes. Newest endotoxin test methods – including the one that we used – try to 
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eliminate most of the interfering effects or take them into consideration when 
standardizing the method. 

It is rather possible that the known but still undefined phenomenon called 
endotoxin tolerance, may play a role in the loose correlation between clinical findings 
and the actual endotoxin values. There are no exact data available on the rhythm and 
mechanisms how endotoxin is eliminated from the blood. It is rather assumable that 
after entering the blood stream endotoxin can be present just for a very short time 
period, for cells and groups of cells (hepatocytes, monocyte-macrophage system) that 
safeguard the organism, do their job by binding, uptaking, decomposing and excreting 
endotoxin rapidly. At the same time, “secondary” mediators (cytokines, TNF-alfa, 
nitrogen monoxide, etc.) released from the primary target cells of endotoxin can 
maintain the pathophysiological processes and now are blamed for the majority of the 
clinical manifestations. 

It is likely that these facts are also playing a role in creating some “anomalies” 
that has not been satisfyingly cleared yet. Alltogether, there are few problems that have 
to be definitely taken into consideration when evaluating our own results, as well as 
those found in the literature. 
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